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Populus tremuloides Michx.

Quaking Aspen
Salicaceae -- Willow family

D. A. Perala

Quaking aspen (Populus tremuloides) is the most widely distributed tree in North America.
It is known by many names: trembling aspen, golden aspen, mountain aspen, popple,
poplar, trembling poplar, and in Spanish, álamo blanco, and álamo temblón (49). It grows
on many soil types, especially sandy and gravelly slopes, and it is quick to pioneer
disturbed sites where there is bare soil. This fast-growing tree is short lived and pure stands
are gradually replaced by slower-growing species. The light, soft wood has very little
shrinkage and high grades of aspen are used for lumber and wooden matches. Most aspen
wood goes into pulp and flake-board, however. Many kinds of wildlife also benefit from
this tree.

Habitat

Native Range

Quaking aspen grows singly and in multi-stemmed clones over 111° of longitude and 48°
of latitude for the widest distribution of any native tree species in North America (48). The
range extends from Newfoundland and Labrador west across Canada along the northern
limit of trees to northwestern Alaska, and southeast through Yukon and British Columbia.
Throughout the Western United States it is mostly in the mountains from Washington to
California, southern Arizona, Trans-Pecos Texas, and northern Nebraska. From Iowa and
eastern Missouri it ranges east to West Virginia, western Virginia, Pennsylvania, and New
Jersey. Quaking aspen is also found in the mountains of Mexico, as far south as
Guanajuato. Worldwide, only Populus tremula, European aspen, and Pinus sylvestris,
Scotch pine, have wider natural ranges.
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-The native range of quaking aspen.

Climate

Climatic conditions vary greatly over the range of the species, especially winter minimum
temperatures and annual precipitation. The known widest range in temperatures aspen has
endured in the conterminous United States is in Montana, where January lows of -57° C
(-70° F) and summer highs of 41° C (105° F) have been recorded. In Alaska and northwest
Canada, part of the range lies within the permafrost zone, but quaking aspen grows only on
the warmest sites free of permafrost (28,91).

At the eastern end of the range, in the Maritime Provinces of Canada, the climate is mild,
humid, and snowfall is extremely heavy, 300 cm (120 in) or more per year. Some
representative climates for the northern and eastern limits of quaking aspen as well as for
the warmer parts of its eastern range are as follows (78):

Interior Alaska Gander, NF Ft. Wayne, IN

Temperature, C:

Minimum  -61° -34° -31°

January average -30° -7° -3°

Maximum  38° 32° 41°

July average 16° 16° 23°
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Precipitation, mm:

Total 180 1020 860

Growing season 80 250 330

Frost-free days 81 160 176

Temperature, F:

Minimum -78° -29° -24°

January average -22° 19° 27°

Maximum 100° 90° 106°

July average 61° 61° 73°

Precipitation, in:

Total 7 40 34

Growing season 3 10 13

Frost-free days 81 160 176

In the central Rocky Mountains, where altitude plays an important role in the distribution
of aspen, the lower limit of its occurrence coincides roughly with a mean annual
temperature of 7° C (45° F). In Colorado and southern Wyoming, quaking aspen grows in a
narrow elevational belt of 2100 to 3350 m (6,900 to 11,000 ft). Average annual
precipitation in this belt ranges from 410 to 1020 mm (16 to 40 in). The southern limit of
the range of aspen in the Eastern United States is roughly delineated by the 24° C (75° F)
mean July temperature isotherm. In Canada the mean annual degree-day sum of 700° C
(1260° F) with a threshold temperature 5.6° C (42° F) coincides closely with the northern
limit of the species (51,69, 70,78,80).

Quaking aspen occurs where annual precipitation exceeds evapotranspiration. It is
abundant in interior Alaska where annual precipitation is only about 180 mm (7 in) because
evapotranspiration is limited by cool summer temperatures. In the interior west the 2.5 cm
(I in) average annual surface water runoff isopleth is more coincident with the range of
aspen than is any isotherm. This isopleth also is coincident with the southern limit of aspen
in the prairie provinces of Canada eastward to northwestern Minnesota and south to Iowa
where high summer temperatures limit growth and longevity. In summary, the range of
quaking aspen is limited first to areas of water surplus and then to minimum or maximum
growing season temperatures (33,71,91).

Solis and Topography

Quaking aspen grows on a great variety of soils (mainly Alfisols, Spodosols, and
Inceptisols) ranging from shallow and rocky to deep loamy sands and heavy clays (83).
Only occasional scattered trees that seldom attain economic size occur on the coarser sands
of glacial outwash, the shallowest soils of rock outcrops, and on some Histosols. In the
West, it has become established on volcanic cinder cones, and in New England it is one of
several species that colonizes immediately after landslides. In the Lake States, it often
reforests mining waste dumps and abandoned borrow pits (78).

Growth and development are strongly influenced by both physical and chemical properties
of soil. The best quaking aspen stands in the Rocky Mountains and Great Basin are on soils
developed from basic igneous rock, such as basalt, and from neutral or calcareous shales
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and limestones; the poorest are found on soils derived from granite. Some of the best
stands of quaking aspen are in the northern part of the Lake States and in Manitoba and
Saskatchewan, on Boralfs that have developed from the Keewatin drift, a gray glacial drift
rich in lime. Good aspen soils are usually well drained, loamy, and high in organic matter,
calcium, magnesium, potassium, and nitrogen. Because of its rapid growth and high
nutrient demand, quaking aspen has an important role in nutrient cycling (2,3,18,28,78).

Growth on sandy soils is often poor because of low levels of moisture and nutrients. On
droughty sands in the western Great Lakes region, the site index at age 50 is usually less
than 17 in (56 ft). On the better sandy loams it may be about 21 in (69 ft), and on silt loams
23 to 25 in (75 to 82 ft). The best aspen sites have been found on soils with silt-plus-clay
content of 80 percent or more. Wood of the highest mean specific gravity (about 0.40) is
produced on welldrained, fine-textured soils, and that of the lowest mean specific gravity
(about 0.35) on poorly drained soils (28,71,78).

Internal drainage is critical. Water tables shallower than 0.6 m (2 ft) or deeper than 2.5 m
(8.2 ft) limit aspen growth. Heavy clay soils do not promote the best growth because of
limited available water and poor aeration (35,57,78).

Aspen spans an elevational range from sea level on both Atlantic (Maine) and Pacific
(Washington) coasts to 3505 in (11,500 ft) in northern Colorado. Near its northern limit,
quaking aspen is found at elevations only up to 910 m (3,000 ft). In Baja, California, it
does not occur below about 2440 m (8,000 ft). In Arizona and New Mexico it is most
abundant between 1980 and 3050 m (6,500 and 10,000 ft); in Colorado and Utah, about
300 in (1,000 ft) higher. At either of its altitudinal limits the tree is poorly developed. In
very high exposed places it becomes stunted, with the stem bent or almost prostrate from
snow and wind; at its lower limit it is a scrubby tree growing along creeks (28,70,78,91).

Quaking aspen is most abundant and grows best on warm south and southwest aspects in
Alaska and western Canada. It is common on all aspects in the western mountains of the
United States and grows well wherever soil moisture is not limiting. However, the best
stands in the Southwest are more frequently found on the northerly slopes where more
favorable moisture conditions prevail. Development is poor on physiographic positions
with excessive droughtiness. In the prairie provinces of Canada, particularly near the
border between prairie and woodland, the species is confined to the cooler and moister
north and east slopes and to the depressions (28,69,70,78).

Associated Forest Cover

Quaking aspen grows with a large number of trees and shrubs over its extensive range. It is
a major component of three forest cover types (72), Aspen (Eastern Forest) (Society of
American Foresters Type 16), Aspen (Western Forest) (Type 217), and White Spruce-
Aspen (Type 251). It is a minor component of 35 other types and an occasional to rare
component in 3 types.

Shrub species commonly associated with quaking aspen in the eastern part of its range
include beaked hazel (Corylus cornuta), American hazel (C. americana), mountain maple
(Acer spicatum), speckled alder (Alnus rugosa), American green alder (A. crispa), dwarf
bush -honeysuckle (Diervilla lonicera), raspberries and blackberries (Rubus spp.), and
various species of gooseberry (Ribes) and willow (Salix). Additional species occurring with
quaking aspen in the prairie provinces include: snowberry (Symphoricarpos spp.),
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highbush cranberry (Viburnum edule), limber honeysuckle (Lonicera dioica), red-osier
dogwood (Cornus stolonifera), western serviceberry (Amelanchier alnifolia), chokecherry
(Prunus virginiana), Bebb willow (Salix bebbiana), and several species of rose (Rosa). The
latter two also occur in Alaska plus such additional species as Scouler willow (Salix
scouleriana), bearberry (Arctostaphylos uva-ursi), russet buffaloberry (Shepherdia
canadensis), mountain cranberry (Vaccinium vitisidaea), and highbush cranberry. In the
Rocky Mountains, shrubs commonly occurring with quaking aspen include mountain
snowberry (Symphoricarpos oreophilus), western serviceberry, chokecherry, common
juniper (Juniperus communis), creeping hollygrape (Berberis repens), woods rose (Rosa
woodsii), myrtle pachistima (Pachistima myrsinites), redberry elder (Sambucus pubens),
and a number of Ribes (69,70,72,78,85,91).

Herbs characteristic of quaking aspen stands in the east include largeleaf aster (Aster
macrophyllus), wild sarsaparilla (Aralia nudicaulis), Canada beadruby (Maianthemum
canadense), bunchberry (Cornus canadensis), yellow beadlily (Clintonia borealis),
roughleaf ricegrass (Oryzopsis asperifolia), sweetscented bedstraw (Galium triflorum),
sweetfern (Comptonia perigrina), lady fern (Athyrium filix-femina), bracken (Pteridium
aquilinum), and several species of sedges (Carex spp.) and goldenrods (Solidago spp.). In
the West, the herbaceous component is too rich and diverse to describe. Forbs dominate
most sites, and grasses and sedges dominate others (72).

Life History

Reproduction and Early Growth

Flowering and Fruiting- Quaking aspen is primarily dioecious. The pendulous flower
catkins, 3.8 to 6.4 cm (1.5 to 2.5 in) long, generally appear in April or May (mid-March to
April in New England, May to June in central Rockies) before the leaves expand
(28,66,78,91). Local clonal variation provides early and late flowering clones of each sex
in most stands. In addition, certain flowers bloom later than others, usually those on the
distal end of a given catkin or small catkins on spurlike shoots (13). Maximum air
temperatures above 12° C (54° F) for a period of about 6 days appear to be the principal
factor governing timing of flowering. Flowers are pollinated by wind. The fruiting catkins
are about 10 cm (4 in) long when mature, usually in May or June-about 4 to 6 weeks after
flowering. Each catkin may bear several dozen one-celled capsules, light green, each nearly
6 min (0.25 in) long. Each capsule contains about 10 small brown seeds, each of which is
surrounded by tufts of long, white silky hairs. Although the flowers are typically unisexual,
10 to 20 percent of the predominantly female trees and 4 to 5 percent of the predominantly
male trees bear perfect flowers. Trees in a given clone, therefore, are usually either all male
or all female. Some studies in the eastern United States found male-to-female ratios of
about 3 to 1 in natural populations; others have reported no deviation from an expected
1-to-1 ratio (66,78). In the Colorado Rockies, male clones were more common at high
elevations and female clones were more common at low elevations. Furthermore, female
clones had faster radial growth than male clones, especially at lower elevations. This runs
counter to the theory that the high metabolic cost of sexual reproduction for females is
compensated for by reduced vegetative growth (36).

Seed Production and Dissemination- Good seed crops are produced every 4 or 5 years,
with light crops in most intervening years. Some open-grown clones may produce seeds
annually, beginning at age 2 or 3. The minimum age for large seed crops is 10 to 20; the
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optimum is 50 to 70. One 23-year-old quaking aspen produced an estimated 1.6 million
seeds (51,59,78). Seeds are very light, 5,500 to 8,000 clean seeds per gram (156,000 to
250,000/oz).

Seeds begin to be dispersed within a few days after they ripen and seed dispersal may last
from 3 to 5 weeks. The seeds, buoyed by the long silky hairs, can be carried for many
kilometers by air currents. Water also serves as a dispersal agent (78,91).

The viability of fresh fertile seeds is high (usually greater than 95 percent) but normally of
short duration. Under favorable conditions viability lasts only 2 to 4 weeks after maturity
and may be much less under unfavorable conditions. When air dried and stored in
polyethylene bags at -10° C (14° F), seed retains high viability for at least I year. Seedlings
are sturdiest when germinated at 5° to 29° C (41° to 84° F) and grown at about 20° C (68°
F). Ripe quaking aspen seeds are not dormant, and germination occurs within a day or two
after dispersal if a suitably moist seedbed is reached. Because germination declines rapidly
after water potential exceeds -4 bars (-.4 MPa), a water-saturated seedbed is critical. Seeds
germinate even when totally submerged in water or in the absence of light
(32,47,50,66,78,92).

Seedling Development- Germination is epigeal. The primary root of a seedling grows very
slowly for several days, and during this critical period the young plant depends upon a
brush of long delicate hairs to perform the absorptive functions and anchor the seedling to
the seedbed. Exposed mineral soils are the best seedbeds and litter the poorest seedbeds
(28,51,60,78).

During the first year seedlings may attain a height of 15 to 30 cm (6 to 12 in) and develop a
20- to 25-cm (8- to 10-in) long taproot and from 30- to 40-cm (12 to 16-in) long laterals.
During the second and third years, wide-spreading lateral roots are developed, reaching
lengths of 2 m (6 ft) or more in the second year. Quaking aspen roots form
ectomycorrhizae if suitable inoculum is present (28,78,86).

Despite the abundance of aspen seed and high germinative capacity, few aspen seedlings
survive in nature because of the short period of seed viability, unfavorable moisture during
seed dispersal, high soil surface temperatures, fungi, adverse diurnal temperature
fluctuations during initial seedling growth, and the unfavorable chemical balance of some
seedbeds (51,52).

Height growth of the young trees is rapid for about the first 20 years and slows thereafter.
During the first several years, natural seedlings grow faster than planted seedlings but not
as fast as suckers. High mortality characterizes young quaking aspen stands regardless of
origin. In both seedling and sucker stands natural thinning is rapid, and trees that fall below
the canopy stop growing and die within a few years (78,93).

Vegetative Reproduction- The aggregation of stems (ramets) produced asexually from a
single sexually produced individual (the genet) is termed a clone. In aspen a clone is
formed from the root system of the seedling genet following an event (cutting, fire) that
destroys the genet (9).

Quaking aspen seedlings at 1 year of age are already capable of reproducing by root
sprouts (suckers), and mature stands reproduce vigorously by this means (19,43). Root
collar sprouts and stump sprouts are produced only occasionally by mature trees but
saplings commonly produce them (77). Aspen clones vary widely in many characteristics,
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even over a small area. Members of a clone are indistinguishable but can be distinguished
from those of a neighboring clone by electrophoresis and often by a variety of traits such as
leaf shape and size, bark character, branching habit, resistance to disease and air pollution,
sex, time of flushing, and autumn leaf color (9,10,11,17,22,23,57,87). Clones typically
have many ramets over an area up to a few tenths of a hectare in stands east of the Rocky
Mountains (45,76). In the Rockies, clones tend to be much larger-one Utah clone covered
43.3 ha (107 acres) and contained an estimated 47,000 ramets. Clone size in an aspen stand
is primarily a function of clone age, number of seedlings initially established, and the
frequency and degree of disturbance since seedling establishment (46).

The root suckers are produced from meristems on the shallow, cordlike lateral roots within
2 to 10 cm (1 to 4 in) of the soil surface (28,81). In response to clone disturbance, the
meristems may develop into buds and then elongate into shoots. Frequently, however, they
remain in the primordial stage until stimulated to develop further. These preexisting
primordia are visible as small bumps when cork is peeled off an aspen root (63).

The development of suckers on aspen roots is suppressed by apical dominance exerted by
auxin transported from growing shoots, while cytokinins, hormones synthesized in root
tips, apparently initiate adventitious shoot development. When an aspen is cut, cytokinins
accumulate in the roots, the supply of inhibitory auxins is eliminated, and suckers are
initiated. If aspen is girdled, the downward transport of auxin again is stopped, but upward
translocation of cytokinins via the xylem is unimpeded. Cytokinins in this case do not
accumulate in the roots, with consequently less sucker production. Thus high cytokinin-to-
auxin ratios favor shoot initiation while low ratios inhibit it. A gibberellic-acid-like growth
regulator also stimulates shoot elongation after sucker initiation.

Carbohydrate reserves supply the energy needed by elongating suckers until they emerge at
the soil surface to carry on their own photosynthesis. Therefore, the density of regeneration
varies according to the level of these reserves. However, the number of suckers initiated by
aspen roots is independent of variation in carbohydrate levels. Apical dominance by
elongating suckers further limits the total amount of regeneration. Carbohydrates can be
exhausted by grazing, repeated cropping or killing of sucker stands, or insect defoliation
(63,77,82).

Soil temperature is the most critical environmental factor affecting suckering. Initiation and
development of suckers is optimum at about 23° C (74° F). High temperatures tend to
degrade auxin and promote cytokinin production, which may account in part for the aspen
invasion of grassland without apparent clone disturbance (51,82).

Excess soil moisture (impeded aeration) or severe drought inhibit sucker production
(25,57,82).

Light is not needed for sucker initiation but is essential for secondary growth (78). Large
clonal. differences in ability to produce suckers may be due to differences in growth
regulators, carbohydrate reserves, and developmental stages of shoot primordia (63). Some
clones in the interior West are unevenaged, suggesting weak apical control or high
concentration of growth-promoting hormones so that they sucker at the least disturbance
(69,82).

Suckers are initially sustained by the root system of the parent tree, but they may form as
much as 4.7 in (15.5 ft) of new main roots in 10 weeks. In contrast, suckers of some Utah
clones produce only weak adventitious roots and depend on the distal parent root for
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sustenance. The parent root usually thickens at the point of sucker origin distal to the
parent tree. This indicates that translocation of food produced by the sucker is toward the
growing tip of the parent root, which usually becomes part of the new root system
(28,51,78,81). These connections readily conduct water and solutes from tree to tree (27).
True root grafts, in contrast, are rare in aspen.

Suckers from the roots of badly decayed trees are not infected by the parent stump. Heart
rot usually terminates in the base of the stump. Deteriorating clones, however, produce few
suckers.

In general, sucker regeneration is proportional to the degree of cutting, with most suckers
arising after a complete clearcut (43,57,64,65,75,78). Typically, from 25,000 to 75,000
suckers per hectare (10,000 to 30,000/acre) are regenerated in Alaska and the Great Lakes
region and about half as many in the Rockies (28,91).

Light burning on heavily cut areas increases the number of suckers and stimulates their
initial growth. However, hot slash fires diminish sucker vigor. Repeated burning increases
stand density because it stimulates sucker numbers and prepares mineral soil seedbeds for
seedling establishment; however, it reduces stand growth (6,19,28,56,64,78). Surface fires
in established aspen stands are not common because of aspen's inherently low
flammability. When they do occur, fire wounds and loss of shallow feeder roots
substantially reduce aspen productivity. Fire is a useful tool, however, to stimulate
regeneration and to reduce competition if clearcutting is not practiced. It is especially
valuable for regenerating deteriorated stands and for maintaining wildlife habitat (21,57).

Disking stimulates suckering, but sucker growth and survival are usually diminished
because of injury to their sustaining parent roots. Rows of suckers often appear along
furrows prepared for planting conifers.

Herbicides have been used to kill residual trees and to increase suckering without affecting
sucker growth or vigor (19,57,78).

Dormant season cutting generally produces vigorous suckers the next growing season.
Summer cutting produces a sparse stand initially, but the number of suckers after 2 years is
usually the same regardless of cutting season (15). Suckering sometimes fails inexplicably
after hay-vesting aspen on fine-textured soils during the growing season (59).

The number of suckers following cutting increases as stocking density of the parent stand
increases up to full site utilization. The effect of age and site index on aspen suckering is
not clear (35,81).

Age of wood is the most important factor in rooting quaking aspen cuttings. With rare
exceptions, the species roots poorly from woody stem cuttings, even when treated with
indolebutyric acid (IBA). However, newly initiated shoots can usually be induced to root
by dipping in IBA or other commercially available rooting powders. These softwood stem
cuttings should be taken from actively growing shoots except during the period of
extremely rapid mid-season elongation (14,63,78). Propagation by excising succulent
young sucker shoots from root cuttings is easily accomplished by treating the shoots with
IBA and growing them in a suitable medium in a misting chamber until rooted, in about 2
to 3 weeks (62). Quaking aspen scions can be grafted onto balsam poplar (Populus
balsamifera), willows (Salix spp.), or bigtooth aspen (P. grandidentata). Quaking aspen
plantlets have been produced by tissue culture (81).

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

8 of 22 1/27/2023, 9:41 PM



Sapling and Pole Stages to Maturity

Growth and Yield- Quaking aspen is a small- to medium-sized, fast-growing, and short-
lived tree. Under the best of conditions, however, it may attain 36.5 in (120 ft) in height
and 137 cm (54 in) in d.b.h. The current national champion is 114 cm (45 in) d.b.h. and 26
in (86 ft) tall near Fort Klamath, OR. More typically, mature stands may range from 20 to
25 in (66 to 82 ft) tall and average 18 to 30 cm (7 to 12 in) d.b.h. A few vigorous trees
attain a maximum age of about 200 years (oldest recorded is 226 years) in Alaska and the
Rocky Mountain region (28,42). Although individual ramets of a clone may be short lived,
the clone may be thousands of years old (46) and longer lived than the oldest giant sequoia
(Sequoiadendron giganteum).

The tallest quaking aspen are found in a belt bordering the midcontinental prairie region at
about latitude 55° N., and in north-central Minnesota, northern Michigan, and in the
Southwest. Few quaking aspen exceed 26 or 27 in (85 to 90 ft) in Alaska (38).

Growth and decay are both generally slower in Alaska and the West than in the East, hence
pathological rotations are longer-80 to 90 years in Utah and 110 to 120 years for Colorado
and Wyoming. In northern Minnesota, the pathological rotation is about 55 to 60 years and
even shorter in southern Wisconsin and Michigan (35,69,70).

Now and in the foreseeable future, most aspen will be extensively managed (complete
clearing for site preparation, no thinning) for fiberboard, pulpwood, flakeboard, and some
sawtimber. Aspen is harvested either as whole-tree chips or as bolewood to a nominal top
size for pulpwood or sawtimber. Some of the very best stands can be thinned to increase
the production of large bolts (57,58).

Site quality varies regionally, being highest in the Lake States, followed by Alaska and the
West. Biomass mean annual increment on the better sites in the Lake States and Canada
culminates at about age 30 and at 4.4 to 4.8 mg/ha (2-2.2 tons/acre) dry weight (16,60).
Mature stands in Newfoundland typically carry 64 m²/ha (280 ft²/acre) basal area. This
amounts to 376 mg/ha (167 tons/acre) at age 90 years, or 4.2 mg/ha/yr (1.9 tons/acre/year)
(54). However, exceptionally good growth of quaking aspen is possible in Arizona and in
Colorado and southern Wyoming (44,70). A natural triploid clone in Minnesota produced
an annual yield of 14.6 m³/ha (208 ft³/acre) of bolewood over 38 years (59).

Aspen responds to intensive management. Production by thinned stands for a 50-year
rotation, including thinnings removed at ages 10, 20, and 30, is about 511 m³/ha (7,300
ft³/acre), or 10.2 m³/ha (146 ft³/acre) per year. This is about 42 percent greater than for
similar, but unthinned, stands (58). Quaking aspen growth can be further increased by
fertilization and irrigation (24,26,29,59,84). Sub-optimal fiber yield and the threat of
Armillaria mellea root rot limit the practicality of rotations shorter than 1520 years (77).

Rooting Habit- Seedlings initially have a short taproot, but a heart root system develops
on deep, well-drained soils. Clonal ramets have a flat root system when young but again
will develop a heart system on deep, well-drained soils. If rooting depth is restricted, a flat
root system develops regardless of regeneration origin (28,59).

The shallow and extensive laterals have cordlike branch roots that undulate and meander
for great distances without tapering. These roots are the main producers of suckers,
particularly when they are close to the soil surface. Roots tend to follow soil surface
irregularities and may even grow into decaying stumps or logs. The fine feeding roots are
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found at all levels down to 0.6 to 0.9 in (2 to 3 ft) except in restrictive horizons. Sinker
roots occur as frequently as every meter or so on the lateral roots. They may descend to
depths of 3 in (10 ft) or more where they end in a dense fan-shaped fine root mass. Sinkers
are capable of penetrating strongly massive soil horizons or cracks in bedrock and often
use vacated root channels (28,78).

Reaction to Competition- In both the eastern and western parts of its range, quaking
aspen is classed as very intolerant of shade, a characteristic it retains throughout its life.
Natural pruning is excellent, and long, clean stems are usually produced when side shade is
present. However, this is a clonally variable characteristic and self-pruned and unpruned
clones exist side by side in some stands (69,78). The intolerance of aspen to shade dictates
an even-aged silvicultural system, that is, clearcutting, for regenerating fully stocked
sucker stands and maximizing growth (19,57,75),

The tree has a pronounced ability to express dominance, and overstocking to stagnation of
growth is extremely rare.

Quaking aspen is an aggressive pioneer. It readily colonizes burns and can hold invaded
land even though subjected to fires at intervals as short as 3 years. In the northeastern
United States, it is an old-field type, and in Canada it invades grassland if fire is excluded.
In the Central Rocky Mountains, it constitutes the typical fire climax at the lower
elevations of the subalpine forest. The extensive stands of aspen in that area are usually
attributed to repeated wildfires, and aspen is generally regarded as a successional species
able to dominate a site until replaced by less fire-enduring but more shade-tolerant
conifers, a process that may take only a single aspen generation or as long as 1,000 years of
fire exclusion. Aspen is considered a permanent type on some sites in the intermountain
region of Utah, Nevada, and southern Idaho, but conifers would invade the type if seed
trees were available.

The uneven-aged character of some western aspen stands suggests that under certain
conditions aspen is self-perpetuating without major disturbance. These stands are relatively
stable and can be considered de facto climax. Seral and stable aspen stands seem to be
associated with certain indicator species (28,78,82).

In its eastern range, aspen in the absence of disturbance is regarded as transient.
Successional patterns are determined by soil water regime (61). Pure aspen stands
gradually deteriorate to a "shrubwood" dominated by the shrub component of the stand and
with only a few scattered aspen suckers. If intolerant associates are present, they will
outlive the aspen and eventually dominate but in turn will be replaced again by the
shrubwood type. If tolerant hardwoods or balsam fir (Abies balsamea) are associated with
aspen, they will eventually dominate by their longevity and ability to regenerate in their
own shade (81).

The deterioration of aspen stands begins earliest at the southern limits of its eastern range
and seems to be related to summer temperatures. Deterioration begins when crowns in old
stands can no longer grow fast enough to fill the voids in the canopy left by dying trees.
Increased breakage accelerates the deterioration process, which may be completed in as
few as 3 or 4 years (81). Deterioration is a much slower process in the West, where aspen
often is replaced by conifers. Dry sites may revert to rangeland dominated by shrubs, forbs,
and grasses. Sometimes suckers appear in a deteriorating stand and ultimately an all-age
climax aspen forest develops (28).
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Damaging Agents- Numerous factors other than competition injure or kill young stands
(25,40). Young trees are sometimes killed by bark-eating mammals, such as meadow mice
and snowshoe hares, which may girdle the stem at or near the ground line. Also, larger
animals, such as mule deer, white-tailed deer, elk, and moose, frequently seriously damage
reproduction by browsing and by rubbing their antlers against the stems. Elk and moose
can also damage pole- and saw log-size trees by "barking" them with their incisors. Such
injuries often favor secondary attack by insects or pathogens. Heavy use by overwintering
big game animals can greatly reduce the number of aspen trees in localized areas. Cattle
and sheep browsing is a serious problem in many areas of the Rockies because livestock
are allowed to range through recent aspen clearcuts. Mature aspen stands adjacent to
livestock concentrations (water holes, salt blocks, isolated stands in large open areas) often
have root damage, are declining, and have few if any suckers present. Excessive use and
vandalism by recreationists has caused aspen to deteriorate in many campsites (41,70).

Beaver feed on the young tender bark and shoots of aspen and often cut down large
numbers of trees near their colonies. A high population of porcupines can greatly damage
tree crowns both directly by feeding, and indirectly by increasing the trees' susceptibility to
attack by insects and diseases.

The red-breasted and yellow-bellied sapsuckers may seriously sear trees with drill holes.
Minor damage is caused by such woodland birds as the ruffed grouse and the sharp-tailed
grouse, which feed on the buds of quaking aspen; ruffed grouse also feed on the leaves
during the summer months (78).

Aspen is susceptible to a large number of diseases (28,39,41,81,82). Shoot blight of some
aspen caused by Venturia macularis is periodically severe. Angular black spots appear on
the leaves, enlarging until the leaf dies. If the infection occurs at the top of the tree, the
entire new shoot may be infected, blackened, killed, and bent to form a "shepherd's crook."
This disease is common in young stands. A similar leaf disease in Wisconsin is caused by
Colletotrichum gloeosporioides.

Two or more species of Ciborinia cause a leaf spot on trees of all ages. When the disease is
severe, small trees may be killed, but older ones rarely die. Marssonina populi causes a leaf
spot and shoot blight that is especially prevalent and damaging in the western states. It is
responsible for occasional severe defoliation. Severe, repeated infection can cause
mortality, although susceptibility to this disease varies greatly among clones. Another leaf
spot of aspen is caused by Septoria musiva.

Several leaf rust fungi of the genus Melampsora infect aspen. M. medusae is common east
of the Rocky Mountains. M. abietis-canadensis occurs throughout the range of eastern
hemlock (Tsuga canadensis) and M. albertensis in the West. All can discolor and kill aspen
leaf tissue and cause premature autumn leaf drop, but their damage is not serious.

Powdery mildew, Erysiphe cichoracearum in the West and the widespread Uncinula salicis
can be conspicuous on aspen leaves but probably do little damage.

Recently, viruses have been detected in a few quaking aspen clones. Once trees in the clone
are infected, regeneration by suckering maintains the infection, which is then impossible to
eliminate except by artificially culturing virus-free tissue. The full extent and seriousness
of viruses in aspen is unknown but decline of some clones has been attributed to them in
both the East and the West.
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Stain and decay have the greatest direct impact of the many stem pathogens on wood
production. The role of microorganisms frequently associated with discoloration is poorly
understood because staining also develops in their absence. Bacteria and yeast organisms
are commonly associated with "wetwood," a water-soaked condition of live trees that leads
to wood collapse during lumber drying.

A number of different bacteria and fungi are found in aspen tissue, apparently interacting to
follow one another successionally, with bacteria appearing first. Phellinus tremulae causes
a white rot of the heartwood at first but may eventually invade the entire stem. It causes the
greatest volume of aspen decay and is so prevalent it conceals rot caused by other fungi.
Sporophores (fruiting bodies) are the most reliable external indicator of decay. They
provide a means to estimate present and future decay. Resistance to this fungus is strongly
genetically controlled. Incidence and extent of infection increases with tree age or size but
is not strongly related to site (76).

Peniophora polygonia is the second most important trunk rot fungus in the West and in
Alaska, but it causes little actual cull. Libertella spp. is also an important trunk rot fungus
in the West. Other less important trunk rot fungi found on aspen include Radulodon
caesearius, Peniophora polygonia, P. rufa, and Pholiota adiposa.

More fungi species cause butt and root rots than trunk rots-as much as one-third of the
decay volume in Colorado. Collybia velutipes is found in Alaska and causes the greatest
amount of butt cull in the West. Ganoderma applanatum may be as important because it
also decays large roots, which leads to windthrow. Less important butt rot fungi include
Pholiota squarrosa, Gymnopilus spectabilis, Peniophora polygonia, and Armillaria
mellea. The latter is primarily a root rot which can infect a high proportion of the trees
(74). Other locally important root rots in the West include Phialophora spp. and Coprinus
atramentarius.

Stem cankers are common diseases of aspen that have a great impact on the aspen resource.
Depending on the causal fungus, cankers can kill a tree within a few years or persist for
decades. Hypoxylon canker caused by Hypoxylon mammatum is probably the most serious
aspen disease east of the Rockies, killing 1 to 2 percent of the aspen annually. It is not an
important disease in the West, nor has it been found in Alaska. The infection mode of
Hypoxylon is poorly understood but seems to be related to ascospore germination inhibitors
in bark. Most canker infections seem to originate in young branches with scars or galls
formed by twig-boring insects (4). Once infected, the host bark tissue is rapidly invaded
and the fungus girdles and kills the tree in a few years (5).

Ceratocystis canker is a target-shaped canker caused by Ceratocystis fimbriata, C.
moniliformis, C. piceae, C. pluriannulata, C. ambrosia, C. cana, C. serpens, C.
crassivaginata, C. populina, C. tremuloaurea, and C. alba. This canker is found throughout
the range of aspen, with C. fimbriata the most common causal pathogen. These cankers
seldom kill aspens but can reduce usable volume of the butt log. Infection is primarily
through trunk wounds and insects are the primary vectors.

Sooty-bark canker of aspen is caused by Phibalis pruinosa and is common and a major
cause of mortality in Alaska and the West. The fungus infects trunk wounds and spreads
rapidly, killing trees of all sizes. The fungus has been found only as an innocuous bark
saprophyte on quaking aspen in the East.

Cytospora canker is caused by Cytospora chrysosperma, a normal inhabitant of aspen bark.
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The fungus is not considered a primary pathogen and causes cankers, lesions, or bark
necrosis only after the host tree has been stressed, such as by drought, fire, frost,
suppression, or leaf diseases. The disease is most serious on young trees and is found
throughout the range of aspen.

Dothichiza canker, caused by Dothichiza populea, occurs in the eastern range of aspen. It is
an endemic disease of young or weakened trees and is not found in vigorous stands.

In Ontario, a canker caused by Neofabraea populi has been found on young aspen. Few
trees have been killed by it, however, and the disease is not known in the United States.

Cryptosphaeria populina cause a long, narrow, vertical canker that may spiral around an
aspen trunk for 1 to 6 in (3 to 20 ft) or more. It is common in the West as far north as
Alaska. Trees with large cankers have extensive trunk rot and are frequently broken by
wind.

Aspen is susceptible to three types of rough-bark which are caused by the fungi Diplodia
tumefaciens, Rhytidiella baranyayi, and Cucurbitaria staphula. Rough, corky bark
outgrowths persist for many years but do little harm.

Quaking aspen hosts a wide variety of insects (28,81). One Canadian survey recorded more
than 300 species, but only a few are known to severely damage trees. They may be grouped
into defoliators, borers, and sucking insects.

Defoliators of aspen belong primarily to the orders Lepidoptera and Coleoptera. The forest
tent caterpillar (Malacasoma disstria) and the western tent caterpillar (M. californicum)
have defoliated aspens over areas as large as 259 000 km² (100,000 mi²). Outbreaks usually
persist for 2 to 3 years and may collapse as quickly as they begin (88). Aspen growth losses
during defoliation have been as high as 90 percent and may take as long as 3 or 4 years for
total growth recovery. Some trees never recover and die as much as 20 to 80 percent of
them on poor sites (90). On good sites mortality may be restricted to suppressed trees (59).

The large aspen tortrix (Choristoneura conflictana) is found throughout the range of aspen.
It has defoliated trees over an area as large as 25 900 km² (10,000 mi²) in Canada and
Alaska. Caterpillars predominantly infest the leaves of early flushing clones (89).
Outbreaks normally collapse in 2 or 3 years and, although aspen growth is reduced, few
trees are killed.

In the East, aspen is a favored host for the gypsy moth (Lymantria dispar) and the satin
moth (Leucoma salicis) (78).

A great number of leaf tiers defoliate aspen. Sciaphila duplex is one that is often associated
with the large aspen tortrix and has been a major pest in Utah. Other Lepidopterous
defoliators of aspen include the Bruce spanworm, Operophtera bruceata, and Lobophora
nivigerata.

Three species of leaf-rolling sawflies of the genus Pontania sometimes erupt in local
outbreaks in the Lake States. Anacampsis niveopulvella is a Lepidopterous leaf roller that
causes local damage in the West. Sawflies of the Platycampus genus chew holes in leaves.

The more common leaf miners of aspen are aspen leaf miner (Phyllocnistis populiella), the
aspen blotch miners (Phyllonorycter tremuloidiella and Lithocolletis salicifoliella), and a
leaf-mining sawfly (Messa populifoliella).
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Defoliating beetles include the aspen leaf beetle (Chrysomela crotchi), the cottonwood leaf
beetle (C. scripta), the American aspen beetle (Gonioctena americana), and the gray
willow leaf beetle (Pyrrhalta decora). All have similar feeding habits; the larvae
skeletonize lower surfaces of leaves, and adults feed on whole leaves.

Wood-boring insects that attack aspen are primarily beetles of the Cerambycidae (round-
headed borers or long-horned beetles) and Buprestidae (flatheaded borers or metallic
beetles). The poplar borer (Soperda calcarata) is the most damaging. The larvae tunnel in
the bole, weakening and degrading the wood. Breakage by wind increases and the tunnels
serve as infection courts for wood-rotting fungi. S. moesta is a smaller related borer that
attacks small suckers and aspen twigs. It is important only in the West. Xylotrechus
obliteratus has killed large areas of aspen in the West above 2130 in (7,000 ft).

The root-boring saperda (Saperda calcarata) feeds on phloem and outer sapwood near the
base of young aspen suckers. Oviposition incisions of the poplar gall saperda (S. inornata)
frequently cause globose galls to form on the stems of young suckers and on small
branches of larger trees. These oviposition wounds can serve as infection sites for
Hypoxylon that can then grow from a branch gall down into the bole of the tree causing a
canker (4). The poplar branch borer (Oberea schaumi) attacks larger suckers and tree
limbs. Damage by all these insects can lead to stem breakage. Site quality is not an
important variable, and maintaining high stocking density of vigorous suckers is the best
practice to minimize loss.

Two flatheaded borers, the bronze poplar borer (Agrilus liragus) and the aspen root girdler
(A. horni), bore galleries that disrupt nutrient and water movement. The former attacks
sucker stems and makes zig-zag galleries; the latter girdles the sucker with a spiral gallery
from the lower trunk to the roots and back. A. anxius also girdles and kills aspen twigs in
the West.

Some other Buprestids attacking aspen in the East are the flatheaded apple tree borer
(Chrysobothris femorata), the Pacific flatheaded borer (C. mali), and the flatheaded aspen
borers (Dicerca tenebrica, D. divaricata, and Poecilonota cyanipes). The first two and the
latter are also reported in the West, along with the aspen ambrosia beetle (Typodendron
retusum). None of these cause serious injury in well-managed stands.

A widespread weevil, the poplar and willow borer, Cryptorhynchus lapathi, can riddle
aspen stems with galleries, especially planted trees.

A clear-wing moth of the genus Aegeria, and willow shoot sawfly (Janus abbreviatus) are
examples of borers from nonbeetle families.

In the West, the fungus Ceratocystis fimbriata is carried by Epurea spp., Nudobius spp.,
and Rhisophagus spp. (28).

Sucking insects are represented mainly by aphids and leafhoppers. The poplar vagabond
aphid (Mordvilkoja vagabunda) causes a peculiar curled and twisted gall of leaves as large
as 5 cm (2 in) in diameter at the tip of twigs. Poplar petiole gall and twig gall aphids of the
genus Pernphigus produce swellings on leaf petioles. Increased forking of aspen suckers
may be caused by high populations of the speckled poplar aphid (Chaitophorus populicola)
and the spotted poplar aphid (Aphis maculatae). They are commonly found on expanding
aspen sucker leaves (35,81).
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The genera Idiocerus, Oncomtopia, Macropsis, Oncopsis, and Agallia have several species
of leafhoppers that cause leaf browning and slitlike ruptures in the bark of twigs. Only
Idiocerus spp. have been found in the West. Several species of scale insects such as the
oystershell scale (Lepidosaphes u1mi) are found on aspen but do little damage to healthy
trees. Cutworms (moth family Noctuidae larvae) sometimes can cut a large number of
succulent new suckers at the ground line. Black carpenter ants (Camponotus
pennsylvanicus) frequently use and extend the tunneling made by the poplar borer, causing
further damage (35,78).

Aspen is highly susceptible to fire damage. Fires may kill trees outright or cause basal
scars that serve as avenues of entrance for wood-rotting fungi. Intense fires can kill or
injure surface roots and thereby reduce sucker regeneration (19,56,78).

Early spring frosts may kill new leaves and shoots and, when especially severe, some of
the previous year's shoots. Overwinter freezing can cause frost cracks. Strong wind can
uproot or break mature aspen and even moderate wind can crack the bole of trees with
lopsided crowns. Hail can bruise the bark of young aspen and, in severe storms, kill entire
sapling stands. Aspen suffers little from ice storms or heavy wet snow, except when in leaf.
Snow creep on steep slopes can bend or break aspen suckers as tall as 1.2 in (4 ft) (28).

Aspen suddenly exposed to full sunlight may suffer sunscald. Pole-size trees are more
susceptible than saplings (19,58).

Aspen growth and vigor suffer from drought (79), and drought- stressed trees become
predisposed to secondary agents such as insects and disease. Mechanical injuries inflicted
on aspen bark by thoughtless recreationists can lead to infection by canker disease and
eventual death in as few as 10 to 20 years.

Special Uses

Aspen provides habitat for a wide variety of wildlife needing young forests, including hare,
black bear, deer, elk, ruffed grouse, woodcock, and a number of smaller birds and animals.
Ruffed grouse use all age classes of aspen-sapling stands for brooding, pole stands for
overwintering and breeding, and older stands for nesting cover and winter food
(53,55,67,68).

Aspen forests allow more water or ground water recharge and streamflow than do conifer
forests. This is primarily due to lower seasonal water losses to interception and
transpiration by aspen compared to conifers (34). Clearcutting the aspen type may increase
streamflow by as much as 60 percent during the first year. Subsequently, water yields
gradually decline to preharvest levels and stabilize when maximum leaf area is attained at
about age 10 to 25 (53).

The aspen type is esthetically appealing. The light bark and autumn colors are a pleasing
contrast to dark conifers. In the West in particular, the type is used by recreationists during
all seasons of the year.

Aspen stands produce abundant forage-as much as 1100 to 2800 kg/ha (1,000 to 2,500
lb/acre) in the Rockies annually, or three to six times more than typical conifer stands.
These amounts are comparable to forage production on some grasslands. Although the type
is sought after for summer sheep and cattle range in the West, its use for grazing in the East
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is much more limited (28).

Aspen stands, because of low fuel accumulations, are low in flammability and make
excellent firebreaks. Violent crown fires in conifers commonly drop to the ground and
sometimes are even extinguished when they reach an aspen stand (28).

Whole-tree aspen chips can be processed into nutritious animal feed ("Muka") or biomass
fuels (82). Aspen could be grown for such purposes in dense sucker stands on biological
rotations of 26 to 30 years (16).

Wood products from aspen include pulp, flakeboard, particleboard, lumber, studs, veneer,
plywood, excelsior, shingles, novelty items, and wood flour. Aspen makes particularly
good sauna benches and playground structures because the wood surface does not splinter.

Genetics

The vegetative cells of aspen, as well as those of nearly all aspen hybrids, contain 19 pairs
of chromosomes. A number of triploid aspen (with three sets of chromosomes rather than
the normal two) have been located in Utah, the Lake States, and Colorado. A few albino
aspen seedlings have been observed, as have two albino aspen suckers, which were thought
to result from a somatic mutation in aspen root tissue (30,37,78).

Population Differences and Races

In aspen, the clone is the biological entity-a multistemmed individual that may be
thousands of years old (46). The ability to propagate by root suckers assures genetic
uniformity and adaptation to the present environment (73). Despite the great genetic
variability among clones and the virtually infinite amount of genetic recombination in the
billions of seed produced, the chance for expression of this recombination and further
adaptive change in established seedlings is very small (6). Stands that are clearcut or
destroyed by fire or windstorms may provide some microsites suitable for seedling
establishment. However, seedlings are not likely to compete successfully with the faster
growing root suckers that are also regenerated under such circumstances (93).

By definition, intraclonal. genetic variability does not exist (except by somatic mutation),
but interclonal variation is great on a local and regional level. Populations of aspen have
undergone selection leading to better adaptation to local environments. Its extensive north
to south range has induced strong racial variation along latitudinal and elevational
gradients. In one study, seedlings from Saskatchewan ceased growing at a longer day-
length and had heavier root systems than seedlings from Wisconsin (78). Another study
found that local southeastern Michigan seedlings grew faster and later into the season than
quaking aspen from more northerly or higher altitude sources (20).

Hybrids

Quaking aspen is- known to hybridize naturally with the following species (hybrid names
and authors are given in parentheses):

Populus alba (P. x heimburgeri Boivin)
P. angustifolia (P. x senni Boivin)
P. balsamifera (P. x dutillyi Lepage)
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P. balsamifera x deltoides (P x polygonifolia Barnard)
P. deltoides (P. x bernardii Boivin)
P. grandidentata (P. x smithii Boivin, P. x barnesii W. H. Wagner) (49).

Natural hybrids between P. tremuloides and P. grandidentata have been reported in lower
Michigan, Massachusetts, and Canada (8,13,78). Such hybrids are moderately fertile, and
backcrosses with parent species are possible (13). Many backcross individuals are
indistinguishable between P. tremuloides or P. x smithii so the true extent of hybridization,
backcrossing, and gene flow between these native aspens is difficult to determine (31).

Natural hybrids between the European Populus alba and P. tremuloides have been reported
from Michigan (8) and occur in a number of localities in the vicinity of Ottawa, ON (78).
This cross produces viable seed, as does a cross of P. x canescens (Ait.) Sm. with P.
tremuloides.

Populus tremuloides also crosses readily with P. tremula L., the European aspen. Crosses
between diploid P. tremuloides females and a tetraploid male P. tremula from Sweden have
produced triploid progeny with exceptionally improved growth. Numerous other artificial
crosses have been made but only P. tremuloides x davidiana Dode (Asiatic aspen) has
shown much promise for commercial use. Little intraspecific breeding of quaking aspen
has been done (7,78,81).

One particularly important limitation of almost all quaking aspen inter- and intraspecific
hybrids is that rooting progeny asexually by woody stem cuttings is extremely difficult.
Other Populus that root easily in this manner have a decided advantage for mass-producing
inexpensive and easily handled planting stock. Nevertheless, P. tremuloides, P. tremula,
and their hybrids can be propagated commercially by culturing meristematic explants from
buds (1).

P. tremuloides is more closely related to P. tremula than to P. grandidentata (12).

Literature Cited

1. Ahuja, M. R. 1984. A commercially feasible micropropagation method for aspen.
Silvae Genetica 33:174-176.

2. Alban, David H. 1982. Effect of nutrient accumulation by aspen, spruce, and pine on
soil properties. Soil Science Society of America Journal 46:853-861.

3. Alban, D. H., D. A. Perala, and B. E. Schlaegel. 1978. Biomass and nutrient
distribution in aspen, pine, and spruce stands on the same soil type in Minnesota.
Canadian Journal of Forest Research 8:290-299.

4. Anderson, Neil A., Michael E. Ostry, and Gerald W. Anderson. 1979. Insect wounds
as infection sites for Hypoxylon mammatum on trembling aspen. Phytopathology
69:476-479.

5. Anderson, Ralph L., Gerald W. Anderson, and Arthur L. Schipper, Jr. 1979.
Hypoxylon canker of aspen. USDA Forest Service, Forest Insect and Disease Leaflet
6. Washington, DC. 7 p.

6. Andrejak, Gary E., and Burton V. Barnes. 1969. A seedling population of aspens in
southeastern Michigan. The Michigan Botanist 8:189-202.

7. Barnes, Burton V. 1958. Erste Aufnahme eines sechsjährigen Bestandes von
Aspenhybriden. [First survey of a six-year-old stand of hybrid aspen.] Silvae
Genetica 7:98-102.

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

17 of 22 1/27/2023, 9:41 PM



8. Barnes, Burton V. 1961. Hybrid aspens in the Lower Peninsula of Michigan.
Rhodora. 63:311-324.

9. Barnes, Burton V. 1966. The clonal growth habit of American aspens. Ecology
47:439-447.

10. Barnes, Burton V. 1969. Natural variation and delineation of clones of Populus
tremuloides and P. grandidentata in northern Lower Michigan. Silvae Genetica
18:130-142.

11. Barnes, Burton V. 1975. Phenotypic variation of trembling aspen in western North
America. Forest Science 21:319-328.

12. Barnes, Burton V. 1978. Pollen abortion in Betula and Populus (Section Leuce). The
Michigan Botanist 17:167-172.

13. Barnes, Burton V., and Kurt S. Pregitzer. 1985. Occurrence of hybrids between
bigtooth and trembling aspen in Michigan. Canadian Journal of Botany
63:1888-1890.

14. Barry, W. J., and R. M. Sachs. 1968. Vegetative propagation of quaking aspen.
California Agriculture 22(l):14-16.

15. Bella, 1. E. 1986. Logging practices and subsequent development of aspen stands in
east-central Saskatchewan. Forestry Chronicle 62:81-83.

16. Bella, I. E., and J. P. DeFranceschi. 1980 Biomass productivity of young aspen
stands in western Canada. Environment Canada Forestry Service, Information
Report NOR-X-219. Northern Forest Research Centre, Edmonton, AB. 23 p.

17. Berrang, P., D. F. Karnosky, R. A. Mickler, and J.P. Bennett. 1986. Natural selection
for ozone tolerance in Populus tremuloides. Canadian Journal of Forest Research
16:1214-1216.

18. Boyle, James R., John J. Phillips, and Alan R. Ek. 1973. "Whole tree" harvesting:
nutrient budget evaluation. Journal of Forestry 71:760-762.

19. Brinkman, Kenneth A., and Eugene 1. Roe. 1975. Quaking aspen: silvics and
management in the Lake States. U.S. Department of Agriculture, Agriculture
Handbook 486. Washington, DC. 52 p.

20. Brissette, John C., and Burton V. Barnes. 1984. Comparisons of phenology and
growth of Michigan and western North American sources of Populus tremuloides.
Canadian Journal of Forest Research 14:789-793.

21. Brown, James K., and Dennis G. Simmerman. 1986. Appraising fuels and
flammability in western aspen: a prescribed fire guide. USDA Forest Service,
General Technical Report INT-205. Intermountain Research Station, Ogden, UT. 48
p.

22. Cheliak, W. M., and J. A. Pitel. 1984. Electrophoretic identification of clones in
trembling aspen. Canadian Journal of Forest Research 14:740-743.

23. Copony, James A., and Burton V. Barnes. 1974. Clonal variation in the incidence of
Hypoxylon canker on trembling aspen. Canadian Journal of Botany 52:1475-1481.

24. Coyne, Patrick I., and Keith Van Cleve. 1977. Fertilizer induced morphological and
chemical responses of a quaking aspen stand in Interior Alaska. Forest Science
23:92-102.

25. Crouch, Glen L. 1986. Aspen regeneration in 6- to 10-year-old clearcuts in
southwestern Colorado. USDA Forest Service, Research Note RM-467. Rocky
Mountain Forest and Range Experiment Station. Fort Collins, CO. 4 p.

26. Czapowskyj, Miroslaw M., and Lawrence 0. Safford. 1979. Growth response to
fertilizer in a young aspen-birch stand. USDA Forest Service, Research Note
NE-274. Northeastern Forest Experiment Station, Broomall, PA. 6 p.

27. DeByle, Norbert V. 1964. Detection of functional intraclonal aspen root connections
by tracers and excavation. Forest Science 10:386-396.

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

18 of 22 1/27/2023, 9:41 PM



28. DeByle, Norbert V., and Robert P. Winokur, eds. 1985. Aspen: ecology and
management in the western United States. USDA Forest Service, General Technical
Report RM-119. Rocky Mountain Forest and Range Experiment Station, Fort
Collins, CO. 283 p.

29. Einspahr, Dean W., Miles K. Benson, and Marianne L. Harder. 1972. Influence of
irrigation and fertilization on growth and wood properties of quaking aspen. p.
11-19. In Proceedings, Symposium on the Effects of Growth Acceleration on
Properties of Wood, November 10-11, 1971, Madison, WI.

30. Every, A. D., and D. Wiens. 1971. Triploidy in Utah aspen. Madroño 21:138-147.
31. Farmer, Michele M., and Burton V. Barnes. 1978. Morphological variation of

families of trembling aspen in southeastern Michigan. The Michigan Botanist
17:141-153.

32. Fechner, Gilbert H., Karen E. Burr, and Joseph F. Myers. 1981. Effects of storage,
temperature, and moisture stress on seed germination and early seedling
development of trembling aspen. Canadian Journal of Forest Research 11:718-722.

33. Geraghty, James A., David W. Miller, Frits VanDerLeeden, and Fred L. Troise. 1973.
Water atlas of the United States. Water Information Center, Port Washington, NY.
Unpaged, 122 plates.

34. Gifford, Gerald F., William Humphries, and Richard A. Jaynes. 1984. A preliminary
quantification of the impacts of aspen to conifer succession on water yield-H.
Modeling results. Water Resources Bulletin 20:181-186.

35. Graham, Samuel A., Robert P. Harrison, Jr., and Casey E. Westell, Jr. 1963. Aspens:
Phoenix trees of the Great Lakes region. University of Michigan Press, Ann Arbor,
MI. 272 p.

36. Grant, Michael C., and Jeffrey B. Mitton. 1979. Elevational gradients in adult sex
ratios and sexual differentiation in vegetative growth rates of Populus tremuloides
Michx. Evolution 33:914-918.

37. Greene, K. Alan, J. C. Zasada, and K. Van Cleve. 1971. An albino aspen sucker.
Forest Science 17:272.

38. Gregory, Robert A., and Paul M. Haack. 1965. Growth and yield of well-stocked
aspen and birch stands in Alaska. USDA Forest Service, Research Paper NOR-2.
Northern Forest Experiment Station, Juneau, AK. 27 p.

39. Hinds, Thomas E., and Thomas H. Laurent. 1978. Common aspen diseases found in
Alaska. Plant Disease Reporter 62:972-975.

40. Hinds, Thomas E., and Wayne D. Shepperd. 1987. Aspen sucker damage and defect
in Colorado clearcut areas. USDA Forest Service, Research Paper RM-278. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, CO. 12 p.

41. Hinds, Thomas E., and Eugene M. Wengert. 1977. Growth and decay losses in
Colorado aspen. USDA Forest Service, Research Paper RM-193. Rocky Mountain
Forest and Range Experiment Station, Fort Collins, CO. 10 p.

42. Hunt, F. A. 1986. National register of big trees. American - Forests 92(4):21-52.
43. Jones, John R. 1974. Silviculture of southwestern mixed conifers and aspen: the

status of our knowledge. USDA Forest Service, Research Paper RM-122. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, CO. 44 p.

44. Jones, John R., and David P. Trujillo. 1975. Development of some young aspen
stands in Arizona. USDA Forest Service, Research Paper RM-151. Rocky Mountain
Forest and Range Experiment Station, Fort Collins, CO. 11 p.

45. Kemperman, J. A. 1976. Aspen clones: development, variability, and identification.
Ontario Ministry of Natural Resources, Division of Forests, Forest Research Branch,
Forest Research Information Paper 10 1. Ottawa, ON. I I p.

46. Kemperman, Jerry A., and Burton V. Barnes. 1976. Clone size in American aspens.

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

19 of 22 1/27/2023, 9:41 PM



Canadian Journal of Botany 54:2603-2607.
47. Krasny, Marianne E., Kristina A. Vogt, and John C. Zasada. 1988. Establishment of

four Salicaceae species on river bars in interior Alaska. Holarctic Ecology
11:210-219.

48. Little, Elbert L., Jr. 1971. Atlas of United States trees, vol. 1. Conifers and important
hardwoods. U.S. Department of Agriculture, Miscellaneous Publication 1146.
Washington, DC. 9 p., 313 maps.

49. Little, Elbert L., Jr. 1979. Checklist of United States trees (native and naturalized).
U.S. Department of Agriculture, Agriculture Handbook 541. Washington, DC. 375 p.

50. McDonough, W. T. 1979. Quaking aspen-seed germination and early seedling
growth. USDA Forest Service, Research Paper INT-234. Intermountain Forest and
Range Experiment Station, Ogden, UT. 13 p.

51. Maini, J. S., and J. H. Cayford, eds. 1968. Growth and utilization of poplars in
Canada. Department of Forestry and Rural Development, Forestry Branch,
Departmental Publication 1205. Ottawa, ON. 257 p.

52. Meyer, J. F., and G. H. Fechner. 1980. Seed hairs and seed germination in Populus.
Tree Planters'Notes 30 (3):3-4.

53. Ohmann, L. F., H. 0. Batzer, R. R. Buech, and others. 1978. Some harvest options
and their consequences for the aspen, birch, and associated conifer forest types of the
Lake States. USDA Forest Service, General Technical Report NC-48. North Central
Forest Experiment Station, St. Paul, MN. 34 p.

54. Page, G. 1972. The occurrence and growth of trembling aspen in Newfoundland.
Canada Forestry Service, Publication 1314. Ottawa, ON. 15 p.

55. Patton, David R., and John R. Jones. 1977. Managing aspen for wildlife in the
Southwest. USDA Forest Service, General Technical Report RM-37. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, CO. 7 p.

56. Perala, Donald A. 1974. Prescribed burning in an aspen-mixed hardwood forest.
Canadian Journal of Forest Research 4:222-228.

57. Perala, Donald A. 1977. Manager's handbook for aspen in the North-Central States.
USDA Forest Service, General Technical Report NC-36. North Central Forest
Experiment Station, St. Paul, MN. 30 p.

58. Perala, Donald A. 1978. Thinning strategies for aspen: a prediction model. USDA
Forest Service, Research Paper NC-161. North Central Forest Experiment Station,
St. Paul, MN. 19 p.

59. Perala, Donald A. 1989. Data on file. USDA Forest Service, North Central Forest
Experiment Station, Grand Rapids, MN.

60. Perala, Donald A., and James Russell. 1983. Aspen. In Silvicultural systems for the
major forest types of the United States. p. 113-115. Russell M. Burns, tech. comp.
U.S. Department of Agriculture, Agriculture Handbook 445. Washington, DC.

61. Roberts, Mark R., and Curtis J. Richardson. 1985. Forty-one years of population
change and community succession in aspen forests on four soil types, northern lower
Michigan, U.S.A. Canadian Journal of Botany 63:1641-1651.

62. Schier, George A. 1978. Vegetative propagation of Rocky Mountain aspen. USDA
Forest Service, General Technical Report INT-44. Intermountain Forest and Range
Experiment Station, Ogden, UT. 13 p.

63. Schier, George A. 1981. Physiological research on adventitious shoot development
in aspen roots. USDA Forest Service, General Technical Report INT-107.
Intermountain Forest and Range Experiment Station, Ogden, UT. 12 p.

64. Schier, George A., and Robert B. Campbell. 1978. Aspen sucker regeneration
following burning and clearcutting on two sites in the Rocky Mountains. Forest
Science 24:303-308.

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

20 of 22 1/27/2023, 9:41 PM



65. Schier, George A., and Arthur D. Smith. 1979. Sucker regeneration in a Utah aspen
clone after clearcutting, partial cutting, scarification, and girdling. USDA Forest
Service, Research Note INT-253. Intermountain Forest and Range Experiment
Station, Ogden, UT. 6 p.

66. Schreiner, Ernst J. 1974. Populus L. Poplar. In Seeds of woody plants in the United
States. p. 645-655. C. S. Schopmeyer, tech. coord. U.S. Department of Agriculture,
Agriculture Handbook 450. Washington, DC.

67. Scott, Virgil E., and Glenn L. Crouch. 1987. Response of breeding birds to
commercial clearcutting of aspen in southwestern Colorado. USDA Forest Service,
Research Note RM-475. Rocky Mountain Forest and Range Experiment Station, Fort
Collins, CO. 5 p.

68. Sepik, Greg F., Ray B. Owen, Jr., and Malcolm W. Coulter. 1981. A landowner's
guide to woodcock management in the Northeast. University of Maine Life Sciences
and Agriculture Experiment Station, Miscellaneous Report 253. Orono. 23 p.

69. Shepperd, Wayne D. 1986. Silviculture of aspen forests in the Rocky Mountains and
the Southwest. USDA Forest Service, RM-TT-7. Rocky Mountain Forest and Range
Experiment Station, Fort Collins, CO. 38 p.

70. Shepperd, Wayne D., and Orville Engelby. 1983. Rocky Mountain Aspen. In
Silvicultural systems for the major forest types of the United States. p. 77-79. Russell
M. Burns, tech. comp. U.S. Department of Agriculture, Agriculture Handbook 445.
Washington, DC.

71. Shields, W. J., Jr., and J. G. Bockheim. 1981. Deterioration of trembling aspen clones
in the Great Lakes region. Canadian Journal of Forest Research 11:530-537.

72. Society of American Foresters. 1980. Forest cover types of the United States and
Canada. F. H. Eyre, ed. Washington, DC. 148 p.

73. Spurr, Stephen H., and Burton V. Barnes. 1980. Forest ecology. John Wiley and
Sons, New York. 687 p,

74. Stanosz, G. R., and R. F. Patton. 1987. Armillaria root rot in Wisconsin aspen sucker
stands. Canadian Journal of Forest Research 17(9):995-1000.

75. Steneker, G. A. 1976. Guide to the silvicultural management of trembling aspen in
the prairie provinces. Environment Canada Forestry Service, Information Report
NOR-X-164. Northern Forest Research Centre, Edmonton, AB. 6 p.

76. Steneker, G. A., and R. E. Wall. 1970. Aspen clones: their significance and
recognition. Canadian Forestry Service, Department of Fisheries and Forestry
Liaison and Service Note MS-L-8. Forest Research Laboratory, Winnipeg, MB. 10 P.

77. Stiell, W. M., and A. B. Berry. 1986. Productivity of short-rotation aspen stands.
Forestry Chronicle 62:10-15.

78. Strothmann, R. 0., and Z. A. Zasada. 1965. Quaking aspen (Populus tremuloides
Michx.). In Silvics of forest trees of the United States. p. 523-534. H. A. Fowells,
comp. U.S. Department of Agriculture, Agriculture Handbook 271. Washington, DC.

79. Sucoff, Edward. 1982. Water relations of the aspens. University of Minnesota
Agriculture Experiment Station, Technical Bulletin 338. St. Paul. 36 p.

80. U.S. Department of Agriculture. 1941. Climate and man. U.S. Department of
Agriculture, Yearbook of Agriculture 1941. Washington, DC. 1248 p.

81. U.S. Department of Agriculture, Forest Service. 1972. Aspen: Symposium
Proceedings. USDA Forest Service, General Technical Report NC-I. North Central
Forest Experiment Station, St. Paul, MN. 154 p.

82. U.S. Department of Agriculture, Forest Service. 1976. Utilization and marketing as
tools for aspen management in the Rocky Mountains: Proceedings of the
Symposium. USDA Forest Service, General Technical Report RM-29. Rocky
Mountain Forest and Range Experiment Station, Fort Collins, CO. 120 p.

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

21 of 22 1/27/2023, 9:41 PM



83. U.S. Department of Agriculture, Soil Conservation Service. 1975. Soil taxonomy: a
basic system of soil classification for making and interpreting soil surveys. Soil
Survey Staff, coord. U.S. Department of Agriculture, Agriculture Handbook 436.
Washington, DC. 754 p.

84. Van Cleve, Keith. 1973. Short-term growth response to fertilization in young
quaking aspen. Journal of Forestry 71:758-759.

85. Viereck, Leslie A., and Elbert L. Little, Jr. 1972. Alaska trees and shrubs. U.S.
Department of Agriculture, Agriculture Handbook 410. Washington, DC. 265 p.

86. Vozzo, J. A., and Edward Hacskaylo. 1974. Endo- and ectomycorrhizal associations
in five Populus species. Bulletin of the Torrey Botanical Club 101:182-186.

87. Weingartner, D. H., and J. T. Basham. 1985. Variations in the growth and defect of
aspen (Populus tremuloides Michx.) clones in northern Ontario. Ontario Ministry of
Natural Resources, Forest Research Report 111. Maple. 26 p.

88. Witter, J. A. 1979. The forest tent caterpillar (Lepidoptera: Lasiocampidae) in
Minnesota: a case history review. The Great Lakes Entomologist 12(4):141-197.

89. Witter, J. A., and L. A. Waisanen. 1978. The effect of differential flushing times
among trembling aspen clones on tortricid caterpillar populations. Environmental
Entomology 7:139-143.

90. Witter, J. A., W. J. Mattson, and H. M. Kulman. 1975. Numerical analysis of a forest
tent caterpillar (Lepidoptera: Lasiocampidae) outbreak in northern Minnesota.
Canadian Entomologist 107:837-854.

91. Zasada, John C. 1989. Personal correspondence. USDA Forest Service, Pacific
Northwest Forest and Range Experiment Station, Corvallis, OR.

92. Zasada, J. C., and R. A. Densmore. 1977. Changes in seed viability during storage
for selected Alaskan Salicaceae. Seed Science and Technology 5:509-518.

93. Zasada, John C., Rodney A. Norum, Christian E. Teutsch, and Roseann Densmore.
1987. Survival and growth of planted black spruce, alder, aspen and willow after fire
on black spruce/feather moss sites in interior Alaska. Forestry Chronicle 63:84-88.

Populus tremuloides Michx https://www.srs.fs.usda.gov/pubs/misc/ag_654/volume_2/populus/tremu...

22 of 22 1/27/2023, 9:41 PM



 

 

Friends oF Pando guide to the 

science oF Pando  
Pando’s discovery 

 
www.friendsofpando.org 

 

 

 
 



Clone size in American aspens 
Burton V. Barnes, Jerry Kemperman 
1 minute 

 

Authors 

Jerry A. Kemperman 
Burton V. Barnes 

Document Type 

Article 

Journal/Book Title/Conference 

Canadian Journal of Botany 

Volume: 54 

Issue: 22 

Publication Date 

1976 

Recommended Citation 

Kemperman, Jerry A. and Barnes, Burton V., "Clone size in American aspens" (1976). Aspen 
Bibliography. Paper 4996. 
https://digitalcommons.usu.edu/aspen_bib/4996 

 



BURTONV. BARNES (1930–2014)
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Detroit, MI 48202
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Sharing tales of those we’ve lost is how we keep from really losing them.
——Mitch Albom

Organisms per se are born out of Earth, are sustained by Earth, evolve in
Earth’s skin, and in death and dissolution return to it for cycles of rebirth.

——J. Stan Rowe

Burton Verne Barnes, age 83, died at his home in Ann Arbor on July 3, 2014.
He was Arthur F. Thurnau Professor Emeritus of Forestry at the University of
Michigan’s School of Natural Resources and Environment after a long career as
its Stephen H. Spurr Professor of Forest Ecology, and he also served as forest
botanist for the Matthaei Botanical Gardens. In remembering Burt we celebrate
not only an eminent forest ecologist, botanist, and geneticist, but also a mentor,
teacher, colleague, and friend.

Burt was born in Bloomington, Illinois, and grew up in nearby Charleston,
Illinois, a small college town about 100 miles west of Springfield. His initial ex-
posure to natural history occurred when he was a boy at Camp Mishawaka in
northern Minnesota, where his father worked during the summers. It was at
Camp Mishawaka that Burt first began to collect and press samples of flowers,
leaves, and twigs. He eventually enrolled at Eastern Illinois University in
Charleston in 1948, and transferred to the University of Michigan the following
year.

It was at the School of Natural Resources (SNR; later the School of Natural
Resources and Environment, SNRE) at Michigan that Burt began to pursue his
interests in forest ecology and genetics as an undergraduate in the early 1950s
(Figure 1). During the summers he worked for the US Forest Service (USFS) in
the western United States on ponderosa pine (Pinus ponderosa) and western
white pine (P. monticola). Burt’s job was to climb to the top of trees and collect
pollen from male cones and whole female cones for their seeds. As a result of his
impatience and in order to save time—something Burt apparently learned to do
in his earliest days of field work and maintained throughout his life—Burt and
his co-workers developed the habit of leaping from treetop to treetop in an effort
to avoid having to climb up and down every tree. When Burt later returned to the
USFS as a Research Forester in Idaho, he continued this practice—much to the
chagrin of those working under his supervision, whom he asked to do the same.
Burt completed his B.S.F. (Bachelor of Science in Forestry) degree at Michigan
in 1952 and his M.F. (Master of Forestry) degree in forest ecology and silvicul-
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ture just a year later in 1953, using his summer experiences out West to complete
a thesis about thinning ponderosa pine in western Montana.

It would be easy and obvious to describe Burt’s career and adventures solely
with reference to forest ecology, but to ignore music as one of his passions would
not accurately represent his life. Those who know Burt well understood his pen-
chant for music—and the trombone as his instrument of choice—and knew that
his musical skill and interests were not superficial. He learned trombone in his
youth, and he played it in the University of Michigan’s Marching Band and Sym-
phony Band (Figure 2). Burt played in the Marching Band under its famous di-
rector William D. Revelli. He also enjoyed telling people that he played with, and
was a friend of, Dick Smith, who was the drum major leading a group of children
across Ferry Field in Alfred Eisenstaedt’s famous 1950 photograph in Life Mag-
azine, which has been called “The Happiest Photo Ever Made.” Burt used to re-
mark that on football Saturdays, in full band uniform, he felt just like those kids.
Incidentally, Burt played in the Snow Bowl vs. Ohio State in 1950 and was an ac-
tive participant in pushing and pulling the band’s vehicles out of the snow on the
ride back from Columbus. He also played in the 1951 Rose Bowl, in which
Michigan defeated the University of California. Burt claimed to be too busy to
be a college football fan, but he always seemed to know the state of the team in
any given fall and could easily rattle off the names of players on the teams in the
late 1940s and early 1950s.

Burt carried his musicianship with him throughout his teaching career at the
University of Michigan, using it in classroom settings and potlucks and as part
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FIGURE 1. Burt Barnes as an undergraduate at the University of Michigan School of Natural
Resources Camp Filibert Roth, 1950. Photo courtesy of the Burton V. Barnes estate.



of “faculty jams” at SNRE holiday
parties (the faculty ensemble was
known as “The Ecotones,” Figure
3). Nothing moved him more than
students incorporating music into
his courses. Among the hundreds of
students in his Woody Plants and
Forest Ecology courses over the
years were many accomplished or
casual musicians and songwriters
themselves. Burt encouraged his
students to write songs about his
courses, if only new lyrics set to old
familiar tunes. His four-day fall
f ield trips to the Great Smoky
Mountains in Forest Ecology, for
example, were fertile ground for
musical compositions, most often
about the things the students had
seen and the adventures they had.
More than once Burt was moved
nearly to tears upon hearing these
compositions, especially when an
original melody was attached. He
collected these through the years in
what he called the “Woody Plants
and Forest Ecology Songbook,”
which he printed and distributed
well after his retirement. Burt also
had a dream he often talked about,
in which he would form a traveling

two-piece act with his son Brooks—himself an accomplished professional trom-
bonist.

Burt was soon drafted during the Korean War, and his keen musicianship and
pacifism led him to play in the US Army Band between 1953 and 1955 at Ft.
Knox in Kentucky. He also graduated from the US Naval School of Music in
1954. Though he was not an openly political man, Burt was a self-described
“dove”; he was a very outspoken proponent of peaceful resolution to conflict and
bristled at the discussion of war. Throughout his career, he referred to each of the
conflicts in Korea, Vietnam, the Persian Gulf, Iraq, and Afghanistan as “This stu-
pid war!” (or “That stupid war!” if speaking in retrospect). At the onset of sev-
eral of these conflicts, he would display a cardboard sign reading “Peace” in the
front window of his house. He was very outspoken about his view that students
should remain in college rather than being drafted into military service that date
to his own time in the Army. He wrote a well-articulated letter in the 1950s, now
on file at the Library of Congress, that detailed his belief that college students
were more useful in school than at war. During the Vietnam War, Burt was well-
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FIGURE 2. Burt Barnes in his University of Michi-
gan Marching Band Uniform, 1950. Photo courtesy
of the Burton V. Barnes estate.



known for persuading students to at-
tend graduate school in order to ob-
tain deferments from the draft.

Burt returned to Ann Arbor in
1955 to begin a doctoral program
under the guidance of Stephen H.
Spurr (Figure 4). It was during this
period that Burt began to build his
expertise in the growth, develop-
ment, and ecology of North Ameri-
can aspens (Populus spp.), particu-
larly at the University of Michigan’s
Biological Station (UMBS). Burt
liked to tell the story that Spurr took
him out onto the Pellston Plain,
waved his arms at the scraggy aspen,
and asked him to figure out how to
tell the difference between the aspen
clones. Burt replied “You’re the
boss,” and proceeded to develop a
seminal study on the clonal growth
of aspen. He differentiated the
clones based on minute differences
in leaf and branch morphology, fun-
gal infections, bark characteristics,
and the timing of spring leaf flush.
He also excavated and carefully
mapped complete aspen root sys-
tems as part of this work (Figure 5).
Burt’s work at UMBS in the 1950s
convinced silviculturalists and
foresters at the time that aspen con-
tained an enormous amount of ge-
netic variation, evident at the clonal level, far more than was recognized at the
time. He published much of this work in 1966 in the journal Ecology, in a paper
that is still cited by many ecologists today. He completed his PhD in forest ecol-
ogy and forest botany in 1959.

Burt worked as a Research Forester for the USFS in Moscow, Idaho, from
1959 to 1963, continuing to pursue his interests in forest genetics with a specific
focus on western white pine (Figure 6). His work from this period dominated his
early publication record and would help to direct his initial research at the Uni-
versity of Michigan. During 1963 and 1964, Burt completed a Postdoctoral Fel-
lowship at the Forest Experiment Station of Baden-Württemberg in Stuttgart-
Weilimdorf, Germany. His work in Baden-Württemberg exposed him to a
multifactor, multiscale ecological classification approach that focused on inter-
actions, integrating ecological factors simultaneously in the field. The approach
was to transform Burt’s research when he brought it to Michigan and refined it
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FIGURE 3. Burt Barnes, in German holiday re-
galia, plays trombone with the “Ecotones,” a fac-
ulty ensemble that entertained at SNRE holiday
parties, December 2005. Photo courtesy of Shaw
Lacy via University of Michigan School of Natural
Resources and Environment Flickr page under a
Creative Commons Attribution 2.0 Generic li-
cense; desaturated from original; original at
www.flickr.com/photos/snre/14639936173/.



beginning in the late 1970s and early
1980s. Burt was convinced that this
“landscape ecosystem approach”
provided an ecological framework
for management of all kinds, includ-
ing preservation, conservation, and
ecological diversity, as well as eco-
logical research. Burt and his stu-
dents were influential in having the
approach adopted by the USFS and
The Nature Conservancy in Michi-
gan and elsewhere (see Albert et al.
this issue).

Burt was hired onto the faculty of
SNR at Michigan in 1964 (Figure 7).
Soon after his arrival, Burt worked
withWarren H. (“Herb”)Wagner, Jr.,
an eminent botanist and former
member of his dissertation commit-
tee, and with his graduate students to
develop the Woody Plants course
(see Sharik this issue). Woody Plants
was a novel, innovative version of a
dendrology course whereby students
would learn trees and shrubs in the
f ield in their native ecosystems.
Throughout his career, Burt valued
the importance of his teaching, and
he grew particularly infatuated with
perfecting his technique (see Mac-
Gregor and Gunn, this issue). Burt
considered his relationship with
Herb Wagner to be instrumental to
his pedagogy, and their collaboration
in Woody Plants is legendary at
Michigan and elsewhere (see Dick et
al. this issue). During this period,
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FIGURE 4. Burt Barnes in Ann Arbor during his
doctoral years, 1955. Photo courtesy of the Burton
V. Barnes estate.

FIGURE 5. Burt Barnes with an excavated
aspen seedling at the University of Michigan
Biological Station, 1957. Photo courtesy of the
Burton V. Barnes estate.



Burt also developed and perfected his Forest Ecology course, which included
weekly field labs and long field trips to the UMBS and the Great Smoky Moun-
tains (Figure 8). Many professors at SNR/SNRE modeled their teaching tech-
nique after Burt’s to the extent that they could (and tempered their frustrations

when they failed to dupli-
cate his success). Burt
garnered many awards
during his career, but
those honoring his suc-
cesses in teaching were
among those he treasured
the most. They included
the University of Michi-
gan Teaching Award, the
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FIGURE 6. Burt Barnes sighting field plot lines in northern Idaho, 1962. Photo courtesy of the Bur-
ton V. Barnes estate.

FIGURE 7. Drs. Fred Knight
and Burt Barnes walking to the
School of Natural Resources at
the University of Michigan,
April 1968. Drs. Knight and
Barnes regularly carpooled to
campus together. Photo by
Bruce Dancik.



Arthur F. Thurnau Professorship for “outstanding contributions in undergraduate
education,” Students for SNRE Outstanding Teaching Award, the Golden Apple
Award, the Michigan Professor of theYear Award from the Council for Advance-
ment and Support of Education, and the Carl Alwin Schenck Award from the So-
ciety of American Foresters in recognition of demonstrated and outstanding per-
formance in teaching and forestry education. In 2004 the Michigan Sierra Club
established a new award named the Burton V. Barnes Award for Outstanding
Academic Contributions in Support of Michigan’s Environment, with Burt as the
initial recipient.

Burt was very proud of his work with his mentors throughout his University
career. He joined Stephen Spurr as the junior author on the second edition of
Forest Ecology, a well-known textbook in the field, which was published in
1973. Burt revised the text for a third edition with Spurr in 1980, and included
him posthumously as a co-author on the fourth edition, published in 1998. Burt
worked with Herb Wagner to publish the enormously popular Michigan Trees in
1981, a trees and shrub identification guide treasured by students, naturalists,
ecologists, and outdoor enthusiasts. He revised Michigan Trees in 2004 and
maintained Wagner as a posthumous co-author. Burt was completing a new
book, Michigan Shrubs & Vines, with coauthors Chris Dick (who replaced Burt
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FIGURE 8. Burt Barnes uses
an aluminum pruning pole to
access drinking water below
Ramsey Cascades, Great
Smoky Mountains National
Park, October 1969. Photo by
Bruce Dancik.



as an instructor for Woody Plants upon his retirement) and Melanie Gunn (a for-
mer student and co-instructor), at the time of his death.

Upon his appointment to the faculty at Michigan, Burt continued his investi-
gations of North American aspen; some of this work led to Burt’s work with
Herb Wagner on hybridization and introgression in aspen throughout the 1960s
and 70s (Figure 9). Barnes and Wagner once thought they had discovered a new
hybrid species that had arisen between the two native Michigan aspens, trem-
bling aspen (P. tremuloides) and bigtooth aspen (P. grandidentata). Wagner
named it the Barnes aspen (Populus × barnesii), only to discover that the species
had already been named (Populus × smithii). With no offense taken and a good
story to tell to students for decades, Burt continued to study and document the
species and its intermediates throughout his career. Burt’s early career at Michi-
gan also focused on the natural variation, hybridization, and genecology of
birches (Betula spp.) and ashes (Fraxinus spp.) with his early graduate students.
In addition to a suite of publications, this work eventually contributed to the
naming of a new birch species, the Murray birch (Betula murrayana B.V. Barnes
& Dancik), identified at Saginaw Forest in 1985 (see Dancik, this issue). The
Murray birch is recognized as a rare birch species resulting from a cross between
a native hybrid species (Betula × purpusii) and yellow birch (B. alleghaniensis).

As a part of his aspen work in the West, Burt began to examine an extremely
large trembling aspen clone southwest of Fish Lake, Utah, in the late 1960s and
early 1970s. Using aerial photography and the same morphological differentia-
tion techniques he developed for aspen at UMBS for his dissertation, Burt con-
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FIGURE 9. Burt Barnes measures height growth of aspen hybrids at the southern Michigan nursery
in Brighton, Michigan, 1965. Photo by Bruce Dancik.



cluded that the aspen forest that covered about 106 acres was a single aspen
clone, quite possibly the “world’s largest organism.” Other than a single publica-
tion about aspen clone size and another great story to tell his students, Burt’s
studies on the Fish Lake clone were relatively obscure. The clone was revisited
by several researchers in the early 1990s who confirmed Burt’s original findings
using modern molecular techniques. Those researchers pursued and garnered
substantial national media coverage and even named the clone “Pando”. In the
meantime, Burt continued to avoid media attention, even when comments were
requested directly from him. He even quietly attended public tours of the clone
unrecognized in the 1990s and 2000s, happily keeping his identity and expertise
unknown to the researchers leading the tour (some of whom, when they were told
after his death of his possible presence, nervously tried to recollect whether he
might have been there!). Instead, Burt chose to poke fun at his overlooked fame
with his students in Woody Plants and Forest Ecology with lectures about “the
WLO” and rallying cries like “Aspen über alles!”

Burt’s research also took him to China, where he was interested in comparing
woody plant species and ecosystems between eastern Asia and eastern North
America (see Makino et al., this issue). Burt began his research in China during
the height of the ColdWar in the early 1980s and was one of the first western sci-
entists to visit China during that period. Despite this significant hurdle, he ac-
complished significant collections of “sister species” and was able to conduct
extensive field research across remote areas in eastern China, including the
rugged Yellow Mountains. Burt returned to China as a Visiting Scientist in the
mid-1980s, where he was hosted by the Nanjing Institute of Forestry. He studied
forest ecosystems and Chinese aspen species in the Changbaishan Preserve in
northeast China and made visits to Shenyang and Liaoning Provinces, as well as
to Beijing. He returned to China again in 1992. Burt served as the adviser for
several Chinese graduate students at SNR/SNRE as a result of the connections
he made from these trips.

Burt’s research beginning in the 1980s saw a proliferation of the landscape
ecosystem approach he first encountered in Baden-Württemberg and later re-
fined and applied to the study and management of forest ecosystems in Michi-
gan (seeAlbert et al., this issue). Burt and his students first applied the landscape
ecosystem approach—an integration of climate, landforms, and soil, and biota—
at local scales to wilderness tracts in Michigan’s Upper Peninsula, but his focus
quickly turned towards a regional classification of Michigan’s ecosystems, which
he completed with his students in the mid-1980s. The usefulness of the approach
culminated in a 10,000 acre classification and mapping of UMBS at multiple
scales in the 1990s, including broad glacial landforms, specific types of land-
forms, and local landscape ecosystems. The classification, with a level of detail
that is unique to the United States, still forms the basis for many of the field re-
search projects at UMBS. Burt and his students began to apply the approach to
many types of ecological systems in northern and southeastern Lower Michigan
and continued to do so until he retired in 2006.

Burt’s development and use of his landscape ecosystem approach led to a
long-standing friendship and collaboration with Canadian plant ecologist J. Stan
Rowe. Burt developed an ecocentric world view from these influences, believing
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that biota cannot live on their own but are conferred life from the Earth, such that
Earth itself is Life. In terms of his research, this meant that ecological science
should focus on the study of whole, volumetric, air-biota-land systems (ecosys-
tems) rather than simply the species they contain. Burt became steadfast in this
philosophy, and it began to permeate every new bit of research he undertook;
what once would have been studies on aspen or red maple (Acer rubrum) became
work on aspen or red maple ecosystems. His perspective created some tension
with some of his colleagues and mentors, including Herb Wagner himself, who
considered the lack of a focus on species to be a potential threat to the conserva-
tion of biodiversity.

Beyond his science, however, Burt began to consider the inherent and meta-
physical value of whole ecosystems, and he believed that because humans were
not the center of these systems they perhaps should not attempt to attain their
control and management, even when their intentions were good. He believed that
an understanding of whole ecosystems would provide guidelines for human be-
havior, and, as a result, his ecological ethics became more conservation-minded
than ever. In one of his last bits of public writing in 2013, Burt provided written
testimony to the Michigan State Senate opposing Senate Bill 78, which would
have prohibited the Michigan Department of Natural Resources from using bio-
diversity in its management decisions. After a scathing review of why species de-
pend on the ecosystems to which they belong, he concluded that the bill was “di-
visive, counterproductive, mean-spirited; couldn’t be worse. As Mark Twain said
of a book he reviewed—it is a cemetery.” It was a fitting summation of a piece
of legislation that clearly offended his perspective of the world, and his testimony
went viral on the Internet.

Burt officially retired in 2006, and decided to hold a “Burt’s Biostation Bash”
at UMBS rather than a typical retirement party in Ann Arbor. Burt’s Bash was
held to reaffirm Burt’s message about the importance of learning ecology in the
field, and consisted of a full weekend of field trips and activities at UMBS. Hun-
dreds of current and former students and colleagues from across North America
attended to hear Burt teach in the field one last time (Figure 10.) The weekend
culminated in a “rally” in the lecture hall, where the audience was loud with
yelling and singing, skits and impressions about Burt were performed by his for-
mer students, SNRE administrators were present, and Burt was asked to speak
about his career. True to form, Burt declined to talk about himself and instead
did his best to encourage the audience to speak to the administrators about the
importance of retaining field courses at SNRE.

After retirement, Burt remained steadfast in both research (see Dick et al. this
issue) and teaching, including numerous field courses at UMBS through 2010
(Figure 11). Burt had earned many awards and recognitions for his research by
the time he retired, including the Michigan Society of American Foresters’ John
L. Arend Research Recognition Award, the Society of American Foresters’ Bar-
rington Moore Memorial Award for outstanding research in forest ecology, The
Great Seal of the State of Michigan, and a State of Michigan Special Tribute
from the 93rd session of the Michigan Legislature and Governor Jennifer M.
Granholm. He was awarded a Lifetime Achievement Award by the Michigan
Botanical Club in 2013. His long and illustrious career (Figure 12) resulted in six
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FIGURE 10. Burt Barnes teaches from a soil pit to generations of current and former students and
colleagues at his “Biostation Bash” retirement party at the University of Michigan Biological Station,
July 2006. Photo from University of Michigan School of Natural Resources and Environment Flickr
page under a Creative Commons Attribution 2.0 Generic license; desaturated from original; original
at www.flickr.com/photos/snre/14420508600/.

FIGURE 11. Burt Barnes teaches students in a mini-course at the University of Michigan Bio-
logical Station, 2006. Photo from University of Michigan School of Natural Resources and En-
vironment Flickr page under a Creative Commons Attribution 2.0 Generic license; desaturated
from original; original at www.flickr.com/photos/snre/14606564982/.



books, three book chapters, and 97 published papers to date, and several more
are expected to be published posthumously, as well as an enormous sphere of in-
fluence that has produced hundreds of works of research by his former students.

BIBLIOGRAPHY

Books and Book Chapters
Spurr, S. H., and B. V. Barnes. (1973). Forest ecology, 2nd edition. The Ronald Press Company, New
York, N.Y.

Barnes, B. V. (1977). Forest ecology. Pp. 486–489 in The McGraw-Hill encylopedia of science and
technology, D.N. Lapedes, editor. McGraw Hill Book Company, NewYork, N.Y.

Spurr, S. H., and B. V. Barnes. (1980). Forest ecology, 3rd edition. John Wiley and Sons, Inc., New
York, N.Y.

Barnes, B. V., and W. H. Wagner, Jr. (1981). Michigan trees: A Guide to the trees of the Great Lakes
region. University of Michigan Press, Ann Arbor.

Barnes, B. V. (1991). Deciduous forests of North America. Pp. 219–344 in Deciduous forests of the
world. E. Röhrig and B. Ulrich, editors. Elsevier Publication Company, NewYork, N.Y.

Barnes, B. V., D. R. Zak, S. R. Denton, and S. H. Spurr. (1998). Forest ecology, 4th edition. John
Wiley and Sons, Inc., NewYork, N.Y.

Barnes, B. V., and W. H. Wagner, Jr. (2004). Michigan trees: A guide to the trees of the Great Lakes
region, revised and updated. University of Michigan Press, Ann Arbor.

Barnes, B. V. (2010). Vegetation history and change, 1840–2009. Pp. 36–49 in The changing envi-
ronment of northern Michigan: A century of science and nature at the University of Michigan Bi-
ological Station. K.J. Nadelhoffer, A.J. Hogg, Jr., and B.A. Hazlett editors. University of Michigan
Press, Ann Arbor.

Barnes, B. V., C. Dick, and M. Gunn. (2016). Michigan shrubs & vines. University of Michigan
Press, Ann Arbor.

Peer-reviewed Publications
1950s

Spurr, S. H., L. J. Young, B. V. Barnes, and E. L. Hughes. (1957). Nine successive thinnings in a
Michigan white pine plantation. Journal of Forestry 55: 7–13.

2015 THE MICHIGAN BOTANIST 13

FIGURE 12. Burt Barnes collecting increment cores in 1952 (left) and in 1993 (right). Left photo
courtesy of the Burton V. Barnes estate; right photo by Dan Kashian.



Barnes, B. V. (1958). Erste Aufnahme eines sechsjährigen Bestandes von Aspenhybriden. Silvae Ge-
netica 7: 98–102.

1960s

Barnes, B. V. (1961). Hybrid aspens in the Lower Peninsula of Michigan. Rhodora 63: 311–324.
Barnes, B. V., R. T. Bingham, and J. A. Schenk. (1962). Insect-caused loss to western white pine
cones. Intermountain Forest and Range Experiment Station, Research Note 102, Ogden, Utah.

Barnes, B. V. (1962). Selective fertilization in Pinus monticola Dougl. II: Results of additional tests.
Silvae Genetica 11: 89–124.

Barnes, B. V., and R. T. Bingham. (1962). Juvenile performance of hybrids between western and east-
ern white pine. Intermountain Forest and Range Experiment Station, Research Note 104, Ogden,
Utah.

Barnes, B. V., and R. T. Bingham. (1963). Cultural treatments stimulate growth of western white pine
seedlings. Intermountain Forest and Range Experiment Station, Research Note INT-3, Ogden,
Utah.

Barnes, B. V., and R. T. Bingham. (1963). Flower induction and stimulation in western white pine. In-
termountain Forest and Range Experiment Station, Research Paper INT-2, Ogden, Utah.

Hanover, J. W., and B. V. Barnes. (1963). Heritability of height growth in year-old western white pine.
Pp. 71–76 in Proceedings of the Forest Genetics Workshop, SAF Committee on Forest Tree Im-
provement and Southern Forest Tree Improvement Committee, Macon, Georgia.

Barnes, B. V. (1964). Self- and cross-pollination of western white pine: a comparison of height
growth of progeny. Intermountain Forest and Range Experiment Station, Research Note INT-22,
Ogden, Utah.

Barnes, B. V. (1964). Synopsis of site science in Baden-Württemberg and summary of the paper: Sil-
vicultural evaluation of site classification in Verngrund (North Württemberg). Mitteilungen des
Vereins für Forstliche Sandortskunde und Forstpflanzenzuchtung 13: 89–90.

Barnes, B. V. (1964). The use of ecological species groups in site classification in Baden-Württem-
berg and summary of the paper: Ecological species groups of the Upper Neckar growth district.
Mitteilungen des Vereins für Forstliche Sandortskunde und Forstpflanzenzuchtung 14: 64.

Barnes, B. V. (1966). The clonal growth habit of American aspens. Ecology 47: 439–447.
Barnes, B. V. (1967). Indications of possible mid-Cenozoic hybridization in the aspens of the Co-
lumbia Plateau. Rhodora 69: 70–81.

Barnes, B. V. (1967). Phenotypic variation associated with elevation in western white pine. Forest
Science 13: 357–364.

Barnes, B.V. (1969). Effects of thinning and fertilizing on production of western white pine seed. In-
termountain Forest and Range Experiment Station, Research Paper INT-58, Ogden, Utah.

Barnes, B. V. (1969). Natural variation and delineation of clones of Populus tremuloides and P. gran-
didentata in northern Lower Michigan. Silvae Genetica 18: 130–142.

Andrejak, G. E., and B. V. Barnes. (1969). A seedling population of aspens in southeastern Michigan.
The Michigan Botanist 8: 189–202.

Hanover, J. W., and B. V. Barnes. (1969). Heritability of height growth in western white pine
seedlings. Silvae Genetica 8: 80–82.

1970s

Mead, D. S., and B. V. Barnes. (1970). Performance of ponderosa pine in southeastern Michigan.
Michigan Academician 3: 67–70.

Barnes, B. V. (1970). Forest genetics research at the University of Michigan. In Proceedings of the
ninth Lake States Forest Tree Improvement Conference, USDA Forest Service Research Paper
NC-47. North Central Forest Experiment Station, St. Paul, Minnesota.

Dancik, B. P., and B. V. Barnes. (1971). Variability in bark morphology of yellow birch in an even-
aged stand. The Michigan Botanist 10: 34–38.

Sharik, T. L., and B. V. Barnes. (1971). Hybridization in Betula alleghaniensis Britt. and B. lenta L.:
A comparative analysis of controlled crosses. Forest Science 17: 415–424.

Dancik, B. P., and B. V. Barnes. (1972). Natural variation and hybridization of yellow birch and bog
birch in southeastern Michigan. Silvae Genetica 21: 1–9.

Townsend, A. M., J. W. Hanover, and B. V. Barnes. (1972). Altitudinal variation in photosynthesis,
growth, and monoterpene composition of western white pine (Pinus monticola Dougl.) seedlings.

14 THE MICHIGAN BOTANIST Vol. 54



Silvae Genetica 21: 133–139.
Barnes, B. V. (1972). Urwald von Morgan, Bannwaldgebiete der Landesforstverwaltung Baden-
Württemberg. Book review. Forest Science 18: 263.

Barnes, B. V., B. P. Dancik, and T. L. Sharik. (1974). Natural hybridization of yellow birch and paper
birch. Forest Science 20: 215–221.

Dancik, B. P., B. V. Barnes, and W. H. Wagner, Jr. (1974). Aberrant pistillate catkins of Betula al-
leghaniensis. The Michigan Botanist 13: 177–179.

Copony, J. A., and B. V. Barnes. (1974). Clonal variation in the incidence of Hypoxylon canker on
trembling aspen. Canadian Journal of Botany 52: 1405–1414.

Dancik, B. P., and B. V. Barnes. (1974). Leaf diversity in yellow birch (Betula alleghaniensis). Cana-
dian Journal of Botany 52: 2407–2414.

Barnes, B. V. (1975). Phenotypic variation of trembling aspen in western North America. Forest Sci-
ence 21: 319–328.

Dancik, B. P., and B. V. Barnes. (1975). Leaf variability in yellow birch (Betula alleghaniensis) in re-
lation to environment. Canadian Journal of Forest Research 5: 149–159.

Dancik, B. P., and B. V. Barnes. (1975). Multivariate analyses of hybrid populations. Naturaliste
Canadien 102: 835–843.

Barnes, B. V. (1976). Succession in deciduous swamp communities of southeastern Michigan for-
merly dominated by American elm. Canadian Journal of Botany 54: 19–24.

Sharik, T. L., and B. V. Barnes. (1976). Phenology of shoot growth among diverse populations of yel-
low birch (Betula alleghaniensis Britton) and sweet birch (B. lenta L.). Canadian Journal of
Botany 54: 2122–2129.

Kemperman, J. A., and B. V. Barnes. (1976). Clone size in American aspens. Canadian Journal of
Botany. 54: 2603–2607.

Wearstler, K. A., Jr., and B. V. Barnes. (1977). Genetic diversity of yellow birch seedlings in Michi-
gan. Canadian Journal of Botany 55: 2778–2788.

Henry, R. M., and B. V. Barnes. (1977). Comparative reproductive ability of bigtooth and trembling
aspen and their hybrid. Canadian Journal of Botany 55: 3093–3098.

Barnes, B. V. (1977). The international larch provenance test in southeastern Michigan, USA. Silvae
Genetica 26: 145–148.

Farmer, M. M., and B. V. Barnes. (1978). Morphological variation of families of trembling aspen in
southeastern Michigan. The Michigan Botanist 17: 141–153.

Barnes, B. V. (1978). Pollen abortion in Betula and Populus (Section Leuce). The Michigan Botanist
17: 167–172.

Sharik, T. L., and B. V. Barnes. (1979). Natural variation in morphology among diverse populations
of yellow birch (Betula alleghaniensis) and sweet birch (B. lenta). Canadian Journal of Botany 57:
1932–1939.

1980s

Barnes, B. V. (1980). Woody plants ahead. Pp. 195–206 in Proceedings: Dendrology in the Eastern
Forest Biome. P. P. Feret and T. L. Sharik, editors. Publication number FWS-2-80, School of
Forestry and Wildlife Resources, Virginia Polytechnic Institute and State University, Blacksburg.

Pregitzer, K. S., and B. V. Barnes. (1980). Flowering phenology of Populus tremuloides and P. gran-
didentata and the potential for hybridization. Canadian Journal of Forest Research 10: 218–223.

Spies, T. A., and B. V. Barnes. (1981). A morphological analysis of Populus alba, P. grandidentata
and their natural hybrids in southeastern Michigan. Silvae Genetica 30: 102–106.

Barnes, B. V., K. S. Pregitzer, T. A. Spies, and V. H. Spooner. (1982). Ecological forest site classifi-
cation. Journal of Forestry 80: 493–498.

Spies, T. A., and B. V. Barnes. (1982). Natural hybridization between Populus alba L. and the native
aspens in southeastern Michigan. Canadian Journal of Forest Research 12: 653–660.

Pregitzer, K. S., and B. V. Barnes. (1982). The use of ground flora to indicate edaphic factors in the
McCormick Experimental Forest, Upper Michigan. Canadian Journal of Forest Research 12:
661–672.

Barnes, B. V. (1983). Ecosystem classification—Number 1 priority. Pp. 8–30 in Proceedings, Artifi-
cial regeneration of conifers in the Upper Great Lakes region. Michigan Technological University,
Houghton.

Hix, D. M., B. V. Barnes, and J. A.Witter. (1983). Site classification of selected spruce–fir-dominated

2015 THE MICHIGAN BOTANIST 15



ecosystems of the Ottawa National Forest, Upper Peninsula of Michigan. Michigan Cooperative
Forest Pest Management Program. Technical Report 83–14.

Pregitzer, K. S., B. V. Barnes, and G. D. Lemme. (1983). Relationship of topography to soils and veg-
etation in an Upper Michigan ecosystem. Soil Science Society of America Journal 47: 117–123.

Pregitzer, K. S., B. V. Barnes, T. A. Spies, and V. H. Spooner. (1983). Ecological forest site classifi-
cation in the McCormick Experimental Forest, Upper Michigan. Pp. 22–28 in Proceedings of the
IUFRO Conference on forest site and continuous productivity. USDA Forest Service General
Technical report PNW-163.

Barnes, B. V. (1984). Forest ecosystem classification and mapping in Baden-Württemberg, West Ger-
many. Pp. 49–65 in Proceedings of the symposium on forest land classification: experiences, prob-
lems, perspectives. J. G. Bockheim, editor. NCR-102 North Central Forest Soils Committee, Soci-
ety of American Foresters, USDA Forest Service and USDA Conservation Service, Madison,
Wisconsin.

Barnes, B. V. (1984). The ecological approach to ecosystem classification. Pp. 69–89 in Proceedings
of the symposium on site and productivity of fast growing plantations. D. C. Grey, A. P. G.
Schonau, and C. J. Schultz, editors. IUFRO Symposium, Pretoria and Pietermaritzburg, South
Africa.

Pregitzer, K. S., and B. V. Barnes. (1984). Classification and comparison of upland hardwood and
conifer ecosystems of the Cyrus H. McCormick Experimental Forest, Upper Michigan. Canadian
Journal of Forest Research 14: 362–375.

Brissette, J. C., and B. V. Barnes. (1984). Comparisons of phenology and growth of Michigan and
western North American sources of Populus tremuloides. Canadian Journal of Forest Research 14:
789–793.

Hix, D. M., and B. V. Barnes. (1984). Effects of clearcutting on the vegetation and soil of an eastern
hemlock-dominated ecosystem, western Upper Michigan. Canadian Journal of Forest Research
14: 914–923.

Barnes, B. V. (1984). Present situation and perspectives in forest ecology. Lectures in Forest Ecology
and Forest Genetics 13. Given May–July 1982 in the People’s Republic of China. Ministry of
Forestry, Planning Division, Beijing, China. 112 pp.

Barnes, B. V., and K. S. Pregitzer. (1985). Occurrence of hybrids between bigtooth and trembling
aspen in Michigan. Canadian Journal of Botany 63: 1888–1890.

Spies, T. A., and B. V. Barnes. (1985). A multi-factor ecological classification of the northern hard-
wood and conifer ecosystems of Sylvania Recreation Area, Upper Peninsula of Michigan. Cana-
dian Journal of Forest Research 15: 949–960.

Spies, T. S., and B. V. Barnes. (1985). Ecological species groups of upland northern hardwood-hem-
lock forest ecosystems of the Sylvania Recreation Area, Upper Peninsula of Michigan. Canadian
Journal of Forest Research 15: 961–972.

Barnes, B. V., and B. P. Dancik. (1985). Characteristics and origin of a new birch species, Betula mur-
rayana, from southeastern Michigan. Canadian Journal of Botany 63: 223–226.

Barnes, B. V. (1986). Varieties of experience in classification and mapping of forestland ecosystems.
Pp. 5–23 in G. Wickware and W.C. Stevens (eds.). Proceedings of the symposium on site classifi-
cation in relation to forest management. G. Wickware and W. C. Stevens, cochairs. COJFRC Sym-
posium Proceedings 0-P-14. Government of Canada, Canadian Forest Service, Sault Ste. Marie,
Ontario.

Albert, D. A., S. R. Denton, and B. V. Barnes. (1986). Regional landscape ecosystems of Michigan.
School of Natural Resources, University of Michigan, Ann Arbor.

Albert, D. A., and B. V. Barnes. (1987). Effects of clearcutting on the vegetation and soil of a sugar
maple-dominated ecosystem, western Upper Michigan. Forest Ecology and Management 18:
283–298.

Hix, D. M., and B. V. Barnes. (1987). Relationships between spruce budworm damage and site fac-
tors in spruce-fir-dominated ecosystems of western Upper Michigan. Forest Ecology and Man-
agement 21: 129–140.

Denton, S. R., and B. V. Barnes. (1987). Spatial distribution of ecologically applicable climatic sta-
tistics in Michigan. Canadian Journal of Forest Research 17: 598–612.

Denton, S. R., and B. V. Barnes. (1987). Application of the sucrose inversion method to delineate re-
gion-wide temperature patterns. Canadian Journal of Botany 65: 779–786.

16 THE MICHIGAN BOTANIST Vol. 54



Denton, S. R., and B. V. Barnes. (1987). Tree species distributions related to climatic patterns in
Michigan. Canadian Journal of Forest Research 17: 613–629.

Albert, D. A., S. R. Denton, and B. V. Barnes. (1988). Regional landscape ecosystems of Michigan:
New research in landscape ecology. Natural Resources News, University of Michigan School of
Natural Resources, Ann Arbor.

Denton, S. R., and B. V. Barnes. (1988). An ecological climatic classification of Michigan:A quanti-
tative approach. Forest Science 34: 119–138.

Barnes, B. V. (1989). Old-growth forests of the northern Lake States: A landscape ecosystem per-
spective. Natural Areas Journal 9: 45–57.

Hammitt, W. E., and B. V. Barnes. (1989). Composition and structure of an old-growth oak-hickory
forest in southern Michigan over 20 years. Pp. 247–253 in Proceedings of the 7th Central Hard-
woods Conference, USDA Forest Service North Central Forest Experiment Station General Tech-
nical Report NC-132.

Archambault, L., B. V. Barnes, and J. A. Witter. (1989). Ecological species groups of oak ecosystems
of southeastern Michigan. Forest Science 35: 1058–1074.

Barnes, B. V. (1989). Newly discovered birch ranks among rarest of rare. The Center for Plant Con-
servation 4:1–8.

1990s

Archambault, L., B. V. Barnes, and J. A. Witter. (1990). Landscape ecosystems of disturbed oak
forests of southeastern Michigan, USA. Canadian Journal of Forest Research 20: 1570–1582.

Simpson, T. A., P. E. Stuart, and B. V. Barnes. (1990). Landscape ecosystem and cover types of the
Reserve Area and adjoining lands of the Huron Mountain Club, Marquette County, MI. Huron
Mountain Wildlife Foundation Occasional Paper Number 4.

Barnes, B. V., C. Theiss, and X. Zou. (1990). Landscape ecosystems of the Mack Lake burn and their
occupancy by the Kirtland’s warbler. Pp. 52–53 in At the crossroads—extinction or survival. Pro-
ceedings, Kirtland’s warbler Symposium, Lansing, Michigan.

Barnes, B. V., Z. Xü, and S. Zhao. (1992). Forest ecosystems in an old-growth pine–mixed hardwood
forest of the Changbai Shan Preserve in northeastern China. Canadian Journal of Forest Research
22: 144–160.

Zou, X., C. Theiss, and B. V. Barnes. (1992). Pattern of Kirtland’s warbler occurrence in relation to
the landscape structure of its summer habitat in northern Lower Michigan. Landscape Ecology 64:
221–231.

Barnes, B. V., and F. Han. (1993). Phenotypic variation of Chinese aspens and their relationships to
similar taxa in Europe and North America. Canadian Journal of Botany 71: 799–815.

Barnes, B. V. (1993). The landscape ecosystem approach and conservation of endangered spaces. En-
dangered Species Update 10: 13–19.

Rowe, J. S., and B. V. Barnes. (1994). Geo-ecosystems and bio-ecosystems. Bulletin of the Ecologi-
cal Society of America 75: 40–41.

Lapin, M., and B. V. Barnes. (1995). Using the landscape ecosystem approach to assess species and
ecosystem diversity. Conservation Biology 9: 1148–1158.

Zogg, G. P., and B. V. Barnes. (1995). Ecological classification and analysis of wetland ecosystems,
northern Lower Michigan, USA. Canadian Journal of Forest Research 25: 1865–1875.

Barnes, B. V. (1996). Silviculture, landscape ecosystems, and the iron law of the site. Forstarchiv 67:
226–235.

Baker, M. E., and B. V. Barnes. (1998). Landscape ecosystem diversity of river floodplains in north-
western Lower Michigan, USA. Canadian Journal of Forest Research 28: 1405–1418.

2000s

Crow, T., M. E. Baker, and B. V. Barnes. (2000). Diversity in riparian landscapes. Pp. 43–66 in Ri-
parian management in forests. E. S. Verry, J. W. Hornbeck, and C. A. Doloff, editors. Lewis Pub-
lishers, NewYork, N.Y.

Kashian, D. M., and B. V. Barnes. (2000). Landscape influence on the spatial and temporal distribu-
tion of the Kirtland’s warbler at the Bald Hill burn, northern Lower Michigan, USA. Canadian
Journal of Forest Research 30: 1895–1904.

Walker, W. S., B. V. Barnes, and D. M. Kashian. (2003). Landscape ecosystems of the Mack Lake

2015 THE MICHIGAN BOTANIST 17



burn, northern Lower Michigan, and the occurrence of the Kirtland’s warbler. Forest Science 49:
119–139.

Kashian, D. M., B. V. Barnes, and W. S. Walker. (2003). Landscape ecosystems of northern Lower
Michigan and the occurrence and management of the Kirtland’s warbler. Forest Science 49:
140–159.

Kashian, D. M., B. V. Barnes, and W. S. Walker. (2003). Ecological species groups of landform-level
ecosystems dominated by jack pine in northern Lower Michigan, USA. Plant Ecology 166: 75–91.

White, L. L., D. R. Zak, and B. V. Barnes. (2004). Biomass accumulation and soil nitrogen availabil-
ity in an 87-year-old Populus grandidentata chronosequence. Forest Ecology and Management
191: 121–127.

Barnes, B. V., I. Saeki, and A. Kitazawa. (2004). Occurrence and landscape ecology of a rare disjunct
maple species, Acer pycnanthum, and comparison with Acer rubrum. Environmental Reviews 12:
163–196.

Gannon, B., S. B. Bertman, and B. V. Barnes. (2007). Succession of biogenic VOC emissions in
northern Michigan. Abstracts of Papers of the American Chemical Society 233: 494.

Barnes, B. V. (2009). Tree response to ecosystem change at the landscape level in eastern North
America. Forstarchiv 80: 76–89.

Saeki, I., C. W. Dick, B. V. Barnes, and N. Murakami. (2011). Comparative phylogeography of red
maple (Acer rubrum L.) and silver maple (Acer saccharinum L.): impacts of habitat specialization,
hybridization and glacial history. Journal of Biogeography 38: 992–1005.

GRADUATE STUDENTS SUPERVISED OR CO-SUPERVISED
BY BURTONV. BARNES

18 THE MICHIGAN BOTANIST Vol. 54

1960s
M.S. 1965. James L. Bertenshaw
M.S. 1966. Thomas R. Crow
M.S. 1966. Ronald O. Gibson
M.S. 1966. Douglas A. Mead
M.S. 1967. Henry L. Caulkins
M.S. 1967. Bruce P. Dancik
M.S. 1968. Gary E. Andrejak
M.S. 1968. Karl W. Johnson
M.S. 1969. Richard H. Barnes
M.S. 1969. James A. Capony

M.S. 1969. William E. Hammitt

1970s

Ph.D. 1970. Terry L. Sharik
Ph.D. 1970. Robert K. Shepard
M.S. 1970. Paul W. Johnson

M.S. 1970. Jerry A. Kemperman
M.S. 1971. Thomas O. Baily
Ph.D. 1972. Bruce P. Dancik

Ph.D. 1972. Gustav A. Steneker
Ph.D. 1972. Sylvia M.O. Taylor
Ph.D. 1973. Stephan S. Clark
M.S. 1973. Ellen S. Post
M.S. 1974. John L. Hart
M.S. 1974. Ann Shorger

M.S. 1975. Richard R. Braham
M.S. 1975. Carolyn T. Cohen

M.S. 1975. Kenneth A. Wearstler, Jr.
M.S. 1976. Urias D. George
M.S. 1976. Robert M. Henry
M.S. 1976. Ross A. Melick

M.S. 1976. Raymond Nichols (non-thesis)
M.S. 1977. John C. Brissette

M.S. 1977. Michelle M. Farmer
Ph.D. 1978. William E. Hammitt
M.S. 1978. Kurt S. Pregitzer
M.S. 1978. Thomas A. Spies

M.S. 1979. Kathleen M. Landauer

1980s

Ph.D. 1981. Kurt S. Pregitzer
M.S. 1981. Richard W. Seelig
M.S. 1982. Shirley R. Denton
Ph.D. 1983. Thomas A. Spies
M.S. 1983. Dennis A. Albert
M.S. 1983. Robert J. Ayotte
M.S. 1983. David M. Hix
M.S. 1983. Wendy O’Neil

M.S. 1983. Constance H. Ruth
M.S. 1983. Deborah L. Skoller
M.S. 1983. Steven P. Voice
Ph.D. 1984. Lloyd Simpson
M.S. 1984. Evan D. Mercer
M.S. 1984. Vera H. Spooner

M.S. 1984. X. Yin
Ph.D. 1985. Shirley R. Denton

M.S. 1986. Glen A. Chown (M.S. project)
M.S. 1986. Steven D. Kvarnberg (M.S. project)
M.S. 1986. Robert A. Plotzer (M.S. project)
M.S. 1986. Stephen J. Shipe (M.S. project)
M.S. 1986. James F. Welsh (M.S. project)

M.S. 1986. Charles G. Wertheim (M.S. project)
Ph.D. 1987. Louis Archambault



M.S. 1987. Patrick J. Comer
M.S. 1988. Xiaoming Zou
M.S. 1989. John W. Fody

1990s

Ph.D. 1990. Dennis A. Albert
Ph.D. 1990. Thomas Simpson

M.S. 1990. Marc Lapin
M.S. 1993. Andrew Johnson
M.S. 1993. Gregory P. Zogg

Ph.D. 1995. Douglas R. Pearsall
M.S. 1995. Matthew E. Baker
M.S. 1996. Melanie E. Gunn
M.S. 1997. Edward H. Trager
M.S. 1998. Daniel M. Kashian
M.S. 1998. Richard M. Ring
M.S. 1998. Ikuyo Saeki

M.S. 1998. Joel Brammeier (M.S. project)
M.S. 1998. Yvette Capps (M.S. project)
M.S. 1998. James L. Ellis (M.S. project)

M.S. 1998. Andrew P. Galvin (M.S. project)
M.S. 1998. Jennifer Santi Hall (M.S. project)
M.S. 1998. Michelle J. Huffman (M.S. project)

M.S. 1998. Thomas Hulleberg (M.S. project)
M.S. 1998. Julie C. Rodriguez (M.S. project)
M.S. 1998. Jeffrey Baranyi (M.S. project)

M.S. 1999. Glenn R. Palmgren
M.S. 1999. Wayne S. Walker

2000s

M.S. 2000. John V. Syring
M.S. 2000. Laura L. White
M.S. 2001. Alan J. Tepley
M.S. 2002. Kara A. Moore
M.S. 2002. Ryan O’Connor

M.S. 2003. Catherine A. Yanca
M.S. 2003. Ephraim Zimmerman
M.S. 2005. Jeffrey G.-P. Lee
Ph.D. 2006. Wayne S. Walker
M.S. 2006. Martha R. Yocum

M.S. 2006. Rebecca Schillo (M.S. project)
M.S. 2006. Jennifer Stover (M.S. project)

M.S. 2006. Stephanie Pendergrass
(M.S. project)

Ph.D. 2009. Yuka Makino
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The Trembling Giant
The quaking aspen, one of this country's most beautiful trees, also makes up the world's most massive
organism.

By Michael C Grant | Sep 30, 1993 10:00 PM

Newsletter
Sign up for our email newsletter for
the latest science news

EMAIL ADDRESS SIGN UP

Compared with a mite or a virus, we humans are enormous. But we share this planet with other
organisms that, in turn, dwarf us. At 100 feet, a blue whale is about 18 times longer than the
average person; a giant sequoia, three times that. There are even larger giants on Earth, and
you don’t have to travel to some far-�ung corner of the world to see them. In 1992 two
Michigan biologists startled the public by announcing their discovery of a fungus covering an
area of 40 acres. Their announcement was soon followed by one from another group of
researchers who claimed to have found a 1,500-acre fungus in Washington.

When I and two of my colleagues at the University of Colorado, Jeffry Mitton and Yan Linhart,
�rst read about the fungi, we decided that the record had to be set straight. While the
Washington fungus may in fact be the world’s largest organism in area, it is not the largest in
mass. Its discoverers have yet to calculate its weight, but they do know that it probably weighs
under 825,000 pounds--about double the weight of a blue whale but nowhere near that of a
giant sequoia, which can tip the scales at 4.5 million pounds. Yet even the majestic giant
sequoia is not the record holder. That honor goes to a tree that my co-workers and I have
studied for years: the quaking aspen, a common tree that dapples many mountains of North

SUBSCRIBE

1 FREE ARTICLE SUBSCRIBE

The Trembling Giant | Discover Magazine https://www.discovermagazine.com/planet-earth/the-trembling-giant

1 of 8 9/24/2021, 2:40 PM

https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsvkPQibWWmzuyvkrgRPoQUQQlNEMi7-9FUHyi9slE1op9SUSfDgjkZsFZaakYVV0w5GwmEwCaACTNmmGM3aOCXB4qbDe54LaJ90BV1WUn4TADtreUCnUllQBWinROS4wh8RKg7ou5InONUf7jPluQVURuawVPHNf2dTit2EHPeU1xVptAoELgyC0gesfCmMk_J82Znui1falCUjnMeFYWfaeyBYz9Mk6QedvOWnZov6cMPDpKzDZNs6fLgN83z_Lsq9106LJxGKiObCco-6FAYYL7NuVm3rGORynHHYybDdwmWmr3Tdvzp36zeScB9GujD3sP3ModG-8IWpoS2fiNtyE8F1XCLOklE1QPtm7qgyruW9fnKn0ZpjQZfJRHZ3NvGVMCHmSYV-H2I84VXuptlIfwP7L1gRS7XHiScVSSUH7noCRSGwJv2LgEA-2cOiF4t4ynkNSnHXgV5zBR4TapY6k4Yv14lmzd94CrNeo7Lgaz7z9kF-_ttLpwZakPxWN8V8mMuHa9LB0vb58QPk2UCi_NIBEShOuxdh7rg96SkwNJ9Oz08k-ejw1gb1SLtamBzLLI1-nZfOV3d8zDEuPG7I6QIrFifFfcr5Ns6dD2Debrwdg4PYHJO45ZRJiWQDr-XqUHY_7qalyD62MmTt57tBmt4rGm2TPJMFdJuH0IpHfcXqFA3uM3a_FlBibxUHhgor85updS5QA02hr0JmaoC8K16PXIT6JEJFtXSw_NgmkEoTw_GRl7sSxYBA7NryplG-knoKY9NmpwM0DOHNcqXjeBq_in5kV6OokNvOfYBo_WExYIFQs1iq2qMd8OFk9PZUNIRcVKzsP3JmVrMpHcsugVfrH_qg5M9jHxg-68e4uy3MtfST6DXeFZ6NuB-ngBMkHuEaHb5_YpK0XHgOKOLoiW0EWYhHDSCUL3uBwkumZayLhW2XB4EYCB6yVH9m3h3My3C6s39RsUxdvS0fj-_0lCZhGS5pa3TwW4e2kLnpa2tEp9zvhvvHPjQ8XsGr5AuVu5lOqkNhgYbujCo_e7HT9Q5X44CQLEtzzfTVqZacCxWHfwyaogerJxoIbKjbQq_wKwbQfeTus2g0NYJORF6ay_kkOQGzYopel30Z&sai=AMfl-YTCTQ8oXIqKjZlD3L44LJt2wNQLug4ulZelYPTHEtTKEwoeqqpyA_21xdzKpFrhoLEWhOO-pkfCZgzldWA_CjC3fubGtLKrsKBCOBQFT0316qINNT4r2rTkEzjyWlH1guqg9Bzqs-xwtA0zXvqIjCUz2uhurpWjV5OYJrkYZJgpXCWVGg&sig=Cg0ArKJSzEJShwTE637b&fbs_aeid=[gw_fbsaeid]&urlfix=1&adurl=https://ad.atdmt.com/c/img%3Badv%3D11007220416659%3Bec%3D11007231623747%3Badv.a%3D9901250%3Bc.a%3D25684492%3Bs.a%3D2414963%3Bp.a%3D302362356%3Ba.a%3D500320985%3Bcache%3D1587639705%3Bqpb%3D1%3B%3Fh%3Dhttps://www.hbomax.com/same-day-premieres%3Futm_id%3Dcm%7C25684492%7C2414963%7C302362356%7C157749283%26dclid%3D%25edclid!
https://adclick.g.doubleclick.net/pcs/click?xai=AKAOjsvkPQibWWmzuyvkrgRPoQUQQlNEMi7-9FUHyi9slE1op9SUSfDgjkZsFZaakYVV0w5GwmEwCaACTNmmGM3aOCXB4qbDe54LaJ90BV1WUn4TADtreUCnUllQBWinROS4wh8RKg7ou5InONUf7jPluQVURuawVPHNf2dTit2EHPeU1xVptAoELgyC0gesfCmMk_J82Znui1falCUjnMeFYWfaeyBYz9Mk6QedvOWnZov6cMPDpKzDZNs6fLgN83z_Lsq9106LJxGKiObCco-6FAYYL7NuVm3rGORynHHYybDdwmWmr3Tdvzp36zeScB9GujD3sP3ModG-8IWpoS2fiNtyE8F1XCLOklE1QPtm7qgyruW9fnKn0ZpjQZfJRHZ3NvGVMCHmSYV-H2I84VXuptlIfwP7L1gRS7XHiScVSSUH7noCRSGwJv2LgEA-2cOiF4t4ynkNSnHXgV5zBR4TapY6k4Yv14lmzd94CrNeo7Lgaz7z9kF-_ttLpwZakPxWN8V8mMuHa9LB0vb58QPk2UCi_NIBEShOuxdh7rg96SkwNJ9Oz08k-ejw1gb1SLtamBzLLI1-nZfOV3d8zDEuPG7I6QIrFifFfcr5Ns6dD2Debrwdg4PYHJO45ZRJiWQDr-XqUHY_7qalyD62MmTt57tBmt4rGm2TPJMFdJuH0IpHfcXqFA3uM3a_FlBibxUHhgor85updS5QA02hr0JmaoC8K16PXIT6JEJFtXSw_NgmkEoTw_GRl7sSxYBA7NryplG-knoKY9NmpwM0DOHNcqXjeBq_in5kV6OokNvOfYBo_WExYIFQs1iq2qMd8OFk9PZUNIRcVKzsP3JmVrMpHcsugVfrH_qg5M9jHxg-68e4uy3MtfST6DXeFZ6NuB-ngBMkHuEaHb5_YpK0XHgOKOLoiW0EWYhHDSCUL3uBwkumZayLhW2XB4EYCB6yVH9m3h3My3C6s39RsUxdvS0fj-_0lCZhGS5pa3TwW4e2kLnpa2tEp9zvhvvHPjQ8XsGr5AuVu5lOqkNhgYbujCo_e7HT9Q5X44CQLEtzzfTVqZacCxWHfwyaogerJxoIbKjbQq_wKwbQfeTus2g0NYJORF6ay_kkOQGzYopel30Z&sai=AMfl-YTCTQ8oXIqKjZlD3L44LJt2wNQLug4ulZelYPTHEtTKEwoeqqpyA_21xdzKpFrhoLEWhOO-pkfCZgzldWA_CjC3fubGtLKrsKBCOBQFT0316qINNT4r2rTkEzjyWlH1guqg9Bzqs-xwtA0zXvqIjCUz2uhurpWjV5OYJrkYZJgpXCWVGg&sig=Cg0ArKJSzEJShwTE637b&fbs_aeid=[gw_fbsaeid]&urlfix=1&adurl=https://ad.atdmt.com/c/img%3Badv%3D11007220416659%3Bec%3D11007231623747%3Badv.a%3D9901250%3Bc.a%3D25684492%3Bs.a%3D2414963%3Bp.a%3D302362356%3Ba.a%3D500320985%3Bcache%3D1587639705%3Bqpb%3D1%3B%3Fh%3Dhttps://www.hbomax.com/same-day-premieres%3Futm_id%3Dcm%7C25684492%7C2414963%7C302362356%7C157749283%26dclid%3D%25edclid!
https://www.discovermagazine.com/planet-earth
https://www.discovermagazine.com/planet-earth
https://www.discovermagazine.com/author/michael-c-grant
https://www.discovermagazine.com/author/michael-c-grant
https://www.discovermagazine.com/
https://ssl.drgnetwork.com/flex/KMB/DSCHOICE/
https://ssl.drgnetwork.com/flex/KMB/DSCHOICE/
https://www.discovermagazine.com/
https://www.discovermagazine.com/
https://www.discovermagazine.com/
https://ssl.drgnetwork.com/flex/KMB/DSCHOICE/
https://ssl.drgnetwork.com/flex/KMB/DSCHOICE/
https://www.discovermagazine.com/magazine
https://myscienceshop.com/?utm_source=discovermag&utm_medium=website&utm_campaign=site_header
https://www.discovermagazine.com/the-sciences
https://www.discovermagazine.com/mind
https://www.discovermagazine.com/technology
https://www.discovermagazine.com/health
https://www.discovermagazine.com/environment
https://www.discovermagazine.com/planet-earth
https://www.discovermagazine.com/uncategorized
https://www.discovermagazine.com/sponsored
https://ssl.drgnetwork.com/flex/KMB/DSCHOICE/


America. Unlike giant sequoias, each of which is a genetically separate individual, a group of
thousands of aspens can actually be a single organism, sharing a root system and a unique set
of genes. We therefore recently nominated one particular aspen individual growing just south
of the Wasatch Mountains of Utah as the most massive living organism in the world. We
nicknamed it Pando, a Latin word meaning I spread. Made up of 47,000 tree trunks, each with
an ordinary tree’s usual complement of leaves and branches, Pando covers 106 acres and,
conservatively, weighs in excess of 13 million pounds, making it 15 times heavier than the
Washington fungus and nearly 3 times heavier than the largest giant sequoia.

Pando reached such vast dimensions by a kind of growth, common to plants, known as
vegetative reproduction. A plant sends out horizontal stems or roots, either above ground or
below depending on the species, that travel some distance before taking root themselves and
growing into new, connected plants. For us humans, who tend to view sexual reproduction as
the only means of generating offspring, the method may seem a bit strange. Yet vegetative
reproduction happens all around us. Every gardener witnesses it in one form or another.
Strawberry plants, for example, send out stringy aboveground stems that can take root and
form additional leafy clusters. Vegetative reproduction allows grass to produce lovely lawns (as
well as foul language when it spreads into the garden plot). People who raise houseplants
routinely take advantage of vegetative reproduction when they make cuttings of their favorite
ivy or spider plant and root those pieces in new pots.

In the wild, vegetative reproduction commonly happens on a much grander scale. If you �y
across the Southwest, you may see striking geometric patterns of desert shrubs, such as the
creosote bush, which usually grows in circles. These circles don’t provide evidence of
geometrically savvy visitors from outer space. They’re evidence of new creosote bushes
forming at the periphery of a spreading individual while older stems in the center are dying.

Most trees stick to sexual reproduction. In some species, male trees produce pollen in their
�owers, which is then used to fertilize the female �owers and produce seeds. In others, a single
tree will have the equipment of both sexes. Aspens do indeed have �owers and sexes (Pando
is male), but they almost always reproduce vegetatively. They send out roots horizontally
underground, from which new shoots called stems (or, more formally, ramets) grow vertically.
The new shoots eventually develop into new tree trunks as tall as 100 feet, with branches,
leaves, bark--in short, everything you’d associate with an individual tree. Because a root may
travel 100 feet underground before sprouting up, and each new trunk can send out its own
army of underground roots to form still more new shoots, an aspen individual can attain quite
impressive dimensions.

The sum of all the stems, roots, and leaves of one such individual is called a clone. Quaking
aspen clones may spread far across a landscape as they continue to reproduce vegetatively.
How far one clone can migrate depends on how long it can live.
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And how long might that be? The short answer is that we don’t know. It might seem as if all
one has to do is count the annual growth rings in the individual stems. Aspen stems that I’ve
studied in the Colorado Front Range rarely exceed 75 years. Elsewhere individual stems
occasionally reach 200 years. But the age of individual stems tells us almost nothing about the
age of the clone they belong to, since its living stems may only be the latest to sprout. The
oldest clone with a �rm age is an 11,700-year-old creosote bush (researchers were able to
date it by measuring the rate at which its circle expands). But aspens may actually be far older.
Based on evidence such as the resemblance of some aspen clone leaves to fossilized ones,
Burton Barnes of the University of Michigan has suggested that aspen clones in the western
United States may reach the age of a million years or more. In principle, clones may even be
essentially immortal, dying only from disease or the deterioration of the environment rather
than from some internal clock.

As a true organism, a clone is made up of genetically uniform parts. Barring rare mutations, the
aspen trunk on the north edge of a particular clone will be genetically identical to the aspen
trunk on the south edge and to all in between. We biologists can use molecular techniques to
compare the genetic makeup, but an observant hiker can also recognize clones and even
distinguish among them. The angle between individual branches and the main trunk tends to
be a genetically determined trait that is different from clone to clone. Thus branches on the
trunks of one clone may angle off at about 45 degrees, while another clone’s stems show
angles nearer 80 degrees.

The time at which clones come out of their winter dormancy also has a strong genetic basis. In
spring you can commonly observe that one stand of aspen trees will be bare of leaves while a
nearby stand will be fully leafed out. But the most spectacular (though not infallible) indicator
of clone identity unfolds with the onset of fall. Some clones turn a brilliant, shining yellow that
almost seems to generate sunlight. Others manifest a deep, rich gold, vibrating with many
overtones. The leaves of still other aspens turn red; some show a barely perceptible tinge,
others a rich scarlet. With experience, one can use these colors as clues to deduce the
boundaries of clones. A warning: they can also mislead. Just as a single red maple tree may
have dramatic differences in fall coloration between its sunny side and its shady side, aspen
clones can vary, too, but the differences may be spread across thousands of different trunks.

Even biologists can be fooled by aspen stands. One group of researchers, examining the strings
of �owers (known as catkins) that quaking aspens produce before lea�ng out, concluded that
the �owers produced one year were of a different sex from those produced the previous year
by the same small stand of trees. Knowing that other vegetative reproducers, such as some
desert junipers, can be male one year and female the next, the researchers speculated that
perhaps aspens could switch sex also.

My colleagues and I were so intrigued by this suggestion that we decided to follow it up more
thoroughly. First we identi�ed a number of clones by isolating their unique patterns of enzymes
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in the lab and then marking the shoots in the �eld. For several years we then followed their
�owering pattern each spring. We found no switching of sexual identity; instead, we discovered
that even a small stand of aspen trees may contain more than one clone. We mapped and
marked some 160 stems in one such stand. It turned out that there were two clones
intertwined in the stand, one male, one female. The previous researchers, we realized, had been
tricked into seeing sex switching when in fact they had seen a female clone in their stand
�ower one year, and a male clone in the same stand �ower the next.

Aspen stands are just as complex below ground as above. Their intricate network of roots can
ferry nutrients from one part of the clone to another. Roots near an abundant water supply, for
example, may provide water to other roots and shoots in a much drier area. These parts of the
clone can return the favor if their roots have access to crucial nutrients missing from the wet
area. By distributing its water and nutrients over its entire expanse, a quaking aspen clone can
survive in a patchy environment where other trees might die off.

It shouldn’t be surprising, therefore, that the quaking aspen is the most widespread tree in
North America, forming an almost continuous band between Newfoundland and Maryland in
the East and another between Alaska and Washington in the West. Aspens also follow the
Appalachian Mountains south to Georgia, and the Rocky Mountains all the way into northern
Mexico. In total, this species covers tens of millions of acres in North America.

Wherever they grow, quaking aspens like unstable habitats. In mountainous areas avalanches
and mud slides leave barren paths that soon support extensive stands. In fact, it’s possible to
date mud slides and avalanches by measuring the age of aspen stems that shoot up
immediately following a slide in the scoured area. The distinctive light green of aspen leaves in
summer, set off from the deep greens of conifers such as lodgepole pines, frequently marks the
zones where winter snow is unstable and tends to avalanche.

Even more than slides of mud or snow, however, it is man’s old friend and nemesis, �re, that
ensures aspen survival. At �rst this might not seem logical, because an aspen stem is
particularly vulnerable to �res. Most trees are covered in a bark of dead cells, but the smooth,
cream-colored bark of quaking aspens usually remains a living, functioning tissue; it even
carries out photosynthesis. The bark succumbs quickly to forest �res, and the entire stem in turn
dies.

When a single stem dies, however, the entire clone feels the effect. Normally each stem sends
hormones into the root system that suppress the formation of new ramets. But when a stem
dies, its hormone signal dies as well. If a large number of the shoots in a stand are wiped out,
the hormonal imbalance triggers a huge increase in new, rapidly growing stems. The
regeneration of stems can dwarf the original destruction: researchers have counted densities of
up to 400,000 aspen stems per acre (Pando has a rather low �gure of just over 400 stems per
acre).
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If an aspen grove does not regularly experience �re or some other disturbance, its days are
numbered. Conifers will invade its borders and begin to shade out the stems. Aspens can’t
tolerate low levels of light, and they will eventually start to die as the conifers dominate the
grove. One consequence of �re suppression by humans in North America has been a drastic
reduction in the extent of aspen forests. Pando probably reached such a huge size because until
recently he experienced a regular sequence of �res that let him regenerate, spread, and
maintain himself. The �res didn’t happen so quickly that they eradicated him, nor were they so
infrequent that conifers had time to replace him.

The quaking aspen gained its name because of the way the tree’s leaves tremble in even the
slightest breeze. French Canadian woodsmen in the 1600s believed that the trees quaked in
fear because the cross on which Jesus was cruci�ed was made of aspen. Now giant aspen
clones like Pando have a new reason to tremble: human incursions. Several private homes have
recently been built within one section of Pando, and another section has been turned into a
campground, complete with parking spaces, picnic tables, and toilets. Paved roads, driveways,
and power and water lines built to serve these developments dissect this spectacularly
beautiful aspen stand. The presence of people has led the U.S. Forest Service to suppress
wild�res, and yet Pando’s remarkable size and longevity are largely a consequence of the
cleansing, rejuvenating power of wild�res. Ironically, ending wild�res could well mean the end
of Pando.

Realizing that it was affecting Pando’s vitality, the Forest Service recently decided to try to
boost its growth by clear-cutting part of the stand. It chain-sawed three clear cuts, totaling
about 15 acres, right out of the middle of this magni�cent old clone and offered the timber for
free to any who wanted �rewood. The results have been mixed: because of heavy deer
browsing, the �rst two clear cuts showed minimal regeneration; the third was fenced to keep
out the deer. New shoot growth, now one foot tall in the fenced area, appears abundant and
healthy. And yet the clear cuts carved from the heart of this individual, clashing as they do with
Pando’s surrounding pristine parts, come as a dispiriting shock to me.

Since my colleagues and I nominated Pando as the world’s largest organism, he has captured
the attention of dozens of newspapers and radio stations across North America, and some of
the reactions have been quite funny. Some see Pando as a threat: I received a call from
someone asking, Does this giant clone, spreading vegetatively, pose a threat to the people
living in southern Utah? Another person wondered if this recognition of the interconnectedness
of nature was the real beginning of New Age philosophy. For us, the real signi�cance of Pando
lies in the interest about things botanical he has stimulated. The more we examine the special
properties of the quaking aspen, the greater our fascination with the beauty, complexity, and
continuing mystery of this tree. If others agree, perhaps we can save clones like Pando from a
destiny as �rewood.
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ARTICLE

Legacies of Indigenous land use shaped past
wildfire regimes in the Basin-Plateau Region, USA
Vachel A. Carter 1✉, Andrea Brunelle1,2, Mitchell J. Power 2,3, R. Justin DeRose 4, Matthew F. Bekker5,

Isaac Hart1,6, Simon Brewer 1, Jerry Spangler7, Erick Robinson8, Mark Abbott 9, S. Yoshi Maezumi 10 &

Brian F. Codding 2,6,11

Climatic conditions exert an important influence on wildfire activity in the western United

States; however, Indigenous farming activity may have also shaped the local fire regimes for

millennia. The Fish Lake Plateau is located on the Great Basin–Colorado Plateau boundary, the

only region in western North America where maize farming was adopted then suddenly

abandoned. Here we integrate sedimentary archives, tree rings, and archeological data to

reconstruct the past 1200 years of fire, climate, and human activity. We identify a period of

high fire activity during the apex of prehistoric farming between 900 and 1400 CE, and

suggest that farming likely obscured the role of climate on the fire regime through the use of

frequent low-severity burning. Climatic conditions again became the dominant driver of

wildfire when prehistoric populations abandoned farming around 1400 CE. We conclude that

Indigenous populations shaped high-elevation mixed-conifer fire regimes on the Fish Lake

Plateau through land-use practices.
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F ire is one of the most important disturbance processes in the
western United States (hereinafter referred to as the west)1.
Many modern terrestrial ecosystems reflect this long evo-

lutionary history, requiring fire to maintain species composition
and structure2. However, fire activity has increased significantly
in the last three decades in the west3, with a twofold increase in
the cumulative area burned since 1984 as a result of human
settlement and human-caused climate change, compounded by
twentieth century fire suppression legacies4. Recent wildfire
activity has been more pronounced at mid-5,6 to high-elevations7

in response to changes in temperature and precipitation8, fuel
density, and increases in human-caused ignitions7. Although
climate, specifically drought, is considered to be the dominant
driver of fire in the west9,10, recent research in the Sierra Nevada
Mountains illustrated that human-caused fire, not lightning-
caused fire, best approximated changes in forest composition
during prolonged periods of cool and wet conditions11,12. These
data suggest that Indigenous people may have played an impor-
tant role in shaping mountain fire regimes in the past. To date,
little is known about the extent and influence of past Indigenous
fire use in western US forested environments. Today, fire regimes
in these forests are assumed to be climatically driven and not
considered to be influenced by pre-European human activity13. A
better understanding of how Indigenous peoples used fire and the
subsequent legacies Indigenous fire use had within forested eco-
systems is particularly important for fire management in the west.
Here we examine how high-elevation, mixed-conifer/subalpine
forests (>2700 m), within the Great Basin–Colorado Plateau
Region of the western United States, were shaped by changing
human land use over the past 1200 years.

The legacy of Indigenous fire use has gained increased atten-
tion in the Southwest14–16 and other regions of the Americas,
where the effect of pre-European fire on modern flora is more
pronounced than previously thought17,18. However, the influence
of pre-European Indigenous populations on fire regimes in North
America remains controversial19–21. Part of the controversy
is linked to the lack of integrative studies that examine
fire–human–climate dynamics in the past. As a result, there is a
persistent paradigm that low-density human populations had
minimal impacts on ecosystems at the landscape scale in the
Americas21,22. This is particularly true in remote regions such as
mountainous environments, where lightning has been considered
to be the main ignition source23. However, there is increasing
archeological and ethnographic evidence for Indigenous fire use
for a variety of farming, hunting, and foraging purposes from the
Great Plains, Great Basin, Sierra Nevada, and Rocky Mountains,
illustrating that climate and human activities are not mutually
exclusive12,24–33. By altering ignition patterns to clear vegetation
for fields, forage production, enhance regrowth of edible plants,
drive game, and ease travel, Indigenous fire use may have altered
the fire frequency and fuel availability. Human-driven changes in
fire regimes may have, in turn, altered forest composition
and structure, potentially superseding the natural (climatic)
controls on fire regimes. It is possible that Indigenous fire use
may have had long-lasting legacies on modern mountain forest
ecosystems33.

Long-term, high-resolution, multidisciplinary records combin-
ing paleoecological and archeological archives, also known as
applied historical ecology34, are vital for disentangling the drivers
of past fire and subsequent ecological effects16,35,36. To begin to
distinguish human-caused from naturally caused fire regimes,
paleoecological records must demonstrate that observed changes in
vegetation and fire are in response to changes in human activity
rather than driven by natural climate–fire relationships25,37. To
address this issue, we implement a multidisciplinary approach
combining paleoecology, paleoethnobotany, dendrochronology,

and archeology, to reconstruct vegetation change, fire activity,
drought, and the chronology of human activity over the last 1200
years from central Utah (Fig. 1). The novel model integration of
these multiproxy paleoecology, archeology, and paleoclimate data
enables us to disentangle the relative roles climate and human land
use had on past fire regimes. We use sieved sedimentary charcoal
accumulation rates (pieces cm−2 yr−1; CHAR) as a proxy for past
regional (<40–50 km)38,39 fire activity, with greater/lower abun-
dances of CHAR indicating more/less biomass burned. We then
examine how fire activity varies as a function of sedimentary pollen
accumulation rates (grains cm−2 yr−1) examined as an indicator of
changes in regional (>10 km) vegetation composition. Summed
probability distributions (SPDs) of calibrated radiocarbon-dated
archeological sites in the vicinity of Fish Lake, Utah, are used as a
proxy for pre-European human activity40,41. We also use a tree-
ring reconstruction of drought, which is a potentially important
driver of fuel availability, fuel moisture and subsequent fire
activity42, and a record of El Niño Southern Oscillation (ENSO)
variance43, which is the main teleconnection thought to drive fire
activity in the west44,45.

Results
Study region. Sedimentary proxies were collected from Fish Lake,
located in south-central Utah on the boundary between the Great
Basin and Colorado Plateau (i.e., the Basin-Plateau Region
(Fig. 1)). Fish Lake is an ideal study site to investigate
fire–climate–human interactions given the coupled records of
past fire activity and vegetation change through sedimentary
archives alongside tree-ring reconstructions of drought, com-
bined with a well-documented Late Holocene archeological
record that was used to generate past human activity estimates
(Fig. 1). Fish Lake is a high-elevation (2700 m asl) mountain lake
located in Fishlake National Forest, Sevier County, Utah. Fish
Lake is a large, deep (average depth= 27 m, maximum depth=
37 m), natural graben-filled lake situated on the southern end of
the Fish Lake Plateau, flanked by the Mytoge Mountains
to the southeast, and has a high lake area to watershed ratio
(~73.8 km46). Contemporary forests surrounding Fish Lake are
strongly controlled by aspect, characterized by ecotonal mixed-
conifer to spruce–fir. Overstory tree species, including Engel-
mann spruce (Picea engelmannii), subalpine fir (Abies lasiocarpa),
and Douglas-fir (Pseudotsuga menziesii), are dominant on the
northerly aspects, whereas the southerly aspects contain a mixture

Fig. 1 Location map of Fish Lake, Utah. Location map of the study site, Fish
Lake (black triangle), located in Sevier County (black outline), south-central
Utah, on the boundary between the Great Basin (area in turquoise) and
Colorado Plateau (area in pink) physiographic regions, the tree-ring
reconstructions of drought (white triangles; A=Wells Draw, B= Pahvant
Range), and archeological sites (white dots) used in this study. Archeological
site locations have been altered by random values of ±1000m.
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of quaking aspen (Populus tremuloides), including the famous
“Pando” aspen clone, considered to be the world’s single largest
living organism47,48, ponderosa pine (Pinus ponderosa), piñon
(Pinus edulis), Rocky Mountain juniper (Juniperus scopulorum),
and curlleaf mountain mahogany (Cercocarpus ledifolius).

Proxy-based climate–human–fire relationships. High fire
activity (i.e., biomass burning) between 900 and 1400 CE
(Fig. 2A) is concomitant with a peak in human activity (i.e.,
human population densities; Fig. 2B). Both fire activity and
human activity decrease after 1400 CE and remain low
until 1900 CE when fire activity increases simultaneously with
Euro-American settlement and the end of the Little Ice Age (LIA;
1500–1850 CE). Droughts occurred over the past 1200 years with
extreme amplifications in maximum and minimum soil moisture
conditions (Palmer Drought Severity Index (PDSI)) between 1100
and 1300 CE (Fig. 2C). ENSO variance declines during the

Medieval Climate Anomaly (MCA; 900–1200 CE) (i.e., more La
Niña-like conditions) and increases during the LIA and into the
present, consistent with more El Niño-like conditions (Fig. 2D;
from ref. 43). Increasing arboreal pollen (AP) and non-AP (NAP)
influx values are evident during periods of increasing farming
activity between ~1050 and 1200 CE (Fig. 2E, see Supplementary
Table 1 for a complete list of taxa classified as AP, NAP, and
paleoethnobotanically significant pollen). AP influx stays rela-
tively stable until Euro-American settlement ~1900 CE (Fig. 2E),
when it increases dramatically compared to NAP post Euro-
American settlement (Fig. 2F). NAP increases relative to AP
during peak farming, followed by a general decline in post-
farming occupation ~1400 CE, and does not increase again until
Euro-American settlement. Paleoethnobotanical influx shows
similar trends as NAP with a peak in paleoethnobotanical species
relative to NAP that occurred during the apex of farming between
900 and 1400 CE (Fig. 2E, G).

Fig. 2 Summary figure differentiating climatic, anthropogenic, and ecological drivers of fire activity at Fish Lake and the surrounding region. A Fire
activity (i.e., biomass burning) was strongly associated with prehistoric farming activity (B). The “+” symbol shows the median ages of the summed
probability distribution of calibrated archeological radiocarbon dates that were sampled for the time-series. C Fire activity was not related to tree-ring-
reconstructed drought (z-scored PDSI 30-year running average), nor was it related to tree-ring-derived ENSO variability during the apex of prehistoric
farming (D; from ref. 43). E Arboreal pollen, non-arboreal pollen, and paleoethnobotanically (PalaeoEthno.) important taxa (see ref. 57) illustrate changes in
pollen influx values over time. F Mixed-conifer/subalpine forests were dominated by AP with the highest abundance of NAP taxa during the apex of
prehistoric farming. G Farming populations, as well as foragers, likely used fire to increase paleoethnobotanically (PalaeoEthno.) significant taxa compared
to other herbaceous taxa (NAP). Pink shaded box in the background indicates the prehistoric farming period, whereas the tan shaded box indicates Euro-
American settlement.
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Modeled climate–human–fire relationships. We assessed each
of the paleoecology, paleoethnobotany, paleoclimatology, den-
drochronology, and archeology time-series datasets using a gen-
eralized additive model49,50. Comparing these continuously
sampled time-series in a multivariate generalized additive model
shows that prior to European settlement, climate (drought and
ENSO) and fuel (AP : NAP) explain over 74% of the variability
(deviance) in fire activity (Fig. 3). However, of the four expla-
natory variables, human activity has the only significant effect
(p= 0.00109; Table 1) with a sharp positive slope, indicating that
fire activity increases as a function of past human activity. A
pairwise Pearson’s correlation test further demonstrates a positive
correlation between fire activity and population density (Table 2).
The model residuals do not show meaningful temporal auto-
correlation (Supplementary Figs. 5 and 6), indicating that the
results are not biased by lagged values in the time-series.

Discussion
The archeological record captures a peak in Indigenous human
activity between 900 and 1400 CE associated with the north-
ward expansion of maize (Zea mays) agriculture from the
Southwest proper into the Basin-Plateau region51–54. During
this time, sedentary farming populations often referred to as the
Fremont51,55 (hereinafter referred to as farmers), established
major villages in lower-elevation settings56 and increasingly
made seasonal forays into high-elevation environments such as
Fish Lake57. The combination of increasing population density
and changing land-use practices towards more intensive sub-
sistence strategies likely contributed to an overall increase in

the number of ignitions and subsequent increase in fire activity
documented at Fish Lake.

Pollen and macrofossils found within archeological hearths at
Fish Lake indicate the use of wild resources primarily from the
sunflower (Asteraceae), grass (Poaceae), Amaranth (Amar-
anthaceae), and sedge (Cyperaceae) families, as well as skunkbush
berries (Rhus spp.). Wild resources in the Asteraceae, Amar-
anthaceae, Cyperaceae, and Poaceae families are economically
important and common Indigenous food resources throughout the
Great Basin58. Many ruderals in the Amaranthaceae family such as
Amaranth and Chenopodium are fire-responsive plants that typi-
cally colonized and thrived in human-caused disturbances59

including fire. Charred Z. mays kernels were also present, providing
evidence that maize was likely grown in nearby settlements found at
lower elevations55. Burned faunal remains from the same arche-
ological hearths illustrate farming populations were also consuming
porcupine, deer, hares/rabbits, squirrels, birds, fish, and other
mammals at Fish Lake57. Charred quaking aspen macrofossils
suggest it was one of the primary sources of fuel57.

During the apex of prehistoric farming, modeled
fire–climate–human relationships illustrate that fire activity was
more strongly correlated with human activities than drought and
ENSO. These data suggest that farming populations were not only
burning at high elevations such as Fish Lake, but that human-
caused ignitions impacted high-elevation fire regimes on the Fish
Lake Plateau (Table 1). The apex in prehistoric farming overlaps
with the MCA60, a period of increased aridity in the US desert
southwest61 and Basin-Plateau region62–64, which has previously
been attributed to more persistent La Niña-like conditions43.
Modern high-elevation wildfires in the southwest United States

Fig. 3 Model response plots showing the relationship between fire activity and population density, vegetation, and climate.Model response plots show
a strong relationship between fire activity (charcoal influx; particles cm−2 yr−1) and population density (summed probability distribution; top left). Model
response plots show no significant relationship with drought (Palmer Drought Severity Index (PDSI), top right), vegetation type, i.e., the ratio of arboreal
pollen (AP) to non-arboreal pollen (NAP) influx (grains cm−2 yr−1; bottom left), and El Niño Southern Oscillation Index (ENSO) variability (bottom right).
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are highly correlated to drought, ENSO, and the Pacific Decadal
Oscillation65. The onset of the MCA witnessed exceptionally large
fires in high-elevation spruce–fir forests of northern Colorado,
but burning did not persist throughout the MCA as a result of
fuel limitations66. However, unlike in northern Colorado, rela-
tively high levels of CHAR persisted at Fish Lake until ~1400 CE
when farming populations collapsed and abandoned agriculture.
The elevated levels of CHAR is suggestive of an increased inci-
dence of human-caused ignitions, a well-documented phenom-
enon associated with Aboriginal burning in Australia67.

The presence of increased levels of CHAR, increased
paleoethnobotanical species relative to other NAP (Fig. 2G),
combined with archeological data indicating the presence of
paleoethnobotanical and faunal resource exploitation at Fish
Lake57, and the increase in Indigenous farming locations
throughout the region (Fig. 1) suggest that farming populations
used fire to increase edible resource abundance near Fish Lake
(Fig. 4a). The increase in paleoethnobotanical species combined
with a decline in AP suggest that Indigenous fire use indirectly
altered forest composition and structure, such that the forested
landscape was relatively abundant with ruderals (i.e., NAP). We
hypothesize the prehistoric farming populations in central Utah
may have used a patchwork of frequent, low-severity fires, similar
to those utilized by ancient Puebloans who used fire to increase
economically important food resources in the Jemez Mountains,
New Mexico16, roughly 500 km away from our study region.
Through the use of frequent burning, the increase in humans and
subsequent land use present on the landscape during the farming
period likely reduced the role natural climatic variability had on
high-elevation fire regimes. By reducing surface fuel loads
through frequent burning, farming populations likely mitigated
the possibility for large fires during periods of extreme drought
variability such as those that occurred during the MCA. This
hypothesis has been observed today where frequent Aboriginal

Australian hunting fires dampen the effect of climate on fire
regimes67 and where higher population densities and human land
use decrease the occurrence of large fires68. It may be that the
synchronicity of fire activity and human occupation simply
masked any strong signal of climate-driven fire activity during the
MCA; however, this is not evident in our data. We acknowledge
that the temporal resolution of our multiproxy datasets may mask
short-term climate variability, which may be a reason why the
general additive model did not detect a positive correlation
between climate and fire (Supplementary Fig. 3). Considering the
inherent temporal limitations of paleo datasets, the positive cor-
relation between CHAR and Indigenous farming populations
suggests the most parsimonious explanation is that increased
human-caused ignitions were used to enhance foraging yields of
ethnobotanical resources at Fish Lake.

Indigenous populations ceased farming in place of foraging
activities in the region c. 1400 CE (Fig. 4b), marking an abrupt
transition in low-elevation land use and a decline in local and
regional population densities51,53,69. This time period is syn-
chronous with the MCA–LIA transition, which experienced
increased temperature and hydroclimatic variability, and the loss

Fig. 4 Conceptual diagram illustrating changing land use over the past
1200 years in the Basin-Plateau Region of south-central Utah. a Farming
populations prevailed between 900 and 1400 CE, and were associated with
the northward expansion of maize (Z. mays) agriculture into the Basin-
Plateau Region. Higher population densities resulted in relatively high and
persistent abundances of charcoal influx, which is not typical of high-
elevation mixed-conifer/subalpine forests. Farming populations used fire in
high-elevation ecosystems for foraging and hunting strategies, indirectly
affecting forest composition and structure. b Foraging populations persisted
in smaller population densities after the collapse of farming populations
~1400 CE. Foragers continued to use fire for hunting and foraging, but
foragers had less of an impact on high-elevation forests. c Post Euro-
American settlement has resulted in high abundances of charcoal influx in
mountain ecosystems, likely a result of fire suppression and climate change.

Table 1 Results of generalized additive model.

Response
variable

EDF Ref.df F statistic P value

Population 1.86 2.3 8.652 0.00109
Drought 1.00 1 0.462 0.50323
Fuels 1.00 1 0.15 0.70172
ENSO 1.00 1 0.978 0.33235

Results of generalized additive model reporting the estimated degrees of freedom (edf),
reference degrees of freedom (ref.df), F statistic, and p value for each variable in the model.
Results demonstrate a positive partial covariance between fire activity and population density
even when holding all other variables constant, and negligible relationships between fire activity
and climate (drought (PDSI) and ENSO), and fuels (AP : NAP ratio).

Table 2 Pairwise Pearson’s correlation coefficients.

Pearson’s
correlation

Charcoal influx Population
density

AP :
NAP

PDSI ENSO

Charcoal influx 1 - - - -
Population
density

0.88 1 - - -

AP : NAP −0.62 −0.65 1 - -
PDSI 0.12 0.05 0.07 1 -
ENSO −0.63 −0.62 0.37 0.005 1

Pairwise Pearson’s correlation coefficients demonstrating a positive correlation between fire
activity and population density, a negative correlation between fire activity and the ratio of
arboreal to non-arboreal pollen (AP : NAP), and negligible relationships between fire activity,
climate (i.e., drought (PDSI), and ENSO), and arboreal to non-arboreal pollen (AP : NAP).
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of soil quality, which have been proposed as explanations for the
collapse of farming populations in the region55. The decline in
farming populations in the Basin-Plateau Region at this time is
part of a broader regional trend that occurred across climatic
zones in the Intermountain West70. At Fish Lake, no arche-
ological artifacts have been found dating to the foraging period,
further illustrating a decline in farming populations in the
immediate vicinity of the lake57. The LIA experienced cooler and
wetter conditions compared to the MCA, with an overall decrease
in fire activity across the west according to regional sedimentary
charcoal records71. Conversely, local and regional fire-scar
records from lower-elevation fuel-limited sites illustrate a more
frequent, low-severity fire regime during the LIA42. These records
of frequent, low-severity fire are not recorded at Fish Lake, likely
because these fires were either too small or were too far away to
contribute to the Fish Lake CHAR record. Despite the low CHAR
levels in the Fish Lake record, local Indigenous foraging popu-
lations likely continued to use fire to increase foraging
returns54,72 during the LIA at high elevations, as evidenced by the
continued persistence of paleoethnobotanically significant taxa
(Fig. 2G). The combined influence of lower forager population
densities and decreased human-caused ignitions, coupled with the
cooler–wetter conditions of the LIA, likely dampened the extent
and severity of fires resulting in less biomass burned around Fish
Lake compared to the farming period (Fig. 4b). As a result of less
biomass burned and/or cooler–wetter LIA conditions, the forest
composition and structure changed at Fish Lake, including more
arboreal fuels (i.e., increasing forest density and fuel moisture).
The change in fuels coupled with cooler–wetter conditions likely
hindered the incidence of natural lightning-caused ignitions as
well, enabling the establishment of the infrequent (~100–150-year
fire return interval)73, high-severity fire regime characteristic of
the modern high-elevation mixed-conifer/subalpine forest on the
Fish Lake Plateau. We suggest that during the LIA, lower foraging
population densities around Fish Lake resulted in fewer human-
caused ignitions, which resulted in climate becoming the domi-
nant driver of the fire regime at Fish Lake.

Relatively low CHAR levels persisted from 100 CE until Euro-
American settlement in the late 1800s (Fig. 2). The modern, post-
European settlement ecosystem (1850 CE to present) is strikingly
different from the pre-European era (Fig. 4c), with the highest
values of both AP and NAP (Fig. 2E), an absence of paleoeth-
nobotanical taxa (Fig. 2G), and a threefold increase in CHAR
(Fig. 2A). In February 1899, the Fish Lake Forest Reserve (later
formally known as the Fishlake National Forest) was established
to protect the Fish Lake watershed after the Ute tribe sold its
water rights to the Fremont Irrigation Company74. Shortly
thereafter, active fire suppression efforts went into effect with
local fire-scar-based research indicating the absence of local
wildfires after the late 1890s73. Since then, repeat photography
has captured the dramatic increase in conifers, sagebrush (Arte-
misia), and piñyon-juniper, and decrease in grasslands and
quaking aspen74. This increase in conifers documented in historic
photographs correlates with the highest values of AP relative to
herbaceous pollen (Fig. 2F), and is likely the result of modern fire
suppression and the absence of frequent, low-severity Indigenous
fires in the Fish Lake basin, as well as natural successional trends
and densification documented for high-elevation forests74. In the
twentieth century, fires (generally small, <0.10 ha)75 have per-
sisted in the Fish Lake region. Since the 1970s, CHAR values have
experienced a fourfold increase compared to the last 1200 years,
which is a similar trend recorded nearby on the Aquarius Plateau
~60 km away76. Since 1984, ~16 large (>400 hectares) fires, both
wild and prescribed, have occurred within 50 km of Fish Lake,
well within the airshed of macro-charcoal for Fish Lake, including
one wildfire within the Fish Lake watershed, which burned 682 ha

in 200277. Utah’s largest wildfire (141,143 ha) on record burned
in 2007 ~70 km from Fish Lake and may have also contributed to
the charcoal deposition found at Fish Lake. The record high levels
of CHAR in the Fish Lake record is attributed to combined
natural and human factors resulting in larger, more severe fires.
This is the result of the accumulation of fuels in response to fire
suppression efforts over the past century, which is being exacer-
bated by warming temperatures and a lengthening in the fire
season5, and by intentional and unintentional human-caused
ignitions. These results illustrate that in the last century, the
combined effect of climate and human factors influencing fire
regimes at Fish Lake are unlike anything recorded in the last
thousand years.

Our approach integrating model-based evaluations of multi-
proxy time-series datasets enabled the detailed examination of a
millennium of human-fire use in the high-elevation forests of the
Fish Lake Plateau located in the Basin-Plateau Region. The data
presented here challenge the notion that high-elevation mixed-
conifer/subalpine forest fire regimes are exclusively climate-
driven and contributes to a growing body of evidence suggesting
that humans have the ability to use fire to modify forest structure
and composition, thereby reducing the role of climate as the
dominant driver of past fires in high-elevation ecosystems.

In the coming decades, annual wildfire area burned is likely to
increase in response to natural and anthropogenic drivers78. Our
findings suggest the Indigenous use of frequent, low-severity fire
likely reduced fuel loads and the risk for large-scale wildfire
activity in mountain environments on the Fish Lake Plateau, even
during periods of drought more extreme and prolonged than
today. Given the change in forest structure and composition over
the last century, contemporary management strategies may ben-
efit from implementing pre-European Indigenous burning prac-
tices to mitigate the potential for large-scale wildfires in a
warming world. As climate change continues to push fire outside
the historical range of variability, it is increasingly important to
understand the role of fire in forested environments, which will
help avoid or minimize catastrophic social and economic impacts.
Our results provide new insights into the legacy of prehistoric
farming populations that may help to inform fire management
efforts in ecosystems previously thought to be shaped by clima-
tically driven wildfire alone.

Materials and methods
Sedimentary proxies. Two sediment cores 5 m apart were collected through the
ice in February 2014 in 32 m of water. The first core (49 cm; FLFC2_17_14; 38°32’
N, 111°43’ W; elevation 2700 m.a.s.l) was taken using a wedge freeze corer. The
second core (11 m; D14) was taken using a 9 cm diameter UWITEC surface corer.
Core D-14 was extruded in the field at 0.5 cm intervals. Each core was subsampled
at contiguous 0.5–1 cm intervals for loss-on-ignition (i.e., LOI 550 °C)79 to cor-
relate the cores and to create a composite age-depth model (Supplementary Fig. 1).
Organic matter content showed a strong correlation and was used to produce an
age-depth model combining 210Pb series from D14 and two accelerator mass
spectrometry radiocarbon dates from FLFC (Supplementary Table 2). Radiocarbon
ages were calibrated with the IntCal13 dataset80 and a chronological model was
developed using the software BACON81 (Supplementary Fig. 2).

Because of the high temporal variability within each of the time-series, we used
the constant median sampling interval (30 years per sample) of the charcoal influx,
determined by CharAnalysis82, to make each dataset directly comparable with one
another. All datasets were binned into the same 30-year intervals by taking the
average of each binned window (Supplementary Fig. 3). A detailed description
regarding each of the time-series used in this study is provided in the
Supplementary Discussion section.

Reconstructing human activities. We reconstruct past human activities by gen-
erating a SPD of calibrated radiocarbon dates from archeological sites83–85 (see
Supplementary Data File 1). SPDs are generated by calibrating and summing all
308 available radiocarbon dates from 46 archeological sites in Sevier County using
IntCal13 curve80 in the rCarbon package86. The SPD specifies a 100-year moving
average to smooth over stochastic variation introduced by the radiocarbon cali-
bration curve and different radiocarbon sampling strategies. We applied a 100-year
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binning parameter using the binPrep function following reference86. This binning
parameter combines different radiocarbon ages from the same archeological site
that are within 100 calibrated years from each other, which reduces biases caused
by oversampling at specific sites or specific occupation events on sites. Although we
recognize that several processes can bias the relationship between the number of
dated sites and population size87, we feel confident in this case given that we are
quantifying the local expression of a major demographic event representing the
well-known collapse of farming populations in the study region.

Reconstructing local drought (PDSI). We reconstruct local, summer (May
through August) drought conditions by modeling the relationship between
historical drought measurements and tree-ring width from trees that occur in
environments sensitive to hydroclimatic conditions. A multiple regression model
that incorporates newly collected and previously published tree-ring chron-
ologies as independent variables exhibits high-skill (R2= 0.57; see Supplemen-
tary Table 3). Sampling depth among the tree-ring chronologies was sufficient
for reconstructing drought as far back as 800 AD. Detailed tree-ring-based cli-
mate reconstruction is provided in the Supplementary Information Discussion
section.

Generalized additive models. To model the effect of each predictor variable on
charcoal influx through time (see Supplementary Data File 2), we use multivariate
generalized additive models implemented in the mgcv library in the R
environment88. We used a Poisson error distribution with a log link and fit the data
using quasi-likelihood estimation. Population activity used a knot value of 4. We
report the estimated degrees of freedom, reference degrees of freedom, F statistic,
and p value for each variable in the model, and we report the proportion of
deviance explained for the whole model. We evaluate residual temporal auto-
correlation with an auto-covariance function on the model residuals (Supple-
mentary Figs. 4 and 5).

Data availability
The data used in this study are presented in the Supplemental Material and in the
Supplementary Data Files. The ENSO (https://www.ncdc.noaa.gov/paleo-search/study/
11194) and PDSI data (https://www.ncei.noaa.gov/metadata/geoportal/rest/metadata/
item/noaa-tree-12737/html) are available from the NOAA Paleoclimatology Database.
The new tree-ring data used in this study (ITRDB; site ut549) is available from the
International Tree-Ring Data Bank (https://www.ncdc.noaa.gov/paleo/study/32774). The
new sedimentary proxy data is available from the Neotoma Database (https://apps.
neotomadb.org/explorer/?datasetid=48954).

Code availability
The statistical analyses were carried out using the R packages cited in the Methods
section.
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Trembling aspen (Populus tremuloides,
Michx.) is the most widely distributed tree in
North America (Little 1971) and is noted for
its ability to reproduce vegetatively via root
suckers, resulting in genetically identical stems,
or ramets, occurring within stands. Sexual re -
production, by contrast, is putatively rare and
episodic in western landscapes, as seedlings
require a narrow, ephemeral range of condi-
tions to become established (Kemperman and
Barnes 1976, Romme 1982, Romme and De -
spain 1989).

The size of single genetic individuals (genets)
resulting from repeated suckering varies across
the species range. Studies of aspen in eastern
North America indicate that stand and genet
size tend to be small, <1 ha to a few hectares
(Barnes 1966, Kemperman and Barnes 1976,
Wyman et al. 2003). Recent studies of aspen in
the Pacific West (Cascade and Sierra Nevada
Mountains) indicate that while stand size can
be large (≤141 ha; Di Orio et al. 2005), genet
size tends to remain small, with large stands
being composed of multiple genetic individu-
als (Hipkins and Kitzmiller 2004). Aspens in
the Intermountain West have gained the most
attention because of their large stand sizes and
clone sizes, as indicated by morphological

studies (Barnes 1966, Kemperman and Barnes
1976, Mitton and Grant 1996).

The putative clone referred to as “Pando,”
first described from aerial-photograph analysis,
is estimated to cover over 40 ha and contain
around 47,000 stems (Kemperman and Barnes
1976). Subsequent reports nominating the
predicted clone as the world’s largest organism
were based on Kemperman and Barnes’ mor-
phological study but did not include molecular
genetic evidence (Grant et al. 1992, Grant
1993). Here we used putatively neutral molec -
ular markers (microsatellites) to determine
whether the phenotypic boundary defined as
Pando (Kemperman and Barnes 1976) corre-
sponds to a single multilocus molecular geno-
type (genet) or to multiple distinct genets.

METHODS

To delineate the clone described as “Pando,”
samples were collected from 209 stems defined
by a 50-m grid within and adjacent to the
boundary described by Kemperman and Barnes
(1976). The site is located on Fishlake National
Forest (38°31�N, 111°45�W) in central Utah
(Fig. 1). Leaf samples, or cambium samples
where canopy height prevented leaf collection
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“PANDO” LIVES: MOLECULAR GENETIC EVIDENCE 
OF A GIANT ASPEN CLONE IN CENTRAL UTAH

Jennifer DeWoody1,3, Carol A. Rowe2, Valerie D. Hipkins1, and Karen E. Mock2

ABSTRACT.—While clones of trembling aspen (Populus tremuloides, Michx.) in the Intermountain West of North
America are expected to be large, one putative genet in central Utah, identified from morphological evidence, has gar-
nered particular attention for its size, even gaining the nickname “Pando” (Latin for “I spread”). In order to determine if
a single genetic individual coincides with the morphological boundary of “Pando,” we sampled 209 stems on a 50-m grid
throughout the putative clone for analysis at 7 microsatellite loci. We have identified a single genetic entity concurrent
with that described from morphological characteristics. Spatial analyses indicate that the clone covers approximately
43.6 ha. Surprisingly, an additional 40 genotypes were identified adjacent to the putative clone, indicating that genet
diversity may be high in the stand as a whole. In confirming the existence of the “Pando” clone, we suggest that this
organism will provide valuable opportunities to study important biological processes such as clonal growth, somatic
mutation, and senescence.
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(19% of stems), were taken from canopy trees
located within a 5-m radius of the grid coordi-
nates (23 points lacked samples). Tissue was
preserved in silica and transported to Utah
State University (USU) in Logan, Utah, or to
the National Forest Genetics Lab (NFGEL) in
Placerville, California. Samples were collected
in July 2006. Samples were equally divided
between these laboratories in a spatially alter-
nating pattern.

Following manufacturer’s instructions, we
isolated total genomic DNA from 30 mg of tis-
sue using the Qiagen® DNEasy-96 Plant Pro-
tocol for fresh tissue. Samples were assayed

for 7 microsatellite loci (available from van der
Schoot et al. 2000 and from http://www.ornl
.gov/sci/ipgc/ssr_resource.htm): GCPM_970-1,
PMGC-433, PMGC-576, PMGC-2571, WPMS-
14, WPMS-15, and WPMS-20. Micro satellites
were amplified in a 10.0-μL total reaction vol-
ume containing 5 ng template DNA, 1X reac-
tion buffer (supplied with enzyme), 1.8–2.0
mM MgCl2, 200–250 μM each dNTP, 0.25–0.4
μM each of the forward and reverse primers,
and 0.2–0.3 units Taq polymerase. At the
NFGEL, reactions were carried out using a
touchdown program (S. DiFazio personal com-
munication): 95 °C for 15:00 (mm:ss), 4 cycles
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Fig. 1. “Pando,” the massive aspen clone located in central Utah. The boundary is from Kemperman and Barnes
(1976). Points indicate sampled stems located on a 50-m grid. Circles indicate stems sharing the dominant “Pando”
genotype. Triangles indicate genets differing from the dominant genotype at a single allele. Crosses indicate stems dif-
fering at ≥4 alleles. Gaps on the sampling grid within the black boundary represent places that lacked a stem within a 5-
m radius of the grid point. The dark area in the center of the stand north of the road resulted from an exclosed treatment
that successfully stimulated vegetative reproduction.



of 94 °C (00:30), 55 °C (00:30), 72 °C (01:00); 4
cycles of 94 °C (00:30), 52 °C (00:30), 72 °C
(01:00); 25 cycles of 94 °C (00:30), 50 °C
(00:30), 72 °C (01:00); and a final extension of
72 °C for 15:00. The reaction conditions for
PMGC-2571, WPMS-14, WPMS-15, and
WPMS-20 were modified to raise the anneal-
ing temperature to 58 °C for the first 4 cycles.
At the USU laboratory, thermocycling condi-
tions were as follows: 95 °C (02:00) followed
by 30 cycles of 94 °C (00:30), 52–59 °C (00:40),
72 °C (00:50), followed by a final extension at
72 °C for 10 minutes. Amplification products
were visualized on an ABI-3100 or 3730 capil-
lary system (Applied Biosystems, Inc; http://
www3.appliedbiosystems.com). Peaks were
scored using the peak label function in Geno-
typer (v. 3.7) and GeneMapper (v. 4.0; Applied
Biosystems, Inc.) and verified by visual in -
spection of the raw data. In order to calibrate
allele sizes, 127 samples were replicated
between laboratories. In addition, amplifica-
tion and scoring error rates were assessed
using replicated templates (9% of samples
run at USU and 30% at NFGEL).

Unique multilocus genotypes were identi-
fied using the clonal function in GenAlEx (v. 6;
Peakal and Smouse 2006) and manual analysis.
To determine if the area described as “Pando”
is occupied by a single genotype, stems were
labeled by multilocus genotype in ArcGIS (v.
9.0; ESRI, http://www.esri.com), and the
resulting figure was overlain with the bound-
ary described by Kemperman and Barnes
(1976). Once the boundaries of the dominant
(largest) clone were defined, the convex hulls
extension for ArcView (v. 3.2, ESRI) was
employed to estimate the area covered by the
clone (Jenness 2007).

RESULTS AND DISCUSSION

Our genetic analyses confirm the existence
of “Pando,” the highly publicized clone which
has been previously described based only on
morphological evidence (Grant et al. 1992,
Grant 1993, Mitton and Grant 1996). The single
genotype representing “Pando” was detected
in 141 of the 209 samples. An additional 5
genotypes, each differing from the dominant
genotype by a single allele, were also identi-
fied. All 5 of these variants were adjacent to
one of the sampling points with the dominant
genotype. Presuming that these single muta-

tional variants are of somatic origin, the genetic
boundaries of this clone correspond very closely
with the boundaries originally described by
Kemperman and Barnes (1976; Fig. 1). Three
of the samples differing from the dominant
genotype at a single allele were collected as
cambium tissue; the remaining cambium sam-
ples had genotypes identical to those observed
in leaf samples. According to our convex hulls
analysis estimates, this clone covers approxi-
mately 43.6 ha, almost identical to the 43.3 ha
estimated by Kemperman and Barnes (1976).

Surprisingly, an additional 40 genotypes
were observed in the remaining 63 samples,
which were distributed along the borders of
the “Pando” clone. In contrast to the putative
somatic variants, these genotypes differed from
the dominant genotype at between 4 and 7
alleles. This genotypic diversity was well above
our estimated laboratory error rates (0.000 and
0.047 mismatches per allele for samples ana-
lyzed at USU and NFGEL, respectively; all
interlab replicates were concordant). Our sam-
pling strategy did not allow us to define the
boundaries of these other genotypes. Addi-
tional sampling and further molecular analysis
in this stand is underway to determine whether
these 40 genotypes are of somatic or sexual
origin.

Clones of aspen in the Intermountain West
are expected to be large and to span many acres
(Barnes 1966, Mitton and Grant 1980). Yet even
in context of western aspen, the “Pando” clone
is enormous, potentially precluding other clones
from sharing the canopy. Such a pattern would
contrast to genet distribution in eastern North
America, where both stands and genets tend
to be small (Wyman et al. 2003, Namroud et
al. 2005), and in the Pacific West, where large
stands consist of multiple, smaller genets (Hip-
kins and Kitzmiller 2004).

Despite “Pando’s” apparent ecological suc-
cess, fragmentation of the stand is occurring
(personal observation). A lack of vegetative
recruitment within the stand is of concern to
land managers. The results of clearing mature
stems and protecting the area with deer exclo-
sures (Fig. 1) indicate that ungulate browsing
is responsible, at least in part, for the lack of
recruitment (Kay and Bartos 2000). Anthro-
pogenic activity, including the development of
cabins and campgrounds, is also fragmenting
the clone. Finally, stems are succumbing to
sooty-bark canker (Encoelia pruinosa [Ellis &
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Everh.] Torkelson & Eckblad), a fungal infec-
tion that typically kills stems within 3–10
years ( Johnson et al. 1995). The interaction
between these disturbances coupled with the
lack of recruitment of new stems may lead to
the decline of this clone.

Identification of “Pando’s” boundaries using
genetic markers provides opportunities for
future studies. For example, the recent publi-
cation of the Populus trichocarpa Torr. & A.
Gray genome (Tuskan et al. 2006) provides
tools for studies of adaptively significant loci
in addition to the putatively neutral markers
reported here. Previous work has described
Populus transcriptomes involved in autumn
senescence (Andersson et al. 2004), leaf re -
sponses to elevated carbon dioxide (Gupta et
al. 2005, Taylor et al. 2005), and abiotic stress
including elevated salt concentrations (Brosché
et al. 2005). Although greater variation in gene
expression is expected among unrelated indi-
viduals, variation among closely related or
genetically identical individuals has been
reported (Whitehead and Crawford 2006) and
is often associated with environmental vari-
ables affecting fitness (Lexer et al. 2007). Pando
presents an excellent opportunity to study
variation in gene expression within a single
genotype. The large area covered by a single
genet may provide microclimate variation and
reveal the effect of abiotic factors on develop-
ment and physiology within a similar genetic
background. The southeast mountainside oc -
cupied by “Pando” spans nearly 100 m of ele-
vation, and slopes range from over 30% (at
maximum elevation of 2790 m) to 0% in the
seasonal floodplain (minimum elevation 2700
m). Experimental studies within this large clone
may provide insights into the interaction among
environmental variables and gene expression.

Numerous stems and the large area covered
by this single genetic organism make it an
excellent subject for studies of somatic muta-
tion rates. Although somatic mutation has been
described at microsatellite loci in micro -
propagated aspen (Rahman and Rajora 2001),
estimates of mutation rates across loci, or sub -
sti tution rates in coding regions, remain unde-
termined. The longevity of aspen in western
landscapes has been partially attributed to the
accumulation of beneficial somatic mutations
(Tuskan et al. 1996). Additional research, pos-
sibly using large clones such as “Pando,” into
the accumulation and propagation of somatic

mutations could be an important step toward
understanding phenomena such as clonal
growth and senescence (Gardner and Mangel
1997, Eckert 2001, Vaupel et al. 2004).
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REVIEW / SYNTHÈSE

Changing perspectives on regeneration ecology
and genetic diversity in western quaking aspen:
implications for silviculture

James N. Long and Karen Mock

Abstract: A conventional view of regeneration ecology of quaking aspen (Populus tremuloides Michx.) in western North
American holds that reproduction is strictly vegetative and, except on some marginal sites, only successful following
high-severity disturbance. This view has strongly influenced silvicultural treatment of western aspen and has led to low
expectations concerning genetic diversity of stands and landscapes. However, recent discoveries are fundamentally altering
our understanding of western aspen regeneration ecology and genetics. For example, there are clearly multiple pathways of
aspen regeneration and stand development. Research on a variety of fronts indicates that seedling establishment is common
enough to be ecologically important and that genetic diversity is substantially greater than previously thought. We review
conventional understanding of western aspen and put this into the context of silvicultural practice. We then review recent
developments in aspen research and assess the silvicultural implications of these insights.

Résumé : Une vision classique de l’écologie de la régénération du peuplier faux-tremble (Populus tremuloides Michx.)
dans l’Ouest de l’Amérique du Nord veut que la reproduction soit strictement végétative et, à l’exception de certaines
stations marginales, ne réussissent qu’à la suite d’une perturbation sévère. Cette vision a fortement influencé la sylviculture
du peuplier faux-tremble et suscité de faibles attentes quant à la diversité génétique des peuplements et des paysages.
Cependant, des découvertes récentes sont en train de modifier en profondeur notre compréhension de l’écologie de la
régénération et de la génétique du peuplier faux-tremble. À titre d’exemple, il existe clairement plusieurs modes de
régénération et de développement des peuplements. Les recherches menées sur plusieurs fronts indiquent que
l’établissement des semis est suffisamment fréquent pour être écologiquement important et que la diversité génétique est
beaucoup plus grande qu’on l’avait précédemment imaginé. Nous passons en revue la perception classique du peuplier
faux-tremble dans le contexte des pratiques sylvicoles. Nous passons ensuite en revue les avancées récentes de la recherche
sur le peuplier et nous évaluons les implications sylvicoles de ces informations.

[Traduit par la Rédaction]

Introduction

Quaking aspen (Populus tremuloides Michx.) (Salicaceae)
is the most widely distributed tree species in North America.
Its range extends entirely across the continent from New-
foundland to Alaska and south to Mexico (Little 1971). Quak-
ing aspen is closely related to bigtooth aspen (Populus
grandidentata Michx.) and four Eurasian species (Hamzeh
and Dayanandan 2004). As a group, these species have a
circumpolar distribution. In western North America, P. tremu-
loides (hereafter referred to as western aspen or simply aspen)
has not only an extensive latitudinal range (Alaska to Mexico)
but also the broadest ecological amplitude of any western tree
species. In the central Rocky Mountains of the United States,
for example, aspen occupies sites from less than 2500 to more
than 3500 m elevation — all the way from the lower tree line

to the upper tree line (Mitton and Grant 1996). Within a given
watershed, it can occupy sites ranging from xeric to mesic.
Aspen has high aesthetic and recreational values (Mitton and
Grant 1996) and is the most important deciduous forest type in
western North America, with high value as forage for wildlife
and domestic livestock, fiber (and potentially biofuels), biodi-
versity, and as a fuelbreak.

This review is focused on aspen of western North America,
particularly the Rocky Mountains of Canada and the United
States. There is a well-developed conventional wisdom con-
cerning the regeneration ecology, genetics, and silviculture of
western aspen that sometimes is in contrast with conventional
wisdom concerning eastern aspen. In particular, the relative
infrequency of seedling establishment and the large clone sizes
in western aspen have dominated management perceptions and
practices in western North America. The understanding of
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western aspen is based on more than 80 years of solid research
and practical experience (e.g., Baker 1925; DeByle and
Winokur 1985; Peterson and Peterson 1996). However, recent
discoveries are dramatically and fundamentally altering our
understanding of aspen regeneration ecology and genetics.
These new insights have important implications for aspen
silviculture in western North America.

In this paper, we briefly review conventional conceptualiza-
tions of regeneration ecology in western North American
aspen and put these into the context of silvicultural practice.
We then review recent developments in aspen research and
assess the silvicultural implications of these new insights.

Aspen regeneration ecology, genetics and
silviculture — conventional understanding

There are two basic tenets at the heart of the way silvicul-
turists have thought about western aspen and the silvicultural
systems appropriate for its management. The first tenet is that
aspen is exceedingly intolerant and the second is that for all
practical purposes, regeneration is exclusively vegetative, i.e.,
from root suckers. These tenets influence not only the choice
of reproduction method and silvicultural system but also per-
spectives on conservation of genetic diversity, and even how
stands are identified and delineated.

Stand development
In silvicultural terms, tolerance relates to the capacity of

trees to “grow satisfactorily in the shade of, and in competition
with, other trees” (Helms 1998). Aspen is typically considered
to be more intolerant than any of the tree species with which
it is commonly associated. It requires high levels of light for
successful establishment and is, therefore, dependent on peri-
odic high-severity disturbance. In the long absence of high-
severity disturbance such as fire or clearfelling, aspen is at risk
of successional displacement by more tolerant tree species —
typically conifers (Long 1994). Conifer-dominated stands with
even a few “remnant” mature aspen are thought to be indica-
tive of a once aspen-dominated site where aspen is now in
imminent danger of being entirely lost (Bartos and Campbell
1998).

In the predominant stand development pathway, aspen is
strictly a pioneering, disturbance-dependent species; however,
an important alternative is the “stable aspen” pathway. Suc-
cessionally stable, multicohort stands have been observed on
some environmentally marginal sites where either a seed
source for late-successional species is absent or conditions
are so limiting that the late-successional species are unable to
establish (Baker 1925). Under these conditions, aspen, be-
cause of its ability to sucker, is able to maintain itself even in
the absence of high-severity disturbance (Fetherolf 1917;
Barnes 1966).

Regeneration
Root suckers result from the sprouting of preformed or

adventitious shoot primordia (termed “sucker buds” by Wan
et al. 2006). For intact trees, the suppressed sucker buds are
prevented from sprouting by a combination of growth regula-
tors produced in the aboveground tissue, primarily the stems,
and the failure of sucker-promoting growth regulators, pro-
duced in the roots, to accumulate to sufficient concentrations
(Schier 1973). Following decapitation, the supply of inhibiting

auxins is eliminated, and with the cessation of transpiration,
there is a buildup in the roots of the growth regulators that
promote the growth of root suckers (Frey et al. 2003; Wan
et al. 2006 and references therein).

Following high-severity disturbance, the production of
abundant suckers, with rapid height growth compared with
seedlings, confers tremendous regeneration potential even in
harsh environments. This reproductive strategy can give aspen
a competitive advantage over the more tolerant conifers with
which it is typically associated. In addition, while ramets
(individual stems) have low resistance to disease and her-
bivory, suckering gives genets (genetically unique individuals,
i.e., clones) as a whole remarkable resistance and resilience
(Stevens et al. 2007 and references therein). The tendency to
sucker can vary dramatically by clone (Farmer 1962; Zufa
1971; Schier 1974) and neither defoliation nor stem girdling
illicits as strong a suckering response as decapitation (Wan
et al. 2006).

Generally, all ramets in a clone are either male or female,
although some perfect flowers can exist. It is also the case that
ramets and clones sometimes produce different combinations
of perfect, male, and female flowers within trees and clones
and between years (Erlanson and Hermann 1927; Einspahr and
Winton 1976; McDonough 1979). Contrary to what was com-
monly believed for many years, female clones do produce
abundant viable seed, e.g., �90% viability (Mitton and Grant
1996). The barrier to seedling establishment is neither the
quantity nor the quality of seeds but the short window of seed
viability and the rarity of environmental conditions necessary
for germination and seedling survival (Perala 1990 and refer-
ences therein). The necessary combination of a mineral soil
seedbed and ample spring and summer moisture during at least
the first year is not common throughout the range of aspen in
western North America (McDonough 1979).

Sexual reproduction, the successful establishment of seed-
lings, has long been assumed to be extremely rare and there-
fore simply not a factor in western aspen regeneration. To
some extent, this conclusion may have become a self-fulfilling
prophesy. Because seedlings are indeed rare, the burden of
proof for identifying successful sexual reproduction has been
very high (Ellison 1943; Larson 1944). Essentially, it had to be
determined beyond a reasonable doubt that a putative seedling
really could not possibly be a sucker. Because aspen seedlings
can sucker within 4–6 years following germination (Shepperd
and Mata 2005), there is a narrow temporal window during
which seedling status is obvious without root system excava-
tion and comparison of ring numbers for roots and stems (e.g.,
DesRochers and Lieffers 2001). Occasionally, aspen shoots do
meet the standard of proof without root system excavation,
e.g., a seedling established in the middle of a phosphate mine
dump (Williams and Johnston 1984), seedlings established on
a reservoir shoreline (Larson 1944), or post-fire seed germi-
nation events yielding a high density of similar-aged seedlings
against a backdrop of mineral soil (Barnes 1966).

Genetic diversity
The presumed rarity of seedling establishment by western

aspen has influenced not only the perception of regeneration
ecology but also assumptions about genetic diversity in this
forest type. There is the presumption that both stand and
landscape genetic diversity are exceptionally low because in-
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dividual stands are comprised of one or a few large clones.
Also axiomatic has been the assumption that clonal differ-
ences, and therefore genetic diversity, can be readily recog-
nized based on coarse visual characteristics, e.g., bark color,
phenology, etc. This view is reinforced by what appear to be
obvious clonal boundaries that exist between stands. Based on
such perceptions, an aspen stand is often seen as consisting of
a single, or at most a couple, of clones, and even fairly large
watersheds with an abundance of aspen have been considered
to contain only a handful of clones. The celebrated “Pando”
clone in southern Utah (Kemperman and Barnes 1976), touted
as the largest (by weight) organism on the planet (Grant et al.
1992), reinforces this perspective.

The apparent absence of successful sexual reproduction has
led to the conclusion that many, and even most, clones are
very old, perhaps dating from a cooler, wetter Pleistocene
climate (Einspahr and Winton 1976; McDonough 1985).
There has even been speculation that individual clones might
date back to the early Pleistocene, reaching “ages in excess of
1 million years” (Mitton and Grant 1996, p. 27). Furthermore,
the size of clones has been thought to correlate with relative
clonal age (see discussion in Ally et al. 2008).

This conceptual model of ancient clones dominating west-
ern landscapes presents some problems in explaining persis-
tence of clones over millennia. For instance, in the absence of
sexual recombination, very ancient clones would be expected
to accumulate deleterious mutations that would eventually
have negative fitness consequences that could not be purged
through sexual reproduction (Klekowski 1984; Charlesworth
1993; Moorad and Promislow 2008; Ally et al. 2010). Addi-
tionally, landscape conditions since the Pleistocene have
changed dramatically, and it is difficult to explain the persis-
tence of aspen clones in situ over such vast time periods and
ecological shifts in the absence of genetic recombination and
seedling establishment.

Silvicultural methods
Because of its relative intolerance and the predominance of

vegetative reproduction, the default reproduction method and
silvicultural system for aspen has always been strictly even-
aged management based on simple coppice wherein the entire
mature stand is clearfelled in anticipation of vegetative repro-
duction. Suckering is induced by clearfelling or high-severity
prescribed fire (Baker 1925; DeByle 1976; Long 1994; Peter-
son and Peterson 1996; Shepperd 2001). When fire is used as
a silvicultural tool, care is taken to avoid a fire hot enough to
damage roots, which are effectively the only source of regen-
eration (Shepperd 2001). Whether treatment is mechanical or
via fire, attention is focused on obtaining an abundance of
suckers and then, where necessary, protecting them from
browsing by ungulates.

Timely regeneration of aspen stands is considered critical. A
combination of settlement-era disturbance, i.e., logging and
fires, in combination with post-settlement fire exclusion has, at
least in the central Rocky and Sierra Nevada Mountains of the
United States, resulted in an unusually high proportion of
mature aspen stands (Rogers et al. 2007; Shaw and Long
2007). There is concern that many stands may currently be
approaching, or even be beyond, a “tipping point” of resil-
ience, where dramatic shifts in species composition can occur
(Bartos and Campbell 1998).

Because of the large size of stands putatively containing a
very low number of clones, and because seedlings are not
considered to be a factor, there has essentially been no atten-
tion given to the influence of regeneration treatments on ge-
netic diversity in western aspen. In the West, the presumption
has been that since reproduction is entirely vegetative, silvi-
cultural practices do not have the potential to influence, either
positively or negatively, the genetic makeup of stands. Within-
stand genetic diversity is considered to be low or absent, and
essentially moot. Silviculturists are, of course, concerned with
conservation of aspen genetic diversity. The focus of this
conservation, however, is on timely regeneration, and there-
fore continued presence, of the large clones. The assumption is
that as clones are lost from western landscapes, genetic diver-
sity inevitably declines over time, and aspen can only be
restored via vegetative spread from extant or adjacent stands.
Therefore, if aspen is absent from a large landscape, it will
remain absent regardless of disturbance regimes.

Updating our view of western aspen
Recent discoveries are subtly and in some cases dramati-

cally altering and extending our understanding of aspen regen-
eration ecology and genetics. These new insights have
important implications for silvicultural approaches to aspen
maintenance and restoration in western North America.

Stand development: multiple pathways
In contrast with the conventional view that aspen is strictly

a pioneer on all but marginal sites, studies have shown that
even on productive sites, there are multiple pathways of aspen
regeneration and stand development. Aspen can be part of
late-seral mixed-species stands and has been observed to per-
sist at low densities in small gaps of conifer-dominated stands
that have not experienced high-severity disturbance for centu-
ries (Cumming et al. 2000; David et al. 2001). In old-growth
Engelmann spruce (Picea engelmannii Parry ex Engelm.) and
subalpine fir (Abies lasiocarpa (Hook.) Nutt.) stands on the
T.W. Daniel Forest in northern Utah, Long (2003) described
aspen suckers colonizing small gaps (e.g., �300 m2) within
the matrix of conifer forest. The aspen ramets ranged from 1
to 300 years old (J.D. Shaw, unpublished data (2009)). Obvi-
ously, this gap-phase behavior is fundamentally different from
the conventional model of aspen regeneration ecology.

Regeneration: importance of sexual reproduction
An even more striking challenge to the conventional view

of aspen regeneration ecology and genetics relates to the
presumed near exclusivity of vegetative reproduction and
the resulting low genetic diversity. There are now well-
documented examples of pulses of aspen seedling establish-
ment following high-severity disturbances such as the
Yellowstone fires of 1988 (Kay 1993; Elliott and Baker 2004;
Romme et al. 2005). This suggests that patches of aspen
arising from contemporary seeding events might also occur
following smaller-scale disturbances and may be more com-
mon than traditionally presumed. Such seeding events also
have implications with respect to long-distance dispersal of
aspen. Since both pollen and seed are highly mobile, it is
reasonable to assume that sexually produced aspen progeny
can be widely dispersed. For example, Kay (1993) found
aspen seedlings several kilometres from the nearest seed
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source. Landhäusser et al. (2010) have demonstrated that
upslope expansion of aspen in response to climate change is
occurring through seedling establishment following both an-
thropogenic and natural disturbance.

Genetic diversity: many genets, patchy distribution
Dramatic new insight into aspen regeneration ecology

and genetics has come with the application of practical
molecular tools for identifying unique genets. In the past, it
has been necessary to rely exclusively on phenological and
morphologic characters to differentiate putative clones, and
it turns out that these characterizations can be misleading.
The underestimation of clonal diversity was first brought to
light through the use of allozymes (Cheliak and Pitel 1984;
Jelinski and Cheliak 1992). More recently, hypervariable ge-
netic markers such as microsatellites have been used to iden-
tify unique genets in plants and to map them precisely (Miwa
et al. 2001). Recent landscape surveys of genetic diversity
based on microsatellite analysis in western aspen clearly indi-
cate that clonal diversity within stands can be quite high
(Hipkins and Kitzmiller 2004; De Woody et al. 2009). In a
particularly striking example, 189 distinct clones were identi-
fied across a 2100 ha landscape in northern Utah containing 30
aspen stands. Most of these clones were only encountered once
on a 50 m sampling grid (Mock et al. 2008). Subsequent
studies in other western states (Zeigenfuss et al. 2008) have
found similar patterns. Even the stand containing the well-
known “Pando” clone turns out to be an illustration of high
genetic diversity (Fig. 1). “Pando” was genetically confirmed

to be a single genetic clone (De Woody et al. 2008), as
originally described morphologically by Kemperman and
Barnes (1976), but a total of 52 additional distinct genets were
found in the same stand when sampled on a 50 m grid (Mock
et al. 2008). Again, most of these clones were only encoun-
tered once, and they were clustered at the edges of the “Pando”
clone. These estimates of clonal richness far exceed expecta-
tions based on morphological attributes. Further, the very
small spatial extent of many of the individual clones in these
clusters suggests that seeding events may be occurring on a
modern time scale and that relatively recent episodic events
(i.e., hundreds of years, not thousands or hundreds of thou-
sands) may be responsible for a large proportion of the genetic
variation in current western landscapes (Jelinski and Cheliak
1992; Mock et al. 2008).

If sexual reproduction is much more common than previ-
ously thought, there are implications for several thorny eco-
logical and genetic issues. For example, sexual reproduction
calls into question presumptions about the great age of most
clones and, therefore, reduces the need to invoke heroic as-
sumptions about how the inevitable accumulation of deleteri-
ous mutations in ancient clones might be overcome. Similarly,
sexual reproduction provides a mechanism to explain the
persistence and adaptation of aspen over millennia of climate
change (see below). Additionally, the ability of western aspen
to colonize new sites has almost certainly been underestimated
(e.g., Kay 1993; Elliott and Baker 2004; Landhäusser et al.
2010).

Fig. 1. Genotype-specific map of the stand containing “Pando” near Fish Lake, Utah. The quaking aspen (Populus tremuloides) “Pando”
genotype is shown in green with a black dot. Other distinct genotypes in the stand (n � 53) are shown in different colors. Most genotypes
were observed only once with sampling on a 50 m grid. Adapted from Mock et al. (2008).
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Alongside the realization that genetic diversity is pro-
nounced and highly patchy in western aspen is an increasing
awareness that different aspen genets can have strikingly dif-
ferent traits (Fig. 2). This is obvious within landscapes in
terms of phenological phenomena such as budburst and leaf
senescence and often in terms of morphological variation, but
this variance among genets also extends to growth rates
(Kanaga et al. 2008), herbivore defenses (Stevens et al. 2007),
suckering ability (Schier 1974), and even litter decomposition
rates (Madritch et al. 2006). Such clonal differences clearly
have important ecological implications (Madritch et al. 2009)
and if unrecognized could lead to confusing results in regen-
eration and restoration studies. Further, this adds credence to
the idea that genetic diversity is an important aspect of aspen
management.

Climate change, range shifts, and local adaptation
Western North American climates are generally expected to

become warmer and drier in the coming century, with an
accompanying increase in the frequency and severity of fires
(Flannigan and Van Wagner 1991; Rehfeldt et al. 2009). These
changes are expected to present both risks and opportunities
for aspen, with anticipated range shifts.

Aspen has certainly experienced dramatic range shifts in
response to past climate changes, given that the great majority
of its current range was glaciated approximately 20 000 years
B.P. (Clark et al. 2009). Long-distance seed dispersal is an
important mechanism in range shifts (Landhäusser and Wein
1993), and evidence suggests that aspen, at least locally, is
currently undergoing a rapid upslope expansion mediated by
seed dispersal in the northern Rocky Mountains (Landhäusser
et al. 2010). In the central Rocky Mountains, climate envelope

modeling predicts dramatic range contraction in the absence of
adaptation (Rehfeldt et al. 2009).

At regional scales, extant genets are often presumed
to be adapted to local climatic conditions, particularly with
respect to phenological traits (e.g., Brissette and Barnes
1984; Reighard and Hanover 1985). Concerns about such
local adaptation underlie the development of regional seed
transfer guidelines for many tree species (Morgenstern 1996;
McKenney et al. 2009). Climate change, however, is expected to
shift geographic optima for many species (Parmesan 2006),
creating an “adaptational lag” in tree species (Hamrick
2004; Aitken et al. 2008). Recent studies involving aspen
provenance trials of sources across western Canada and the
upper midwestern United States suggest that, indeed, an ad-
aptational lag exists in the northern range of aspen (Gray et al.
2011).

Western aspen mortality
The issue of geographically widespread dieback and decline

in western aspen has received a great deal of attention in the
last 10–15 years (Hanna and Kulakowski 2012). Frey et al.
(2004) provided a useful framework for summarizing obser-
vations of aspen dieback. They organized contributing factors
into those that are largely predisposing (e.g., succession, age),
inciting (e.g., drought, insect defoliation), and contributing
(e.g., pathogens, windthrow). There has been particular focus
on the influence of drought across multiple years and at the
xeric fringe of aspen distribution (Hogg and Hurdle 1995;
Hogg et al. 2008; Rehfeldt et al. 2009; Hanna and Kulakowski
2012). Acute water stress resulting from xylem cavitation may
often be the proximate cause of dieback (Frey et al. 2004;
Anderegg et al. 2011).

Fig. 2. Quaking aspen (Populus tremuloides) in northern Utah several weeks after a hard spring frost in 2007. Clones experiencing early
budbreak show extensive frost damage and defoliation. Photograph by Ron Ryel, used with permission.
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An extremely important distinction with respect to dieback
of mature stems in a clone is whether or not the dieback is
accompanied by suckering. Rapid dieback of mature stems is
likely to be accompanied by suckering and, therefore, survival
of clones. In contrast, prolonged, gradual dieback of the over-
story may occur without suckering, resulting in loss of clones
(Frey et al. 2004). An additional factor important in some
areas is the loss of regeneration, and the potential loss of
clones, to excessive ungulate, especially elk, browsing
(Kashian et al. 2007; Binkley 2008; DeRose and Long 2010).
Very high populations of elk are a fairly recent phenomenon in
the Rocky Mountains (White et al. 1998). In his classic mono-
graph, Baker (1925) had already recognized the need to protect
regeneration from excessive browsing by sheep and cattle but
did not perceive elk to be a problem worth mentioning.

How will these evolving insights impact
silviculture in western aspen?

Mixed-species and multicohort management
The most common reproduction method employed for west-

ern aspen is, and will undoubtedly remain, simple coppice
wherein the entire mature stand is clearfelled in anticipation of
suckering. New insight into the regeneration ecology of west-
ern aspen, however, clearly suggests that more silvicultural
options exist than have been previously appreciated, and sil-
viculturists should at least consider a broader range of man-
agement practices. For example, MacIsaac et al. (2006)
examined the fate of relatively small regeneration gaps that
originated following clearfelling of aspen stands in northwest-
ern Alberta. They concluded that the gaps would likely be
long-lived (i.e., not likely to natural fill in) but suggested that if
planted with white spruce (Picea glauca (Moench) Voss), the
resulting heterogeneity might be a desirable component of mixed-
wood management. A pre-harvest example of a broader silvicul-
tural perspective would be modification of the traditional simple
coppice method to include retention of small groups of aspen as
seed sources (i.e., coppice-with-standards or coppice-with-
reserves). The cost of retaining seed trees is small, but the value
of the increased genetic diversity represented by even a few
successful seedlings could potentially be great, given the impor-
tance of sexual recombination in adaptation.

Variations on uneven-aged methods could be used across
the range of aspen stand composition, from pure aspen to
mixed species, and across a wide range of site quality. For
example, group selection might be useful in maintaining an
aspen component in late-successional conifer-dominated
stands (David et al. 2001; Long 2003; Kurzel et al. 2007).
Group selection refers to a method of regeneration where
mature “trees are removed and new age classes are established
in small groups” (e.g., the width of the opening might be twice
the height of the mature trees) (Helms 1998). The previously
underestimated occurrence of aspen in mixed-species and
uneven-aged stands has important implications for manage-
ment of some western landscapes. For example, even small
amounts of aspen in conifer-dominated stands and landscapes
have been shown to contribute to avian species richness (Li
and Martin 1991; Griffis-Kyle and Beier 2003; Hollenbeck
and Ripple 2007).

Aspen restoration
The emerging view of aspen regeneration ecology requires

a broader perspective of aspen restoration. For example, rec-
ognition that aspen can exist in mixed-species, multicohort
stands (Cumming et al. 2000; David et al. 2001; Long 2003;
Kurzel et al. 2007) raises questions about the contention that
even one mature aspen stem per hectare is prima facie evi-
dence that aspen was once dominant in a particular landscape.
It is clear that aspen is, and was, an important component of
stands representing a wide spectrum of natural disturbance
regimes and conditions. Management intended to recreate or
maintain an historical condition must be based on a reasonable
approximation of what that historical condition represented in
terms of species composition and stand structure (Long 2009).
The identification of appropriate restoration objectives may
also be confounded in situations where the apparent reference
condition is the legacy of a unique combination of climatic and
human disturbance influences (Rogers et al. 2007).

A silvicultural strategy intended to address issues of mature
stem dieback coupled with regeneration failure must be based
to the extent possible on stand-specific causes (sensu Frey
et al. 2004). A broad generality, however, is that disturbance
(e.g., clearfelling or prescribed fire) must be of sufficient
severity to promote suckering and must occur before the
regeneration capacity of the root system is too degraded
(Shepperd 2001). The issue of timing is more complicated for
stands where ungulate browsing pressure limits successful
regeneration. In such cases, treatment should probably be
delayed until the browsing problem has been addressed
(Bartos and Campbell 1998). Treatment to promote sucker-
ing without first dealing with excessive browsing (e.g., by
fencing or reducing ungulate numbers) could result not only
in the repeated loss of new regeneration but also in the
eventual loss of the root system’s capacity to produce new
suckers (Bartos and Campbell 1998). Another aspect of
timing relates to the season of treatment. For stands in which
the regeneration potential is thought to be marginal, treatment
during the dormant season should provide the best response
possible (Shepperd 2001).

Conservation of genetic diversity
Increased awareness of the importance of seedling estab-

lishment in western aspen is coupled with an increased appre-
ciation of genetic diversity and the need for its conservation.
Silviculturists should routinely monitor areas that have expe-
rienced high-severity disturbance such as stand-replacing fire,
particularly when the sites did not have a pre-disturbance
aspen component. With limited suckering, such areas may
represent the best opportunity to identify and protect seeding
events. Identifying and protecting these “catches” of aspen
sexual reproduction is worthwhile because they represent new
genetic combinations and, therefore, an opportunity for adap-
tation through selection. They may also represent potentially
important range expansions, e.g., upslope migration in the face
of climate changes (e.g., Landhäusser et al. 2010).

A challenge for silviculturists that is likely to become more
common in the future is development of strategies for the man-
agement of aspen in areas even where it has historically been
absent. Obviously, where aspen is present prior to catastrophic
disturbance and not subjected to excessive post-disturbance
browsing pressure (DeRose and Long 2010), it can be an im-
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portant part of reforestation. However, there may also be a
silvicultural role for aspen where its establishment may require
assisted migration (sensu Gray et al. 2011). Such human-aided
movement will demand careful matching of environment and
source material (e.g., Li et al. 2010; Gray et al. 2011). Guide-
lines, analogous to seed transfer zones that exist for many
western conifer species, will need to be developed for aspen.

Current research trajectories likely to
impact future management

A variety of new technologies and analytical approaches are
emerging that are likely to further enhance our understanding
of clonal dynamics of aspen in the coming years. We have
summarized a few of them.

One of the more intriguing questions about aspen is that of
clonal age. Establishment of absolute clonal ages could greatly
enhance our understanding of landscape histories and adapta-
tion processes and mechanisms. Recently, researchers have
been using molecular markers in an attempt to ascertain rela-
tive and absolute ages for particular aspen clones. While
estimates using this approach still have very broad confidence
intervals, Ally et al. (2008, 2010) have demonstrated the utility
of microsatellite markers for this purpose and have shown
(1) a trend of declining male fertility (pollen viability) with
increasing clone age and (2) that clone size is not a simple
predictor of clone age. We are hopeful that in the near future,
this research will lead to a metric of clone age useful for
managers. Such a metric could be used to more closely asso-
ciate aspen establishment with particular environmental con-
ditions or disturbances.

Clonal dynamics at large landscape scales would also be
more tractable if clonal boundaries and clonal richness could
be detected using remote sensing technologies. While these
technologies have been successfully used to describe species
composition (Martin et al. 1998; Key et al. 2001), the use of
multispectral and hyperspectral data to describe intraspecific
clonal diversity is currently being explored in aspen and other
clonal species (M. Madritch and K. Kettenring, personal com-
munication (2011)). The ability to detect clonal diversity re-
motely would reduce the need for large-scale genotyping and
would enable the analysis of clonal richness in the context of
landscape histories and climate change.

Molecular tools are also enabling the examination of be-
lowground processes in aspen. Jelínková et al. (2009) have
recently demonstrated that root grafting between aspen genets
occurs. There are two novel implications here. First, genets in
a stand may be functionally interconnected, potentially sharing
nutrients and hormonal signals. Second, it may be the case that
some genets are maintained solely as belowground tissue with
no aboveground ramets. While the importance of these phe-
nomena in aspen ecology and regeneration is not clear, these
findings may have important implications for the resilience of
aspen stands and the maintenance of genetic diversity.

An interesting corollary to the new insight regarding sexual
reproduction has to do with the potential importance of trip-
loids. Using microsatellite analysis, the finding of three dif-
ferent variants at a locus suggests that a sampled ramet may be
a triploid (i.e., three copies of the genome, rather than the two
copies found in diploids). Such evidence for triploidy was
noted in two study areas in Utah, including the “Pando” clone
(Mock et al. 2008), and one in Colorado (Zeigenfuss et al.

2008). Triploid clones have been described previously in Utah
(Every and Wiens 1971), but the more recent findings suggest
that they occur at a high frequency and occupy a substantial
portion of western landscapes (Mock et al. 2012). Triploid
clones are expected to have reduced fertility but perhaps
greater vegetative vigor than diploid clones (Singh 2003).
Triploids may be favored by natural selection in certain land-
scapes, either because of their vegetative vigor or because their
triploid genome buffers them against the negative effects of
mutation accumulation over time (see Comai 2005 and refer-
ences therein). In southern Utah and Colorado, triploid aspen
make up over 50% of the genets (Mock et al. 2012): the
physiological and management implications of these findings
are active topics of research.

Understanding the genetic basis of specific traits, such as
disease resistance, has long been a goal of silviculturists. Such
understanding can lead to the development of cultivars and hy-
brids that can be grown for specific wood characteristics and
ecosystem services (e.g., disease resistance or carbon sequestra-
tion). The rapid development of genomic tools along with the
complete sequencing of black cottonwood (Populus trichocarpa
Torr. & A. Gray ex Hook.) (Tuskan et al. 2006) have stimulated
a great deal of research on specific traits and environmental
responses in Populus species (e.g., Tsai et al. 2006; Wilkins
et al. 2009; Wegrzyn et al. 2010; Raj et al. 2011; Mock et al.
2013) including western aspen. Efforts to characterize specific
genes expressed in forest species have accelerated in recent
years with improvements in technology and computation, and
recent efforts to understand gene expression and function (e.g.,
US Forest Service Western Forest Transcriptome Survey and
Genome Canada) are including aspen as a target species. We
anticipate that this work will ultimately lead to an improved
understanding of stress responses, mortality, plasticity, and
adaptive capacity in aspen and ultimately to improved man-
agement for production and persistence of the species in
western landscapes.

Finally, rapid advances in climate modeling are already
providing researchers and managers with insights about broad
patterns of aspen mortality (Rehfeldt et al. 2009). As more
detailed climate-related data become available, and as the
predictive power of climate models increases, we anticipate
the ability to identify locations where aspen could successfully
be used in reforestation or afforestation and where appropriate
source material might be obtained (Li et al. 2010). These
developments will likely shape future transfer guidelines for
western aspen.

Summary
Perspectives on western aspen are being fundamentally al-

tered by a growing body of research on multiple fronts, rang-
ing from disturbance ecology to molecular genetics. For
example, while a conventional view has been that western
aspen is strictly a pioneer on all but marginal sites, it has
become clear that even on productive sites, there are multiple
pathways of aspen regeneration and stand development and
that aspen can even be part of late-seral mixed-species stands.
Another challenge to the conventional view of regeneration
ecology and genetics of western aspen relates to the presumed
near exclusivity of vegetative reproduction and the resulting
low genetic diversity. These shifts in understanding represent,
at least to some extent, a view of western aspen that is more in
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line with the conventional view of eastern aspen. It has be-
come clear that germination and establishment of western
aspen seedlings is more common than previously thought and
that stand-level genetic diversity is substantially greater than
previously recognized. Episodes of seedling recruitment have
considerable ecological importance with respect to adaptation,
persistence, and range expansion. There is also a growing
understanding and appreciation of genetic diversity in western
aspen, including the prevalence and potential importance of
triploids. Finally, climate change is creating opportunities for
expansion of aspen onto sites where it was previously absent,
due to either interspecific competition or physiological limi-
tations. Climate change is also creating adaptational lag, lead-
ing to recommendations concerning assisted migration.

In light of these research findings, there are clearly alterna-
tives to the simple coppice silvicultural system traditionally
used for aspen management in western North America. We
suggest that silviculturists managing aspen forests should con-
sider incorporating techniques that have been well established
for other forest tree species (e.g., management for multiple
stand development pathways, retention of seed trees, protec-
tion of areas with seedling establishment, and development of
transfer guidelines). There is also opportunity for developing
new approaches that may be specific to aspen (e.g., monitoring
and protection for seeding events, targeted establishment of
stands in areas where aspen does not currently exist, and
development of planting stock production protocols).

Acknowledgments
This research was supported in part by the Utah Agricultural

Experiment Station, Utah State University, Logan, UT 84322-
4810, USA. Approved as journal paper No. 8383. We thank
Scott Roberts for helpful input.

References
Aitken, S.N., Yeaman, S., Holliday, J.A., Wang, T., and Curtis-

McLane, S. 2008. Adaptation, migration or extirpation: climate
change outcomes for tree populations. Evol. Appl. 1(1): 95–111.
doi:10.1111/j.1752-4571.2007.00013.x.

Ally, D., Ritland, K., and Otto, S.P. 2008. Can clone size serve as a
proxy for clone age? An exploration using microsatellite diver-
gence in Populus tremuloides. Mol. Ecol. 17(22): 4897–4911.
doi:10.1111/j.1365-294X.2008.03962.x. PMID:19140980.

Ally, D., Ritland, K., and Otto, S.P. 2010. Aging in a long-lived
clonal tree. PLoS Biol. 8(8): e1000454. doi:10.1371/journal.
pbio.1000454. PMID:20808953.

Anderegg, W.R.L., Berry, J.A., Smith, D.D., Sperry, J.S., Anderegg,
L.D.L., and Field, C.B. 2011. The roles of hydraulic and carbon
stress in a widespread climate-induced forest die-off. Proc.
Natl. Acad. Sci. U.S.A. 109(1): 233–237. doi:10.1073/pnas.
1107891109. PMID:22167807.

Baker, F.S. 1925. Aspen in the central Rocky Mountain region. U.S.
Dep. Agric. Bull. No. 1291.

Barnes, B.V. 1966. The clonal growth habit of American aspens.
Ecology, 47(3): 439–447. doi:10.2307/1932983.

Bartos, D.L., and Campbell, R.B. 1998. Decline in quaking aspen in
the Interior West — examples from Utah. Rangelands, 20(1):
17–24.

Binkley, D. 2008. Age distribution of aspen in Rocky Mountain
National Park, USA. For. Ecol. Manage. 255(3–4): 797–802.
doi:10.1016/j.foreco.2007.09.066.

Brissette, J.C., and Barnes, B.V. 1984. Comparisons of phenology
and growth of Michigan and western North American sources of
Populus tremuloides. Can. J. For. Res. 14(6): 789–793. doi:
10.1139/x84-140.

Charlesworth, B. 1993. Evolutionary mechanisms of senescence.
Genetica, 91(1–3): 11–19. doi:10.1007/BF01435984. PMID:
8125262.

Cheliak, W.M., and Pitel, J.A. 1984. Electrophoretic identification of
clones in trembling aspen. Can. J. For. Res. 14(5): 740–743.
doi:10.1139/x84-131.

Clark, P.U., Dyke, A.S., Shakun, J.D., Carlson, A.E., Clark, J.,
Wohlfarth, B., Mitrovica, J.X., Hostetler, S.W., and McCabe,
A.M. 2009. The last glacial maximum. Science, 325(5941): 710–
714. doi:10.1126/science.1172873. PMID:19661421.

Comai, L. 2005. The advantages and disadvantages of being polyp-
loid. Nat. Rev. Genet. 6(11): 836–846. doi:10.1038/nrg1711.
PMID:16304599.

Cumming, S.G., Scheiegelow, F.K.A., and Burton, P.J. 2000. Gap
dynamics in boreal aspen stands: is the forest older than we think?
Ecol. Appl. 10(3): 744–759.

David, A.J., Zasada, J.C., Gilmore, D.W., and Landhäusser, S.M.
2001. Current trends in the management of aspen and mixed aspen
forests for sustainable production. For. Chron. 77(3): 525–532.

DeByle, N.V. 1976. The aspen forest after harvest. In Utilization and
marketing as tools for management in the Rocky Mountains. U.S.
For. Serv. Gen. Tech. Rep. RM-29. pp. 35–40.

DeByle, N.V., and Winokur, R.P., eds. 1985. Aspen: ecology and
management in the western United States. U.S. For. Serv. Gen.
Tech. Rep. RM-119.

DeRose, R.J., and Long, J.N. 2010. Regeneration response and seed-
ling bank dynamics on a Dendroctonus rufipennis-killed Picea
engelmannii landscape. J. Veg. Sci. 21(2): 377–387. doi:10.1111/
j.1654-1103.2009.01150.x.

DesRochers, A., and Lieffers, V.J. 2001. The coarse-root system of
mature Populas tremuloides in declining stands in Alberta, Can-
ada. J. Veg. Sci. 12(3): 355–360. doi:10.2307/3236849.

De Woody, J., Rowe, C.A., Hipkins, V.D., and Mock, K.E. 2008.
“Pando” lives: molecular genetic evidence of a giant aspen clone
in central Utah. West. N. Am. Nat. 68(4): 493–497. doi:10.3398/
1527-0904-68.4.493.

De Woody, J., Rickman, T.H., Jones, B.E., and Hipkins, V.D. 2009.
Allozyme and microsatellite data reveal small clone size and high
genetic diversity in aspen in the southern Cascade Mountains. For.
Ecol. Manage. 258(5): 687–696. doi:10.1016/j.foreco.2009.05.
006.

Einspahr, D.W., and Winton, L.L. 1976. Genetics of quaking aspen.
U.S. For. Serv. Res. Pap. WO-25.

Elliott, G.P., and Baker, W.L. 2004. Quaking aspen (Populus tremu-
loides Michx.) at treeline: a century of change in the San Juan
Mountains, Colorado, USA. J. Biogeogr. 31: 733–745.

Ellison, L. 1943. A natural seedling of western aspen. J. For. 41(9):
767–768.

Erlanson, E.W., and Hermann, F.J. 1927. The morphology and cy-
tology of perfect flowers in Populus tremuloides Michx. Pap.
Mich. Acad. Sci. Arts Lett. 8: 97–110.

Every, A.D., and Wiens, D. 1971. Triploidy in Utah aspen. Madrono,
21(3): 138–147.

Farmer, R.E., Jr. 1962. Aspen root sucker formation and apical
dominance. For. Sci. 8(4): 403–410.

Fetherolf, J.M. 1917. Aspen as a permanent forest type. J. For. 15(6):
757–760.

2018 Can. J. For. Res. Vol. 42, 2012

Published by NRC Research Press

C
an

. J
. F

or
. R

es
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ta
h 

St
at

e 
U

ni
ve

rs
ity

 -
 L

og
an

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1111/j.1752-4571.2007.00013.x
http://dx.doi.org/10.1111/j.1365-294X.2008.03962.x
http://www.ncbi.nlm.nih.gov/pubmed/19140980
http://dx.doi.org/10.1371/journal.pbio.1000454
http://dx.doi.org/10.1371/journal.pbio.1000454
http://www.ncbi.nlm.nih.gov/pubmed/20808953
http://dx.doi.org/10.1073/pnas.1107891109
http://dx.doi.org/10.1073/pnas.1107891109
http://www.ncbi.nlm.nih.gov/pubmed/22167807
http://dx.doi.org/10.2307/1932983
http://dx.doi.org/10.1016/j.foreco.2007.09.066
http://dx.doi.org/10.1139/x84-140
http://dx.doi.org/10.1007/BF01435984
http://www.ncbi.nlm.nih.gov/pubmed/8125262
http://dx.doi.org/10.1139/x84-131
http://dx.doi.org/10.1126/science.1172873
http://www.ncbi.nlm.nih.gov/pubmed/19661421
http://dx.doi.org/10.1038/nrg1711
http://www.ncbi.nlm.nih.gov/pubmed/16304599
http://dx.doi.org/10.1111/j.1654-1103.2009.01150.x
http://dx.doi.org/10.1111/j.1654-1103.2009.01150.x
http://dx.doi.org/10.2307/3236849
http://dx.doi.org/10.3398/1527-0904-68.4.493
http://dx.doi.org/10.3398/1527-0904-68.4.493
http://dx.doi.org/10.1016/j.foreco.2009.05.006
http://dx.doi.org/10.1016/j.foreco.2009.05.006


Flannigan, M.D., and Van Wagner, C.E. 1991. Climate change and
wildlife in Canada. Can. J. For. Res. 21(1): 66–72. doi:10.1139/
x91-010.

Frey, B.R., Lieffers, V.J., Landhäusser, S.M., Comeau, P.G., and
Greenway, K.J. 2003. An analysis of sucker regeneration of trem-
bling aspen. Can. J. For. Res. 33(7): 1169–1179. doi:10.1139/x03-
053.

Frey, B.R., Lieffers, V.J., Hogg, E.H., and Landhäusser, S.M. 2004.
Predicting landscape patterns of aspen dieback: mechanisms and
knowledge gaps. Can. J. For. Res. 34(7): 1379–1390. doi:10.1139/
x04-062.

Grant, M.C., Mitton, J.B., and Linhart, Y.B. 1992. Even larger
organisms. Nature, 360(6401): 216. doi:10.1038/360216a0. PMID:
1296614.

Gray, L.K., Gylander, T., Mbogga, M.S., Chen, P.-y., and Hamann,
A. 2011. Assisted migration to address climate change: recom-
mendations for aspen reforestation in western Canada. Ecol. Appl.
21(5): 1591–1603. doi:10.1890/10-1054.1. PMID:21830704.

Griffis-Kyle, K.L., and Beier, P. 2003. Small isolated aspen stands enrich
bird communities in southwestern ponderosa pine forests. Biol. Conserv.
110(3): 375–385. doi:10.1016/S0006-3207(02)00237-9.

Hamrick, J.L. 2004. Response of forest trees to global environmental
changes. For. Ecol. Manage. 197(1–3): 323–335. doi:10.1016/
j.foreco.2004.05.023.

Hamzeh, M., and Dayanandan, S. 2004. Phylogeny of Populus (Sali-
caceae) based on nucleotide sequences of chloroplast TRNT–
TRNF region and nuclear rDNA. Am. J. Bot. 91(9): 1398–1408.
doi:10.3732/ajb.91.9.1398. PMID:21652373.

Hanna, P., and Kulakowski, D. 2012. The influences of climate on
aspen dieback. For. Ecol. Manage. 274: 91–98. doi:10.1016/
j.foreco.2012.02.009.

Helms, J. 1998. The dictionary of forestry. The Society of American
Foresters. Bethesda, Md.

Hipkins, V.D., and Kitzmiller, J.H. 2004. Genetic variation and
clonal distribution of quaking aspen in the central Sierra Nevada.
Trans. West. Sect. Wildl. Soc. 40: 32–44.

Hogg, E.H., and Hurdle, P.A. 1995. The aspen parkland in western
Canada: a dry-climate analogue for the future boreal forest. Water
Air Soil Pollut. 82(1–2): 391–400. doi:10.1007/BF01182849.

Hogg, E.H., Brandt, J.P., and Michaelian, M. 2008. Impacts of a
regional drought on the productivity, dieback, and biomass of
western Canadian aspen forests. Can. J. For. Res. 38(6): 1373–
1384. doi:10.1139/X08-001.

Hollenbeck, J.P., and Ripple, W.J. 2007. Aspen and conifer hetero-
geneity effects on bird diversity in the northern Yellowstone
ecosystem. West. N. Am. Nat. 67(1): 92–101. doi:10.3398/1527-
0904(2007)67[92:AACHEO]2.0.CO;2.

Jelínková, H., Tremblay, F., and DesRochers, A. 2009. Molecular and
dendrochronogical analysis of natural root grafting in Populus
tremuloides (Salicaceae). Am. J. Bot. 96(8): 1500–1505. doi:
10.3732/ajb.0800177. PMID:21628295.

Jelinski, D.E., and Cheliak, W.M. 1992. Genetic diversity and spatial
subdivision of Populus tremuloides (Salicaceae) in a heteroge-
neous landscape. Am. J. Bot. 79(7): 728–736. doi:10.2307/
2444937.

Kanaga, M.K., Ryel, R.J., Mock, K.E., and Pfrender, M.E. 2008.
Quantitative genetic variation morphological and physiological
traits within a quaking aspen (Populus tremuloides) population.
Can. J. For. Res. 38(6): 1690–1694. doi:10.1139/X08-012.

Kashian, D.M., Romme, W.H., and Regan, C.M. 2007. Reconciling
divergent interpretations of quaking aspen decline on northern

Colorado Front Range. Ecol. Appl. 17(5): 1296–1311. doi:
10.1890/06-1431.1. PMID:17708209.

Kay, C.E. 1993. Aspen seedlings in recently burned areas of Grand
Teton and Yellowstone National Parks. Northwest Sci. 67(2):
94–104.

Kemperman, J.A., and Barnes, B.V. 1976. Clone size in American
aspens. Can. J. Bot. 54(22): 2603–2607. doi:10.1139/b76-280.

Key, T., Warner, T.A., Megraw, J.B., and Fajvan, M.A. 2001. A
comparison of multispectral and multitemporal information in high
spatial resolution imagery for classification of individual tree spe-
cies in a temperate hardwood forest. Remote Sens. Environ. 75(1):
100–112. doi:10.1016/S0034-4257(00)00159-0.

Klekowski, E.J., Jr. 1984. Mutational load in clonal plants: a study of
two fern species. Evolution, 38(2): 417–426. Article stable URL:
http://www.jstor.org/stable/2408500.

Kurzel, B.P., Veblen, T.T., and Kulakowski, D. 2007. A typology of
stand structure and dynamics of quaking aspen in northwestern
Colorado. For. Ecol. Manage. 252(1–3): 176–190. doi:10.1016/
j.foreco.2007.06.027.

Landhäusser, S.M., and Wein, R.W. 1993. Postfire vegetation recov-
ery and tree establishment at the Arctic treeline: climate-change–
vegetation-response hypotheses. J. Ecol. 81(4): 665–672. Article
stable URL: http://www.jstor.org/stable/2261664.

Landhäusser, S.M., Deshaies, D., and Lieffers, V.J. 2010. Distur-
bance facilitates rapid range expansion of aspen into higher ele-
vations of the Rocky Mountains under a warming climate.
J. Biogeogr. 37(1): 68–76. doi:10.1111/j.1365-2699.2009.02182.x.

Larson, G.C. 1944. More on seedlings of western aspen. J. For. 42:
452.

Li, H., Wang, X., and Hamann, A. 2010. Genetic adaptation of aspen
(Populus tremuloides) populations to spring risk environments: a
novel remote sensing approach. Can. J. For. Res. 40(11): 2082–
2090. doi:10.1139/X10-153.

Li, P., and Martin, T.E. 1991. Nest-site selection and nesting success
of cavity-nesting birds in high elevation forest drainages. Auk,
108(2): 405–418.

Little, E.L., Jr. 1971. Atlas of the United States trees. Vol. 1. Conifers
and important hardwoods. Misc. Publ. 1146. U.S. Department of
Agriculture, Forest Service, Washington, D.C.

Long, J.N. 1994. The middle and southern Rocky Mountain region. In
Regional silviculture of the United States. 3rd ed. Edited by J.W.
Barrett. John Wiley & Sons, New York. pp. 335–386.

Long, J.N. 2003. Diversity, complexity, and interactions: an overview
of Rocky Mountain forest ecosystems. Tree Physiol. 23(16):
1091–1099. doi:10.1093/treephys/23.16.1091. PMID:14522715.

Long, J.N. 2009. Emulating natural disturbance regimes as a basis for
forest management: a North American view. For. Ecol. Manage.
257(9): 1868–1873. doi:10.1016/j.foreco.2008.12.019.

MacIsaac, D.A., Comeau, P.G., and Macdonald, S.E. 2006. Dynam-
ics of regeneration gaps following harvest of aspen stands. Can. J.
For. Res. 36(7): 1818–1833. doi:10.1139/x06-077.

Madritch, M.D., Donaldson, J.R., and Lindroth, R.L. 2006. Genetic
identity of Populus tremuloides litter influences decomposition
and nutrient release in a mixed forest stand. Ecosystems (N.Y.),
9(4): 528–537. doi:10.1007/s10021-006-0008-2.

Madritch, M.D., Greene, S.L., and Lindroth, R.L. 2009. Genetic
mosaics of ecosystem functioning across aspen-dominated land-
scapes. Oecologia (Berl.), 160(1): 119–127. doi:10.1007/s00442-
009-1283-3. PMID:19214586.

Martin, M.E., Newman, S.D., Aber, J.D., and Congalton, R.G. 1998.
Determining forest species composition using high spectral reso-

Long and Mock 2019

Published by NRC Research Press

C
an

. J
. F

or
. R

es
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ta
h 

St
at

e 
U

ni
ve

rs
ity

 -
 L

og
an

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1139/x91-010
http://dx.doi.org/10.1139/x91-010
http://dx.doi.org/10.1139/x03-053
http://dx.doi.org/10.1139/x03-053
http://dx.doi.org/10.1139/x04-062
http://dx.doi.org/10.1139/x04-062
http://dx.doi.org/10.1038/360216a0
http://www.ncbi.nlm.nih.gov/pubmed/1296614
http://dx.doi.org/10.1890/10-1054.1
http://www.ncbi.nlm.nih.gov/pubmed/21830704
http://dx.doi.org/10.1016/S0006-3207(02)00237-9
http://dx.doi.org/10.1016/j.foreco.2004.05.023
http://dx.doi.org/10.1016/j.foreco.2004.05.023
http://dx.doi.org/10.3732/ajb.91.9.1398
http://www.ncbi.nlm.nih.gov/pubmed/21652373
http://dx.doi.org/10.1016/j.foreco.2012.02.009
http://dx.doi.org/10.1016/j.foreco.2012.02.009
http://dx.doi.org/10.1007/BF01182849
http://dx.doi.org/10.1139/X08-001
http://dx.doi.org/10.3398/1527-0904(2007)67%5B92%3AAACHEO%5D2.0.CO%3B2
http://dx.doi.org/10.3398/1527-0904(2007)67%5B92%3AAACHEO%5D2.0.CO%3B2
http://dx.doi.org/10.3732/ajb.0800177
http://www.ncbi.nlm.nih.gov/pubmed/21628295
http://dx.doi.org/10.2307/2444937
http://dx.doi.org/10.2307/2444937
http://dx.doi.org/10.1139/X08-012
http://dx.doi.org/10.1890/06-1431.1
http://www.ncbi.nlm.nih.gov/pubmed/17708209
http://dx.doi.org/10.1139/b76-280
http://dx.doi.org/10.1016/S0034-4257(00)00159-0
http://www.jstor.org/stable/2408500
http://dx.doi.org/10.1016/j.foreco.2007.06.027
http://dx.doi.org/10.1016/j.foreco.2007.06.027
http://www.jstor.org/stable/2261664
http://dx.doi.org/10.1111/j.1365-2699.2009.02182.x
http://dx.doi.org/10.1139/X10-153
http://dx.doi.org/10.1093/treephys/23.16.1091
http://www.ncbi.nlm.nih.gov/pubmed/14522715
http://dx.doi.org/10.1016/j.foreco.2008.12.019
http://dx.doi.org/10.1139/x06-077
http://dx.doi.org/10.1007/s10021-006-0008-2
http://dx.doi.org/10.1007/s00442-009-1283-3
http://dx.doi.org/10.1007/s00442-009-1283-3
http://www.ncbi.nlm.nih.gov/pubmed/19214586


lution remote sensing data. Remote Sens. Environ. 65(3): 249–
254. doi:10.1016/S0034-4257(98)00035-2.

McDonough, W.T. 1979. Quaking aspen — seed germination and
early seedling growth. U.S. For. Serv. Res. Pap. INT-234.

McDonough, W.T. 1985. Sexual reproduction, seeds and seedlings.
In: Aspen: ecology and management in the western United States.
Edited by N.V. DeByle and R.P. Winokur. U.S. For. Serv. Gen.
Tech. Rep. RM-119. pp. 25–28.

McKenney, D., Pedlar, J., and O’Neill, G. 2009. Climate change and
forest seed zones: past trends, future prospects and challenges to
ponder. For. Chron. 85(2): 258–266. doi:10.5558/tfc85258-2.

Mitton, J.B., and Grant, M.C. 1996. Genetic variation and the natural
history of quaking aspen. Bioscience, 46(1): 25–31. doi:10.2307/
1312652.

Miwa, M., Tanaka, R., Yamanoshita, T., Norisada, M., Kojima, K.,
and Hogetsu, T. 2001. Analysis of clonal structure of Melaleuca
cajuputi (Myrtaceae) at a barren sandy site in Thailand using
microsatellite polymorphism. Trees (Berl.), 15(4): 242–248. doi:
10.1007/s004680100098.

Mock, K.E., Rowe, C.A., Hooten, M.B., De Woody, J., and Hipkins,
V.D. 2008. Clonal dynamics in western North American aspen
(Populus tremuloides). Mol. Ecol. 17(22): 4827–4844. doi:
10.1111/j.1365-294X.2008.03963.x. PMID:19140975.

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., and Wolf, P.G. 2012. Widespread triploidy in
western North American aspen (Populus tremuloides). PloS ONE,
7(10): e48406. doi:10.1371/journal.pone.0048406.

Mock, K.E., Richardson, B.A., and Wolf, P.G. 2013. Molecular tools
and aspen management: a primer and prospectus. For. Ecol. Man-
age. In press.

Moorad, J.A., and Promislow, D.E.L. 2008. A theory of age-
dependent mutation and senescence. Genetics, 179(4): 2061–2073.
doi:10.1534/genetics.108.088526. PMID:18660535.

Morgenstern, E.K. 1996. Geographic variation in forest trees: genetic
basis and application of knowledge in silviculture. University of
British Columbia Press, Vancouver, B.C.

Parmesan, C. 2006. Ecological and evolutionary responses to recent
climate change. Annu. Rev. Ecol. Evol. Syst. 37(1): 637–669.
doi:10.1146/annurev.ecolsys.37.091305.110100.

Perala, D.A. 1990. Populus tremuloides Michx. Quaking aspen. In
Silvics of North America. Vol. 2. Hardwoods. Technical coordi-
nators R.M. Burns and B.H. Honkala. U.S. Dep. Agric. Agric.
Handb. 654. pp. 555–569.

Peterson, E.B., and Peterson, N.M. 1996. Ecology and silviculture of
trembling aspen. In Ecology and management of B.C. hardwoods,
Workshop Proceedings, 1 and 2 December 1993, Richmond, B.C.
Edited by Philip G. Comeau et al. FRDA Rep. 255. B.C. Ministry
of Forests Forest Science Program, Victoria, B.C. pp. 31–51.

Raj, S., Bräutigam, K., Hamanishi, E.T., Wilkins, O., Thomas, B.R.,
Schroeder, W., Mansfield, S.D., Plant, A.L., and Campbell, M.M.
2011. Clone history shapes Populus drought responses. Proc. Natl.
Acad. Sci. U.S.A. 108(30): 12521–12526. doi:10.1073/pnas.
1103341108. PMID:21746919.

Rehfeldt, G.E., Ferguson, D.E., and Crookston, N.L. 2009. Aspen,
climate, and sudden decline in western USA. For. Ecol. Manage.
258(11): 2353–2364. doi:10.1016/j.foreco.2009.06.005.

Reighard, G.W., and Hanover, W. 1985. Progeny testing of native
aspens and their hybrids for biomass production in Michigan.
Proceedings of the 29th Northeastern Forest Tree Improvement
Conference, 1985. pp. 5–22.

Rogers, P.C., Shepperd, W.D., and Bartos, D.L. 2007. Aspen in the
Sierra Nevada: Regional conservation of a continental species.
Nat. Areas J. 27(2): 183–193. doi:10.3375/0885-8608(2007)
27[183:AITSNR]2.0.CO;2.

Romme, W.H., Turner, M.G., Tuskan, G.A., and Reed, R.A. 2005.
Establishment, persistence, and growth of aspen (Populus tremu-
loides) seedlings in Yellowstone National Park. Ecology, 86(2):
404–418. doi:10.1890/03-4093.

Schier, G.A. 1973. Effects of gibberellic acid and an inhibitor of
gibberellin action on suckering from aspen root cuttings. Can. J.
For. Res. 3(1): 39–44. doi:10.1139/x73-006.

Schier, G.A. 1974. Vegetative propagation of aspen: clonal variation
in suckering from root cuttings and in rooting of sucker cuttings.
Can. J. For. Res. 4(4): 565–567. doi:10.1139/x74-084.

Shaw, J.D., and Long, J.N. 2007. Forest ecology and biogeography of
the Uinta Mountains, U.S.A. Arct. Antarct. Alp. Res. 39(4): 614–
628. doi:10.1657/1523-0430(06-046)[SHAW]2.0.CO;2.

Shepperd, W.D. 2001. Manipulations to regenerate aspen. In Sustain-
ing aspen in western landscapes. Compiled by W.D. Shepperd, D.
Binkley, D.L. Bartos, T.J. Stohlgren, and L.G. Eskew. Symposium
Proceedings, 13–15 June 2000, Grand Junction, Co. U.S. For.
Serv. RMRS-P-18. pp. 355–366.

Shepperd, W.D., and Mata, S.A. 2005. Planting aspen to rehabilitate
riparian areas: a pilot study. U.S. For. Serv. RMRS-RN-26.

Singh, R.J. 2003. Chromosomal aberrations — numerical chromo-
some changes. In Plant cytogenetics. 2nd ed. CRC Press LLC,
Boca Raton, Fla.

Stevens, M.T., Waller, D.M., and Lindroth, R.L. 2007. Resistance
and tolerance in Populus tremuloides: genetic variation, costs, and
environmental dependency. Evol. Ecol. 21(6): 829–847. doi:
10.1007/s10682-006-9154-4.

Tsai, C.-J., Harding, S.A., Tschaplinski, T.J., Lindroth, R.L., and
Yuan, Y. 2006. Genome-wide analysis of the structural genes
regulating defense phenylpropanoid metabolism in Populus. New
Phytol. 172(1): 47–62. doi:10.1111/j.1469-8137.2006.01798.x.
PMID:16945088.

Tuskan, G.A., DiFazio, S., Jansson, S., Bohlmann, J., Grigoriev, I., Hellsten,
U., Putnam, N., Ralph, S., Rombauts, S., Salamov, A., Schein, J., Sterck,
L., Aerts, A., Bhalerao, R.R., Bhalerao, R.P., Blaudez, D., Boerjan, W.,
Brun, A., Brunner, A., Busov, V., Campbell, M., Carlson, J., Chalot, M.,
Chapman, J., Chen, G.-L., Cooper, D., Coutinho, P.M., Couturier, J.,
Covert, S., Cronk, Q., Cunningham, R., Davis, J., Degroeve, S., Dejardin,
A., dePamphilis, C., Detter, J., Dirks, B., Dubchak, I., Duplessis, S.,
Ehlting, J., Ellis, B., Gendler, K., Goodstein, D., Gribskov, M., Grim-
wood, J., Groover, A., Gunter, L., Hamberger, B., Heinze, B., Helariutta,
Y., Henrissat, B., Holligan, D., Holt, R., Huang, W., Islam-Faridi, N.,
Jones, S., Jones-Rhoades, M., Jorgensen, R., Joshi, C., Kangasjarvi, J.,
Karlsson, J., Kelleher, C., Kirkpatrick, R., Kirst, M., Kohler, A., Kalluri,
U., Larimer, F., Leebens-Mack, J., Leple, J.-C., Locascio, P., Lou, Y.,
Lucas, S., Martin, F., Montanini, B., Napoli, C., Nelson, D.R., Nelson, C.,
Nieminen, K., Nilsson, O., Pereda, V., Peter, G., Philippe, R., Pilate, G.,
Poliakov, A., Razumovskaya, J., Richardson, P., Rinaldi, C., Ritland, K.,
Rouze, P., Ryaboy, D., Schmutz, J., Schrader, J., Segerman, B., Shin, H.,
Siddiqui, A., Sterky, F., Terry, A., Tsai, C.-J., Uberbacher, E., Unneberg,
P., Vahala, J., Wall, K., Wessler, S., Yang, G., Yin, T., Douglas, C.,
Marra, M., Sandberg, G., Van de Peer, Y., and Rokhsar, D. 2006. The
genome of black cottonwood, Populus trichocarpa (Torr. & Gray).
Science, 313(5793): 1596–1604. doi:10.1126/science.1128691.
PMID:16973872.

Wan, X., Landhäusser, S.M., Lieffers, V.J., and Zwiazek, J.J. 2006.
Signals controlling root suckering and adventitious shoot forma-

2020 Can. J. For. Res. Vol. 42, 2012

Published by NRC Research Press

C
an

. J
. F

or
. R

es
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ta
h 

St
at

e 
U

ni
ve

rs
ity

 -
 L

og
an

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1016/S0034-4257(98)00035-2
http://dx.doi.org/10.5558/tfc85258-2
http://dx.doi.org/10.2307/1312652
http://dx.doi.org/10.2307/1312652
http://dx.doi.org/10.1007/s004680100098
http://dx.doi.org/10.1111/j.1365-294X.2008.03963.x
http://www.ncbi.nlm.nih.gov/pubmed/19140975
http://dx.doi.org/10.1371/journal.pone.0048406
http://dx.doi.org/10.1534/genetics.108.088526
http://www.ncbi.nlm.nih.gov/pubmed/18660535
http://dx.doi.org/10.1146/annurev.ecolsys.37.091305.110100
http://dx.doi.org/10.1073/pnas.1103341108
http://dx.doi.org/10.1073/pnas.1103341108
http://www.ncbi.nlm.nih.gov/pubmed/21746919
http://dx.doi.org/10.1016/j.foreco.2009.06.005
http://dx.doi.org/10.3375/0885-8608(2007)27%5B183%3AAITSNR%5D2.0.CO%3B2
http://dx.doi.org/10.3375/0885-8608(2007)27%5B183%3AAITSNR%5D2.0.CO%3B2
http://dx.doi.org/10.1890/03-4093
http://dx.doi.org/10.1139/x73-006
http://dx.doi.org/10.1139/x74-084
http://dx.doi.org/10.1657/1523-0430(06-046)%5BSHAW%5D2.0.CO%3B2
http://dx.doi.org/10.1007/s10682-006-9154-4
http://dx.doi.org/10.1111/j.1469-8137.2006.01798.x
http://www.ncbi.nlm.nih.gov/pubmed/16945088
http://dx.doi.org/10.1126/science.1128691
http://www.ncbi.nlm.nih.gov/pubmed/16973872


tion in aspen (Populus tremuloides). Tree Physiol. 26(5): 681–
687. doi:10.1093/treephys/26.5.681. PMID:16452082.

Wegrzyn, J.L., Eckert, A.J., Choi, M., Lee, J.M., Stanton, B.J., Sykes,
R., Davis, M.F., Tsai, C.-J., and Neale, D.B. 2010. Association
genetics of traits controlling lignin and cellulose biosynthesis in
black cottonwood (Populus trichocarpa, Salicaceae) secondary
xylem. New Phytol. 188(2): 515–532. doi:10.1111/j.1469-
8137.2010.03415.x. PMID:20831625.

White, C.A., Olmsted, C.E., and Kay, C.E. 1998. Aspen, elk, and fire
in the Rocky Mountain national parks of North America. Wildl.
Soc. Bull. 26(3): 449–462.

Wilkins, O., Waldron, L., Nahal, H., Provart, N., and Campbell,
M.M. 2009. Genotype and time of day shape the Populus drought

response. Plant J. 60(4): 703–715. doi:10.1111/j.1365-313X.2009.
03993.x. PMID:19682285.

Williams, B.D., and Johnston, R.S. 1984. Natural establishment of
aspen from seed on a phosphate mine dump. J. Range Manage.
37(6): 521–522. doi:10.2307/3898850.

Zeigenfuss, L.C., Binkley, D., Tuskan, G.A., Romme, W.H., Yin, T.,
DiFazio, S., and Singer, F.J. 2008. Aspen ecology in Rocky
Mountain National Park: age distribution, genetics, and the effects
of elk herbivory. U.S. Geol. Surv. Open-File Rep. 2008-1337. U.S.
Geological Survey, Reston, Va.

Zufa, L. 1971. A rapid method for vegetative propagation aspens and
their hybrids. For. Chron. 47(1): 36–39.

Long and Mock 2021

Published by NRC Research Press

C
an

. J
. F

or
. R

es
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
U

ta
h 

St
at

e 
U

ni
ve

rs
ity

 -
 L

og
an

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 

http://dx.doi.org/10.1093/treephys/26.5.681
http://www.ncbi.nlm.nih.gov/pubmed/16452082
http://dx.doi.org/10.1111/j.1469-8137.2010.03415.x
http://dx.doi.org/10.1111/j.1469-8137.2010.03415.x
http://www.ncbi.nlm.nih.gov/pubmed/20831625
http://dx.doi.org/10.1111/j.1365-313X.2009.03993.x
http://dx.doi.org/10.1111/j.1365-313X.2009.03993.x
http://www.ncbi.nlm.nih.gov/pubmed/19682285
http://dx.doi.org/10.2307/3898850


 
 

Friends oF Pando guide to the 

science oF Pando  
Biochemistry oF asPen (general) 

 

 

 

 



Summary We determined the effects of removal of leaves,
stem axillary buds, or the entire shoot on root suckering (ad-
ventitious shoot formation by roots) and basal stem sprouts in
3- and 4-year-old potted seedlings of aspen (Populus tremu-
loides Michx.). The greatest number of root suckers (67.9 ±
8.5 per plant) emerged after excision of the entire shoot. Defo-
liated and debudded stems were the major source of inhibitory
agents for root suckering, although axillary buds and develop-
ing new leaves also exerted a significant inhibitory effect. Re-
moval of mature leaves had only a minor effect on root sucker-
ing. Removal of a continuous band of bark (girdling) at the base
of the stem consistently stimulated growth of adventitious
shoots from the stem below the girdle and occasionally pro-
moted root suckering. Exogenous application of indole-3-ace-
tic acid to excised stumps inhibited root suckering and basal
stem sprouting. Naphthylphthalamic acid (NPA), an auxin po-
lar transport inhibitor, had no effect on root suckering or stem
sprouting when it was applied to the bark of the basal stem.
However, NPA significantly increased root suckering when it
was applied to the exposed surface of xylem after girdling.
These results suggest that polar transport of auxin in the xylem
parenchyma is an important inhibitor of root suckering. On de-
capitated stems, vacuum extraction of xylem sap from the root
system lowered the frequency of root suckering compared with
decapitation alone, indicating that substance(s) originating in
the root system also play a significant role in controlling root
suckering.

Keywords: indole-3-acetic acid (IAA), naphthylphthalamic
acid (NPA), vegetative reproduction.

Introduction

Aspen (Populus tremuloides Michx.) regenerates vegetatively
by root suckering, i.e., the sprouting of shoots developed from
preformed or adventitious shoot primordia (hereafter called
sucker buds) formed on roots. Without aboveground distur-
bance, the roots of a healthy mother tree rarely develop suck-
ers. It is thought that the sucker buds are held in a state of
paradormancy by signaling agents from outside of the dor-

mant tissue (Rohde et al. 2000, Anderson and Chao 2001).
When the aboveground part of the plant is removed or dam-
aged, the suppressed sucker bud primordia develop or adventi-
tious sucker buds are formed. Consequently, root suckering is
thought to be related to apical dominance and auxins and
cytokinins are believed to play prominent roles in these pro-
cesses (Cline 1991). Although there is much literature on the
development and control of lateral buds on stems (Cline 1991,
Sachs 1991), the mechanism controlling the formation and
growth of sucker buds in roots has rarely been studied (Hor-
vath et al. 2003).

Auxins (notably indole-3-acetic acid (IAA)) are thought to
be synthesized primarily in young leaves and shoot apices and
transported basipetally through the stem to inhibit the growth
of lateral buds (Cline 1991). Application of IAA to cut stumps
inhibits suckering in aspen (Farmer 1962). Although Schier
(1978) was unable to verify this finding in intact plants, he
found that auxins inhibit suckering of aspen root segments
(Schier 1981). These studies did not consider the roles of lat-
eral buds and stems in root suckering of aspen. Lateral buds
are an important source of IAA in many plant species (Cline
1991, Sachs 1991, Horvath 1999). High concentrations of IAA
are also found in the vascular cambium and xylem of stems
in hybrid aspen (Populus tremula L. × Populus tremuloides)
(Tuominen et al. 1997). Although removal of the aboveground
part of the plant at the ground level is widely reported to pro-
mote root suckering (Farmer 1962, Schier 1978), it is unclear
which aboveground organs are the primary causes of inhibi-
tion of root suckering in aspen. In soybean, stems are reported
to be the source of lateral bud growth inhibition (Peterson and
Fletcher 1975).

Long-distance transport of IAA occurs in both mature phlo-
em elements (Baker 2000) and through other living cells in
stems (Lomax et al. 1995). Transport through living cells is
unidirectional (Friml and Palme 2002) and is thought to occur
mainly in the vascular cambium, the expansion zone of the xy-
lem and in parenchyma cells (Morris and Thomas 1978, Tuo-
minen et al. 1997). Therefore, disrupting the continuity of the
phloem by girdling should not be expected to block polar
auxin transport completely, as has sometimes been suggested
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(Farmer 1962, Schier 1972). Polar auxin transport that occurs
from cell-to-cell is specifically inhibited by auxin transport in-
hibitors, such as naphthylphthalamic acid (NPA) and 2,3,5-tri-
iodobenzoic acid (TIBA) (Goldsmith 1977, Lomax et al.
1995). Naphthylphthalamic acid inhibited endogenous IAA
polar transport in the cambial region of a 1-year-old Pinus
sylvestris L. shoot (Sundberg et al. 1994).

Cytokinins are another group of growth regulators impli-
cated in organogenesis. Cytokinins are principally produced in
the root system and are transported to shoots in the transpira-
tion stream (Letham 1994). High concentrations of cytokinins
inhibit primary and lateral root elongation (Hopkins 1999), but
promote development of stem buds and shoots (Schmuelling
2002). Accumulation of nitrate in roots can also act as a signal-
ing substance; nitrate promotes the synthesis of cytokinins and
concomitantly inhibits root growth and formation of lateral
roots (Crawford 1995, Scheible et al. 1997, Takei et al. 2001,
Werner et al. 2001, Forde 2002a, 2002b, Schmuelling 2002).
The concept of nitrate-mediated root growth via regulating
cytokinin concentration could also be applied to shoot growth
in response to nitrate availability. It has long been speculated
that substances (probably cytokinins and inorganic nitroge-
nous compounds) that accumulate in the stumps and roots af-
ter removal of the aboveground stem, help induce root sucker-
ing in aspens (Farmer 1962, Eliasson 1971b). The ratio of
auxins to cytokinins is thought to be crucial in mediating organ
regeneration in plant tissue culture (Sachs 1991). A high ratio
induces root initiation, whereas a low ratio promotes shoot
regeneration from cultured callus (Skoog and Miller 1957).
Accumulation of cytokinins and a reduction in auxin in decap-
itated plants are thought to be the main reasons for the produc-
tion and growth of sucker buds on roots.

We conducted a series of experiments to investigate various
internal factors that affect root suckering in aspen. Objectives
were to determine: (1) which organs of the aboveground stem
are the major sources of inhibition of root suckers; (2) whether
IAA applied to cut stems and an IAA transport inhibitor ap-
plied to girdled stems affect suckering; and (3) whether the
transpiration stream is important in the removal of compounds
that control shoot bud development on roots.

Materials and methods

Plant material

Experiments were conducted with open-pollinated aspen
(Populus tremuloides Michx) seedlings produced by the Peace
River Tree Nursery (Peace River, AB) from local seed sour-
ces (Fickle Lake, 53°27′ N, 116°45′ W and Soldar Creek,
57°02′ N, 117°42′ W). The seedlings were grown for one year
in 5 × 12 cm containers and transplanted to a nursery bed in the
second year. In May 2003, the 2-year-old seedlings were pot-
ted in 25-cm diameter, 6.5-l containers filled with a 2:1 (v/v)
mix of peat moss and sand. The seedlings were grown out-
side at the University of Alberta, Edmonton, AB. During the
growth periods, the seedlings were regularly fertilized with a
20,20,20 N,P,K commercial fertilizer and watered when nec-

essary. The plants were hardened and overwintered outside in
the same location. During the winter, pots were buried in snow
to protect the root systems from frost. Seedlings were about
100-cm tall in 2004. In Experiment 3 (see below), seedlings
grown from Fickle Lake seeds were used. For the other experi-
ments, we used seedlings from the Soldar Creek seed source.

In all experiments, a fully randomized design was employed
with 10 seedlings per treatment. The seedlings were numbered
and the numbers randomly drawn to assign the seedlings to
specific treatments. The pots were arranged in five rows, each
with 20 seedlings. Treatments lasted four weeks. Root-borne
shoots that were longer than 3 mm were scored as suckers and
the smaller preformed or adventitious shoot primordia on the
roots were classified as sucker buds. If adventitious buds
emerged and grew from the stem or the root collar, the new
shoot was classified as a basal stem sprout.

Experiment 1: Removal of shoot parts and stem girdling

To determine the aerial sources of signal(s) that inhibit aspen
root suckering, 4-year-old seedlings were subjected to seven
treatments (Figure 1) in June 2004. The treatments were: (1)
removal of the entire shoot 2 cm aboveground (decapitation);
(2) removal of all the leaves, shoot apices and lateral buds from
stems (debudding + defoliation); (3) removal of all shoot api-
ces and lateral buds from stems (debudding); (4) removal of all
of the leaves including the leaf primordia (defoliation-once);
(5) removal of all of the leaves followed by the removal of the
young leaves that flushed from lateral buds about 10 days later
(defoliation-twice); (6) removal of a 10-mm-wide ring of bark
2 cm above the root collar, scraping the vascular cambium off
with a razor blade and covering the exposed area with Parafilm
and aluminum foil (girdled) and (7) intact seedlings (control).

Experiment 2: Full versus partial shoot removal

To investigate the role of the stem in aspen root suckering,
4-year-old seedlings were subjected to the following treat-
ments in July–August 2004. The treatments were: (1) excision
of the whole stem and any visible buds from the stem base (de-
capitation); (2) excision of the upper half of the stem and re-
moval of all the remaining lateral buds and foliage (half-
stemmed); and (3) removal of all the leaves, shoot apices and
lateral buds from stems (debudding + defoliation).

Experiment 3: Stem girdling and application of IAA and NPA

We investigated the roles of IAA (Sigma, St. Louis, MO,
USA), NPA (TCI, Tokyo Kasei Kogyo, Tokyo, Japan) and gir-
dling in the control of suckering of 3-year old seedlings treated
in July–August 2004. One-hundred mg of IAA and NPA were
dissolved in about 50 drops of Tween 20 and mixed with 10 g
of lanolin at 50 °C. Plain lanolin was used in the control treat-
ments. In seedlings in the NPA treatment, a 10-mm wide ring
of the periderm was abraded 2 cm above the root collar to re-
move the wax layer and thus allow the NPA-lanolin mixture to
penetrate the bark tissues. The abraded area was covered with
the lanolin mixture and wrapped with parafilm and then alumi-
num foil. The control treatment was similar except NPA was
not mixed in the lanolin. The girdling treatment was as de-
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scribed above (Experiment 1). The girdled + NPA treatment
was similar except NPA was added to the lanolin covering the
xylem exposed after removal of the bark. In the decapitation
treatment, the stem was cut off 2 cm above the root collar and
the surface of the excised stem was covered with lanolin,
Parafilm and then aluminum foil. The decapitated + IAA treat-
ment was similar except IAA was added to the lanolin. About
0.3 g of the lanolin mixture (with or without other chemicals)
was used for each application and it was replaced each week.
The top of the stump in the last treatments was scraped with a
razor before each application of the lanolin mixture.

Experiment 4: Removal of xylem sap

To investigate if daytime withdrawal of xylem sap from the
roots affected suckering, 4-year-old seedlings were decapi-
tated 2 cm above the root collar. A vacuum line was attached to
the decapitated stem of half of the decapitated plants. Thick-
walled rubber tubing connected the stem to a collecting flask
which, in turn, was connected to a vacuum pump which main-
tained a pressure of –0.08 MPa during the daytime (18 h
day–1). Sap (exudate from root pressure) from the other half of
seedlings was similarly collected but without applied vacuum.
The volume of sap collected was measured every second day.

Statistical analysis

Values presented are the means of 10 replicated seedlings. The
data were subjected to analysis of variance (ANOVA) fol-
lowed by Duncan’s multiple comparison using the mixed pro-
cedure of the SAS 8.0 software package (SAS Institute Inc.,
Cary, NC). The t tests were performed with Excel (Microsoft,
Office XP). All statistically significant differences were tested
at the = 0.05 level.

Results

Removal of shoot parts and stem girdling

Decapitation of seedlings induced the highest numbers of root

suckers per plant (68), followed by the debudding + defolia-
tion (23), defoliation-twice (7), and debudding (6) treatments
(Table 1). Although seedlings in the girdled and defoliation-
once treatments occasionally produced a few root suckers,
there were no significant differences between these treatments
and the control (Table 1). Roots from control seedlings had an
average of five sucker buds, but did not develop any root suck-
ers. Among the treated seedlings, roots of decapitated seed-
lings had the greatest number of sucker buds per plant (73)
(Table 1). Roots of seedlings in the debudding and debudding
+ defoliation treatments had on average 25 sucker buds, fol-
lowed by seedlings that had been defoliated twice (15). Roots
of seedlings that were girdled and those that were defoliated
once had similar numbers of sucker buds as control roots (Ta-
ble 1). Only decapitated and girdled seedlings produced signi-
ficant amounts of basal stem sprouts (Table 1).

Full versus partial shoot removal

The decapitation treatment resulted in the largest number of
root suckers (49.3), followed by the half-stemmed (24.6) and
the debudding + defoliation treatment (11.7) (Figure 2). Simi-
larly the number of sucker buds on the roots was highest for
seedlings in the decapitation treatment followed by seedlings
in the half-stemmed and debudding + defoliation treatments
(Figure 2).

Stem girdling and application of IAA and NPA

Auxin (IAA) applied to the proximal end of the excised stem
completely inhibited root suckering (Figure 3A), basal stem
sprouting and development of sucker buds (Figure 3B). Appli-
cation of NPA to the abraded periderm of the stem did not
affect the number of root suckers or basal stem sprouts. How-
ever, application of NPA to the exposed xylem promoted the
development of sucker buds and growth of root suckers, but
did not influence basal stem sprouting when compared with
the girdled only treatment (Figure 3C). Girdling slightly in-
creased the numbers of root suckers relative to the control and
the decapitation + IAA treatment (Figure 3A). With and with-
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Figure 1. Diagrammatic representation of the treatments applied in Experiment 1 to study the effects on root suckering and stem sprouting in aspen
(Populus tremuloides) of removing various aboveground organs.
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out the NPA treatment, girdling induced more basal stem
sprouts compared with the decapitation treatment (Figure 3C).

Removal of xylem sap

Vacuum extraction of xylem sap from the roots of decapitated
seedlings removed more than 3 times (39.4 versus 13.1 ml per
seedling) the amount of sap that exuded as a result of root pres-
sure alone (Figure 4). Sap flow under vacuum approached zero
by Day 16, whereas root pressure-driven exudation almost
stopped by the Day 10. Xylem sap extraction under vacuum
significantly reduced the number of root suckers, but did not
affect the number of basal stem sprouts (Figure 5).

Discussion

We demonstrated that several organs in the aboveground aspen
plant are sources of signals inhibiting root suckering and basal
stem sprouting. The debudding and defoliation treatments pro-

moted a few root suckers, the combined debudding + defolia-
tion treatment caused a moderate increase in root suckering
and complete decapitation resulted in a large increase in root
suckering. The organ with the largest influence on root sucker-
ing appeared to be the stem. Thus, in seedlings in the debud-
ding + defoliation treatment, nearly 2/3 of the suckers were
suppressed compared with decapitated seedlings (Table 1).
Similarly, removing half of the completely defoliated and
debudded stem promoted suckering more than leaving the en-
tire debudded and defoliated stem (Figure 2). Tuominen et al.
(1995) reported that the free IAA concentration in mature
stems of hybrid aspen (Populus tremula × Populus tremu-
loides) is twice that of the terminal buds and young leaves and
about 30 times that of mature leaves. Peterson and Fletcher
(1975) found that the presence of a long single internode
above a lateral bud of a soybean stem was enough to prevent its
outgrowth, presumably because the stem was a significant
source of auxin. In contrast, Horvath (1998) suggested that the
buds and leaves of the non-woody plant, leafy spurge
(Euphobia esula L.), are the sole shoot source of inhibitory
agents. The occurrence of secondary radial growth and the
large amount of living cells in the stems of woody plants com-
pared with herbaceous plants might explain the difference in
the ability of the stems of aspen and leafy spurge to act as a
source of inhibitory agents.

We found that polar transport of IAA played an important
role in the inhibition of root suckering. Application of IAA to a
cut stem inhibiting root suckering and stem sprouting (Fig-
ure 3), indicating that it had replaced the effect of the intact
shoot. Previous research on IAA application to cut stumps has
yielded conflicting results. Farmer (1962) observed that IAA
applied to stumps effectively inhibited both stem sprouting
and root suckering in aspen. In contrast, Schier (1978) found
that IAA inhibited stem sprouting but not root suckering; how-
ever, Schier applied IAA only for a short time after decapita-
tion. Because auxins are reported to have a rapid turnover in
detached root systems of European trembling aspen (P. trem-
ula) (Eliasson 1971a), a continuous supply of exogenous aux-
in may be required to inhibit root suckering in decapitated
plants.
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Table 1. Effects of removing various organs on inhibition of root suckers, sucker buds and basal stem sprouts (Experiment 1). Defoliation II re-
moved leaves twice in 10 days, whereas Defoliation I removed leaves only once at the beginning of treatment. The mean ± SE numbers of root
suckers, sucker buds or basal stem sprout per plant are shown. Means followed by different letters in the column refer to significant difference at
a = 0.05 level (n = 10).

Treatment Suckers Sucker buds Basal stem sprout

Control 0.0            d 5.3 ± 1.6   e 0.0           c
Decapitated 67.9 ± 8.5   a 73.2 ± 4.3   a 3.4 ± 1.0  b
Debudding/defoliation 23.1 ± 4.9   b 21.0 ± 3.3 bc 0.0           c
Defoliation II 6.9 ± 3.0   c 15.0 ± 3.7   cd 0.0           c
Debudded 5.6 ± 2.4   c 29.5 ± 5.1   b 0.0           c
Girdled 2.1 ± 1.3   cd 4.8 ±1.1    e 11.9 ± 2.2  a
Defoliation I 2.0 ± 0.6   cd 12.5 ± 5.1   de 0.0           c

Figure 2. Effects of defoliation and bud removal (debudding/defolia-
tion), removal of half the debudded and defoliated stem (half-stem-
med) and removal of the complete stem (decapitated) on the numbers
of root suckers and sucker buds (Experiment 2). The stems were com-
pletely debudded and defoliated in each treatment. Different letters in-
dicate significant differences among treatment means for each vari-
able (P ≤ 0.05). Values are means ± SE (n = 10).
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Application of NPA to the bark did not affect root suckering
relative to the control, but NPA promoted root suckering and
primordia initiation when applied to the exposed wood surface
(Figure 3). The direction of auxin transport in phloem de-
pends on source–sink relationships, therefore auxin transport
in phloem is not susceptible to inhibition by NPA or TIBA
(Goldsmith 1977), which could explain why application of
NPA to the bark had little influence on root suckering and stem
sprouting. Despite the abrasion of the periderm, NPA presum-
ably failed to pass through the bark layer to affect polar auxin
transport in the cambial and xylem elements (Saltveit and
Fonteno 1983). Polar transport of auxin is believed to occur
primarily in the vascular cambium and its immediate deriva-
tives (Morris and Thomas 1978). Although girdling removed
the vascular cambium and part of the developing wood tissues,
auxins can still move through the living cells in the xylem,

which could explain why girdling did not consistently pro-
mote root suckering in aspen (Farmer 1962, Schier 1978). Gir-
dled seedlings in Experiment 1 produced virtually no root
suckers, whereas the girdled seedlings in Experiment 3 pro-
duced moderate numbers of root suckers. The timing of gir-
dling might also be important because of seasonal changes in
the amount of undifferentiated living xylem cells present in the
stem available for auxin transport. Experiment 1, with the
highest suppression of suckering by the intact shoot was con-
ducted in June when diameter growth had just commenced. As
a result, stems likely contained more undifferentiated living
xylem cells compared with plants in Experiment 3, which was
conducted in August when diameter growth and tissue devel-
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Figure 4. Volume of xylem sap collected from decapitated root sys-
tems by exudation and under vacuum (–0.08 MPa). Exudate refers to
exudation by root pressure and Exudate + Vacuum refers to sap vol-
ume obtained by applied vacuum plus root pressure. Within a collec-
tion date, different letters indicate significant differences between
treatment means (P ≤ 0.05). Values are means ± SE (n = 10).

Figure 3. Effects of indole-3-acetic acid (IAA) and naphthylphthal-
amic acid (NPA) on the numbers of (A) root suckers, (B) sucker buds
and (C) basal stem sprouts. Treatments: NPA = NPA in lanolin was
applied to a 10-mm wide ring of the periderm abraded 2 cm above the
root collar; Decapitated = removal of entire stem; Deca/IAA = after
decapitation, IAA in lanolin was applied to the cut surface of the
stump; Girdled = removal of a 10-mm wide ring of bark, phloem and
vascular cambium 2 cm above the root collar; Girdled/NPA = after
girdling, NPA in lanolin was applied to the exposed surface of xylem;
and Control = lanolin was applied to a 10-mm wide ring of the
periderm abraded 2 cm above the root collar. Different letters indicate
significant differences between treatment means (P ≤ 0.05). Values
are means ± SE (n = 10).

Figure 5. Numbers of root suckers and basal stem sprouts produced on
aspen seedlings that were decapitated (Decapitated) or decapitated
and the stump subjected to a vacuum of –0.08 MPa (Vacuumed).
Within a variable, different letters indicate significant differences be-
tween treatment means (P ≤ 0.05). Values are means ± SE (n = 10).
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opment were nearly completed. However, genotypic differ-
ences cannot be ruled out because the seed sources used in
Experiments 1 and 3 were 500 km apart. Girdling promoted
more basal stem sprouts than root suckers in both Experi-
ments 1 and 3 (Table 1 and Figure 3). The girdling treatment
induced more basal stem sprouts than the decapitation treat-
ment. We have no explanation for this response.

The finding that defoliation increased the number of sucker
buds relative to the control (Table 1) indicates that other
shoot-derived signals play a role in the control of root sucker-
ing. Horvath et al. (2002) reported that sugars, derived from
mature leaves, inhibited root suckering of leafy spurge; there-
fore, a decline in sugar concentration as a result of the defolia-
tion treatment might account for the promotion of the sucker
buds.

Our results lend support to the hypothesis that substances
(probably cytokinins or inorganic nitrogenous compounds, or
both) that accumulate in the stumps and roots after removal of
the aboveground stem help induce root suckering in aspen
(Farmer 1962, Eliasson 1971b). Roots are major sites of syn-
thesis of cytokinins that are translocated in the xylem to the
aboveground parts of plants (Van Staden and Davey 1979).
Decapitation causes an accumulation of root-derived cyto-
kinins in the residual stem (Mader et al. 2003). Vacuuming the
stump of the decapitated root system reduced the promotion
of aspen root suckering that occurred following decapitation
(Figure 5). This reduction occurred even though the vacuum
treatment produced a tension of only –0.08 MPa, which is far
less than the natural tension found at midday in aspen saplings
(as low as –0.9 MPa in our study) and that the flow of xylem
sap declined over time (Figure 4), likely as a result of a
wound-healing response.

In conclusion, we found that the debudded and defoliated
stems of aspen seedlings were the major sources of inhibitory
agents controlling root suckering. Terminal and lateral buds,
as well as young leaves, were important sources of inhibitory
agents, but a single defoliation had a much smaller effect on
the control of root suckering than decapitation. Based on the
inhibition of aspen root suckering and basal stem sprouting
observed following application of IAA to cut stumps, we con-
clude that IAA, which can be transported to the roots through
the living cells of the xylem, has an important role in control-
ling root suckering and basal stem sprouting in aspen. Further,
removal of root xylem sap (presumably containing the cyto-
kinins and other compounds) resulted in a reduction of root
suckering compared to decapitation.
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Pando Clone (World’s Largest Living Organism?) History and Evaluation 

Case Study for Revalidation  

Allen V. Henningson, Certified Silviculturist 

 

Introduction and Background 

 

 My first exposure to the area where the Pando Clone exists came in 1988 when I started working 

on the Fishlake National Forest.  The Loa Ranger District was in the process of implementing the 

Coots Slough Fuelwood Sale within the area.  One to two acres had been cut in the area during 

1987 and again in 1988.  These areas were treated using the clearcut method, where all of the 

trees were cut by District crews using chainsaws.  When I visited these area in the Fall of 1988 

there were abundant aspen sprouts in both of these cutover areas. 

 

 
Figure 1 – The Pando Clone can be seen in the center 

of the above picture.  The 1992 cut is also visible.  

 

Approximately fifteen acres were clearcut in the Spring of 1992.  The May 6, 1992 issue of The 

Richfield Reaper ran an Editorial that in part read, “There’s more to the forest than the trees.  

This week trees on one of the world’s oldest known grove of quaking aspen trees were cut down 

by the U. S. Forest Service in the Fishlake National Forest.”  The editorial explained that the 

trees were along the highway leading into Fishlake and that the users of the area were shocked to 

see the treatment.   

 

With the public’s attention drawn to the area we needed to assure that the area would 

successfully regenerate to aspen.  By 1992 the earlier cuts had lost most of the aspen sprouts that 

originally sprouted.  The sprouts were heavily browsed mostly by deer.  It was determined that 
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deer use the area as they travel to obtain water.   An eight foot fence was constructed around the 

area during the Fall of 1992.  The fence enabled the area to successfully regenerate to aspen.   

 

 
Figure 2 – An aerial view of the Pando Clone.  The 

1987 cut with no trees is located in the lower right, the 

1988 cut with no trees is located in the center and the 

1992 cut with regeneration is just above the 1988 cut.  

 

 
Figure 3 – Shows regeneration in the area cut in 1992. 
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Figure 4 – Taken shortly after the cutting in 1992. 

 

The Pando Clone is located in Township 26 South, Range 1 East, Sections 24 and 25 about 1 

mile southwest of the Lakeside Resort on State Highway 25 and about 1 mile due east of  

Mallard Bay at the southwest corner of Fish Lake (see map).   

 

Mature trees in this clone are dying due to insects and disease and the regeneration outside the 

fenced area within the clone are not surviving.  Of the treated areas, only the portion of the clone 

within the fenced area is showing healthy regeneration.  The first two areas have experienced 

poor shoot survival due to herbivory, recreation use, and other factors.   

 

The remainder of the clone outside of the three treated areas is primarily mature aspen trees with 

significant signs of mortality from insects and disease.  The clone with the exception of the area 

cut over in 1992 contains few young trees (5 to 15 feet tall) to replace the old dying ones. The 

clone is no longer sustainable in its current condition and without management action is in 

danger of dying completely or becoming sharply reduced in size.  The understory of the clone is 

comprised of common juniper and sage brush as well as a variety of shrubs, forbs and grasses. 

  

The Pando Clone has a density of just over 400 stems per acre, or a total of around 43,000 stems 

within its 106 acre area (Discover, 1993).  In order for regeneration to be successful without 

herbivory, researchers indicate that a few hundred to a few thousand aspen suckers per acre are 

needed.  Then at 6-foot height, the desired condition would be to have 2,000-5,000 stems per 

acre over 70% of the treated area and at the 10-15 foot height having at least 1,000-1,500 stems 

per acre with 1.5 inches diameter at breast height (Ferguson, 2004).  Research has shown that for 

effective aspen regeneration to occur, “actions to induce suckering must not be initiated before 

relief from excessive browsing (herbivory) is obtained”. The desired condition for aspen as 

stated in the Fishlake National Forest Land and Resource Management Plan is to “manage seral 

aspen stands for a diversity of age classes” (p. IV-12) and to “improve timber age-class 
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distribution” and “integrate aspen management into the timber management program to 

perpetuate the species and improve aspen quality” (p. IV-4).   

 

Researchers suggest that this organism will provide valuable opportunities to study important 

biological processes such as clonal growth, somatic mutation, and scenescence (DeWoody, et al, 

2008).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 – Location of the Pando Clone adjacent to 

Fish Lake on the Fishlake National Forest, Utah.  

Clone boundaries are approximations derived from 

recent genetic mapping conducted by Dr. Karen Mock 

and colleagues (Mock et. al., 2008; DeWoody et. al., 

2008).  

 

The October 1993 issue of Discover Magazine contained an article by Michael C. Grant entitled 

The Trembling Giant.  It contained the first reference that I remember concerning the 
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massiveness of the Pando Clone.  Quoting from the article, “We therefore recently nominated 

one particular aspen “individual” growing just south of the Wasatch Mountains of Utah as the 

most massive living organism in the world.  We nicknamed it Pando, a Latin word meaning “I 

spread.”  Made up of 47,000 tree trunks, each with an ordinary tree’s usual complement of leaves 

and branches, Pando covers 106 acres and, conservatively, weighs in excess of 13 million 

pounds, making it 15 times heavier than the Washington fungus and nearly 3 times heavier than 

the giant sequoia.”  He goes on to explain that the clone is a connected organism due to its nature 

of vegetative sprouting from its roots.  He also suggests that aspen clones in the western US may 

reach an age of one million year or more.  

 

An October 25, 1995 article in The Richfield Reaper stated that “While trees in the Pando Clone 

appear to be basically the same as other aspen at Fish Lake, some scientific literature suggests 

that it may have been as much as a million years since the seed first germinated, starting some of 

the clones found in the Fishlake Basin.”  It reported that the age of the individual aspen trees in 

the Pando Clone was 130 years.  The article also reported that researchers for the Intermountain 

Research Station and Utah State University have established 24 permanent transects in the Pando 

Clone which will be monitored over time to help explain what effects livestock and/or wildlife 

have on aspen sucker survival.    

 

The May/June 1993 issue of American Forests Magazine also referenced the Pando Clone in an 

article called “Romancing the Clone”.  The article gives a brief history of some of the fame of 

the Pando Clone.  It stated that late last year The New York Times ran an editorial concerning 

the Pando Clone.  In addition “Good Morning America, Time, the Denver Post, and a string of 

U.S. and Canadian radio stations also hearkened to breaking news there.”  It was reported that 

three University of Colorado professors Michael Grant, Jeffry Mitton and Yan Linhart had 

written a letter that appeared November 1992 in the British publication Nature.  They had 

nominated the Pando Clone as the largest living organism whether measured by area or mass.  

They had used a 1975 scientific article by Dr. Burton Barnes of the University of Michigan to 

gain information to nominate the clone.  Dr. Barnes had described the 106 acre stand as a clone 

based on its characteristics.  Michael Grant the senior author of the letter to “Nature” that 

nominated the clone stated “Scientifically, this isn’t particularly important, but this clone gets 

before the public in a way it wouldn’t otherwise.  And besides, we were just making a 

nomination.  Someone else can come up with something larger if they can find it.”  No one has 

come up with a larger organism.  The Kemperman and Barnes article from 1976 suggests that 

there are larger clones in the Fishlake Basin with some being over 200 acres.  They do not 

specify the location of the larger clones.  They also state that clone size is probably correlated to 

clone age.  However, no method exists by which the age of individual clones can be determined.  

It has been suggested that the age of the Pando Clone could be as much a one million years old.  

Under the right circumstances clones should be able to live indefinitely.      

 

A postage stamp was issued in 2006 honoring the Pando Clone.  The U. S. Postal Service in May 

2006 issued a set of 40 postage stamps “Wonders of America” The last stamp of the series 

honored the “Largest Plant” the quaking aspen or specifically the Pando Clone.   
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Figure 5 – Postage stamp honoring Pando Clone. 

 

The Deseret News on October 7, 2010 reported that scientists say that Central Utah’s Pando, 

world’s largest living thing, is threatened.  Utah scientists are trying to organize an emergency 

rescue effort to save the largest living thing ever discovered, anywhere on Earth. It's known as 

Pando, a single organism living in central Utah, that some scientists say could also be the world's 

oldest living thing.  But Pando is dying and may have only a few more years of glory.  It's a 

grove of quaking aspen trees spanning 106 acres near Fish Lake. Scientists call it an aspen clone, 

which is essentially a single plant comprised of thousands of trees connected by underground 

roots.  

 

When Pando was discovered a few decades ago, scientists named it with a Latin word that means 

"I spread."  An aspen clone starts with a single seed and spreads by sending out underground 

sprouts that emerge to become trees. In the 1970s, scientists tentatively mapped Pando's 

boundaries. More recently, Utah State University geneticist Karen Mock wondered if Pando's 

reputation as the world's largest known organism was overblown.  "So we set out to either 

confirm or deny that," she said.  Mock took DNA samples from 209 trees, mostly within that 

boundary.  Her testing verified what was long suspected. "Genetically, in fact, Pando is one 

enormous clone over 100 acres," Mock said, "probably over 40,000 individual trees."  In all, 

Pando weighs about 13 million pounds, which makes it by far the most massive organism ever 

found.  "There may well be some larger clones than Pando out there," Mock said. "But it's the 

largest organism that's been described" by scientists.   

 

As Pando's fame spread, the U.S. Postal Service honored the Utah curiosity as one of "40 

Wonders of America." A postage stamp issued in 2006 may have set some sort of a record for 

making something very small out of something very big.  But now, Pando is in serious trouble, 

according to ecologist Paul Rogers of Utah State University.  "I would call it a crisis, yes," 

Rogers said.  When he visited Pando two years ago, the clone seemed reasonably healthy. But 
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when he went back with a team of forestry experts three weeks ago, he was shocked. "We're 

looking at a situation," Rogers said, "where the whole clone could crash pretty quickly here, 

within the next few years."  The bark of Pando's mature trees shows they're dying from drought 

and beetles. That's typical of aspen stands throughout the West and, by itself, is not especially 

worrisome. What is more disturbing is that small trees and sprouts have vanished from the area 

spanned by Pando.  "There was no regeneration and there was no mid-story tree," Rogers said. 

"So if you might think of those as the young ones and the juveniles, there's no young ones to 

replace those dying trees. So this set off alarm bells."   

 

Rogers said there is an overabundance of deer and elk in the area, and he believes the wildlife is 

feeding on the young sprouts. He also said a small amount of livestock grazing in the area is 

playing a minor role.  Rogers wants to fence out the deer and elk. A small portion of Pando, less 

than 10 percent, is already fenced and is thriving and regenerating.  Some government agencies 

are looking into the emergency fencing proposal, but that strategy is sure to be controversial. 

Fences would have to be quite high to be effective in holding out deer. Another complication is 

that recreationists may have concerns about a high fence in such a scenic area.  

 

A U.S. Forest Service campground adjacent to Fish Lake is actually within Pando's biological 

boundaries.  If Pando does die out, or becomes sharply reduced in size, it would be particularly 

poignant because of the clone's presumed age.  Pando is conceivably the oldest living thing ever 

studied.  A recent study pegging Pando's age at 80,000 years led to media coverage in Europe. 

But other scientists are skeptical because there's no reliable way to determine the age of an aspen 

clone.  "People's estimates go from, you know, perhaps, low-thousands, up to even a million 

years old," Mock said. "Nobody really knows, and we don't have a very good way of asking that 

at this point, unfortunately."  Rogers believes that if nothing is done, Pando may shrink to 

become an ordinary, unspectacular remnant of its former glory.  "So we really need to hold on to 

this international treasure," Rogers said. "But it's slipping away very quickly." 

 

Insects and Diseases 

 

The Pando Clone has many of the insects and diseases typical of aspen clones in the Western 

United States.  DeByle describes them in Aspen: Ecology and Management in the Western 

United States.  He states that there are 33 insect species that use aspen as a food source.  Some 

are quite damaging and may kill otherwise healthy stands of aspen; others feed on weakened or 

dying trees; and still others have incidental impacts.  Those causing major damage include the 

western tent caterpillar, the poplar borer, the poplar twig saperda and several species of 

leafhoppers.  Specifically found in Utah included leafminers, sawflies and leafhoppers.  Aphids, 

thrips and parasites were moderately abundant.   

 

Although many diseases attack aspen, relatively few kill or seriously injure living tress.  The 

common leaf diseases, in general, are widely distributed throughout the range of aspen, whereas 

there are subtle differences in distribution between the important decay fungi and their 

distribution.  Many fungi are capable of attacking aspen leaves.  Because these fungi kill areas of 

leaves, they often cause premature defoliation; their damage is usually confined to reduced tree 

growth of severely infected trees.  Tree decay has long been recognized as important to aspen 

management.  The most reliable external indication of decay in aspen is the appearance of 
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fruiting bodies called sporophores or conks, which usually project from branch stubs or old 

wounds.  More than 250 species of wood-decaying fungi have been recorded in North America.  

Trunk canker is the most obvious disease problem of aspen in the West.  Because the bark is soft 

and living, the tree is extremely susceptible to damage and subsequent attacks by canker-causing 

fungi.  Perennial canker are the most important, because they gradually enlarge until they girdle 

and kill the trees.  Sooty-bark canker, is the most lethal canker of aspen in the West.   

  

DeWoody and Mock reported in 2008 that trees in the Pando Clone were succumbing to sooty-

bark canker a fungal infection that typically kills stems within 3-10 years.  Rogers in 2010 said, 

the bark of Pando's mature trees shows they're dying from drought and beetles.  Liz Hebertson 

(Entomologist) and John Guyon (Pathologist) visited the Pando Clone in 2010.  They 

documented the insects and diseases that they found in a report prepared in 2011.  Their 

examination of aspen stems in the Pando Clone revealed signs and symptoms of dieback typical 

of those observed elsewhere throughout the type.  These included insect borer attacks, canker 

diseases, bark beetle attacks, branch dieback, discolored foliage and bark, bole wounds, and 

scars.  

 

They reported that the first insect of note infesting aspen in the Pando Clone was the bronze 

poplar borer, Agrilus granulatus liragus.  The bronze poplar borer is a flatheaded, metallic 

beetle.  The larvae of this beetle initially feed in the cambium creating tightly zig-zagging 

tunnels that later can turn long and winding.  This cambial mining can girdle the branches and 

trunks of infested trees.  Up to 75% of aspen with only a few attacks can experience mortality as 

a result of this larval feeding.  The larvae then bore into the sapwood and heartwood to complete 

their development.  This activity weakens the tree structurally and allows for the introduction of 

decay fungi. In recreation sites, affected trees can present a hazard.  Damaged trees, and those 

attacked by other borers are most susceptible to attack. 

 

The poplar borer, Saperda calcarata, a roundheaded, longhorn beetle had also infested several 

stems.  This beetle typically attacks trees stressed by disease, drought and other damaging 

agents.  Females lay eggs in bark crevices during the early summer.  Once the eggs hatch, 

developing larvae feed first in the inner bark then move into the sapwood.   Numerous larval 

tunnels can weaken tree trunks making them susceptible to snow and wind breakage. 

Woodpecker excavations and decay fungi further weaken trees.  

 

The role of eastern poplar borer Dicerca tenebrica is less well understood, but damage from this 

insect is common in many aspen stands experiencing dieback.  The gallery pattern of this insect 

is intermediate in between poplar borer and bronze poplar borer with some cambial mining 

before the insect bores into the wood to complete its’ life cycle.  

 

Two bark feeding beetles, Trypophloeus populi and Procryphalus mucronatus were also 

common in the Pando Clone, and appeared to be associated with much of the current mortality. 

These two beetles were not common in the Intermountain Region until recently, but were 

commonly associated with aspen dieback and decline in Colorado.  It has been noted that 

Trypophloeus attacks trees that still have a large component of “green bark”, while Procryphalus 

is found in trees in which the bark is almost entirely dead.  
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   Figure 7.  Fruiting body (conk) of aspen trunk rot.           Figure 8. Sooty bark canker on aspen.       

 

  
Figure 9. Aspen leaf spot. 

 

They commonly observed several serious canker diseases infecting stems in the Pando Clone. 

Sooty-bark canker (Encoelia pruinosa), black canker (Ceratocystis fimbriata,, and Cytospora 

canker (Cytospora chrysosperma) commonly infect aspen in Intermountain forests. Some canker 

diseases are lethal to healthy trees, while others kill stressed trees. Cankers can also create 

infection sites for decay fungi.  Wood boring insects and wounding often predispose trees to a 

number of serious canker diseases.   

 

The fruiting bodies present on the boles of trees were indicative of infection by white trunk rot 

(Phellinus tremulae).  This fungus infects trees through branch scars and wounds and decays the 

heartwood.  In advanced stages, the central decay column is characterized by soft, yellow-white 

wood ringed by black zone lines.  The fruiting bodies are perennial, woody, hoof-shaped conks 

often associated with old branch scars.  The presence of a single conk usually indicates 

considerable decay, and aspen with up to two conks have the potential for stem breakage.  
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They also found a few fruiting bodies of Ganoderma (Ganoderma applanatum) root disease.  

This fungal disease commonly infects the root collar and roots of aspen, particularly in more 

mesic sites. Windthrow often occurs with extensive root decay.  The root wads of windthrown 

trees often exhibit a “ball and socket” appearance.  Wood tissue at the root collar appears 

yellowish and stringy, and in some cases, pocketed. Fruiting bodies may occur at the base of 

diseased trees.  Insects also usually attack infected trees.  

 

Aspen leaf spot (Marssonina populi) is the most common foliar disease infecting aspen.  This 

disease causes dry, brownish lesions with yellowish borders.  The most serious infections 

generally occur during exceptionally wet springs and result in extensive defoliation.  

 

Other insect agents can cause significant aspen damage although Hebertson and Guyon found no 

evidence of them in the Pando Clone.   Aspen leaf tier (Sciaphila duplex) and aspen twoleaf tier 

(Enargia decolor) have recently caused defoliation in Utah.   Populations of the forest tent 

catepillar (Malacosoma disstria) and large aspen tortrix (Choristoneura conflictana) have 

historically reached outbreak levels.  The duration of these outbreaks, however, has been 

relatively short (2-3 years).  Weather factors and natural enemies likely kept populations at fairly 

low levels.  With suitable climate conditions, episodes of defoliation caused by aspen leaf spot 

were also probable. 

 

Finally, depending on their severity, wounds can seriously stress trees predisposing them to 

attack by insects and decay fungi.  The activity of these agents also structurally weakens wood 

tissues increasing the likelihood of wind damage.  Extensive colonization by wood boring insects 

can ultimately result in tree mortality. Structurally weakened, declining and dead trees also 

create hazards that pose a threat to recreationists. 

 

Browsing by wildlife and domestic livestock 

 

DeByle in 1985 said that browsing has a direct impact on aspen trees.  Through the early sapling 

stage, browsing reduces aspen growth, vigor, and numbers.  Heavy browsing can eliminate aspen 

sucker regeneration.  Elk can be particularly damaging where they are concentrated.  Both 

browsing and grazing have seasonal impacts; browsing is seasonal by animal species, whereas 

grazing is seasonal because of forage availability.  Domestic livestock browse the aspen with 

increasing pressure though summer and early fall.  This browsing can be very severe, especially 

on young and succulent sprouts.  An aspen forest provides an important forage area for domestic 

livestock.  They also provide important habitat for many species of wildlife.  A primary value of 

the aspen ecosystem in the West during the past century has been production of forage for both 

wildlife and domestic livestock.  

 

Campbell reported in 2000 that unwanted utilization of aspen suckers by livestock and wildlife in 

treated areas is a major reason why many actions fail to rejuvenate and sustain aspen stands.  The 

following statement underscores this situation: Heavy browsing of suckers can deplete aspen root 

reserves, jeopardize successful regeneration, and threaten the very survival of the aspen stand.  

Coordinated and difficult decisions are needed before suckering will be successful.  Actions to 

induce suckering must not be initiated before relief from excessive browsing is obtained.  

Examples of both successful aspen regeneration and failures following treatment in areas with 
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aspen present are plentiful.  Exclosures and fence line contrasts provide ample evidence that 

success or failure is often keyed to the absence or presence of domestic and/or wild ungulates. 

 

Cattle use of the Pando Clone area is limited to the late fall.  Cattle use is during a two week time 

period when the cows are trailing through the area.  Deer and elk are also found and use the area.  

Deer are the most prolific user of the area.  They travel through the Pando Clone as they go to 

obtain water from the lake.  The areas of the Pando Clone that were treated by clearcutting in 

1987 and 1988 initially sprouted abundantly.  Those two areas were small in size and were 

overwhelmed by heavy browsing pressure from mostly the deer in the area.  The area treated in 

1992 was fenced with an eight foot high net wire fence to keep the wildlife and cattle from 

impacting the new sprouts.  The sprouts in this area were able to survive and are now mostly 

over twenty feet tall.  It is known that a few deer were able to slip under the fence and cause 

some damage.  The young aspen trees have a high lined appearance today typical of a browse 

height.  

 

The portion of the Pando Clone within the Doctor Creek Campground has a fence that keeps the 

cattle out the entire year.  The area within the campground is having the same poor regeneration 

response as the area outside the campground.  Since cattle are excluded from the campground 

area, it can be concluded that cattle are not the major cause of the regeneration failure of the 

Pando Clone.  Further studies are needed to determine the exact cause of the regeneration failure.  

It is difficult to determine and measure the effects of browsing on the clone. 

 

Recreation Impacts  

 

DeByle in 1985 reported that aspen is valued for its scenic beauty.  One indication of this is the 

trips to the “high country” that many forest visitors make to view the autumn color changes.  

Aspen fits well into management for dispersed recreation activities; but it does not tolerate 

concentrated use, such as that often found in established campgrounds.  Although aspen groves 

are attractive, encouraging concentrated recreation or developing campgrounds within them can 

lead to serious damage to the trees, including carving and vandalism, destruction or removal of 

young suckers, and trampling and disturbance of the soil. 

 

The Doctor Creek Campground a popular developed campground of the Fishlake Basin is found 

in the north end of the Pando Clone.  The heavy developed use in the campground has had 

effects on the clone.  In the early 1980’s over mature hazard trees were removed from the 

campground area.  This treatment resulted in sprouting in the campground.  Don Okerlund the 

manager of the campground at that time reported to me that the new sprouts were popular in the 

campground and were used as sticks to roast marshmallows and hotdogs.  Don stated that he 

educated the users and protected the sprouts.  There are younger trees in that area of the 

campground today as a result of the 1980’s treatment and Don’s education.   

 

Aspen hazard trees are constantly being identified in the campground.  These trees are removed 

for the safety of the campground users.  Forest Highway 25 a paved highway that accesses the 

Fishlake Basin dissects the Pando Clone.  Forest Roads 1483 and 0651 also go through the 

Pando Clone to provide access to a communications site, sewer lagoons and provides access for 

dispersed recreation use within the Pando Clone.  A foot and horse trail leaves the Doctor Creek 
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Campground and transverses the Pando Clone to the south.  A buried sewer line that serves the 

Fishlake Basin recreation facilities also traverses the area as well as an overhead power line.  The 

area is used in the fall by hunters.  There are several summer homes located in the northern 

portion of the clone as well.  These recreational impacts are having a major effect on the health 

and vitality of the clone.   

 

Lack of Disturbance 

 

The lack of disturbance in the Pando Clone is similar to that occurring in many of the aspen 

forests in the west.  Bartos and Campbell in 1998 explained it best.  They said that quaking aspen 

are unique because, in contrast to most western forest trees, they reproduce primarily by 

suckering from the parent root system.  Generally disturbance or dieback is necessary to 

stimulate regeneration of aspen stands.  These self-regenerating stands have existed for 

thousands of years.  If they are lost from the landscape, they will not return through normal 

seeding processes as do other tree species.   

 

Aspen landscapes in the West provide numerous benefits, including forage for livestock, habitat 

for wildlife, watershed protection, water yield for downstream users, esthetics, sites for 

recreational opportunities, wood fiber, and landscape diversity. 

 

Loss, or potential loss, of aspen on these lands can be attributed to a combination of successional 

processes, reduction or elimination of fire, and long-term overuse by ungulates.  Existing 

conditions indicate that most aspen stands will eventually be replaced by conifers, sagebrush, or 

possibly other shrub communities.  The decline of aspen results in loss of water, forage, and 

biodiversity.  Numerous landscapes throughout the West that were once dominated by aspen are 

in late successional stages dominated by mixed-conifer.  If restoration treatments are to be 

successful, action must be taken soon. 

 

The Pando Clone is in its late successional stage as described above.  Any new sprouts that are 

produced are browsed as soon as they appear or are trampled by the heavy recreational use.  

Lack of disturbance in the clone is leading to its demise.  It has also been suggested that other 

factors such as drought and climate change may also be leading to the demise of aspen in the 

West as well as for the Pando Clone.  

 

Existing fenced area. Effectiveness of exclosures. When to remove. 

 

There are two aspen exclosures that exist in the Pando Clone.  The first area fenced was the area 

treated in the spring of 1992.  The area, approximately ten acres, was fenced in the fall of 1992 

by the district project crew.  It was fenced to an eight foot height with net wire.  The fence was 

quite effective in keeping wildlife and domestic livestock from the area for the first few years.  

This allowed the sprouts to become established.  Eventually some of the deer learned to slip 

under the fence.  The second exclosure was constructed in the fall of 2006.  This two acre 

exclosure was designed to test the ability of the clone to send up sprouts without treatment.  It 

was evident that sprouts were being produced and not surviving. This exclosure was adjacent to 

the one that was built in 1992 and to the north.  Deer coming down the slope to water were still 

able to jump into the fenced area and then could not get out.  The height of the upslope portion 
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was increased by placing barbed wire on top of the eight foot net wire portion.  This seemed to 

help but deer were still observed in the fenced area.  It was believed they were getting through 

from the adjacent exclosure.   

 

 
Figure 10 – Exclosure constructed in 1992. 

 
Figure 11 – Exclosure constructed in 2006.  The 1992 

exclosure can be seen in the background. 

 

The first exclosure was very effective in protecting the aspen sprouts from the 1992 treatment.  A 

healthy young aspen stand exists there today.  It has a high lined appearance resulting from the 
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browsing pressure of deer that slipped under the fence in later years.  The exclosure that was 

constructed in 2006 has not been effective.  It was evident that deer were able to get inside the 

exclosure.  There was some evidence of increased sprout survival within the untreated exclosed 

area.  It shows what has been known, that aspen sprouts better when there is a disturbance.  

 

The question of how long an exclosure should remain to protect the aspen sprouts is often asked.  

The answer varies for each particular exclosure.  The exclosures in the Pando Clone have 

remained in place due to the ongoing research that is being conducted within the clone.  An 

exclosure must remain in place until the sprouts get tall enough to be out of reach of the various 

animals that use the aspen.  Wayne Shepperd a Rocky Mountain Forest and Range Experiment 

Station research silviculturist warned that even when the sprouts seem to be high enough, from 

his observations elk can push over and break the sprouts so they can be eaten.  Brian Ferguson, 

former Regional Siliviculturist wrote a paper that contains many of the answers for effective 

aspen regeneration.  He stated, in the development of new aspen stands, how many suckers are 

required to result in an acceptable regeneration event and how much grazing impact from 

ungulates, both wild and domestic, should be allowed that would result in an adequate 

regeneration component are important questions to consider.  The answer to the first question is 

highly dependent upon the response to the second.  If herbivory will have no impact on the 

affected stand or landscape, then several hundred to a few thousand suckers per acre should be 

adequate.  A major consideration is the type of aspen community being treated.  There are two 

basic aspen types recognized in the Intermountain Region, seral and stable.  A distinct desired 

condition or target stand should be defined for each, during the development of the vegetation 

prescription.  Seral aspen is defined as those stands where aspen are actively replaced over time 

by conifers.  Stable aspen are those areas where aspen remain dominant with little or no conifer 

replacement over at least one generation (approximately 70-100 years).     

 

Ferguson also said the general health of the stand must be determined prior to prescribing a need 

for regeneration.  If there are indications of declining health of individuals within the clone or 

holes in the canopy, and if regeneration is not obvious in the understory then the regeneration 

treatment should be implemented.  Since the lower canopy levels do not require the mass 

suckering event characteristic of a stand replacement treatment, only a few hundred suckers per 

acre (500+) at 6 feet in height may be required for that event to be adequate.  It is obvious that 

with this low number of suckers, there would be a lower percentage of grazing hits allowed 

before adverse impacts would occur.  When looking at canopy gaps in stable clones, watch for 

indications of root rots that would adversely affect aspen suckering.  If suckers are not present 

and root rot is not suspected, then look for indications of grazing impacts.  Treatments in seral 

aspen tend to favor the development of a single cohort with the initiation of the suckering event 

resulting in tens to hundreds of thousands of suckers per acre.  The most critical time for 

herbivory impacts is between the regeneration disturbance event and when the suckers grow to 

the desired 6 foot height.  During this time it is important to have as many new suckers as 

possible, depending on site conditions.  The fewer suckers per acre present at initiation would 

dictate that fewer stems could be impacted by ungulates or disease.  The objective, depending on 

habitat type would be to have 2000-5000 stems per acre at 6 feet height over 70% of the area 

treated.  This means that 2000-5000 stems must maintain a strong terminal leader with no 

grazing hits.  The goal from one year to the next is to see a net gain in stand height growth.  
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Another critical monitoring point is to see at least 1000-1500 stems per acre when they are 10-15 

feet tall and 1.5 inches DBH. 

 

Grazing impacts can be caused by wild ungulates (moose, elk, deer and antelope) or permitted 

livestock (sheep and cattle), and in some areas by other small mammals (hares, rabbits, gophers, 

mice, etc.).  Some areas with heavy wildlife use show aspen treatment areas converting to 

grassland types (White Ledges Timber Sale on the Fishlake NF).  Wild ungulates are difficult to 

control, however some types of fencing provide adequate protection.  Another method is to 

implement large treatment areas to disperse impacts to allow the acceptable development of the 

new cohort.  Where adverse wildlife populations are known to exist; if the treatment areas cannot 

be protected then the treatments should not occur.  Where wildlife and domestic livestock may 

both impact the treatment areas, uncontrolled grazing is almost certain to create an unfavorable 

outcome.  In this situation, as well as where domestic livestock is the primary concern, we would 

have the best opportunity for success by controlling livestock movements.  The key in this area is 

to coordinate vegetation treatments and livestock control between the range permittee, range 

vegetation staff and the silviculturist.  If there is a lack of commitment or a problem with 

assuring adequate protection for the treatment area then the treatment should not be 

implemented.   

 

As Brian Ferguson has recommended in his paper, the aspen exclosures should not be removed 

until the aspen are at least six feet tall and there are 2000-5000 stems per acre.  A better time 

may be when they are 10-15 feet tall and there are 1000-1500 stems per acre.   

 

Each exclosure should be evaluated separately by all of those concerned.  The exclosure may be 

part of a research study and its existence would need to be maintained throughout the life of the 

study.  The area within the exclosure is important to permittees as a source of forage.  It would 

not be economical to maintain the exclosures in place for long periods of time.  One should 

expect the aspen exclosures to remain in place for at least three to five years to assure that the 

aspen sprouts have reached the height that is out of reach of the animals that are using it for 

forage.  There should not be a reason to maintain an exclosure for more than ten years unless it is 

needed for an ongoing study. 

 

 Declining nature of clone 

 

The lack of disturbance is a primary cause of the declining nature of the Pando Clone as was 

previously described.  As Bartos and Campbell described in 1998 the decline is attributed to a 

combination of successional processes, reduction or elimination of fire, and long-term overuse 

by ungulates.  I have seen a big change occur within the Pando Clone over the past twenty-four 

years.  The Pando Clone is comprised primarily of aspen with a few conifer species present 

including Engelmann spruce, Douglas-fir and subalpine fir.  The conifer species have not 

increased that much over the time I have watched them.  It is the density of the aspen trees that 

has seen a significant change.  Grant in 1993 stated that there were over 400 trees per acre found 

in the clone.  Today there are probably less than a third of the numbers of trees remaining.  In 

1988 the summer homes could not be seen from Highway 25.  At that time the clone was more 

dense and healthy looking.  Today you can see the summer homes from the highway.  There are 
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many trees that have died over the past twenty-four years, some of which have fallen and some 

that are still standing.   

 

The condition of the Pando Clone is currently reaching a critical state as it relates to its survival.  

Actions need to be taken to assure the “the world’s largest living organism” can survive.  The 

Fishlake National Forest has a unique challenge to protect this iconic resource.  At least a portion 

of the clone was saved and regenerated during the 1992 treatment. 

 

The Clones Notoriety 

 

The notoriety of the Pando Clone is described in detail in the introduction section of this case 

study.  The Pando Clone was nominated by Grant, Mitton and Linhart in 1992 as the most 

massive living organism in the world.  Since then the clone has received a lot of attention and 

publicity, even to the point of having a postage stamp issued in its honor.  Today the clone still 

holds its title.  The Fishlake National Forest wants the clone to be able to retain its claim to great 

fame.  As was previously described a group of scientists are trying to organize an emergency 

rescue effort to save the clone.   

 

Recommendations   

 

The Fishlake National Forest is very concerned about aspen management on the Forest.  The 

decline of the Pando Clone is especially concerning.  The Fremont River Ranger District has 

proposed a project to study and restore portions of the clone.   

 

The Utah Forest Restoration Working Group has developed “Guidelines for Aspen Restoration 

on the National Forest in Utah.  The Forest has asked the working group to use the Pando Clone 

as one of their test areas for their new guidelines.  The guidelines outline a menu of 18 possible 

responses that may be taken for aspen types.  It also includes seven general recommendations to 

help select the appropriate response option.  The group visited the area in the Fall of 2010 and 

made some recommendations for saving the clone as is evidenced by the Hollenhorst article in 

the Deseret News on October 7, 2010.  

 

The Fishlake National Forest has formed an interdisciplinary team to propose a project using 

recommendations from the Utah Forest Restoration Working Group.  The Resource Advisory 

Council for the Forest has agreed to provide some funding for fencing portions of the clone.   

 

The proposed action as outlined by the interdisciplinary team states that the Fremont Ranger 

District of the Fishlake National Forest proposes to implement management actions to stimulate 

new growth within the Pando Clone.  These actions include the following 3 phases: 

1. Construct an 8-10 foot high fence around approximately 67 Acres of the clone to prevent 

herbivory from ungulates.  This will include two separate fenced areas, one on the 

northwest side of highway 25 and one on the southeast side.  Construction of the fence 

southeast of highway 25 will be completed first. Funds from the Fishlake National Forest 

Resource Advisory Council for Secure Rural Schools Title II will be available for this 

project in early 2012.   
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All fencing will be constructed to prevent herbivorous animals from going under or over the 

fence. Trees having the potential to fall on the fence will be cleared prior to fence 

construction.  Areas to be excluded from fencing within the clone include the Doctor Creek 

Campground and the recreation residences.  The non-motorized trail that presently goes 

through part of the clone southwest of the campground will be rerouted outside of the fenced 

area to the east and will lie parallel to the fence. The fence will be maintained and kept 

functional in years subsequent to its construction.  The dispersed camping area to the 

southeast of highway 25 on forest road 1483 will be closed.  Access to the communication 

site from Forest Roads 1483 and 2604 (southwest of the project area) will remain open.  

Access to the sewer lagoons will also remain open.   

2. This phase includes treatments that are designed to encourage regeneration of young 

aspen.  These treatments include:  

 

 a) Burning—this treatment will include burning of common juniper understory, which 

exists as discrete ground-cover layers throughout the clone.  No burning will occur in the 

northwest portion of the clone near the recreation residences or the Doctor Creek 

Campground.   

 

b) Cutting—in addition to clearing the trees and vegetation close to the fence line, 

selected areas will be cut to remove overstory, allowing additional sunlight for new 

shoots, and stimulate regeneration of young sprouts.  

 

c) Combination of burning and cutting, and  

 

d) Ripping of aspen roots—this involves mechanically severing aspen roots using a 

dozer-mounted riper with a single line, single pass pattern over the selected areas.  

Severing lateral aspen roots has been shown to effectively stimulate aspen suckering.   

All of the above-mentioned treatments will be completed on plots no larger than five 

contiguous acres.   

3. This phase will include monitoring results of phase 2 to determine the most effective 

treatment(s) for regeneration within the clone.  These treatments will then continue to be 

implemented on other plots within the fenced portion of the clone.    

The decision for the project has not been made, but the first phase will probably be implemented 

first and then the other phases will be considered based upon the success of the first phase. 

 

It is hoped that treatments in the Pando Clone can be implemented in such a way that the clone 

can regenerate and be able to retain its claim to being the “world’s largest living organism”. 
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Outline 

Problem Statement. The Pando Clone located on the Fishlake National Forest near Fish Lake has 

gained notoriety for being the world's largest living organism. I have worked with the clone over 

the last twenty three years and have information concerning the clone that would be beneficial to 

document. There are several issues going on in the clone that would be explored and suggestions 

given for implementation. 

 

Issues.  

1. Insect & disease  

2. Browsing by wildlife and domestic livestock  

3. Recreation impacts  

4. Lack of disturbance  

5. Existing fenced area. Effectiveness of exclosures. When to remove.  

6. Declining nature of clone  

7. The clones notoriety  

8. Other 

 

Documentation and recommendations 

 

Citations 
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Print this fact sheet
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Quick Facts…

Five fungi cause most foliage diseases on aspen, cottonwoods and other poplar species.

Foliage diseases develop readily in wet, cool weather.

Foliage diseases decrease a tree’s aesthetic value and can cause premature defoliation.

Severe outbreaks can affect tree growth and reduce defense capabilities of the tree.

To reduce future disease problems, rake up and dispose of leaves and prune out branches with cankers.

Timing of fungicide applications to prevent infections is critical.

Foliage diseases can reduce the aesthetic value of aspen and cottonwood. Occasionally, a severe disease outbreak

causes premature defoliation or dieback of parts of the tree.

If a tree loses its leaves early in the season, it may grow new ones and its health is not seriously affected. If it loses

them in midsummer, however, growing new leaves may prevent the tree from fully hardening off before cold weather

or reduce the amount of stored food. This leads to increased danger of frost damage, reduced growth, and

predisposition to other diseases or insects. If the tree loses its leaves late in the season, it will not grow new ones or

lose much vigor.

Marssonina Leaf Spot

The fungus Marssonina causes the most common foliage disease on aspen and cottonwoods in urban and forested

areas of Colorado.

Marssonina leaf spots are dark brown flecks, often with yellow halos (Figure 1). Immature spots characteristically
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Figure 1: Marssonina leaf spot on cottonwood.

Figure 2: Marssonina leaf spot on aspen, late

symptoms.

Figure 3: Septoria leaf spot showing tan

circular spots.

have a white center. On severely infected leaves, several spots may fuse to

form large black dead patches in late summer (Figure 2). Spots also may

develop on leaf petioles and succulent new shoots.

Marssonina survives the winter on fallen leaves that were infected the

previous year (Figure 9). With spring and warmer, wet weather, the fungus

produces microscopic spores that are carried by the wind and infect

emerging leaves. Early infections are rarely serious, but if the weather

remains favorable, spores from these infections can cause a widespread

secondary infection. Heavy secondary infections become visible later in

the growing season and cause premature leaf loss on infected trees.

Septoria Leaf Spot

The fungus Septoria causes a common foliar disease mainly on

cottonwoods and occasionally aspen in urban areas of Colorado.

The appearance of Septoria leaf spots varies considerably between tree

species and with time. Symptoms include, in early summer, a distinct tan

circular spot with black margins and small black fruiting bodies in the

center (Figure 3), and finally in late summer, irregular brown to black

spots that coalesce into large areas (Figure 4).

The disease is rarely a problem on plains and eastern cottonwoods but can

cause defoliation at least a month early and visual quality loss on lanceleaf

cottonwoods. In wetter climates, another species of the fungus also causes

cankers on twigs and main stems.

Septoria survives the winter on fallen leaves that were infected the

previous year (Figure 9). With spring and warmer, wet weather (70 to 75

degrees F), the fungus produces microscopic spores that are carried by the

wind and infect emerging leaves. Early infections are rarely serious. If the

weather remains favorable, spores from these infections can cause a

widespread secondary infection. Heavy secondary infections become

visible later in the growing season and cause premature leaf loss on

infected trees.

Ink Spot of Aspen

The fungus Ciborinia causes a leaf disease of aspen commonly known as

ink spot. It is found mainly in the mountains of Colorado.

The first symptoms of ink spot appear in late spring to early summer as tan

to brown areas on the upper leaf surfaces. Concentric, discolored ring

patterns may become visible as the fungus advances through the leaf

(Figure 5). These concentric patterns can be confused with leafminer

attacks. Infected leaves may be totally brown by midsummer, while

Urban poultry needs more

regulation to protect huma

animal health
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brown to black spots.

Figure 5: Ink spot disease on aspen in early

summer.

Figure 6: Ink spot disease on aspen in

midsummer.

Figure 7: Shoot blight on aspen showing black

and curled stem.

appear on affected brown leaves. These hard masses of fungal material

(sclerotia) are oval and nearly 1/4 inch long. These are the “ink spots” that

give the disease its common name (Figure 6). In late summer, these spots

may fall out, leaving a characteristic “shot hole” effect on leaves that

remain on the tree. This disease is especially prevalent in dense aspen

stands. Early season defoliation may reduce growth.

The sclerotia that fall from infected leaves are the overwintering stage of

the fungus. Wet spring weather stimulates fruiting bodies to form from the

sclerotia and produce spores. Spores are blown and splashed from the

ground to developing leaves.

Leaf and Shoot Blight

Leaf and shoot blight, caused by the fungus Venturia, is a disease affecting

young aspen and cottonwood tissue primarily in the mountains.

In the spring, symptoms first become visible on leaves near shoots infected

the previous season. Brown to blackened, irregularly shaped areas spread

through the leaves, causing them to dry and become distorted. Typically,

the fungus spreads down through the succulent new shoot, causing cankers

that blacken and curl the not yet strengthen (lignified) stem tip until it

resembles a shepherd’s crook (Figure 7). Death of new shoots causes

distorted, shrubby growth.

The leaf and shoot blight fungus survives the winter mainly on shoots

infected the previous season. Spores are windblown early in the season

and infect newly expanding leaves and shoots. As the season progresses,

uninfected tissue becomes more resistant to the disease.

Leaf Rusts

A rust disease caused by the fungus Melampsora is often seen on aspen

and cottonwood. Though common, this disease rarely causes serious

damage to trees since the disease develops late in the summer/fall and

rarely causes early defoliation. The disease damages leaves after most

photosynthetic needs for the tree are completed.

The disease is easily recognized by small, yellow-orange pustules that are

scattered on the lower leaf surfaces (Figure 8). These orange pustules are

most visible in late summer and early fall.

The life cycle of this fungus requires two different tree hosts. During wet

spring weather, spores are released from the fungus, which has

overwintered on fallen cottonwood or aspen leaves. These spores infect

evergreen needles, such as Douglas-fir, pine, fir or spruce, where they

cause little damage. After two to three weeks, spores are produced on
SHARES
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Figure 8: Leaf rust.

the rust is established on aspen or cottonwood hosts, it can multiply

rapidly under favorable wet conditions throughout the summer. Several

years of heavy infections can cause some growth losses, especially on

younger trees. Fallen infected leaves shelter the fungus until the next

year’s disease cycle.

Disease Management

Tree resistance is the best way to prevent foliar diseases. Several poplar

hybrids or species are resistant to one or more of these diseases. Ask your

local nursery for a resistant variety. Some aspens are resistant to leaf spots,

but aspen production methods make it difficult to select trees for

resistance.

Sanitation is an effective control for some foliar diseases. Fall removal of infected leaves, twigs and branches can

reduce the amount of disease the next spring. Raking and destroying infected leaves can reduce Marssonina and

Septoria leaf spot, ink spot and leaf rust. The shoot blight fungus overwinters in diseased stems and twigs, so it can

be pruned out to reduce new infections.

Keep leaves as dry as possible to reduce the incidence of leaf spots:

Irrigate in early morning so leaves can dry out.

Keep sprinkler patterns adjusted so leaves don’t stay wet.

Space trees apart to reduce humidity to help prevent leaf diseases.

Fungicide sprays are not normally needed but if applied early enough, can prevent foliage diseases. Spraying will

prevent only new infections; it will not cure leaves already infected. If an infection is developing on particularly

valuable trees, or if there is good reason to believe an infection is imminent, the trees can be sprayed with fungicides.

Trees that perennially have foliar diseases should be sprayed at bud break and then two or three times during the

growing season at 12- to 14-day intervals. Check fungicide labels carefully since allowable uses and rates can change.

Fungicides labeled for leaf spots should work well for all these diseases except for the rusts since they are in a

different fungal group. Other fungicides may be required for rust diseases. Please follow label rates and directions

when applying. Check with your Colorado State University Extension county office or Colorado State Forest Service

district forester for specific fungicide recommendations.
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Figure 9: Generalized disease cycle of aspen and poplar leaf spots. Cankers form on trees with shoot blight only.

Trees and shrubs – the backbone of your landscape

Trees and shrubs add year-round structure, beauty and texture to Colorado landscapes. They can attract

wildlife and protect your home and yard from wind and sun. To get the most from them, see our many

fact sheets on:

Selecting trees and shrubs.

Planting and watering.

Pruning.

Coping with diseases and insects.

Address: 115 General Services Bldg.

Colorado State University

Fort Collins, CO 80523-4061

Phone: (970) 491-6198

Toll-free: (877) 692-9358

Fax: (970) 491-2961

E-mail: ccs_resourcecenter@mail.colostate.edu

Web: www.ext.colostate.edu

Colorado State University professor, bioagricultural sciences and pest management. 2/99. Revised 12/13.

Colorado State University, U.S. Department of Agriculture and Colorado

counties cooperating. Extension programs are available to

*
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The recent passing of Wally Broecker (18 February 
2019) marks a time of passage. Our community lost 
the scientist who gave us the ocean conveyor belt, 
the concept of climate jumps, and ocean-atmosphere 
reorganizations. 

The first paper Broecker as the lead author was La-
mont Natural Radiocarbon Measurements III in 
1956. Back then, before the journal Radiocarbon 
came on line, routine age estimates were considered 
worthy of publishing in Science. The utility of chro-
nology deeper into the past was being recognized. 
Wally then measured radiocarbon and pondered what 
it could tell us about lake levels, nuclear tests, ocean 
circulation, humans, fresh-water systems, caves, bur-
ied forest beds all by 1963. He moved on to other 
isotopes in natural systems. 

His “Climate change: are we on the brink of a pro-
nounced global warming?” in 1975 was the first of 
many papers that framed a question. Questions that 
were novel, yet sometimes contentious but moved 
the thinking and perspective of the Quaternary com-
munity along. His some 400 publications have been 
cited nearly 30,000 times. A fitting tribute to Wally 
is at http://www.comerfamilyfoundation.org/articles/
remembering-wally-broecker. 

Who will fill his shoes? 

In 1969, Link Washburn founded the Quaternary Re-
search Center at the University of Washington 
(QRC). Link advocated that key problems require an 
interdisciplinary approach.  

Problems such as patterns, causes, impacts of the ice 
ages that define the Earth’s atmosphere, oceans, and 
land surface for the last 2.6 My. 

The QRC began publishing Quaternary Research to 
communicate new developments. Quaternary Re-
search has grown from a niche journal to one with 
global scope by publishing articles that have interdis-
ciplinary interest. 

The publication of more than 4000 papers includes 
these classics: -Age dating and the orbital theory of 
the ice ages: Development of a high-resolution 0 to 
300,000-year chronostratigraphy - Martinson, Pisias, 
N.G. Hays, J.D. Imbrie, J,, Moore Jr., T.C. Shackle-
ton, N.J. Martinson, D.G. 

-Oxygen isotope and palaeomagnetic stratigraphy of 
Equatorial Pacific core V28-238: Oxygen isotope 
temperatures and ice volumes on a 105 year and 106 
year scale - Shackleton, N.J. Opdyke, N.D. 

-Holocene climate variability - Mayewski, P.A. 
Rohling, E.E. Stager, J.C. (...), Schneider, R.R. Steig, 
E.J. 

-Origin and consequences of cyclic ice rafting in the 
Northeast Atlantic Ocean during the past 130,000 
years - Heinrich, H. 

Each paper has been cited more than 1300 times. 

In 1970 a new organization with Link Washburn, 
President, Margaret Davis, Secretary, and Robert 
Ruhe, treasurer called itself the AMerican QUater-
nary Association (AMQUA).  

The View from the Moraine: the President’s 
Message 
By Tom Lowell 

University of Cincinnati, lowelltv@ucmail.uc.edu 

 Passing the Torch 
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This outfit headed to Bozeman Montana to confab in 
what has become a biannual affair. We realized that 
each disciplinary was only seeing a piece of the ele-
phant and communication among various workers 
was essential for any deeper understanding. 

Much has changed in the last 50 years: the pace of 
science, the tools we use, the reporting system. The 
Quaternary has become, for better or worse, associat-
ed with “Climate Change”. It may be few outside our 
field appreciate the difference. Every week some re-
port based, on remote sensors of some kind, declare 
“this is the most extreme event yet”. At least that is 
the way the newspapers write it up. 

As students of deeper time we place things in a long-
er time scale and sometimes ask if this really was a 
record or simply the extreme captured by modern 
techniques. What more is there needed to understand 
the structure of the Quaternary? I don’t know a spe-

cific answer to that, but I suspect it will be the inte-
gration / synthesis across many fields of study. 

Who will emerge with the torch Wally passed? Look 
to someone with perspective of the three Quaternary 
organizations founded some 50 year ago. 

Please join us in Seattle 2020 to celebrate the accom-
plishments over the last 50 years and ponder what 
the next 50 years may bring. 

 

Tom 

I am happy to announce that the AMQUA council on March 27, 2019 accepted a proposal from the Qua-
ternary Research Center (QRC) and the University of Washington (UW) to host the 2020 Biennial Meeting 
in Seattle June 17 to 20, 2020. Although there was interest from several groups, the QRC/UW proposal 
was the only one submitted for consideration. AMQUA has held its biennial meeting twice before on the 
UW campus with previous meeting themes of Character and Timing of Rapid Environmental and Climate 
Changes (1982), and People and Process in the Quaternary Pacific Northwest (2014). The specifics of this 
meeting are still being developed but 2020 represents the 50th anniversary of the relationship between 
AMQUA and the QRC and coincides with the new QRC project called “Quaternary Futures”. More infor-
mation about the meeting will be shared on the AMQUA website and through the AMQUA listserv but I 
anticipate another enlightening and enjoyable Biennial Meeting in Seattle. 

2020 Biennial AMQUA Meeting 
- News - 

By Colin Long 
University of Wisconsin Oshkosh, longco@uwosh.edu 
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Madagascan stalagmites cast doubt on ITCZ movement as the domi-
nant control on tropical hydroclimate variability 

By Nick Scroxton1,2 and Stephen Burns1 
1University of Massachusetts Amherst 

2Massachusetts Institute of Technology 

S ome of the most iconic paleoclimate records in 
the tropics come from the stable oxygen iso-
topes of stalagmites, such as Hulu and Dongge 

caves in China, and Botuvera Cave in Brazil. These 
records demonstrate antiphase behavior between 
northern and southern hemisphere tropical hydrocli-
mate. Anticorrelated time series at both the preces-
sional timescale and in response to millennial scale 
events during the last glacial period are interpreted as 
showing latitudinal movements of the tropical rain 
belt, or the Inter Tropical Convergence Zone, through 
time. 

At other timescales, this mechanism has often been 
invoked to explain wet and dry phases in tropical hy-
droclimate records. New discoveries from southern 
hemisphere climate archives are challenging the sim-
plistic dipole narrative. 

Professor Stephen Burns, postdoc Dr. Nick Scroxton, 
and Peterson Faina, a PhD student at the University of 
Antananarivo, have been using stalagmites from Mad-
agascar to investigate past changes in rainfall on the 
island (Fig. 1). By comparing their records to other 
hydroclimate records from East Africa and the Arabi-
an Peninsula they have discovered that rainfall varia-
bility in the region does not fit the dipole pattern. 

Over the last 1,700 years, summer monsoon rainfall in 
Madagascar is in-phase with summer monsoon rainfall 
in Oman at multi-decadal scale variability.  

At the multi-centennial scale rainfall around the entire 
East Indian Ocean appears to be varying together. 

This remarkable in-phase variability suggests that East 
Indian Ocean sea surface temperatures may be the 
dominant control on regional rainfall during the Holo-
cene (Scroxton et al., 2017, doi:10.1016/
j.quascirev.2017.03.017). 

Research Project Reports 

Figure 1. PI Stephen Burns and PhD student Peterson 
Faina investigate a cave in southwest Madagascar. 
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First order variability in the oxygen isotope record 
tracks sea surface temperatures between 22 and 12 kyr 
BP (Fig. 2). A response to movement of summer Had-
ley circulation is present in the record, forming a sec-
ondary influence on the stable isotopes, but a stronger 
control on speleothem growth phases (Scroxton et al., 
2019, doi:10.1029/2018PA003466). Both the dynamic 
(atmospheric circulation patterns) and thermodynamic 

(sea surface temperatures) controls on rainfall have a 
role to play in modulating rainfall and monsoon 
strength in Madagascar. 

Current targets for the group include extending this 
research to other time periods, including the 4.2 kyr 
event and millennial scale variability during the last 
glacial period.  

Figure 2. New stalagmite data suggests rainfall variability in southwestern Madagascar might be controlled primarily by 
sea surface temperatures in the Mozambique Channel rather than a purely atmospheric control from summer Hadley Circulation 
variability (Scroxton et al., 2019, doi:10.1029/2018PA003466). 

The Macy Fork local fauna (11,550–11,000 14C yrs BP): exploring late 
Pleistocene vertebrate biodiversity on the Southern High Plains of 

Texas 
By John Moretti and Eileen Johnson 

Museum of Texas Tech University 

T he late Pleistocene vertebrate fauna of North 
America exhibits distinctive species composi-
tion and biogeographic patterns that are not 

analogous (i.e., non-analog) to the extant faunal com-
munities. Documentation of these non-analog faunas 
provides evidence of the tempo and mode of biotic 
and abiotic changes during the late Quaternary. On the 
Southern High Plains, the diversity of the non-analog 
late Pleistocene vertebrate community is well docu-

mented by the Clovis local fauna of Lubbock Lake at 
~11,100 14C yrs BP and less so by the Clovis local 
Fauna of Blackwater Draw Locality 1 from ~11,600 to 
11,000 yrs BP (Johnson, 1986). The alluvial deposits 
of Macy Locality 100 offer an additional view of the 
latest Pleistocene vertebrate community from the east-
ern edge of the Southern High Plains, Texas (Fig. 1). 
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Ongoing, interdisciplinary investigations at Macy Lo-
cality 100 have produced a large sample of vertebrate 
faunal remains. (Fig. 2). This material comes from two 
latest Pleistocene depositional units: the basal gravel 
(~11,550–11,300 14C yrs BP); and fluvio-lacustrine 1 
(~11,300–11,000 14C yrs BP). Taphonomic processes 
are multi-faceted, with faunal remains being accumu-
lated through a combination of processes, including 
flowing water and predator behavior. Taxonomic anal-
ysis of a sample of recovered faunal remains assigns 
1,628 individual specimens to 63 vertebrate taxa. This 
faunal assemblage from Macy Locality 100 is termed 
the Macy Fork local fauna (~11,550–11,000 14C yrs 
BP). 

The Macy Fork local fauna contains all vertebrate 
classes (i.e., fish, amphibians, reptiles, birds, and 
mammals) and a range of body sizes. The fauna is spe-
cies rich, but highly uneven with Rana pipiens Com-
plex (Plains leopard frog) and Terrapene carolina put-
nami (extinct box turtle) predominating. The T. c. put-
nami sample is one of the largest documented and in-
cludes several complete carapaces. Notable within the 
local fauna are a total of 14 new regional records, in-
cluding extralimital forms. Among new records for the 
Southern High Plains are Panthera atrox (American 
lion; Johnson and Moretti, 2018) and Zapus hudsonius 

(jumping mouse; Moretti and Johnson, 2015). The 
Macy Fork avifauna is among the most species rich 
(n=14) from the late Pleistocene of the entire Great 
Plains of North America. Wetland birds in the assem-
blage, many of which are occur regionally as migrants 
today, offer important evidence of late Pleistocene bi-
ogeography. In total, the Macy Fork local fauna pro-
vides a detailed record of the vertebrate community 
composition from the Southern High Plains during the 
final centuries of the Pleistocene.  
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Figure 1. Macy Locality 100 within the Macy Fork Valley of 
Spring Creek.  

Figure 2. On-going excavation in the late Pleistocene alluvial 
sand and gravel deposit at Macy Locality 100.  
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New evidence for Ice Age refugia in western Alexander Archipelago, 
southeastern Alaska 
By Thomas A. Ager, Emeritus, 

U.S. Geological Survey, Denver, Colorado 
tomager75@gmail.com  

E arly reconstructions of glacial extent during 
the Last Glacial Interval (LGI) suggested that 
Cordilleran glaciers expanded from the coastal 

mountains to cover essentially all of southeastern 
Alaska. Subsequent studies indicate that there were 
some areas along the western edge of the Alexander 
Archipelago and the adjacent subaerially exposed con-
tinental shelf that escaped inundation by glacial ice. 
These areas provided refugia for many plant and ani-
mal species to survive the LGI, and were an early lo-
cal source of species to begin recolonizing the region 
as deglaciation proceeded. This research reconstructs 
the history of vegetation development in southeastern 
Alaska since soon after deglaciation began. New pol-
len analysis and radiocarbon dating of lake sediments 
from the remote southwestern coast of Baranof Island, 
at Hummingbird Lake, in southeastern Alaska (Fig. 1) 
provides evidence for a well-established population of 
pine trees (Pinus, probably Pinus contorta subsp. con-
torta) by ~15,240 cal yr BP, before the onset of 
Bølling warming at ~14,700 yr BP. 

The Hummingbird Lake coring site is located within 
an area that has been identified as a likely coastal refu-
gium for plants and animals during the Late Glacial 
Interval (Carrara et al., 2007). Other sites in south-
western Alexander Archipelago contain evidence for 
the early appearances of pine, mountain hemlock 
(Tsuga mertensiana), and Sitka spruce (Picea sitchen-
sis) in areas that cosmogenic exposure ages indicate 
deglaciated by ~17,000 ± 700 yr BP (Lesnek et al., 
2018), suggesting nearby refugia that served as early, 
local seed sources for plants colonizing newly deglaci-
ated terrain. Large areas of the inner continental shelf  

 

west of the Archipelago were subaerially exposed by 
eustatic sea level lowering during the LGI, and further 
enlarged by the development of a crustal forebulge 
resulting from lateral migration of upper mantle rocks 
in response to the heavy ice load on the Coast Moun-
tains to the east of Alexander Archipelago (Fig. 2). 

Radiocarbon dated vertebrate fossil assemblages from 
caves in southeastern Alaska indicate that glacial ice 
cover may have been of short duration (~20,000 to 
17,000 cal yr BP) during the LGI (Lesnek et al., 
2018).  

Figure 1. Map of the study region. 
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Identification of dated vertebrate remains indicate the 
presence of both marine and terrestrial animals in the 
region during much of the past ~45,000 years, with an 
arctic fauna during LGI, followed by a transitional 
fauna, and a forest-adapted terrestrial fauna during the 
warmer Holocene (Heaton and Grady, 2003; Lesnek et 
al., 2018). The recolonization of southeastern Alaska 
during and after deglaciation by plants involved an 
early lowland shrub-herb tundra stage with scattered 
conifers, followed by pine parkland with ferns, then 
alder-pine forests and shrublands during the Younger 
Dryas cool event. During the early Holocene, Sitka 
spruce colonized most of the region (Fig. 3), along 
with expanding populations of mountain hemlock, and 
followed by western hemlock (Tsuga heterophylla). 
As yet no sites have been found that provide evidence 
for dated full-glacial plant assemblages from this re-
gion, but there are likely areas yet to be investigated. 

This study was funded by the U.S. Geological Survey 
in cooperation with the US Forest Service, Tongass 
National Forest, Alaska. The full report will be pub-
lished in Frontiers in Earth Science as a contribution 
to the Research Topic “North Pacific Environment and 
Paleoclimate from the Late Pleistocene to Present”.  

 

More information is also available in References be-
low. 
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Figure 2. Juneau Icefield provides an analog for condi-
tions that existed in Alexander Archipelago during the Late 
Glacial Interval. 

Figure 3. Photo of western hemlock-Sitka spruce forest that 
blankets much of southeastern Alaska today. 
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T he paleoenvironmental history of the Bonne-
ville Basin during the Quaternary has been 
studied for over a century, yet the region con-

tinues to attract attention. This is not only because of 
the enigmatic nature of large pluvial lakes and high 
elevation glaciers, but because numerous uncertainties 
about the driving climatic processes and mechanisms 
still exist. Furthermore, a better understanding of 
paleohydrologic change during periods of large cli-
matic variability provides insights into the global cli-
mate system that are relevant today.  

The major paleohydrological shifts across western 
North America during the late Pleistocene, including 
the expansion and contraction of lakes and glaciers in 
the Bonneville Basin, are broadly consistent with mil-
lennial-scale trends in northern hemisphere tempera-
tures. However, more variable spatial paleohydrologic 
patterns are evident during rapid de-glacial climate 
shifts, such as the Bølling/Allerød (14.6–12.8 ka) and 
Younger Dryas (12.8–11.7 ka), and the hydroclimatic 
mechanisms, such as atmospheric circulation patterns, 
precipitation source and seasonality, and net moisture 
balance (precipitation-evaporation) are debated. There 
are far fewer continuous geologic archives in the 
Bonneville Basin with sufficient duration, temporal 
resolution, and dating control to address hydroclimatic 
variations over multiple glacial-interglacial, including 
forcing and feedbacks, and relationships with local 
glacial extents and vegetation change. Some paleocli-
mate records suggest that Bonneville Basin paleocli-
mate was asynchronous with orbital variations and 
global boundary conditions, which raises important 

questions about the nature of previous interglacial pe-
riods. This is also relevant for understanding potential 
change for the region in the future.  

To provide new constraints on late Quaternary Bonne-
ville Basin hydroclimate, we are developing a multi-
proxy sediment record from Fish Lake (38.56˚N, -
111.69˚W, 2696 m elevation), located in south-central 
Utah, near its southeastern boundary and transition to 
the Colorado Plateau (Fig. 1).  

The lake is moderate in size (~7x1.5 km), relatively 
deep (37 m), and located within the high elevation 
Fish Lake Plateau (3545 m), which was glaciated dur-
ing the last two glacial periods (~15‒23 ka and ~130‒
150 ka). The lake occupies a NE-striking tectonic gra-
ben and seismic and gravity measurements suggest the 
lake may contain sediment thickness as high as ~200 
m.  

The sediment record from Fish Lake, Utah: new insights on Bonne-
ville Basin hydroclimate and environment and the potential to extend 

the record through the Pleistocene 
By Lesleigh Anderson and the Fish Lake Research Group 

U.S. Geological Survey, Denver, Colorado 
land@usgs.gov 

Figure 1. Locator map for A. the high plateaus of Utah; B. 
Fish Lake (modified from Marchetti et al., 2011). 

mailto:land@usgs.gov
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One outlet glacier, in Pelican Canyon, deposited mo-
raines and outwash into the northern margin of Fish 
Lake (Fig. 2), but the main basin was never glaciated. 
The site is also the location of the Pando aspen grove 
that is estimated to have had a metabolically alive root 
system for at least ~80,000 years. 

We have documented the bathymetry, limnology, and 
aqueous geochemistry of Fish Lake. Water depths in-
crease abruptly several hundred meters from shore 
around most of the lake. Otherwise the lake bottom 
slopes gently towards the broad east-southeast tilting 
of the Thousand Lakes fault, which bounds the lake’s 
eastern margins. At the northern end of the lake, 
downslope from the prominent Pelican Canyon mo-
raine, a series of submerged arcuate ridges are inter-
preted to reflect more advanced glacial terminus. The 
lake is dimictic with numerous surface streams that 
flow into the lake. The one surface outflow is a tribu-
tary headwater of the Fremont River, which flows into 
the Upper Colorado River. High evaporative enrich-
ment is indicated by lake water isotope ratios and con-
servative ions, which suggest significant evaporative 
water loss and lake water residence times of 15 to 30 
years. Declines in dissolved silica concentrations be-
tween inflowing and lake waters, indicate substantial 
uptake by diatoms. During summer, epilimnion pH 
values of 8.7 contribute to slight oversaturation with 
respect to calcite/aragonite, which suggests that car-
bonate precipitates could form in minor concentra-

tions. However, below the thermocline, pH is near 
neutral and nearly all carbonate mineral dissolution 
within the water column is likely. 

We collected sediment cores through the ice in Febru-
ary of 2014 using a 9-cm-diameter UWITECH coring 
system in 31 m of water (Fig. 3). An 11.2-m-long 
composite core was constructed from overlapping 2 m 
drives, taken in triplicate, and dated using 12 radiocar-
bon measurements and 3 known-age tephras.  

Core lithology, CT scans (CT#), magnetic susceptibil-
ity (MS), sediment density, organic matter content, 
and biogenic silica concentrations were used to corre-
late drives and demonstrate complete recovery with 
three distinct sediment packages:  

Figure 2. The Fish Lake Plateau, Pelican Canyon, and 
moraine viewed from Fish Lake, south central Utah.  

Figure 3. A. Coring Fish Lake, Utah, with the UWITECH. Two 
days of continuous work was required to obtain 3 cores of ~11 m 
length with overlapping drives. B. Dave Marchetti and Western 
Colorado University students: proud of one of the tougher drives 
to obtain. 

A. 

B. 
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1) increasing MS and CT# >25 ka, which indicates 
glaciers advancing into the lake basin, 2) high MS and 
CT# glacier derived sediments reach a maximum 
around 24–21 ka, coincident with the moraine expo-
sure ages. They then decrease slightly and persist until 
about 15 ka before a near complete loss of glacier-
derived sediments into the lake basin. Comparison of 
climate at modern glacier ELAs to the Fish Lake 
paleoglacier ELAs suggest maximum LGM summer 
temperature depressions between -8.2 and -10.1 °C. 
3). Lower MS and CT# s through the post-glacial and 
Holocene sections of the cores show a slight increase 
in minerogenic sediments from 13–11 ka, possibly as-
sociated with Younger Dryas cooling. A subtle change 
in autochthonous lake sedimentation also occurs 
around 8–7 ka. The paleomagnetic record, though 
weak in the Holocene, compares well with the high-
quality record from proximal Fish Lake, Oregon and 
Bear Lake, Utah. Beyond the Holocene, a much 
stronger MS signal is preserved that compares well 
with a paleomagnetic secular variation correlation 
template developed from Northeast Pacific marine rec-
ords.  

These data and extrapolation of the age model to the 
maximum estimated sediment thickness suggests that 
the complete Fish Lake record may be older than 500‒
700 ka and thereby spans multiple glacial cycles. 
Work is currently in progress to develop additional 
proxy records from our cores, including vegetation 
and fire (pollen, charcoal, and macrofossils), hydrocli-
mate (oxygen isotope ratios of cellulose and silica), 
and watershed processes (elemental chemistry, XRF, 
and mineralogy, XRD). We envision that these data 
will make a significant contribution to expanding our 
knowledge about Bonneville Basin paleoenviron-
ments. Our work is currently a collaborative in-kind 
volunteer effort. The longer term goal is to propose a 
drilling project in order to recover and study the com-
plete sediment record.  

Fish Lake Research Group members are L. Anderson 
(USGS Denver), D. Marchetti (Western Colorado Uni-
versity), M.B. Abbott (Univ. of Pittsburgh), S. Harris 
(College of Charleston), J. Stoner and B. Reilly 
(Oregon State University), A. Brunelle, M. Power, and 
V. Carter (University of Utah), J. Donovan (West Vir-
ginia University), D. Larsen (Occidental College), E. 
Grimm (University of Minnesota), and C. Bailey 
(College of William and Mary). 
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C limate change is an urgent, complicated, and 
challenging issue for human societies today. 
Changing climate may have large and unex-

pected influences on the global environment, leading 
to more severe living conditions for billions of people 
on our planet. To better understand relationships be-
tween climate change and human societies, we can 
look back and try to disentangle Climate–Human–
Environment interactions in the past. One example is 
the role that climate may have played in the initial suc-
cess, and the subsequent demise of Norse (Viking) 
settlements in southern Greenland (in the 10th and 15th 
centuries, respectively). To understand this, high reso-
lution, robust climate reconstructions based on multi-
ple archives are very necessary.   

We are currently using branched glycerol dialkyl glyc-
erol tetraethers (brGDGTs), a group of relatively new 
compounds, to reconstruct temperature at a decadal-
scale resolution for the last 2000 years, utilizing lake 
sediment cores collected from southern Greenland 
lakes. Although the exact source organisms of 
brGDGTs have not yet been clearly identified, by ana-
lyzing global soil samples, Weijers et al. (2007) found 
a significant relationship between the degree of meth-
ylation and cyclization in the brGDGTs with local 
temperature and pH. De Jonge et al. (2014) improved 
the method and presented a pH-independent tempera-
ture proxy, MBT’5ME. Then, in 2018, Russell et al. es-
tablished a calibration between MBT’5ME and mean 
annual air temperature from African lakes. Thus, 
brGDGTs have become a promising proxy to recon-

struct temperature conditions in the past. 

In 2016 summer, we obtained sediments cores from 
lake Igaliku (61.01°N, 45.44°W, Fig. 1) and several 
other lakes where Norse settlers had established farm-
ing communities.  We deployed sediment traps to col-
lect modern samples, and thermistors at various depths 
in the water column, aiming to establish a site-specific 
calibration to better understand the relationship be-
tween the MBT’5ME index and temperature.  

The sediment traps (Fig. 2) were placed at different 
water depths to collect yearly and monthly sediments. 
A fixed sediment trap (Fig. 2A) was assembled, using 
a funnel and a centrifuge tube attached at the bottom 
to collect sediments deposited through the funnel.  

Student Research Projects 

Acquiring a biomarker-based temperature reconstruction from the 
Norse settlements of southern Greenland  

By Boyang Zhao, PhD candidate, Department of Geosciences, University of Massachusetts Amherst  
boyangzhao@geo.umass.edu  

Figure 1. Lake Igaliku. This is a fresh water lake, about 24 
m deep, stratified during summer time with anoxic bottom water.  

mailto:boyangzhao@geo.umass.edu
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Abstract 
 

The Fish Lake Plateau (2700 – 3500 m; south-central Utah) experienced at least 
two episodes of Pleistocene glaciation.  The geographic extent of eight, late Pleistocene 
paleoglaciers (Last Glacial Maximum - LGM) were determined through field mapping as 
well as topographic map and aerial photography interpretation.  Paleoglaciers are 
reconstructed with spreadsheet models that generate glacier longitudinal profiles 
constrained by bedrock morphology, moraine crest elevations, basal shear stress and 
shape factor.  Equilibrium-line altitudes (ELAs) are determined for reconstructed glaciers 
with accumulation-area ratio, toe-to-headwall-altitude ratio, maximum altitude of lateral 
moraines, and cirque floor altitude methods.  ELAs respond directly to climate variations, 
and the difference between modern and Pleistocene ELAs is used as a proxy for climate 
change. Direct measurement of modern ELAs is not possible because Utah is not 
currently glaciated.  Regression to the July 0º C isotherm from local climate data with an 
assumed atmospheric lapse rate of 6º C/1 km indicates a 4900 m modern ELA.  ELAs for 
Fish Lake paleoglaciers range from 2950 to 3250 m, a depression of 1650 to 1950 m 
from modern levels.   

General circulation models suggest a colder, drier LGM climate in the western 
U.S.  If ELA depression is attributed solely to summer temperature depression, the 
measured depression corresponds to a 10 to 12º C lowering of LGM summer season 
temperatures.  This temperature depression is likely overestimated, however, little is 
known about possible lake enhancement from glacial Lake Bonneville on LGM 
precipitation regimes of south-central Utah.  Regardless of uncertainties due to the 
dynamic relationship between temperature, precipitation, and their combined effect on 
glacier mass balance, the ELA depression in southern Utah measured in this study 
suggests LGM summer temperatures were around 10º C cooler than modern values on the 
Fish Lake Plateau. 
 
Keywords:  glaciers, last glacial maximum, Pleistocene, paleoclimate, Lake Bonneville, 
Utah  
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INTRODUCTION 

Cyclical alterations between glacial and interglacial climate due to changes in 

incoming solar radiation (insolation) characterize the Quaternary Period of Earth history 

(1.6 Ma – present; Benn and Evans, 1998).  The Last Glacial Maximum (LGM) occurred 

approximately 21 ka and corresponds to the maximum extent of the Cordilleran and 

Laurentide Ice Sheets (Fig. 1; Mickelson et al., 1983).  During this time the 3000 m thick 

Laurentide Ice Sheet extended across central Canada, splitting the polar jet stream and 

altering atmospheric circulation patterns and moisture sources throughout North America 

(COHMAP Members, 1988).  Late Pleistocene landscapes and surficial processes 

differed significantly from present conditions as a result of these changes.  Throughout 

the western United States, maximum alpine glacial ice extent was primarily synchronous 

with the LGM (e.g. the Pinedale glaciation, Wind River Range, Wyoming; Chadwick et 

al., 1997).  Late Pleistocene timing of the maximum extent of western mountain glacier 

systems varied in space, occurring between 21-18 ka (Munroe et al., 2006).  The temporal 

variability between maximum alpine glacier extent and the LGM varies because 

temperature and precipitation levels dictate the conditions under which glaciers exist.  

Thus, spatial variations in atmospheric circulation patterns lead to cold, wet, glacially 

favorable conditions in certain regions and more arid environments in others.   

Cool summers and precipitation-heavy winters characterize the LGM climate of 

the southwestern United States (Thompson et al., 1993; Galloway, 1970).  Alternately, 

cool summers and decreased precipitation levels exemplify late Pleistocene climatic 

patterns for the northern U.S. (Hostetler and Clark, 1997; Locke, 1990; Porter et al.,  
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1983; Thackray, 2004).  These climate patterns led to the development and maintenance 

of late Pleistocene alpine glacier populations from Montana to New Mexico (Fig. 2).   

Climatic conditions conducive to limited glaciation, albeit with warmer summer 

season temperatures than during the LGM, still exist in the northern Rocky Mountains 

and the Pacific Northwest.  Modern alpine glacier populations are found in Montana, 

Idaho, Wyoming and the Cascade Range (Locke, 1989; Porter, 1977).  Late Pleistocene 

glaciations in these areas are relatively well studied (e.g. Brugger, 2006; Brugger and 

Goldstein, 1999; Licciardi et al., 2004; Meierding, 1982; Murray and Locke, 1989; 

Zwick, 1980).  Thus, comparison between past and present conditions of glaciated 

regions is possible.  This increases understanding of alpine glacial mechanics and the 

climate conditions favorable to LGM glaciation at mid-high latitudes in North America.     

However, global climate change and the collapse of the Laurentide Ice Sheet at 

the last glacial termination prevent comparison between late Pleistocene climate and 

modern analogues in the southwestern United States.  In contrast to its modern state of 

aridity, alpine glaciation, cool summer temperatures and glacial Lake Bonneville 

characterize LGM climate and landscape in the Intermountain West, the region between 

the Sierra Nevada and the Rocky Mountains (Hostetler et al., 1994; Galloway, 1970).   

Little is known regarding the nature, extent or hydrologic controls on LGM 

glaciation in the American Southwest.  In a localized study of alpine paleoglaciation in 

south-central Utah, I reconstruct late Pleistocene glaciers on the Fish Lake Plateau (Fig. 

3).  This region is not currently glaciated, however, at the LGM at least eight small, 

alpine glaciers existed on the Plateau (Fig. 4).  Glacial mapping and reconstruction of this 

region places further constraints on the nature of late Pleistocene, alpine glaciation in the  
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southern Intermountain West.  This information, in conjunction with glacial 

reconstruction studies from the Rocky Mountains and the Pacific Northwest broadens 

current understanding of the dynamics of late Pleistocene glaciations throughout the 

western United States (Leonard, 1984, 1989; Meierding, 1982; Porter, 1977; Licciardi et 

al., 2004).   

 
CLIMATE HISTORY 

ORBITAL FORCING 

Fluctuations between glacial and non-glacial climates exemplify the Quaternary 

Period.  Cyclical changes in the Earth’s orbit around the sun, known as Milankovitch 

cycles, drive these fluctuations (Benn and Evans, 1998).  The three known Milankovitch 

cycles are eccentricity, precession and obliquity.  Eccentricity is a measure of the degree 

of ellipticity of the Earth’s orbit and occurs on a 100,000 year cycle.  Obliquity, a 

measure of the tilt of the Earth’s rotational axis relative to the orbital plane, fluctuates on 

a 41,000 year cycle.  Precession is a 23,000 year cycle of the direction of tilt of the 

Earth’s axis relative to the stars (Benn and Evans, 1998).  Variations in seasonality and 

insolation due to fluctuations in these orbital cycles lead to the development of positive 

feedback cycles in the climate system.  These cycles cause oscillations between glacial 

and interglacial periods. 

THE LAST GLACIAL MAXIMUM 

The last glacial period occurred in the late Pleistocene.  The maximum extent of 

ice sheets and glaciation during this cycle corresponds to the Last Glacial Maximum, 21 

ka.  The Laurentide Ice Sheet that covered the majority of North America at this time was 

at least 3000 m thick and heavily influenced atmospheric circulation and precipitation 
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patterns in what is now the United States and Canada.  General circulation models 

suggest that polar jet stream dynamics differed significantly at the LGM as a result of ice 

sheet geometry (COHMAP Members, 1988).  The authors hypothesize that the 

Laurentide Ice Sheet split the polar jet stream, which displaced an arm southward, 

leading to increased precipitation in the American Southwest (Fig. 5).  In contrast, they 

find that easterly winds, driven by the glacial anticyclone over Canada, developed 

immediately to the south of the Laurentide Ice Sheet.  This initiated significantly drier 

conditions in the Pacific Northwest.  Variations on decreased temperature and increased 

precipitation conditions in the contiguous U.S. led to the development of LGM alpine 

glacier systems throughout the Rocky Mountains and the western United States.  

Although the maximum extent of ice in these mountain glacier systems varied in time 

throughout the United States, it was broadly synchronous with the maximum extent of the 

Laurentide Ice Sheet 21 ka.  The late Pleistocene paleoglaciers reviewed in this study are 

considered LGM-era due to their coeval development with Laurentide Ice Sheet 

transgression between 21-18 ka, and age correlation with the Pinedale glaciation of the 

Wind River Range, Wyoming from cosmogenic nuclide dating (c.f. Weaver et al., 2006). 

 
GLACIERS AND GLACIATION 

ALPINE GLACIERS 

 Glaciers constitute approximately 1.7% of the Earth’s water in storage.  Total ice 

volume is divided between the Antarctic Ice Sheet, the Greenland Ice Sheet, mountain 

glaciers and small mountain ice caps (Van der Veen, 1999).  Glaciers are divided into 

two categories:  alpine-type glaciers and ice sheets.  Ice sheets are large masses of ice 

found in high northern and southern latitudes.  Continental ice sheets are up to hundreds  



Jet Stream

Atlantic Ocean

Arctic Ocean

Ice cover

Land

N

Figure 5.  Suggested path of a split polar jet stream over North America during 
the late Pleistocene from General Circulation Models.  The path splits as it moves
over the Laurentide and Cordilleran Ice Sheets, directing an arm southward.  
Conditions are colder and drier immediately to the south of the glacial 
anticyclone; conditions are colder and wetter along the southern path of the jet 
stream.  The Fish Lake Plateau falls between these two zones.  Modified from 
COHMAP Members (1988).
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of kilometers in area, and multiple kilometers thick.  Ice sheets form during glacial 

cycles, and significantly impact both regional and global climate cycles and circulation 

patterns (Van der Veen, 1999).   

In contrast to ice sheets, alpine glaciers are small ice masses found in high 

mountain environments (Fig. 6).  Unlike ice sheets, kilometer-scale alpine glaciers do not 

constitute a great enough portion of the Earth’s water budget to appreciably alter global 

climate patterns.  Small mountain glaciers are heavily influenced, and even controlled by 

regional trends in climate and geography.  Local topography; aspect, which is the 

cardinal direction a glacier faces; and microclimate largely determine glacial 

development in alpine environments (Benn and Evans, 1998; Van der Veen, 1999).  Due 

to the recession of the Laurentide Ice Sheet and the current interglacial climate, present-

day glaciation in the contiguous United States is limited to a network of small alpine 

glacier systems in the Rocky Mountains and the Cascade Range of the Pacific Northwest. 

Alpine glaciers develop in a variety of characteristic shapes.  Hooke (2005) 

discusses the general morphology of alpine glaciers.  The most common glacier forms are 

valley and cirque-shapes.  U-shaped, valley glaciers are long, relatively narrow ice 

masses, which move under unidirectional flow.  Their paths are constrained by valley or 

canyon walls.  Glaciers that occupy mountain basins are called cirque glaciers (Fig. 6).  

These ice masses sit in and carve out bowl-like depressions in high mountain regions.  In 

addition to mountain glaciers, Hooke (2005) also discusses the morphology of ice caps.  

Ice caps are small, dome-like glaciers that spread in any direction from a topographic 

high.  Ice caps often form on plateaus and gently sloping mountain summits. 
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Van der Veen (1999) identifies mountain glaciers’ and small ice caps’ 

susceptibility to both large-scale variations in climate, and more local environmental 

changes.  Glaciers respond rapidly to climate change, and small, mid-high latitude 

temperate glaciers are particularly good indicators of that change on the decadal scale 

(Porter, 1986).  Additionally, alpine glaciers differ from ice sheets in their sensitivity to 

temperature versus precipitation.  Continental ice sheets respond primarily to changes in 

winter season precipitation, while alpine glaciers are heavily influenced by variations in 

summer season temperature (Hostetler and Clark, 1997).  

GEOMORPHIC INDICATORS OF GLACIATION 

Glaciers and ice sheets flow by internal deformation and sliding due to gravity 

(Benn and Evans, 1998).  This deformation transfers snow and ice from accumulation 

areas to ablation areas, resulting in glacial erosion and debris transport (Benn and Evans, 

1998).  As a result of deposition and erosion, glacier movement creates significant 

geomorphic and topographic features at both glacier termini and headwalls.   

Moraines are ice-marginal features that develop at the lower limits of glaciers.  

Glaciers erode debris from their bases and transfer it to their termini, where the debris 

forms steeply angled ridges at the toe and lateral edges of alpine glaciers.  Moraine crest 

elevation generally matches ice surface elevation at the glacier terminus (Fig. 7; Benn 

and Evans, 1998).  Moraines are particularly useful to glacial reconstruction because 

moraine position corresponds to a glacier’s boundaries at a specific point in time.  Thus, 

moraine location is a record of both glacier terminus position in geographic space and ice 

surface elevation at the terminus.  
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GLACIER DYNAMICS 

Glaciers develop when winter snow accumulation in a region exceeds summer 

water loss, resulting in the progressive burial of snow.  Over time, individual snow layers 

are compacted by pressure due to burial.  This buried snow metamorphoses into ice over 

several years.  A glacier is formed when the metamorphosed ice mass is thick enough to 

flow under its own weight (Hooke, 2005).   

Glaciers are divided into two regions, the accumulation and ablation zones.  

Glaciers grow by the addition of snow and ice to the upper accumulation zone.  Mass loss 

through melting, sublimation and calving of glaciers in bodies of water occurs in the 

lower ablation zone.  The glacier equilibrium-line altitude (ELA) separates the 

accumulation and ablation zones.  The ELA is the line on the surface of a glacier where 

net mass balance equals zero (i.e. input matches loss; Fig. 8).   

Glacier mass balance responds directly to both large and small-scale variations in 

climate.  Thus, ELA position is a function of the particular temperature and precipitation 

regime in a given glacier location.  Equilibrium-line altitude is also a function of glacier 

aspect and local topography, which strongly influence alpine glacier morphology (Benn 

and Evans, 1998).  South and east-facing glaciers generally have higher ELAs because 

they receive more exposure to sunlight and solar radiation than north and west-facing 

glaciers.  Accumulation zone area decreases with increasing exposure to solar radiation, 

which directly affects glacier melting and water loss rates.   

North and northwest-facing glaciers in North America generally receive more 

precipitation than south and southeast-facing glaciers, effectively lowering their ELAs.  

Prevailing storm tracks from the Pacific coast increase precipitation on glaciers with west  
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and northwest aspects.  Orographic effects on dominantly north-south trending mountain 

ranges create a rain shadow effect on the eastern flanks of these ranges, which also 

decreases precipitation for glaciers with eastern aspects.  Topography has a similar 

localized effect on ELA.  Glaciers that receive significant shading due to relief have 

lower ELAs than non-shaded glaciers because they receive lower levels of solar 

radiation.   

ELAs for individual glaciers, as well as regional ELAs, often differ significantly 

from year-to-year due to annual variations in temperature and precipitation.  However, 

the regional steady-state ELA associated with zero mass balance is a good indicator of 

regional climate.  Studies of modern glacial environments show that fluctuations in 

glacier mass balance are strongly correlated for glaciers within 500 km of one another 

(Letreguilly and Reynaud, 1989).  These regional ELAs, which are located at the average 

altitude for steady-state zero mass balance conditions within a 500 km area, correspond to 

the regional, mean July 0º C isotherm (Porter, 1977).  The elevation of the mean July 

freezing isotherm determines the location of a glacier’s ablation and accumulation zones 

during the summer season.  For modern alpine glacier systems ablation season 

temperature has a greater influence than winter season precipitation on mass balance, 

thus the July 0º C isotherm is analogous to the ELA. 

Correlation of the equilibrium line with a specific temperature (i.e. the mean July 

or summer 0º C isotherm) allows geologists to use elevation differences in regional ELAs 

through time as a proxy for continental climate change.  Reconstruction of eight, late 

Pleistocene alpine glaciers on the Fish Lake Plateau yields estimates for LGM 

equilibrium-line altitudes in south-central Utah.  Comparison of ELAs for reconstructed 
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paleoglaciers with modern ELAs provides preliminary estimates for LGM ELA 

depressions and summer temperature depressions in the Intermountain West. 

 
STUDY AREA 

The Fish Lake Plateau, south-central Utah (38° 36' N; 111° 44' W), is one of the 

High Plateaus of Utah, which separate the Colorado Plateau from the Basin and Range 

province of the western United States.  Fish Lake Plateau is approximately 1500 km2 in 

area.  The Plateau ranges in elevation from 2700 m (8,843 feet) in the Fish Lake basin to 

3547 m (11,633 feet) on the Fish Lake Hightop.  The Fish Lake Plateau is bounded by the 

Fish Lake Hightop to the west; by Mt. Terrill, Mt. Marvine and Hilgard Mountain to the 

north; and by Mytoge Mountain to the southeast (Fig. 3). 

The Fish Lake Plateau is underlain by a sequence of Oligocene to Pliocene 

volcanic deposits, which unconformably overlie Cretaceous to early Tertiary sediments 

(Hardy and Muessig, 1952).  The volcanic units are a 250 – 700 m thick series of 

breccias, trachytes, trachyandesites and olivine basalts, some of which are correlated to 

defined units of the Marysvale Volcanic field to the west (Fig. 9; Bailey et al., 2007; 

Hardy and Muessig, 1952).  Informal names are used in the stratigraphic column for units 

unique to the Fish Lake area.   

Sandstones and conglomerates unconformably overlie volcanic units in the 

Fremont and Upper Moroni (UM) Creek basins in the northeastern section of the Fish 

Lake Plateau (Bailey et al., 2007).  Quaternary surficial deposits including glacial till and 

outwash, boulder-armored terrace deposits, lacustrine and marsh deposits, debris flow, 

slump, colluvial deposits and alluvium are found throughout the Fish Lake Plateau at  
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Figure 9.  Stratigraphic column of the Fish Lake Plateau.
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Cedarless Flats, UM Creek, the Fremont River Graben, Tidwell Canyon and the Fish 

Lake Graben (Bailey et al., 2007; Fig. 3).   

 
GEOLOGIC SETTING 

Fish Lake has a complex tectonic history characterized by multiple generations of 

Pliocene to Pleistocene normal faulting.  Bailey et al. (2007) identify structural features 

and constrain the timing of faulting on the Fish Lake Plateau.  Tertiary sediments and 

volcanic rocks are cut by multiple generations of steeply-dipping, crosscutting, normal 

faults.  These faults result in north-northwest and northeast trending horst-and-graben 

topography.  Northwest trending faults form grabens along the Fremont River, UM 

Creek, Cedarless Flats, Crater Lakes and Tidwell Canyon (1-5 Ma).  Fish Lake itself 

occupies a younger, northeast trending graben (< 900 ka; Fig. 3; Fig. 10; Dickson et al., 

2006). 

The Fish Lake Plateau was glaciated at least twice during the Pleistocene.  

Weaver et al. (2006) sampled large, morainal Johnson Valley Reservoir trachyte boulders 

for cosmogenic 3He in the summer of 2005.  Their results yield two glacial age 

groupings, which correspond to the Bull Lake (186-128 ka) and Pinedale (24-12 ka) 

glaciations of the Wind River Range, Wyoming.  Tasha Creek paleoglacier samples yield 

an age of 135 + 4 ka.  Dates from Pelican Canyon, Jorgenson Cirques, Tasha Creek and 

Seven Mile Cirques yield ages between 21.1 + 2.2 to 23.2 + 3.7 ka.  

 
COSMOGENIC 3HE EXPOSURE AGE DATING 

 Cosmogenic isotopes produced in rocks are used to date the age of geomorphic 

surfaces, including terminal and lateral moraines.  Cosmogenic nuclide exposure age  
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dating derives from the principle that as cosmic rays bombard terrestrial materials 

cosmogenic nuclides develop near their surfaces (Cerling and Craig, 1994; Fig. 11).  

Cosmogenic nuclides are isotopes produced in rocks, sediments and other earth materials 

by the interaction of cosmic nuclei with atoms in the atmosphere and their subsequent 

spallation reactions with atoms at or near the Earth’s surface (Titayeva, 1994).  Cosmic 

rays enter the atmosphere and collide with nuclei, causing a torrent of high-energy 

neutrons and muons to fall to the earth’s surface.  The collision between these particles 

and target nuclei within terrestrial minerals causes spallation reactions and the creation of 

in-situ produced cosmogenic nuclides in rocks and soils at the earth’s surface (Walker, 

2005).   

Cosmogenic nuclide production rates depend on a number of factors including 

geomagnetic coordinates, strike, dip, altitude, and erosion and sedimentation rates at the 

production site (Cerling and Craig, 1994).  If the effect of these factors on the rate of 

cosmogenic isotope production for a specific element and location is known, it is possible 

to calculate a material’s exposure time to cosmic radiation.  This directly corresponds to 

the material’s exposure at the surface (Walker, 2005).  Thus, exposure age dating 

provides a quantitative method to determine the geochronology of surficial processes.   

Cosmogenic nuclide exposure age dating is particularly useful in Fish Lake to 

differentiate between multiple generations of Pleistocene glaciation. Exposure age dating 

was used to correlate the paleoglaciers in the Fish Lake area to the same glacial phase 

because accurate LGM glacier reconstruction requires quantitative differentiation 

between episodes of Pleistocene glaciation.  
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Fish Lake cosmogenic exposure age dating samples were obtained from large, 

Johnson Valley Reservoir trachyte boulders perched on moraine crests. I sampled 

boulders greater than one meter in diameter with abundant pyroxene phenocrysts.  

Samples were chosen based upon rock type, sample size and proximity to moraine crest.  

These sample selection parameters were employed for a number of reasons.  I sampled 

the Johnson Valley Reservoir trachyte because it is rich in pyroxene phenocrysts, from 

which cosmogenic 3He is measured.  The largest possible boulders were used in order to 

ensure that a measurable quantity of cosmogenic nuclides have been generated by 

spallation reactions in the sample.  I sampled boulders from moraine crests to ensure that 

they had not moved since the glaciers receded, thus guaranteeing a maximum exposure 

age.  If a boulder moves after emplacement, the exposure age calculated does not reflect 

the actual time the sample has been at the surface, but only the exposure time since the 

boulder’s last movement.  The true exposure age of a moraine surface must be calculated 

from samples that have remained stationary since the onset of glacier recession.  In 

addition to these parameters, boulders showing pitting and spalling were not selected for 

sampling because these conditions indicate that exposure surfaces have been removed.  

Therefore, these types of samples provide underestimates of surface exposure age. 

METHODS  

Samples were removed from the top 1-2 inches of large boulders with a hammer 

and chisel.  Latitude, longitude and elevation were recorded from a handheld GPS 

receiver.  Boulder characteristics such as dimensions and shape, as well as tree cover at 

the sample location were also noted.  Shading angle from the surrounding topography 
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was measured with a clinometer (Fig. 12).  Sample locations were recorded on 

topographic maps and correlated to outlined paleoglacier moraine locations.   

Samples were pulverized in a rock crusher, and with a mortar and pestle.  Crushed 

samples were sieved to between 20 – 40 microns.  Dave Marchetti did magnetic 

separation and further sample preparation at the University of Utah Noble Gas 

Laboratory in 2005 and 2006.  The Mount Marvine samples I prepared in 2006 have not 

been analyzed, however, I hypothesize that all Fish Lake glacial moraines correspond to 

the LGM, Pinedale-era glaciation.  Moraine slope angles from Mount Marvine 

correspond to those of the seven known Pinedale-era (LGM) moraines on the Fish Lake 

Plateau measured by Weaver et al. (2006).  This geometric similarity in moraine slope 

angle indicates that the Mount Marvine paleoglacier corresponds to the LGM glaciation 

of the Fish Lake Plateau. 

 
GLACIAL RECONSTRUCTION 

 
 I reconstructed late Pleistocene glaciers in order to quantify LGM ELA 

depression in south-central Utah.  I identified Pinedale-era paleoglaciers with 7.5-minute 

series, 1:24,000 USGS topographic maps and aerial photography interpretation, as well as 

field investigation of glacial filling and surficial deposits.  Glacier boundaries were 

outlined on the Fish Lake and Mount Terrill 7.5-minute series quadrangle maps from 

Sevier County, Utah produced by the U.S. Geological Survey (Fig. 13; 2001).  Surficial 

deposits used to identify glacial boundaries included terminal and lateral moraines, 

glacial outwash, glacial till, and roche moutonées.  Moraine crests marked the boundaries 

of glacier termini, while valley walls, canyon walls and cirque headwalls served as 

glacial boundaries up-ice from these termini.    
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The glacier areas, elevation measurements and centerline profiles used in 

computer modeling are taken from digitized sections of the Fish Lake and Mount Terrill 

topographic maps overlain by outlined paleoglaciers (Fig. 4; 2001).  Hand-drawn ice-

surface contours and ice flow directions from glacial reconstruction were added to 

outlined paleoglaciers with the Canvas X computer program. 

COMPUTER MODELING 

The GlacPro program, designed by William Locke of Montana State University, 

is a computer spreadsheet model used to reconstruct alpine paleoglaciers (Locke, 1996, 

2007).  I used GlacPro to develop glacial reconstructions and ice surface topography for 

eight Fish Lake paleoglaciers.  GlacPro is a simple, transparent, spreadsheet modeling 

program that uses an iterative approach to glacial reconstruction.  The model utilizes 

geomorphologic indicators of paleoglacier extent, in conjunction with known factors 

governing ice behavior, to reconstruct glacier morphology and ice surface contours. 

GlacPro best reproduces and reconstructs glaciers and creates longitudinal profiles for 

small, alpine glaciers with relatively simple valley or cirque geometry.   

An iterative approach to glacial reconstruction is possible because ice elevation 

can be constrained at a glacier’s terminus.  The elevation difference between the scoured 

bedrock along a paleoglacier’s centerline profile and its terminal and lateral moraines is 

equivalent to the former ice thickness along this same centerline, assuming that the 

modern moraine height is equivalent to its Pleistocene elevation and did not incur 

significant volume loss due to glacier recession.  Beyond moraines, it is more difficult to 

constrain former ice surface elevation with field mapping of geomorphic features.  

However, ice behaves mechanically consistently, and an iterative approach to calculating 
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glacier hypsometry up-ice from moraines with spreadsheet models yields theoretically 

sound reconstruction of alpine glaciers’ ice surface topography (Appendix 1).   

Inputs 

The inputs to the GlacPro program at each step of the model are map scale; up-ice 

distance, which is simply the distance along a centerline profile from the glacier 

terminus; the step length, or distance along a centerline profile between the location of 

data for the current step and the previous iteration; bedrock elevation; and moraine crest 

elevation along a centerline path, as determined from paleoglaciers outlined on 

topographic maps (Fig. 4; Appendix 1).  These inputs constrain ice morphology at the 

glacier terminus based on the concept that ice elevation does not exceed the elevation of 

terminal and lateral moraines at the glacier toe.  If moraine crest and ice surface 

elevations along a well-constrained centerline path are known, then paleoglacier 

morphology can be determined. 

Parameters 

Glacial reconstruction models function because ice behaves mechanically 

consistently.  Two factors governing ice behavior in alpine glaciers are basal shear 

strength and shape factor.  Effective basal shear strength is a measure of the distributed 

force over an area at the base of a glacier that acts parallel to the basal surface (Benn and 

Evans, 1998).  Basal shear strength is calculated at each step in the GlacPro model.  For 

the GlacPro model I set basal shear strength at one bar based on glacier mechanical 

theory, or at values that match calculated ice elevations with measured moraine crest 

elevations at glacier termini.  This approach occasionally leads to the use of modeled 

basal shear strengths inconsistent with glacial theory.  Realistically, ice elevations do not 
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exceed moraine elevations at glacier termini; therefore I chose to use basal shear 

strengths that match ice surfaces to measured moraine elevations, despite occasional 

disagreement with glacial mechanical theory.  For steps in the model up-ice from 

moraines, I set basal shear strength at one bar in keeping with glacial theory.  Basal shear 

strength for Fish Lake paleoglaciers varies between 0.1 and one bar in GlacPro 

reconstructions. 

Shape factor is the ratio between the hydraulic radius and the centerline ice 

thickness of a glacier (see Fig. 4 for centerlines used in Fish Lake paleoglacier 

reconstructions).  The hydraulic radius is the cross-sectional area of a glacier divided by 

its wetted perimeter (Fig. 14).  Shape factor varies between one for an infinitely wide 

glacier, and 0.6 for a glacier in a narrow gorge (Locke, 1996, 2007).  Paleoglacier shape 

factor is calculated once near the terminus and once in the glacial valley.  Shape factor is 

varied about the computed values at each step in the model.  For this study, calculated 

shape factors often exceed or do not reach expected theoretical values between 0.6 and 

one.  In these cases, I approximate shape factor at the nearest theoretical value.  Shape 

factor must be included in the GlacPro program, and substituting the closest theoretical 

value for values that fall outside the appropriate range of 0.6 to one is the best way to 

determine glacier morphology given the limitations of this model.  Unadjusted shape 

factors from Fish Lake paleoglaciers range between 0.54 and 1.45.  The variance beyond 

theoretical values for calculated shape factor is high.  This occurs because the GlacPro 

calculation for shape factor was designed for use with simple valley glaciers.  Thus, 

shape factors calculated for cirque glaciers on the Fish Lake Plateau fall outside the  
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expected values.  However, these cirques did exist at the LGM, and approximation of the 

shape factor to the closest theoretical value for the purposes of the model is appropriate.   

Outputs 

GlacPro calculates ice thickness and ice surface elevation at each step of the 

model.  This program uses the combination of bedrock elevation, distance along 

centerline paths and ice elevation estimates to create glacier longitudinal profiles (Fig. 

15).  Predicted ice thicknesses and elevations, as well as estimated paleoglacier geometry 

are not independently estimated from geomorphologic markers beyond lateral moraines.  

Glacial erosion up-ice from the terminus does not preserve identifiable landforms with 

which to constrain glacier location.  The use of the GlacPro model, however, provides 

reasonable estimates of glacier surface elevation for the entire length of the Fish Lake 

paleoglaciers.  The similarity between paleoglacier ice surface elevations and glacial 

trimlines in aerial photography of the region cannot be quantified because of heavy tree 

cover.  However, straightforward correlation between paleo-ice surface elevations at the 

glacier termini indicates typical glacier behavior at terminal and lateral moraines on the 

Fish Lake Plateau.  The mechanical consistency of ice, in conjunction with the strength of 

geomorphologic markers as a means to delineate ice perimeters at glacier termini, 

provides a strong foundation for computer modeling of glacial geometry and ice 

reconstruction.   

Sources of error 

No error is associated with the ice surface topography of Fish Lake paleoglaciers 

determined with computer models.  Hand drawn hypsometric contours on outlined 

paleoglaciers are estimated from ice surface elevations determined in each step of the  
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GlacPro model.  The GlacPro values are based on input of the elevations of ice marginal 

features identified with field mapping and aerial photography interpretation.  The errors 

introduced by the inability to precisely define these margins are relatively insignificant.  

Even where uncertainties in delimiting ice margins may be large, as in former 

accumulation areas, the effect on glacier area is small (a few percent) because valley 

sides are steep and contour lines are closely spaced (Brugger and Goldstein, 1999).  In 

up-ice glacial zones, boundaries are chosen at the upper extent of steep regions to ensure 

that maximum glacial volume is calculated in glacier reconstruction.  There is no formal 

error associated with possible ice volume change resulting from differences in outlined 

glacier area.  Volume is calculated in the GlacPro program and cannot be independently 

determined through field mapping and trimline identification. 

There is no error associated with ice geometry or elevations calculated from 

glacial profiles, which were created in GlacPro (Fig. 15).  Longitudinal profiles are based 

upon personal interpretation of glacial depositional and erosional landforms, and as such 

cannot be assigned quantitative error values.  There is no formal error associated with the 

basal shear strength and shape factor values used in the GlacPro model.  These values are 

calculated with data derived from personal interpretation of topographic features, which 

prevents the assignment of quantitative error to these values.  

 
ELA RECONSTRUCTION 

Ice surface contours calculated in GlacPro are hand-drawn and transferred to 

outlined paleoglaciers on topographic maps (Fig. 16).  These contour lines are not hard 

and fast markers of glacier surface morphology, but rather show the most idealized 

glacier geometry given predicted ice surface elevations.  I estimate ELAs for Pleistocene  
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glaciers on the Fish Lake Plateau from these paleoglacier outlines and GlacPro ice 

surface elevation models.  I calculate ELAs with a variety of approaches used in both 

former and modern glacial settings (c.f. Benn and Lehmkuhl, 2000; Brugger, 2006; 

Brugger and Goldstein, 1999; Locke, 1990; Meierding, 1982; Porter, 2001; Ramage et 

al., 2005).  Toe to headwall altitude ratio (THAR), accumulation area ratio (AAR), cirque 

floor altitude and maximum altitude of lateral moraines (MALM) methods are used to 

approximate the ELA for each paleoglacier to within 6 m (see error analysis, c.f. 

Meierding, 1982; Ramage et al. 2005; Fig. 17).  

MODERN ELA RECONSTRUCTION 

I also use ELA reconstruction to determine the modern equilibrium-line altitude 

of the Fish Lake Plateau.  This region is not currently glaciated; therefore I employ 

regression to present-day summer freezing altitudes to approximate the modern ELA.  

Regression to the 0º C isotherm with modern summer climate data from Loa, Utah 

(38º40’ N, 111º64’ W; 2157 m) and an assumed atmospheric lapse rate of 6º C/1 km 

yields a modern ELA of 4900 m (Appendix 2; National Climate Data Center, 2007).  

Data from Loa, Utah is used due to the absence of consistent and reliable 

temperature and precipitation statistics from Fish Lake National Forest, the location of 

the Fish Lake Plateau.  While Loa is not an alpine setting, the regression from these 

measurements remains an acceptable approximation for the mean summer 0º C isotherm, 

and the predicted modern ELA.  If anything, this regression underestimates the modern 

July 0º C isotherm in south-central Utah.  I use summer data rather than July climate 

records alone in regression to the 0º C isotherm.  Full NOAA climate data for this region 

spans only 30 years; therefore the use of values from June, July and August provides the  
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most comprehensive climate dataset for south-central Utah.  However, June temperatures 

are consistently cooler than those in July and August, which may lower the overall 

average summer temperature of Loa, decreasing the calculated 0º C isotherm estimated 

from linear regression.  Nevertheless, a present-day ELA of 4900 m is employed in this 

analysis, and corresponds to estimates from previous studies (e.g. Mulvey, 1985).  

There is no error associated with modern ELA estimates.  This theoretical value is 

based upon known climate data and an assumed atmospheric lapse rate.  The lapse rate 

comes from values used in other studies of late Pleistocene glaciation in the western 

United States (c.f. Galloway, 1970; Porter, 1977; Laabs, 2004).  The use of alternate 

atmospheric lapse rates and modern climate data will yield significantly different late 

Pleistocene ELAs for the Fish Lake Plateau.  However, the values used were chosen for 

their proximity to the study area (modern climate data) and their agreement with previous 

studies (atmospheric lapse rate).  The 4900 m modern ELA estimate yields Pleistocene 

ELAs and summer temperature depressions consistent with other studies from the region 

and is acceptable for the purposes of this study.  

 PLEISTOCENE ELA RECONSTRUCTION 

Toe to headwall altitude ratio (THAR) 

The THAR relies on the assumption that ELAs for modern glaciers fall 

approximately midway between the altitudes of glacier headwalls versus glacier termini 

(Ramage et al., 2005).  THAR values between 0.35 and 0.45 are commonly used for 

paleoglacier reconstruction (Meierding, 1982).  For this study I use a THAR of 0.40 to 

calculate LGM ELAs.  This assumption yields late Pleistocene ELAs between 

approximately 3000 and 3200 m (Appendix 2). 



  

 
 

38 

 
 

Accumulation area ratio (AAR) 

The AAR method comes from an empirically derived ratio between accumulation 

zone area and total glacier area, which falls between 0.5 and 0.8 (Ramage et al., 2005).  

An AAR of 0.65 is used for the Fish Lake paleoglaciers.  This ratio indicates that 

accumulation area occupies 65% of total glacier area.  Using the AAR method, Fish Lake 

ELAs fall between 3000 and 3200 m (Appendix 2).  ELA values derived from AAR 

calculations with an AAR of 0.65 are assigned an error of + 0.05.  This corresponds to a 

difference in area of roughly + 5% in total glacier area based upon the work of Leonard 

(1984).   

Cirque floor altitude 

Cirque floor altitudes provide a rough estimate of equilibrium-line altitude for 

small alpine glaciers (Meierding, 1982).  This method is applied to the Jorgenson 

Cirques, Mount Marvine and the Seven Mile Cirques.  The cirque floor altitude method is 

applicable to ELA calculation for the Mount Marvine paleoglacier because of its cirque-

like geometry.  Estimated cirque floor altitude ELAs are between 3050 and 3230 m 

(Appendix 2). 

Maximum altitude of lateral moraines (MALM) 

Elevation at the upper limit of lateral moraines provides a first approximation of 

late Pleistocene ELAs for the Fish Lake region.  This method gives a minimum ELA 

because moraines only form in the ablation zone of a glacier (Ramage et al., 2005).  

MALM ELAs for the Fish Lake Plateau fall between roughly 3000 and 3100 m 

(Appendix 2). 
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 ELA values from MALM, THAR and cirque headwall altitudes are set at + 6 m.  

These ELA determinations depend on identification of glacial geomorphic features in the 

field and their transference onto 1:24,000 USGS topographic maps with 40 foot 

(approximately 12 m) contour intervals.  In general, the elevations of these features can 

be identified to within + 6 m.  

 
RESULTS 

Comparison between Pleistocene and modern ELAs on the Fish Lake Plateau 

indicates depressions of 1650 to 1950 m below the 4900 m modern ELA (Appendix 2). 

Four separate ELA determination methods yield late Pleistocene ELAs between 2950 and 

3250 m.  Lowered Fish Lake ELAs during the late Pleistocene correspond to an LGM 

summer temperature depression of 10º to 12º C, assuming a steady-state atmospheric 

lapse rate of 6º C/1 km.   

Pelican Canyon was a 4 km2 southeast-facing glacier with late Pleistocene ELAs 

between 3043 and 3109 m.  Jorgenson Cirques South (0.5 km2) faced southeast with 

LGM ELAs of 2987 to 3108 m.  Jorgenson Cirques North (0.9 km2) faced southeast with 

ELAs between 3002 and 3048 m.  The Tasha Creek paleoglacier (13.4 km2) faced east.  

Tasha Creek ELAs range from 3028 to 3155 m.  The Seven Mile Cirques faced northeast.  

The southernmost cirque was 0.3 km2 with ELAs between 3072 and 3170 m.  The central 

cirque was 3.3 km2 with ELAs between 2926 and 3231.  The northernmost cirque was 1.3 

km2 with ELAs between 2987 and 3170 m.  The Mount Marvine paleoglacier (0.5 km2) 

faced northwest with ELAs between 3109 and 3187 m (Appendix 2). 
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DISCUSSION AND CONCLUSIONS 

While temperature has varied over the past 21 ka, moisture levels and hydrologic 

sources for the Rocky Mountains have not changed significantly since the LGM.  In a 

study of Pleistocene ELAs and modern snowline in the San Juan Mountains, CO, 

Leonard (1984) notes a correlation between the west-to-east rise in both paleo-ELAs and 

modern snowline.  The author argues that the similarity in pattern and gradient of late 

Pleistocene ELAs and modern snow levels in the San Juan Mountains indicates no major 

change in circulation between the LGM and the present.  If no circulation change has 

occurred, then accumulation season wind patterns and moisture sources must have 

remained consistent between the late Pleistocene and the present (Leonard, 1984).  This 

similarity in moisture sources since the LGM suggests that Pleistocene ELA depressions 

on the Fish Lake Plateau were primarily due to changes in temperature. 

Modeling indicates alpine glaciers in the American West exhibit differences in 

their sensitivities to climate forcing.  However, changes in temperature tend to dominate 

over changes in precipitation (Hostetler and Clark, 1997).  A cold, dry climate suggests 

that summer temperature depressions rather than winter precipitation increases accounted 

for the majority of enhanced LGM snow accumulation and glaciation on the Fish Lake 

Plateau.  Glacial environments require year-round snow pack.  This condition is met 

when winter snowfall exceeds summer loss, when low summer temperatures inhibit 

melting, or under a combination of low-temperature, high-precipitation conditions.  Thus, 

Pleistocene Utah required decreased summer temperatures to maintain alpine glaciers 

under a precipitation regime similar to, or drier than modern levels.  
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While summer temperature depression estimates for Fish Lake are on par with 

previous studies for Pleistocene glaciations in Utah, they exceed many estimates from 

studies of the Rocky Mountains (Mulvey, 1985; Anderson et al., 2000; Betancourt et al., 

2003; see Table 1).  The increased magnitude of LGM temperature depression in the 

High Plateaus compared to other regions of the western United States may be due to a 

local increased moisture source from glacial Lake Bonneville, which was at Stansbury 

shore levels during the LGM (Fig. 2; Munroe et al., 2006).  Munroe et al. (2006) suggest 

that correspondence between the maximum extent of Pleistocene glaciers and Lake 

Bonneville shorelines indicates a synchronous reaction to the northward migration of the 

polar jet stream due to the collapse of the Laurentide Ice Sheet.   

At Stansbury levels, the 47,800 km2 Lake Bonneville provided winter season 

precipitation to the Bonneville Basin.  This Lake Bonneville moisture source added to 

precipitation from Pacific storm tracks traveling from east to west.  The increased 

moisture levels effectively lowered the regional ELA for glacier populations throughout 

the Bonneville Basin (Hostetler et al., 1994).  The geographic extent of this “lake effect” 

is unknown; although, increased winter precipitation levels may have extended to the 

High Plateaus of Utah.  Moisture enhancement on the Fish Lake Plateau due to changes 

in circulation as a result of the transgression of Lake Bonneville shorelines may help to 

explain the relatively large ELA depressions recorded at the LGM.   

In this study calculated ELA depressions indicate maximum ablation season 

temperature depressions, assuming that decreased ELAs were due solely to changes in 

temperature, rather than a combination of changes in both temperature and precipitation.  

This is a reasonable assumption given previous modeling of climatic controls on western  
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U.S. glaciers, which suggests summer temperatures are the driving force behind alpine 

glacier ELAs (e.g. Hostetler and Clark, 1997).   

However, it is impossible to definitively attribute Pleistocene ELA depressions to 

a specific temperature-precipitation regime.  These conditions evolve coevally and their 

interactions drive the Earth’s climate system.  A measured ELA depression of 1500 m 

may indicate a summer temperature depression of 9º C, or a precipitation increase of 

250%, however, in all likelihood the difference between modern and paleo-ELAs is the 

result of changes in both of these facets of climate.   

The relative contribution of temperature versus precipitation on  equilibrium-line 

altitude cannot be determined for Fish Lake paleoglaciers because there are no definitive 

values for LGM temperature or precipitation in the region.  However, given modern 

alpine glaciers’ sensitivity to summer season temperature, I choose to focus on the 

predicted magnitude of LGM temperature depression.  To do this, I assume precipitation 

conditions in the Intermountain West have not varied significantly over the past 21 ka.  

Although moisture enhancement from Lake Bonneville likely played some role in the 

development of LGM paleoglaciers on the Fish Lake Plateau, this precipitation effect was 

probably much weaker than that of temperature on late Pleistocene ice growth.  

In addition to the possible enhancement effect of Lake Bonneville, large predicted 

LGM summer temperature depressions at Fish Lake may be overestimated due to the 

limited resolution of this study.  Continental paleoclimate records vary due to the proxy 

chosen and methods employed for a particular study.  The proxy selected determines the 

sensitivity and range of the analyzed paleoclimate signal.  Continental paleoclimate 

proxies include pollen and fossil records, as well as glacier ELAs.  The temperature 
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depression estimates for the Fish Lake Plateau are consistently higher than those from 

western U.S. studies employing other paleoclimate signals (e.g. Anderson et al., 2000; 

Betancourt et al., 2001; Kaufman, 2003).  In contrast to paleoclimate studies employing 

proxies correlated across a large region, such as pollen records, the number of Pleistocene 

paleoglaciers on the Fish Lake Plateau inherently limits this study.  There are only eight 

identifiable paleoglaciers in the Fish Lake region, therefore it is impossible to do trend-

surface contouring of topography and paleoglacier location across a sizeable area (c.f. 

Meierding, 1982).  The lack of identified regional trend surfaces prevents differentiation 

between broad trends in glacier location and style versus trends due to local anomalies in 

topography or circulation.  Associations between Pleistocene alpine glacier populations 

located more than 500 km away from the Plateau are unreliable given the extent of 

regional trends in glaciation (Letreguilly and Reynaud, 1989).  The inability to compare 

Fish Lake paleoglaciers with other alpine glacier populations in the Rocky Mountains 

limits the applicability of this study to a broader context.   

Due to the heavy influence of local environment on small alpine glaciers, the 

hypsometry of LGM paleoglaciers on the Fish Lake Plateau was probably controlled by 

local topography.  Thus, anomalies due to local topography, as well as general trends in 

LGM climate and circulation caused the calculated ELA depressions and climate patterns 

from this study.  The application of these summer temperature depression estimates to 

areas beyond the High Plateaus is difficult due to the integral role of microclimate and 

regional characteristics in determining alpine glacier geometry. 

However, within-population comparisons can be made for the Fish Lake 

paleoglaciers.  Low AAR-type ELAs for the Seven Mile Cirques suggest aspect played a 
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significant role in determining equilibrium-line altitude for LGM glaciers on the Fish 

Lake Plateau.  The Seven Mile Cirques trend northeast, and as a result receive reduced 

insolation levels in comparison to the southeast-facing Jorgenson Cirques, which have 

relatively high ELAs.   

ELA differences between Fish Lake paleoglaciers also indicate that Mytoge 

Mountain, and Mount Marvine provided significant shading for Pelican Canyon, the 

Jorgenson Cirques, and the Seven Mile Cirques.  Shading allowed sizeable alpine glaciers 

to develop on east and southeast-facing slopes, despite relatively high insolation levels.  

Calculated AAR-type ELAs from Pelican Canyon, the Jorgenson Cirques, and the Seven 

Mile Cirques, which are shaded by Mytoge Mountain and Mount Marvine, are lower than 

those calculated for the northwest-trending Mount Marvine paleoglacier.  The lack of 

shading for Mount Marvine probably prevented the development of a large ice mass, 

despite its glacially favorable northwest aspect. 

The largest LGM glacier in the region, Tasha Creek paleoglacier, has the highest 

AAR-type ELA on the Fish Lake Plateau.  This situation illustrates the combined effect 

of aspect and shading on glacier development.  Tasha Creek faces east, and thus received 

mid-range insolation levels at the LGM.  Additionally, part of the Tasha Creek 

paleoglacier was shaded by Mytoge Mountain, allowing increased glacier development in 

the shaded region.  These conditions indicate that Tasha Creek would have had a low 

LGM ELA.  However, this is mitigated by the icecap morphology of the paleoglacier.  

The Tasha Creek icecap that existed on the Fish Lake Hightop was not shaded and would 

have received maximum insolation levels, effectively raising the ELA for the entire 
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glacier, despite shading in the glacier valley.  These conditions help to explain the high 

ELA of the large Tasha Creek paleoglacier. 

I exclusively compare AAR-type ELAs for within-population analysis of LGM 

glaciers from the Fish Lake Plateau.  The accumulation-area ratio method is the most 

rigorous method used to calculate ELAs for alpine glaciers.  In contrast to the THAR, 

MALM and cirque floor altitude methods, the AAR method takes into account glacier 

hypsometry and geometry in the ELA calculation.  The THAR, MALM and cirque floor 

altitude methods are useful as first-order approximations of equilibrium-line altitude, 

however, they do not provide adequate sensitivity to local topography for comparison 

within a region as limited as the Fish Lake Plateau.  

Continental climate reconstruction is difficult for many reasons.  Analyses are 

limited by study area, the proxies available for study, and signal resolution.  However, 

alpine glacial reconstruction is a valuable tool in the first-order estimation of climatic 

conditions in the late Pleistocene-era western United States.  The unique features of 

glacial depositional and erosional landforms ensure their field recognition, and the 

identification of paleoglacier location with topographic map and aerial photography 

interpretation.  Additionally, the mechanical consistency of ice guarantees 

straightforward and relatively well-constrained glacier reconstruction with an iterative 

computer spreadsheet model.  Rigorous climate reconstruction with known constraints on 

temperature and precipitation values is not possible through comparison of modern and 

paleo-ELAs because of the duality between temperature and precipitation as components 

of the climate system.  However, Pleistocene glacier and ELA reconstructions provide 

general estimates for both local and regional climate change since the LGM.  This 
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approach is particularly valuable in the Intermountain West where evidence of 

paleoglaciation is abundant, and the mechanics of alpine glaciation are well understood.  

This study of LGM glaciers on the Fish Lake Plateau provides an initial model for late 

Pleistocene climate in south-central Utah.  Comparison with studies of LGM glaciation in 

other areas of the western United States shows similar, although slightly increased 

summer temperature depressions on the Fish Lake Plateau.  Regardless of the variance in 

magnitude between Fish Lake ELA depressions relative to previous studies, however, it 

is clear that the significant difference between modern and late Pleistocene equilibrium-

line altitudes is due at least in part to lowered summer season temperatures under a cool, 

dry glacial climate in the western United States at the Last Glacial Maximum. 
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Abstract 
 

 The oldest volcanic unit exposed on the Fish Lake Plateau is the porphyritic, 
phenocryst-rich andesite of the Johnson Valley Reservoir.  This unit is a homogeneous, 
250-m-thick accumulation of densely welded, vesicle-poor pyroclastic flow deposits, 
unconformably overlying the Paleocene Flagstaff Limestone, and thinning to the 
southeast. The bulk composition is an intermediate alkali-rich andesite.  The dominant 
phenocryst is plagioclase (andesine).  Other phenocryst types are: clinopyroxene, 
titanomagnetite, olivine (sometimes altered to iddingsite), ilmenite and apatite.  Chemical 
data relates the J.V.R. andesite to other nearby alkali-rich volcanic rocks. 
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Introduction 

 The High Plateaus of Utah are located in a zone of transition, southeast to 

northwest, from the stable craton of the Colorado Plateau and the extensional tectonic 

setting of the Basin and Range (Fig. 1).  The structure and development of the Basin and 

Range-Colorado Plateau Transition Zone is a contemporary topic in tectonic and 

structural geology.  The southern High Plateaus record intense Middle and Late Tertiary 

volcanism in the Marysvale Volcanic field that both predates and evolves with the uplift 

of the Colorado Plateau, the High Plateaus and Basin and Range faulting(Hintz).  The 

lithospheric structure and topography of the developing High Plateaus is better 

understood through study of the stratigraphy and chemistry of the intrusive and extrusive 

volcanics of the High Plateaus. 

 The Fish Lake Plateau, with peak elevation over 11610 feet, lies on the eastern 

margin of the High Plateaus region of central and southern Utah (fig 1).  Fish Lake itself 

is an alpine lake 5 miles long and 1 mile wide at nearly 9000 feet elevation.  It is the 

headwaters of the Fremont River.  The bedrock of the plateau is Oligocene and early 

Miocene extrusive volcanic rocks (Williams and Hackman, 1971). 

 The Fish Lake volcanics are associated with the Marysvale volcanic pile in central 

Utah.  The Fish Lake, Awapa and Aquarius Plateaus lie on the eastern margin of the 

volcanic pile centered near Marysvale, Utah (Fig. 1).  There, the volcanic pile reaches a 

maximum thickness of more than 3000 m (Anderson et al., 1975).  The thickest 

sequences of volcanic breccias, lava flows and pyroclastic deposits are exposed in the 

southern Tushar Mountains, northern Markagunt Plateau, and southern Sevier Plateau 

(Anderson et al., 1975).  Moreover, the Fish Lake volcanics are the easternmost extrusive  
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volcanics in the east-west trending Marysvale-Pioche zone (Nelson, 1989). 

 In the well-studied central and southern Marysvale volcanic field, three periods of 

igneous activity are distinguished: 34 to 22 Ma, 22-14 Ma and 9 to 5 Ma (Cunningham et 

al., 1994).  During the first period, the vast Mount Dutton Formation and Bullion Canyon 

Volcanics (first described by Eugene Callaghan (Callaghan, 1939)) were erupted in the 

southern and central Marysvale field, respectively, under a convergent tectonic regime.  

In the second period, 22-14 Ma, the igneous activity suddenly transformed to a bimodal 

alkali rhyolite (including the Mount Belknap Rhyolite) and basalt.  This change is 

attributed to a shift in tectonic regime from compression to initial extension (Cunningham 

et al., 1994).  Finally, a much more recent period of effusive basaltic volcanism 9 to 5 Ma 

is associated with continued crustal extension. 

 

Literature Review 

 Clarence Dutton, riding through the High Plateaus on horseback, first described 

the physiography and structure of the Fish Lake Plateau, south central Utah (Dutton, 

1880).  He recognized the volcanic bedrock as "a great aggregate thickness of trachytes, 

alternating with augitic andesites and some dolerites" (Dutton, 1880).  In 1952, C.T. 

Hardy and S. Meussig described the Fish Lake stratigraphy as part of their study of Fish 

Lake Plateau glaciation.  The Fish Lake volcanics were correlated with the Middle 

Tertiary volcanics of Callaghan.  They noted a lack of volcaniclastics that are commonly 

observed westward.  They described the oldest flows as dark grey hornblende trachyte 

beneath massive red and light-grey trachytes (Hardy and Muessig, 1952).  They observe 

minimum thicknesses of volcanic material of 250-450 feet at Mt. Terrill and 1200-1800 
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feet at Mt. Marvine, and suspected that the volcanics thinned and dipped southeast.  

Shortly afterwards in 1953, Donald P. McGookey, working independently, extended the 

Bullion Canyon Volcanics of Callaghan (1939) north into the Fish Lake Plateau.  He 

identified andesites and latites based on mineralogy, and supposed an Oligocene age 

(McGookey, 1960).  However, he admitted, "No attempt was made by the writer to map 

systematically the succession of flows that is exposed in the northern part of the Fish 

Lake Plateau.  Such a study would be a major project in itself." 

 Much later, Williams and Hackman mapped a Basaltic Andesite unit and a Latite 

unit within their geologic map of the Salina quadrangle (Williams and Hackman, 1971).  

Within the Fish Lake Plateau, they map an undifferentiated unit of basaltic andesite and 

latite below the Tuff of Osiris, hereafter called the Osiris Dacite within my study area. 

 Most recently, Webber and Bailey (2003) produced a 1:24,000 geologic map of 

the Fish Lake 7.5' USGS quadrangle as part of an undergraduate thesis.  Therein, they 

distinguish four bedrock units within the undifferentiated unit of Williams and Hackman.  

From stratigraphically low to high, they are: Johnson Valley Reservoir Andesite (J.V.R.), 

Frying Pan Hill Andesite, Lake Creek Andesite and Pelican Canyon Andesite (Webber, 

2003). 

 The stratigraphically lowest unit is the unofficially named the Johnson Valley 

Reservoir Andesite for its type location at a check dam below the Johnson Valley 

Reservoir (38 36’32” N, 111 37’51” W) (Webber, 2003).  It is the subject of this study. 

 The Osiris Dacite that caps the Fish Lake volcanics is an important marker bed 

present throughout the Marysvale field.  It was erupted from the Monroe Peak Caldera in 

the Central Sevier Plateau, the largest caldera in the Marysvale volcanic field, as a simple  
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cooling unit less than 60 meters thick (Steven et al., 1983).  The densely welded tuff 

contains primarily plagioclase, sanidine, biotite and pyroxene and covers greater than 

4000 km2, mostly to the North and east (Steven et al., 1983).  The five published isotopic 

ages are 20.3±0.5 Ma (from Damon 1986b, page 42), 22.1±0.4 Ma, 22.3±0.4, 22.4±.4 and 

22.8±.4 (Fleck et al., 1975). 

 

Physiography of the Study Area 

 A Digital Elevation Model of the Fish Lake Plateau and explanation is presented 

in Figure 2. 

 J.V.R. andesite crops out over much of the Fish Lake Plateau, both within and outside of 

the Fish Lake quadrangle.  J.V.R. outcrop is common in the hanging walls of the graben-

bounding normal faults, particularly at the Mytoge mountain scarp, Crater Lakes and Cedarless 

Flat grabens.  It crops out in the walls of Pelican canyon and Doctor Canyon. 

 There are important exposures of J.V.R. andesite outside of the Fish Lake quadrangle.  

The series of Splatter, Pole and Ivie canyons have J.V.R. andesite exposed in their lower 

drainages.  J.V.R. andesite is exposed on both sides of the Fremont River valley.  Mt. Terrill has 

a thick base of J.V.R. andesite, which is exposed in several continuous vertical buttresses by a 

150-foot dip-normal cliff on the east side.  The single most important exposure of J.V.R. andesite 

is at Mt. Marvine, where the 200-foot-thick laterally continuous arête contains at least seven 

distinct J.V.R. Andesite flows (Fig. 3). 
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Methods 

Geologic Mapping 

 The Fish Lake USGS 7.5' quadrangle and the areas immediately to the south and east 

were mapped for bedrock and surficial deposits during a four-week field period June 26-July 23.  

Mapping was done on foot with a handheld GPS unit.  The primary objective was complete 

coverage of the Fish Lake quadrangle.  Approximately 400 bedrock stations were collected 

within the Fish Lake quadrangle, in addition to the approximately 120 data points previously 

mapped by Webber and Bailey in 2003.  Bedrock data was also collected in the following areas 

outside of the Fish Lake quadrangle: Mt. Terrill, Mt. Marvine, Spatter, Pole and Ivie Canyons,  

Cedarless Flat, Elias and Briggs Hollow, Row of Pines Bench, Second Ledges, the Ledges, 

Deadman's Hollow and the Fremont River.  These stations plot in the Loa, Forsyth, Mt. Terrill 

and Boobe Hole Reservoir 7.5' USGS quadrangles. 

  

Petrography 

 Six J.V.R. andesite bedrock stations throughout the study area were sampled for 

petrography.  These stations are labeled on Figure 5.  Six thin sections were produced 

from these samples, each with a microprobe-quality polish.  Petrography was done with 

an optical microscope, with the purpose of describing mineralogy and textures.   

 

Whole Rock Geochemistry 

 The same six bedrock stations mentioned above were sampled for the purpose of whole 

rock geochemical analysis (Fig. 5).  These samples are unweathered, lack vesicles and exhibit 
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little or no secondary mineralization or alteration.  They were sent to ALS Chemex, where they 

were crushed and analyzed for major oxides using XRF (ALS Chemex website). 

 

S.E.M. 

 Phenocryst and matrix chemistries of VA088 were obtained with a Scanning 

Electron Microscope (S.E.M.).  After petrography, VA088 was coated with carbon and 

analyzed with an S.E.M. equipped with an electron backscatter detector and INCA 

software.   

 

Results 

Stratigraphic Column of the Fish Lake USGS 7.5' Quadrangle 

 One outcome of fieldwork is a general stratigraphic column for the thick volcanic 

package of the Fish Lake quadrangle (Fig. 5).  The Fish Lake volcanics sit atop an 

unconformity, below which is the well-known Flagstaff Formation, a cherty freshwater 

limestone that was deposited over much of Easter Utah during the Paleocene.  The basal 

unit of the 500-meter-thick Tertiary volcanic rocks is the J.V.R. Andesite.  The rest of the 

volcanic package, moving stratigraphically upward, is Lake Creek Andesite and Pelican 

Canyon Andesite.  The Frying Pan Hill Andesite of Webber and Bailey is absent because 

it was determined in the field not to be a mappable unit.  Bedrock stations previously 

assigned to F.P.H. Andesite are now assigned to the Lake Creek unit.  Above the Pelican 

Canyon is another unconformity.  Capping the Fish Lake volcanics is the Osiris Dacite, 

which forms a thin, resistant cap of varying thickness (10-24 meters) to the Fish Lake 

volcanic package.  The dark, glassy basal vitrophyre that is sometimes present beneath 
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the Osiris Tuff (Anderson et al., 1975) is not observed beneath the Osiris Dacite on the 

Fish Lake Hightop. 

  

Geologic Map 

 The primary outcome of fieldwork is a geologic map of the Fish Lake quadrangle 

extending into the western portion of the Forsyth Reservoir quadrangle and the northern 

part of the Loa quadrangle (Fig. 4).  The map includes stratigraphic contacts and faults 

constrained by offset strata.  They are assumed to be high-angle (>60 degree) normal 

faults. 

 Two subparallel cross-sections, A-A' and B-B',  approximately normal to the Fish 

Lake graben, extend interpretations beneath the surface (Fig. 6). 

 

Petrography 

 J.V.R. phenocryst percent ranges from 40% to 50%.  25% is plagioclase, mostly 

between 1 and 3 mm, but ranging up to 5 mm.  Euhedral to subhedral plagioclase laths 

exhibit some combination of simple and polysynthetic twinning.  Sieve texture is 

common.  10% is euhedral or rounded, subhedral clinopyroxene, 1 to 2 mm, poor or one 

directional cleavage.  The remainder is composed of opaques, olivine, orthopyroxene and 

iddingsite from olivine.  The matrix is generally plagioclase crystallite-rich but also can 

contain pyroxene crystallites, areas of glass and opaques. 

 Figure 10 illustrates some common petrographic textures. 
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Whole Rock Geochemistry 

XRF returns weight percentages for the following major oxides: Si02, Al2O3, 

Fe2O3, CaO, MgO, Na2O, K2O, Cr2O3, TiO2, MnO, P2O5, SrO, BaO, and loss on 

ignition (LOI).  Values normalized to 100% non-volatiles are  reported in Table 1. 

 Each sample is classified according to the IUGS classification system for 

extrusive volcanics of Le Bas and others, 1986 (Figure 8).  SiO2 values range between 

56.24%Wt. and 58.00%Wt.  Total alkalis range between 6.39%Wt. and 7.01%Wt.  Under 

the Le Bas 1986 classification scheme, the J.V.R. Andesite samples plot as trachyandesite 

and basaltic trachyandesite. 

 Results are also plotted on a Harker variation diagram in Figure 9. 

 

S.E.M. 

 The S.E.M. returns weight percent for the major rock-forming cations Na, Mg, Al, 

Si, K, Ca, Ti, Mn, Fe, P and Ni for each major phenocryst type (Feldspar, Pyroxene, 

Opaque, Olivine) and matrix glass.  Representative phenocryst chemistries normalized to 

atomic proportions are given in Table 2.  The feldspars are andesine with some 

labradorite.  The pyroxenes are augite.  The opaques are titanomagnetite.  The glass is 

sanidine and titanomagnetite. 

 An element map of a small area of sample VA088 is presented in Figure 9.  The 

fact that the K does not have a mineral phase has implications for future radiometric 

dating of the J.V.R. Andesite. 
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Table 1. Results from chemical analysis of the Johnson Valley Reservoir Andesite. 
 
 

 
Sample 

Type 
Location GMR 021 GMR 077 VA 088 GMR 122 GMR 148 

SiO2 55.14 56.62 57.46 57.31 57.1 55.68 
Al2O3 16.34 15.95 16.11 16.29 16.06 16.04 
Fe2O3 8.49 8.16 8.11 8.06 7.94 8.71 
CaO 6.11 5.83 5.77 5.76 5.54 6.33 
MgO 3.69 4.04 3.60 3.43 3.45 4.21 
Na2O 3.43 3.50 3.57 3.55 3.4 3.44 
K2O 2.94 3.16 3.34 3.43 3.37 2.89 

Cr2O3 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 
TiO2 1.00 1.01 1.02 1.04 0.99 1.04 
MnO 0.14 0.12 0.12 0.13 0.12 0.13 
P2O5 0.34 0.37 0.36 0.43 0.35 0.38 
SrO 0.08 0.08 0.08 0.08 0.08 0.09 
BaO 0.07 0.05 0.08 0.07 0.04 0.06 
LOI 1.99 0.99 0.31 0.46 1.33 0.92 
Total 99.77 99.89 99.93 100.05 99.78 99.92 

 
 

 
 
 
 
 

Table 2.  Representative phenocryst and glass chemistries from sample VA088.  
Phenocrysts in mole fractions, feldspar and olivine normalized to four oxygen, 

clinopyroxene to six.  Glass in weight percent. 
 

 Feldspar Cpx Ol  Glass 
Si 2.60 2.00 1.02  76.7 
Al 1.36 0.08 --  11 
Cr -- -- --  -- 
Ti -- -- --  2.22 
Ni -- -- --  -- 
Fe 0.03 0.36 0.69  1.56 
Mg -- 0.86 1.26  -- 
Mn -- -- --  -- 
Ca 0.46 0.66 --  -- 
K 0.05 -- --  5.91 
Na 0.49 -- --  2.59 

Total 5.00 3.96 2.98   
 An45 En71 Fo65   
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Discussion 

Emplacement Mechanism 

 Historically, the volcanics of Fish Lake have been called "lava flows"(Dutton, 

1880; Hardy and Muessig, 1952; McGookey, 1960; Williams and Hackman, 1971).  

Following the proposal of Webber and Bailey, I find that the petrographic textures and 

structural observations made at Mt. Marvine qualify the J.V.R. Andesite as an 

accumulation of densely welded pyroclastic flow deposits.  The primary criterion is the 

abundance of phenocrysts in the J.V.R. (up to 50%).  This is not unusual since pyroclastic 

flows are observed to have crystal abundances up to 50% (Fisher, 1984).  However, the 

observed crystal abundances would impart a crippling viscosity to a lava flow.  Secondly, 

broken phenocrysts, a common petrographic texture in J.V.R. Andesite (Fig. 10), are 

commonly observed in pyroclastic flows (Fisher, 1984). 

 The structure pattern at Mt. Marvine (Fig. 3) suggests a rapid emplacement of 

thin, mostly flat-lying, laterally continuous pyroclastic flows.  Detailed mapping of the 

entire Mt. Marvine outcrop is required, but as a first approximation there appears to be a 

lack of well-developed erosional surfaces (breccia, paleosols).  Also, no individual 

cooling units are distinguished. It appears that the entire J.V.R. Andesite was emplaced 

within a single eruptive epoch and relatively few eruptions ("eruptive epoch" and 

"eruption" as defined by Fisher pg 347-8).  Therefore, the J.V.R. Andesite is comprised 

of a small number of thick, densely welded pyroclastic flow units (defined by Fisher pg. 

349). 



A B

C D

E F

Figure 10.  Photomicrographs of J.V.R. Andesite exhibiting some common petrologic textures.  
Scale bars 1 mm. (A) (FL58) and (B) (FL64) show chipped laths of plagioclase under XPL. (C)
(FL63) and (D) (FL162) (XPL) show a glomerophyric cluster of plagioclase and pyroxene, 
respectively.  (E) (FL38) (XPL) records a preferred orientation of abundant plagioclase laths.
(F) (FL64) (PPL) shows sieve-textured plagioclase phenocrysts with pyroxene inclusions.
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 The J.V.R. Andesite must have defined a broad "volcanic plane," with a volume 

of 100 km^3.  I speculate that a collapsing caldera seems capable of extruding such a 

volume of hot material over such a broad area in a short time.  Caldera collapse is 

responsible for the emplacement of thick volcanic planes elsewhere in the Marysvale 

field, such as the 200 m of dense rocks SW of the Three Creeks Caldera in the northern 

Tushar Mountains (Steven et al., 1983).  The pressing question that follows this 

interpretation is: where is the source caldera? 

 The Monroe Peak Caldera 30 km to the west is the nearest recognized caldera to 

the Fish Lake volcanics but it is not a potential source.  To have erupted both the J.V.R. 

Andesite and later the far-reaching Osiris Tuff would require strong caldera resurgence.  

This is unlikely, for we see that Steven et. al. states "no caldera in the Marysvale field 

shows significant resurgence following subsidence." (Steven et al., 1983). 

 Previous authors have suggested source areas for the Fish Lake volcanics.  Dutton 

identified volcanic source areas for the Fish Lake volcanics in the eastern Sevier Plateau 

and within the Fish Lake Plateau at Mt. Hilgard (Dutton, 1880).  McGookey and Hardy 

and Muessig echo Dutton while leaning toward the Sevier Plateau as the primary source 

(Hardy and Muessig, 1952; McGookey, 1960).  The pyroclastic flow method of 

emplacement is somewhat incompatible with a source in the Sevier Plateau.  If the J.V.R. 

were a product of a built-up stratovolcano sending pyroclastic flows down onto a 

topographic low, we would also expect to see alluvial deposits of material shed from the 

stratovolcano's slopes.  This is the case in the Awapa Plateau, where Mattox (1991) 

observes a great thickness of volcanic mudflow breccia, conglomerate and sandstone (his 
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"Volcanic Rocks of Langdon Mountain") below and interlayered with extrusive Basaltic 

Andesite and Latite (Mattox, 1991, 2001).   However, no volcaniclastic deposits of any 

kind are observed in the Northern Fish Lake Plateau. 

 These ideas will certainly change as we resolve our understanding of the 

stratigraphy of the Fish Lake volcanics.  It is crucial that we better understand the 

structure at Mt. Marvine and the stratigraphic relations at the plateau margins if we are to 

place the Fish Lake volcanics in a regional context. 

 

Comparisons with nearby Alkaline rocks 

 J.V.R. Andesite shares similarities with the Basaltic Andesite of Williams and 

Hackman and later Mattox (1991, 2001) and the lava flows of Riley Spring of Nelson 

(1989).  With the Basaltic Andesite, J.V.R. Andesite shares the constituent minerals, 

particularly sieve-textured, embayed plagioclase, clinopyroxene and lesser olivine 

(Mattox, 1991, 2001).  Their groundmasses, mostly plagioclase microlites with smaller 

amounts of Fe-Ti oxides and glass, are also similar. 

 The J.V.R. and lava flows of Riley Spring share stratigraphic position above the 

Flagstaff Limestone (Nelson, 1989).  It has fairly abundant phenocrysts (35%) of 

dominantly plagioclase, either large, resorbed andesine or small, euhedral labradorite.  

Augite, olivine (idd.) and Fe-Ti oxides are secondary phenocrysts. 

 All three units contain glomeroporphyritic clusters of plagioclase, clinopyroxene 

or both commonly mixed with olivine and oxides (Mattox, 1991, 2001; Nelson, 1989), 

(Fig. 10).  This texture is interpreted to be acquired pre-eruption, as opposed to acquired 

during transport (Nelson, 1989). 
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 The whole rock chemical data facilitates comparison of Fish Lake volcanics with 

other nearby volcanics.  In addition to the geochemical data from the J.V.R. Andesite and 

the Lake Creek trachyte, Figures 7 and 8 plot geochemical data from the basaltic andesite 

of Mattox, the latite of Mattox, the lava flows of Riley Spring (Nelson 1989) and the lava 

flows of Deer Spring Draw (Nelson 1989).  These three pairs of units are very similar 

chemically.  The group of J.V.R. Andesite, B.A. of Mattox and lava flows of Riley 

Spring plots between 55-60% SiO2 and 6-9% alkalis.  The group of Lake Creek 

Andesite, Latite of Mattox and lava flows of Deer Spring Draw plots between 64-68% 

SiO2 and 9-12% alkalis.  Relative to the other pairs, the Fish Lake volcanics are slightly 

lower in alkalis and slightly higher in Fe and Mg (Fig. 8). 

 Presented with the chemical data, it is natural to assume a genetic relationship 

between the trachyandesites and their counterpart trachytes.  However, radiometric ages 

and stratigraphic relations complicate this interpretation.  The basal lava flow of Riley 

Spring is 23.85±1.1 Ma; one lava flow of Deer Spring Draw, although chemically more 

evolved, is 26.3±1.1 Ma.  Responding to this "time inversion," Nelson suggests that the 

spatial relation between the two units may be coincidental rather than genetic (Nelson, 

1989).  On the Awapa Plateau, three samples of Basaltic Andesite are dated:  AP99 is 

25.2±1.6 Ma, AP26 from the far east of the plateau is 25.8±1.4 Ma and AP47 from the 

top of the unit immediately beneath the Osiris Tuff, is 23.2±1.5 Ma (Mattox, 1991).  

Sample AP19 of Latite is dated at 23.1+-1.0 (Mattox 1991).  The Latite and Basaltic 

Andesite are known to interlayer (Mattox, 1991).  Overall, a direct temporal genetic 

relation between the two groups is uncertain. 

 Lack of vesicles, elevated Fe and Mg content, homogeneity, thickness and 
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emplacement mechanism argue that  the J.V.R. Andesite deserves to be distinguished 

from the nearby trachyandesites of Nelson and Mattox.  However, stratigraphic data at 

the margins may well result in a blending of these units.  

 

Conclusion 

 Extensive bedrock mapping has clarified the stratigraphy of the volcanics in the 

Fish Lake quadrangle.  Stratigraphy combined with petrography has resulted in the 

designation of the J.V.R. Andesite, the basal unit of the Fish Lake volcanics, as a densely 

welded pyroclastic flow deposit erupted during a single eruptive epoch during the late 

Oligocene or early Miocene.  Chemical data is useful for comparing with the nearby 

Basaltic Andesite of Mattox (1991) and the lava flows of Riley Spring of Nelson (1989), 

but recording stratigraphic relations between the three units is still necessary to draw any 

conclusions. 
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Abstract 29 

Aims:  Aspen forests around the northern hemisphere provide rich biodiversity compared to surrounding 30 

vegetation types.  In both North America and Europe, however, aspen are threatened by a variety of 31 

human impacts: clear-felling, land development, water diversions, fire suppression, and both wild and 32 

domestic ungulate herbivory.  We conducted a landscape assessment of quaking aspen (Populus 33 

tremuloides) for the purpose of identifying key components of resilience.  Specifically, we strove to test 34 

novel measures linking plant-animal interactions, compare crucial functional differences in aspen types, 35 

and make appropriate restorative recommendations based on the outcome of these assessments. 36 

Location:  The Book Cliffs region of eastern Utah and western Colorado, USA. 37 

Methods:  Seventy-seven one hectare plots were sampled for forest structure, composition, regeneration 38 

and recruitment, landscape elements, browse level, and herbivore use.  Use was determined by counting 39 

the number of pellet groups by ungulate species at each sample location. We tested the efficacy of a 40 

visual stand condition rating system when compared to objective metrics.  A series of non-parametric 41 

analyses were used to compare functional aspen types and stand condition groups by key variables.  42 

Nonmetric multidimensional scaling (NMS) allowed us to explore all our data to find the most critical 43 

measures of aspen stand conditions for the purpose of better informing future aspen monitoring.  44 

Results: Results indicate that plots differed significantly by seral or stable aspen functional types, stand 45 

condition rating, and browse species use. Ordination analysis revealed that regeneration level and 46 

herbivore use were the strongest objective indicators of aspen stand conditions, while the stand condition 47 

rating proved a valuable subjective index of forest status.  While ungulate herbivory of aspen is 48 

problematic internationally, our results show acute impacts where moderate slopes, relatively low water 49 

availability, and intense browsing predominate.   50 

Conclusions: Appropriate measures of aspen communities, informed by crucial functional divisions, have 51 

allowed us to gain a clear understanding of conditions across this large landscape. Overall, aspen in our 52 

study landscape is highly vulnerable to collapse due to narrow physiographic and climate limitations and 53 
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browse levels.  Without herbivory reduction, future conservation in such areas will be strained and 54 

widespread system failure may occur. 55 

 56 

Keywords: Populus tremuloides; ungulates; elk; deer; livestock; forest ecology; conservation; 57 

biodiversity; climate; ordination  58 

Nomenclature:  Plant species follow Welsh et al., (1987).  Mammal taxonomy is derived from (Zeveloff 59 

& Collett, 1988). 60 

Abbreviations: NMS = Nonmetric multidimensional scaling; NAIP = National Agriculture Imagery 61 

Program;  SNOTEL = "snow telemetry" - a network of remote stations to gather and record snow water 62 

content, precipitation, and air temperature data.  63 

Running Head: Aspen, ungulates, and forest resilience  64 
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Introduction 65 

 Aspen forests of the northern hemisphere provide unique resources where they are often the lone 66 

deciduous component of vast coniferous expanses.  In both North America and Europe aspen are valued 67 

for their rich flora and fauna (Edenius & Ericsson 2007; Kuhn et al. 2011). These biodiverse 68 

communities, however, are regionally threatened by management practices, such as logging and fire 69 

suppression which favor conifers, and by overabundance of either domestic or wild herbivores (Kota & 70 

Bartos 2010; Edenius et al. 2011). While many of the underlying issues facing quaking aspen (Populus 71 

tremuloides) and European aspen (P. tremula) are similar, there are two notable differences: quaking 72 

aspen tend to form large contiguous stands and, particularly in western locales, they occur in relatively 73 

drier climates.  Climate thus becomes a key component of future quaking aspen management where it is 74 

thought that these forests are at or near their moisture resource margins (Rehfeldt et al. 2009; Martin & 75 

Maron 2012).  Stressors on aspen landscapes that augment climate impacts, therefore, are of high concern 76 

to those addressing forest system resilience.   77 

In western North American there are numerous recent studies documenting both declines (Di 78 

Orio et al. 2005; Worrall et al. 2008) and expansions (Manier & Laven 2002; Kulakowski et al. 2004) of 79 

aspen forests.  These works document cover change at a variety of spatial and temporal scales, therefore it 80 

is difficult to make direct comparisons between results.  Moreover, recent authors have pointed out 81 

distinct aspen functional types (Shepperd et al. 2006; Rogers et al. 2013) which would be expected to 82 

respond differently to short- and long-term perturbations.  Aspen cover change has been attributed to fire 83 

suppression and conifer encroachment, past logging, climate variability, settlement period burning, and 84 

browsing by wild and domestic ungulates (Kulakowski et al. 2004; Shepperd et al. 2006; Rogers et al. 85 

2011).  Some results have indicated positive and negative cover change within the same landscape 86 

(Kulakowski et al. 2004; Sankey 2009), lending further support to the concept of varying aspen functional 87 

types (Rogers et al. 2013).  Given that aspen forests have undergone modest-to-large change over the past 88 

150 years—often where human actions combine with stochastic disturbances—practitioners have become 89 

concerned about the future of these forests under current management regimes.  Contemporary thinking 90 
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holds that “managing for resilience” will afford the best hopes for sustainable quaking aspen (as in most 91 

systems). Forest managers are therefore interested in sustaining or creating resilient aspen communities 92 

with a foundation of state-of-the-science knowledge and adaptive practices.  Where plant-animal 93 

interactions are paramount, a barrier to such goals has been a lack of effective communication between 94 

federal forest and state wildlife practitioners in both scientific and applied realms. 95 

 While aspen is highly valued for its’ biodiversity, in some locales herbivores are having undue 96 

impact on the ability of these systems to maintain ecosystem functions.  Aspen shoots and leaves provide 97 

valuable nutrition to several species, especially early and late in the growing season when diversity of 98 

browse is limited (Jones et al. 2005; Beck et al. 2006).  In Scandinavia, moose (Alces alces) are the 99 

primary herbivore affecting aspen recruitment (Edenius & Ericsson 2007; Edenius et al. 2011).  In the 100 

western United States browsing cattle (Bos spp.), sheep (Ovis spp.), North American elk (Cervus 101 

elaphus), and mule deer (Odocoileus hemionus) in many areas are severely inhibiting stand renewal via 102 

repeated aspen sprout consumption (DeByle 1985; Zeigenfuss et al. 2008; DeRose & Long  2010; Rogers 103 

et al. 2010).  This phenomenon seems particularly acute where wild elk populations are thought to be 104 

beyond “historical range of variation” levels due to aggressive reintroduction programs (e.g., Bailey et al. 105 

2007; Stritar et al. 2010) and relatively low levels of predation (Beschta & Ripple 2009).  Though reduced 106 

elk numbers from wolf predation may lead to successful aspen recruitment (Fortin et al. 2005), there is 107 

some dispute over whether commensurate alterations of browsing patterns wrought by fear of predation 108 

are further influencing regeneration success (Kauffman et al. 2010).  In most of the western U.S., 109 

however, significant predation of wild and domestic ungulates is absent as recent reintroductions of a 110 

critical carnivore, the gray wolf (Canis lupus), are limited to specific geographic zones.  Cougar (Felis 111 

concolor) apparently do prey on younger or smaller elk, though their primary ungulate prey appear to be 112 

adult mule deer (Matson et al. 2007).  Overall, the impact of large herbivores on aspen communities may 113 

be reduced to three key factors: nutrition, population, and frequency of movement.  Browsers who require 114 

specific nutrient content of aspen leaves or bark (continuously or seasonally) and who are present in large 115 
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numbers for extended periods may reduce long-term system resilience (Beck et al. 2006; Martin & Maron 116 

2012).  Presence of multiple aspen-browsing species will only amplify this phenomenon. 117 

 We undertook a landscape-level survey of aspen condition and resilience in a remote portion of 118 

the American West known as the Book Cliffs.  As a relatively short-lived clonal species aspen is highly 119 

dependent on both continuous and episodic recruitment (Kurzel, et al. 2007). Accordingly, a large part of 120 

our monitoring effort would rely on cataloguing the status of this “next generation” component of these 121 

forests.  With this in mind, the current study has three prime objectives: 1) to conduct a defensible 122 

landscape assessment of aspen status across the Book Cliffs, while testing new measures for linking 123 

animal impact to stand conditions; 2) to understand distinct aspen types and determine environmental 124 

conditions which differ among these groups; 3) to make appropriate restorative recommendations for 125 

aspen systems based on outcomes of the first two objectives.  Findings from this work will have 126 

ramifications for large portions of western North America, and more broadly in northern Europe, where 127 

issues of large ungulate-aspen browsing are rife within conservation circles. 128 

 129 

Methods 130 

 131 

Study Area 132 

 The Book Cliffs is part of a larger 230-km long feature known as the Tavaputs Plateau, which is 133 

bisected by the Utah-Colorado border in the western United States (Figure 1).  This arid plateau slopes 134 

gently northward to the Uintah Basin and drops abruptly to the south into Utah's Canyonlands region of 135 

the Colorado Plateau (Sexton et al. 2006). The area consists of plateau tops dissected by steep valleys.  136 

Soils are derived predominantly from sandstone and shale substrates, resulting in rocky-to-sandy loams in 137 

much of the range.  The elevation zone where aspen occurs, between  2,075 to 2,611 m, is fairly narrow 138 

compared to other landscape-level assessments regionally (Kurzel et al. 2007; Rogers and Ryel 2008), 139 

suggesting that environmental conditions, particularly precipitation, are limiting to aspen occupancy 140 

(Mittanck 2012). A weather monitoring station located in the aspen zone of our study area (SNOTEL site 141 
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#461) recorded an average annual precipitation of 542 mm (SD + 127) between 1987-2012.  Aspen and 142 

conifer stands are bounded by sagebrush (Artemesia spp.) on adjacent dry sites and, as elevation 143 

decreases, pinyon (Pinus edulis) and juniper (Juniperus osteosperma, J. scopulorum) woodlands. 144 

 Our study area consists of 268 distinct aspen polygons scattered across ~18 000 ha of the Book 145 

Cliffs in Utah and Colorado.  Polygons were identified using three bands, including near-infrared, of 146 

National Agriculture Imagery Program (NAIP) imagery.  Images were enhanced to allow a linear stretch 147 

across three standard deviations of the spectral data.  This process increases contrast between vegetation 148 

types allowing easier interpretation. An earlier aspen stand assessment in this same area yielded a photo 149 

interpretation accuracy level of 88% (Mittanck 2012).  The primary criterion used to delineate aspen 150 

polygons was if the area was contiguously forested with an aspen component.  Polygons greater than 50% 151 

aspen cover and more than 0.5 ha were randomly selected for sampling. The completed procedure 152 

resulted in an initial selection of 100 sample polygons, of which 77 were field sampled (Figure 1).  153 

(Sixteen polygons were inaccurately identified as meeting our species/cover criteria and seven were 154 

eliminated due to access and time constraints.)   Average sampled polygon size equaled 3.5 ha (range 0.5-155 

31 ha).  In sum, we sampled 29% of the total polygon population (representing 34% of aspen area) within 156 

the study area, enabling us to make strong inferences about the overall Book Cliffs aspen landscape.   157 

 158 

Field Methods 159 

 The prime sample unit for this study consists of a ha
-1

 area, henceforth called the "plot," at the 160 

centroid of each polygon. Plots were sampled only if they were at least 50% aspen cover and entirely 161 

within a forested area.  Certainly variation was encountered in aspen polygon conditions. However, with 162 

the above requirements—along with the random polygon selection and systematic centroid location—plot 163 

data are assumed to represent mean conditions for each polygon.  At each plot, visual estimates of aspen 164 

and conifer cover were made for the entire polygon with the aid of aerial photos.  A walk through the ha
-1

 165 

sample area was made to gain an overall rating of stand conditions using criteria defined in Table 1, an 166 

estimate of discrete vertical "layers" of aspen, and the dominant understory cover by plant group (i.e., 167 
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shrub, trees, grasses, forbs).  Each plot was assigned an aspen stand type, either seral or stable (Harniss & 168 

Harper 1982).  We define seral aspen as containing more than 10% conifer cover or, if stand-replacing 169 

disturbance such as fire or logging occurred within the past three decades, the potential to exceed this 170 

cover.  Stable aspen implies < 10% conifer cover and long-term "stability" in a single species state (i.e., > 171 

100 years).  In most instances the distinction between seral and stable plots is immediately evident as 172 

there are either no conifers or many conifers within an aspen forest.  Geographic coordinates were 173 

obtained and four plot photos were taken to document understorey composition and structure.   174 

  At each plot center, two perpendicular 30 x 2 m transects were established and the following 175 

field measures were taken: percent aspen, conifer, and sagebrush cover; regeneration (< 2 m height), 176 

recruitment (> 2 m height, < 8 cm diameter breast height [dbh]), and mature tree (> 8 cm dbh) counts by 177 

species; mature tree counts by three diameter classes (8-15 cm; 16-25 cm; >25 cm dbh); and fecal pellet 178 

counts by groups (deer and elk) and individual feces (cattle).  Pellet groups were defined as any 179 

assemblage of feces consisting of three or more pellets from the same defecation (Bunnefeld et al, 2006).  180 

Pellet groups give relative frequency of species’ visits (use) of aspen stands; they are not direct measures 181 

of browse intensity. Two mature representative, healthy, aspen and two conifer (if present) were aged at 182 

breast height to determine overall stand age.  Finally, field personnel recorded recent disturbances, if 183 

applicable, across the sample ha
-1

.  All transect data were expanded to represent conditions on a ha
-1

 basis 184 

for analytical purposes.   185 

 186 

Analytical Methods 187 

 Analytical efforts for this work were exploratory in nature, meaning our intent was to determine 188 

the most important measures among a suite of environmental variables.  First, we wished to combine 189 

proven aspen landscape survey methods (Rogers et al. 2010) with experimental techniques designed to 190 

simplify monitoring methods for future work.  Thus, we were in search of key metrics, or "indicators," of 191 

aspen conditions.  Two non-parametric tests were used to address indicators individually.  The two-sided 192 

Wilcoxon-Mann-Whitney U test was used to evaluate field variables for differences between seral and 193 
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stable aspen stands to establish whether such a delineation was ecologically meaningful.  The Kruskal-194 

Wallace test, a non-parametric equivalent to analysis of variance, was the primary means of assessing the 195 

usefulness of the stand condition ranking.  Direct measures of aspen mortality, condition and amount of 196 

regeneration and recruitment, and level of browsing (Table 1) were not considered independent of stand 197 

condition, therefore they were removed from these tests of group differences.  We evaluated the 198 

remaining field variables for group effects based on their overall rating of good, moderate, or poor stand 199 

condition.  The Kruskal-Wallace test does not provide a between-groups test of significance, thus further 200 

evaluation of stand condition, as well as other field measures, would be addressed with a broader 201 

statistical approach using the entire data set in distance matrix analyses. 202 

 Nonmetric multidimensional scaling (NMS) is an ordination technique that provides a robust 203 

method of understanding salient structure within ecological data sets which are expected to be nonnormal 204 

and discontinuous in their nature (McCune et al. 2002).  Our goal in using NMS was to seek out critical 205 

measures of aspen stand conditions within our data set to provide a basis for evaluating the entire Book 206 

Cliffs landscape.  The wide variation in data types (e.g., counts, ratings, digitally generated location data, 207 

measures, cover estimates) required a flexible and defensible analytical approach such as NMS (Peck 208 

2010).  Twenty-three plot-level variables (Table 2) found on the 77 sample plots within our study area 209 

formed the primary matrix in our NMS analysis.  An initial outlier analysis was performed to check of 210 

data anomalies based on two standard deviations of the Sørensen distance measure (Peck 2010).  No data 211 

transformations were required for this analysis.  We used the PC-ORD software to conduct NMS and 212 

produce related graphic outputs (McCune & Mefford 2006).  The ordination was initiated with a random 213 

start number upon 250 runs of the actual data set using Sørensen distance measure.  We assessed final 214 

NMS solution dimensionality by plotting stress as a function of number of dimensions or axes. Where 215 

two consecutive dimensions were < 5points of stress apart the lower dimension was selected as our 216 

optimum solution (McCune et al. 2002).  A Monte Carlo test was then run on the lowest stress solution 217 

using 250 randomized runs to evaluate the probability of our result being greater than chance occurrence.  218 
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For all analyses in this study results were considered significant when reaching the 95% confidence 219 

interval (i.e., p-value < 0.05). 220 

 221 

Results 222 

 223 

 Two-thirds (66%) of our survey locations were considered stable aspen and the remaining one-224 

third were seral to conifer species.  No plots in our survey sampled stand-replacing disturbance, though 225 

significant “browsing” or “grazing” were noted on 16 % of stands.  We found several significant 226 

differences in environmental variables by these two primary aspen stand types (Fig. 2).  Overall, stable 227 

plots were at higher elevations (Z = -2.69; p = 0.007), with lower slope angles (Z = 3.78; p < 0.001), had 228 

greater regeneration (Z = -2.95; p = 0.003), and more trees ha
-1

 (Z = -2.21; p = 0.027).  We found no 229 

statistical difference in recruitment levels between stand types.  Seral aspen in the Book Cliffs were 230 

significantly older than stable aspen forests (Z = 2.09; p = 0.039).  Stable stands are experiencing heavier 231 

levels of browse (Z = -2.21; p = 0.038; box plot not shown) which likely relates to higher scat counts 232 

among cattle (Z = -3.85; p < 0.001), elk (Z = -3.59; p < 0.001), and the total scat (Z = -4.41; p < 0.001).  233 

Deer pellet counts were not significantly different between stand types (Z = -1.13; p = 0.257).  Elk feces 234 

accounted for 67% of the total scat count, with cattle and deer at 22% and 11%, respectively. 235 

 Recruitment levels were equally low in seral and stable aspen communities across our study area. 236 

Only three of 77 sampled plots contained greater than 500 recruitment stems ha
-1

, a suggested minimum 237 

threshold for stand replacement (O'Brien et al. 2010).  Given that many sample plots had fewer than 500 238 

mature trees ha
-1

 we took a closer look at aspen recruitment based on local conditions. Using a more site-239 

driven approach, we calculated live recruitment as a percentage of total mature aspen trees ha
-1

 with the 240 

logic that 100% would support complete immediate aspen stand replacement and 50% ample recruitment 241 

for gradual (i.e., gap-phase) replacement. Even this conservative consideration yielded very poor 242 

recruitment across the Book Cliffs landscape (Fig. 3).  Ninety-four percent of sample plots had a fewer 243 
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than 50% recruitment based on total mature aspen trees ha
-1

.  Fifty-five of the total 77 aspen stands had 244 

zero recruitment.  245 

 In addition to a number of objective field-based metrics of aspen forest conditions, we tested the 246 

efficacy of a subjective stand condition rating system.  We found several significant group trends along 247 

our stand condition continuum (Fig. 4).  Aspen polygons in both poor and good condition were at higher 248 

elevations than those with moderate visual impacts; stands in the worst condition were found at the 249 

highest elevations (χ
2
 = 7.62; p = 0.019).  As expected, as stands age their condition deteriorates (χ

2
 = 250 

9.60; p = 0.007).  Basal area (χ
2
 = 10.58; p = 0.004) and trees ha

-1
 (χ

2
 = 20.15; p < 0.001) decreased as 251 

stands condition declines.  As an indirect measure of browsing impact, there were significant increases in 252 

elk scat (χ
2
 = 20.09; p < 0.001) and total scat (χ

2
 = 17.68; p < 0.001) as stand condition deteriorates.  253 

Both cattle (χ
2
 = 3.95; p = 0.138) and deer (χ

2
 = 4.59; p = 0.106) failed to show significant relationships to 254 

stand condition.  Overall, these data provide significant and visually compelling trends, but do not specify 255 

differences between each group.  To pursue this further, we explored overall dataset structure using more 256 

powerful analytical tools. 257 

 Nonmetric multidimensional scaling (NMS) provided a parsimonious method for exploring 258 

distance relationships by ordination of all variables in "sample plot space."  No data or plots were 259 

eliminated in outlier analysis.  NMS ordination produced a 2-dimensional (i.e., axes) solution with a final 260 

stress of 12.03 (instability < 0.000).  We assessed stability by plotting a graph of stress versus number of 261 

iterations. Stability was reached at 54 iterations from a maximum of 500 runs of our "real" dataset. Monte 262 

Carlo test results indicate that the two-axis solution using real data was significant (p = 0.004).  Two axes 263 

explain nearly all of variability in the Book Cliffs aspen dataset (Axis 1: r
2
 = 0.61; Axis 2: r

2
 = 0.31; total 264 

r
2
 = 0.92, orthogonality = 97.3%).  Cumulatively, the degree of stability, randomization results, and 265 

variability explained by the two-axis solution indicate a highly significant final NMS result (McCune et 266 

al. 2002).  An ordination joint plot and the categorical variable "stand condition class" were overlaid on 267 

the results of the NMS (Fig. 5).  Axis 1 strongly represents aspen regeneration ha
-1

 and to a lesser degree 268 
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aspen recruitment.  Axis 2 displays a robust alignment with overall scat ha
-1

, as well as to individual 269 

browsing species; dominantly elk.  All environmental variables are presented here in terms of Pearson’s 270 

coefficient (r) values as they relate to the primary axes identified in NMS (Table 2). 271 

 272 

Discussion 273 

 274 

Key aspen indicators inform resilience 275 

 We set out to conduct a landscape assessment of aspen communities in the Book Cliffs of eastern 276 

Utah.  Our random sample of nearly one-third of all stands in the area showed an overall aspen population 277 

under moderate to high threat.  Stable aspen make up two-thirds of the Book Cliffs aspen landscape, thus 278 

continuous recruitment is crucial to long-term forest vigor. Only 23% aspen polygons were rated as being 279 

in good condition based on visual assessments of stand mortality, regeneration and recruitment, and 280 

browse levels (Table 1). While 27% of sample sites contained minimum required regeneration levels, just 281 

three of 77 stands contained adequate levels of recruitment (O'Brien et al. 2010).  Whether aspen 282 

produces many or few suckers over time is less important than survivorship above browse level. Once 283 

above this height, understorey stems can eventually fill canopy gaps as the relatively short-lived canopy 284 

trees die.  Resilience to insects and disease, particularly in stable aspen, depends on a diverse height and 285 

age profile (Worrall et al. 2010)  and young stands (both seral and stable) dominated by aspen are less 286 

prone to fire (Shinneman et al. 2013) thereby providing a buffer against stand collapse.  In an effort to 287 

gain appropriate measures of recruitment based on site-specific data, which include relatively low water 288 

resource availability (Mittanck 2012), we looked at recruitment as a proportion of actual live mature 289 

stems (Fig. 3).  Even with this more conservative adjustment, landscape-level recruitment was very low 290 

indicating a great majority of aspen stands with little resilience to future drought or disturbance.  291 

Ordination of all physical, mensuration, browse, and scat data gives us a strong indication of what factors 292 

are responsible for this poor level of aspen recruitment.   293 
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 Teasing apart causality among multiple domestic and wild herbivores continues to be a vexing 294 

problem for forest, range, and wildlife ecologists.  Standard measures of animal and tree populations 295 

occur at widely varying scales and browsers may not exhibit predictable movement and feeding patterns 296 

from year to year.  Moreover, in areas of limited predation and accessible aspen terrain the combined 297 

effects of herbivory are severely limiting to aspen recruitment (Beschta & Ripple 2010; Rogers et al. 298 

2010).  In the current work, we sampled scat on the same scale (i.e., transects) as forest structure data.  To 299 

our knowledge, this spatial symmetry has not been attempted elsewhere and may help overcome previous 300 

barriers in understanding effects of widely roaming herbivores at stand-levels.  Browse levels to 301 

regeneration were moderate-to-high across most of the study area as reflected by a 51% average browse 302 

level combined with very low levels of recruitment.  Olmstead (1979) suggests that more than 30% aspen 303 

sucker utilization by elk lead to declines in stand density.  Others suggest a more conservative guideline 304 

where > 20% annual browse of aspen leaders will result in decreases in stand density (Jones et al. 2005).  305 

Further connections between elk use, browse level, and recruitment success are presented for the Book 306 

Cliffs landscape through ordination (Fig. 5; Table 2).  In NMS analysis, Axis 1 positively represents 307 

aspen regeneration, as well as moderate correspondence to recruitment and trees ha
-1

.  Axis 2 relates most 308 

strongly to elk scat counts, but also to deer and cattle scat.  Additionally, axis 2 corresponds with percent 309 

aspen canopy cover (negative to conifer cover) and heightened browse levels (Table 2).  This indicates 310 

greater impacts and use of stable aspen stands by all herbivores likely due to their generally moderate 311 

terrain (Fig. 2).  We should emphasize that while overall strong correspondence to regeneration and scat 312 

counts in the ordination were exhibited, most physiographic indicators showed weak relationships to both 313 

objective and subjective indices (Table 2). This poor showing of environmental variables may be further 314 

indication that our landscape-level results from the NMS are not tied to specific locations, but rather to 315 

other causal factors. 316 

 Our study used scat counts to represent herbivore use of aspen habitat and indirectly level of 317 

aspen browse.  Use of scat counts as surrogates for habitat use have been criticized by some (Smart et al. 318 

2004), but favored by others when compared to animal radio-telemetry data (Borkowski 2004; Bunnefeld 319 
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et al. 2006).  The central advantage of the scat count method was a direct correspondence of site and scale 320 

of sampling.  Studies using radio-telemetry cannot be easily calibrated to our stand-level sample units and 321 

thus would be very difficult to understand as we attempted to measure landscape conditions and habitat 322 

use based on these ha
-1

 measures.  A disadvantage when comparing between species is that each feces 323 

occurrence cannot a priori be assumed to mean the same level of use.  We feel, however, that nominal 324 

differences between elk—two-thirds of all scat; > 3x cattle and > 5x deer—and other herbivore scat 325 

counts provide proximate evidence for elk's primary role in limiting aspen recruitment on this landscape.  326 

Ordination results (Fig. 5; Table 2) confirm a dominant role of elk among all herbivores and only elk and 327 

total scat counts related significantly to our stand condition rating system (Fig. 4).   328 

 Our chief motivation for developing an aspen stand rating system was efficiency.  Degraded 329 

aspen communities in our region are commonplace (Binkley 2008; Worrall et al. 2008; Rogers et al, 330 

2010), therefore a quick and credible means for managers to assess conditions across very large 331 

landscapes is desirable.  We pitted several objective measures of aspen systems against our subjective 332 

stand condition and confirmed the utility of this measure as a surrogate for overall condition, as well as 333 

aspen mortality, stand structure, regeneration/recruitment, browse, and (independently) animal use.  We 334 

consider the high correspondence to scat ha
-1

 (Fig. 5) an independent estimate of herbivore use, as there 335 

are no direct elements of scat or animal visitation in our stand condition classes (Table 1). Where 336 

resources are low and there is need for widespread aspen monitoring we suggest use of stand condition 337 

ratings alongside key site measures, such as regeneration, recruitment, and browse counts, to glean 338 

meaningful information with minimum expenditure.  339 

    340 

The role of functional aspen types in the Book Cliffs 341 

 Before we can assess impacts on a particular system it is important to understand broad-scale 342 

ecological divisions.  Our initial findings showed two distinct aspen types occupying different realms of 343 

key environmental variables (Fig. 2).  This overall picture generally fits that of the Colorado Plateau 344 

stable and montane seral functional types described by Rogers et al. (2013), although the Book Cliffs 345 
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appear to be within the lowest elevation and precipitation niche for western aspen (Sexton et al. 2006; 346 

Mittanck 2012). Within our study area, a novel finding is that seral aspen occupy relatively lower 347 

elevations, unlike other locations where stable aspen is common on the Colorado Plateau (Rogers et al. 348 

2010).  We do find, however, that pure aspen types often occur on lower slope angles which make them 349 

more vulnerable to herbivores (Harniss & Harper 1982; Binkley 2008; Zegler et al. 2012 ).  Our results 350 

confirm use on lower angle slopes as heavier levels of elk and cattle occupancy occurred in stable aspen 351 

forests (Fig. 2).  An alternative explanation for greater herbivory in stable aspen may simply be greater 352 

availability of young stems, as shown by the strong positive correlation of regeneration to stable aspen 353 

(Fig. 2). It appears that deer use both seral and stable habitat equally, though at lower overall levels. 354 

 In terms of stand structure measures, we also found evidence of distinct functional groupings 355 

between seral and stable aspen.  Where aspen are seral to conifers, stands are generally older than pure 356 

sites (Fig. 2; Rogers et al. 2010), although clear indication of stand age is sometimes difficult in healthy 357 

uneven-aged stable aspen.  Seral stands in the Book Cliffs contained less mature aspen trees ha
-1

 than the 358 

upland stable type.  Greater aspen regeneration on upland stable sites corresponds to overall tree counts.  359 

Although there is more regeneration in stable forests, it appears an insignificant number of stems in either 360 

functional category are surviving to a recruitment stage (Fig. 3).  Thus, where healthy stable aspen 361 

(particularly) should exhibit multiple stand layers (Harniss & Harper 1982; Rogers et al., 2010; 2013), we 362 

found only about one-third (35%) of such vertically diverse locations in the Book Cliffs.  The low overall 363 

tally of recruitment (Fig. 3) amplifies the lack of vertical diversity and high level of concern at the 364 

landscape-scale.  Anecdotally, ungulate exclosures observed with the Book Cliffs demonstrate adequate 365 

recruitment, even where deer are allowed access (supplemental photos online). 366 

 367 

Resilience, restoration, and monitoring of herbivore impacted aspen 368 

 Consumption beyond replacement level of understory plants, and in particular juvenile trees,  by 369 

large herbivores is common globally (White et al. 1998; Gill 2006; Edenius & Ericsson 2007; Takatsuki 370 

2009; Tanentzap et al. 2009).  In areas dominated by conifers (e.g., northern Europe, northern and western 371 
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North America), aspen provide unique habitat and high levels of biodiversity (Kouki et al. 2004; Kuhn et 372 

al. 2011).  As a keystone species (Campbell & Bartos 2001; Edenius et al. 2011), loss or reduction of 373 

aspen communities has cascading effects on dependent biota (Bailey et al. 2007; Rogers & Ryel 2008; 374 

Kuhn et al. 2011) including target herbivores (Beck et al. 2006).  In our study area in the arid western 375 

United States we consider aspen forests, particularly stable stands, to be of relatively low resilience to 376 

environmental changes due to low water availability and high accessibility provided by generally 377 

moderate- to low-angle slopes (Fig. 2; Zegler et al. 2012).  Mittanck (2012) found that the Book Cliffs 378 

was the most arid of regions supporting an "aspen niche" among his four study sites spread across Utah.  379 

A basic definition of ecological carrying capacity (Beck et al. 2006, p.283) simply states "an equilibrium 380 

between populations of plants and herbivores in the absence of harvest." Evidence presented here 381 

suggests that browsers, particularly elk, are beyond carrying capacity for the Book Cliffs aspen landscape 382 

and are having long-term effects on this landscape.  Potential for significant aspen cover loss is high with 383 

consequent effects on dependent species.  With continued heavy browsing, we should expect to see stand 384 

decline and loss of entire age cohorts that coincide with noted increases in large herbivore populations 385 

(Binkley 2008; Beschta & Ripple 2010).  Furthermore, sites at lower elevations in accessible terrain may 386 

be most vulnerable to predicted warming climates via reduced snow cover which carries the dual negative 387 

impacts of decreased water resources and increased winter access by browsers (Martin & Maron 2012). 388 

 We recommend restoration of aspen forests based on appropriate aspen functional type (Rogers et 389 

al. 2013).   In the current work we have highlighted key environmental differences between seral and 390 

stable aspen.  With a view toward restoration, we favor emulating ecological processes that have shaped 391 

these aspen systems for centuries.  While seral aspen depends on irregular fire and other stand-replacing 392 

disturbance, stable communities are driven by small group- and tree-level mortality and continuous or 393 

episodic recruitment (Harniss & Harper 1982; Kurzel et al. 2007).  Thus, commonly prescribed burning or 394 

clear-felling are in many cases appropriate for seral aspen and inappropriate for stable types.  Once 395 

browse pressure is removed, or reduced to a sustainable level, stable aspen often need little or no stimulus 396 

to rejuvenate their stand structure.  If herbivory cannot be curtailed stable stands will eventually die-off 397 
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and seral stands may be overtopped by conifers.  In fact, Edenius et al. (2007), working in European 398 

aspen (P. tremula), found that heavy browsing in the absence of disturbance—either human-caused or 399 

natural—will accelerate succession toward conifer dominance to the detriment of remaining mature 400 

aspen.  In smaller stands, or specific environmental situations (e.g., riparian or recreational locations), 401 

aspen may be protected by temporary fencing from browsers.  However, this protection strategy is not 402 

feasible for large landscapes where fencing is cost prohibitive.  Finally, we encourage allowance for 403 

natural or prescribed burns to increase chances of genetic diversity through aspen seedling establishment 404 

(Long & Mock 2012).  This strategy is more appropriate for seral types that burn more readily, than for 405 

stable aspen that are generally not susceptible to fire (Shinneman et al. 2013).  While it is now accepted 406 

that aspen establishment by seed is more common than previously thought (Long & Mock 2012), we have 407 

little understanding of mechanisms of occurrence in stable types where evidence suggests high genetic 408 

diversity, too (Mock et al. 2008).   409 

Both seral and stable aspen will require significantly reduced browsing, thus elk population 410 

reduction should be considered a core strategy where heavy browsing, such as in the Book Cliffs, can be 411 

credibly documented (Seager et al. 2013).  Current elk and livestock management in this area encourages 412 

sustained or increased animal populations.  We concur with Seager et al. (2013) that increased hunting 413 

can and should be implemented where reintroduction of apex predators, such as wolves (Canis lupus), are 414 

politically unfeasible. Secondarily, seral types may require complementary conifer disturbance to create 415 

forest openings and facilitate both seedling and sucker regeneration (Long & Mock 2012; Rogers et al. 416 

2013). 417 

 Pre- and post-treatment monitoring using a scheme similar to the one tested here is required to 418 

further understand if actions are having desired restorative effects. For example, use of fenced exclosures, 419 

while appropriate for demonstrative purposes, raise concerns when prescribed as a landscape-level 420 

management option.  Past exclosure studies have shown that aspen will respond heartily to complete 421 

protection (Kay & Bartos 2000; Kay 2001).   Monitoring within and outside exclosures will give reliable 422 

measures of sprouting ability and no-browsing protection, respectively, but provide little useful 423 
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information regarding reduced herbivory in the context of stand- or landscape-level aspen restoration.  424 

For this reason, the current study area as well as locales with similar browse issues, will require 425 

documentation of active (stimulus) and passive (reduction or removal of browsers) management effects.  426 

While we fully expect confounding factors (i.e., climate, disturbance, human impacts), our overall 427 

objective with monitoring and adaptive management is to facilitate future aspen community resilience.  In 428 

a setting such as the Book Cliffs that is predisposed to low resilience, restoration ecologists would do well 429 

to focus resources toward increasing the systems' capacity to rebound under expected stresses. 430 

 431 

Conclusions 432 

 433 

 Findings from the present study have conservation applications in drought-prone, drought 434 

expectant, and chronically browsed forest systems. The Book Cliffs aspen landscape constitutes a 435 

relatively low elevation dry setting as compared to other locations around the region (Mueggler 1988; 436 

Mittanck 2012) and therefore may be viewed as a harbinger of future climate conditions in other settings.  437 

The narrow elevation and moisture band in which aspen exist here is thought to be vulnerable even in the 438 

absence of heavy browse (Rehfeldt et al. 2009).  Though there is an abundance of seral aspen at generally 439 

lower elevations and on steeper slopes, the area is notable for its high presence of the single-species stable 440 

type.  We recommend future conservation that emulates the dynamics within these distinct functional 441 

types.  For example, while clear-felling or prescribed burning may fit seral types, they are inappropriate in 442 

stable aspen (Shinneman et al, 2013; Rogers et al. 2013).  Given that mature aspen are short-lived 443 

compared to their conifer cohorts, aspen assessments must rely heavily on measures of regeneration and 444 

recruitment.  Recruitment is a key measure of system resilience where stand-replacing disturbance, 445 

browsing pressure, and warming climates are expected to stress these systems.  We suggest using 'natural 446 

range of variation' to guide adaptive actions (Landres et al. 1999).  Based on results presented here, there 447 

is strong evidence of elk browsing being beyond sustainable levels for the aspen landscape in our study 448 
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area.  Similar conditions may be found in a broader swath of the Colorado Plateau region where stable 449 

aspen prevails (Rogers et al. 2010; Rogers et al. 2013). 450 

 Where aspen forests are threatened by intense ungulate browsing, what conservation actions can 451 

be taken to increase community resilience?  Aspen monitoring and management must include explicit 452 

documentation of all browsing pressures. Where domestic herbivores play an important role, actions to 453 

rest pastures and curtail stock numbers may be needed.  Without significant predation on wild ungulates, 454 

greater human regulation of populations will be required to reduce herbivory and restore the structural 455 

diversity and functional capacity of these communities. Vegetation and wildlife managers, often favoring 456 

divergent priorities, will need to coordinate closely to restore aspen recruitment and overall landscape 457 

resilience.  Failure to do so will result in declining aspen and loss of habitat for a wide range of species, 458 

including preferred game animals, which are dependent on these regionally biodiverse ecosystems.   459 
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Supplementary Materials 606 

Appendix S1: Photos depicting an exclosure limiting ungulate browsing in the study area. 607 

S1a: Ungulate exclosure depicts regular recruitment within fenced area, Book Cliffs, Utah, USA. 608 

S1b: Alternate view of S1a showing opposite side of ungulate exclosure, Book Cliffs, Utah, USA. 609 

S1c: Close-up of corner posts of ungulate exclosure depicting 0.5 m gap at base that allows mule deer  610 

(Odocoileus hemionus) access, but not elk (Cervus elaphus) or cattle  (Bos spp.), Book Cliffs, Utah, USA. 611 
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Table 1:  Ranking of stand condition based on visual estimates of overstorey, regeneration/recruitment, 

and browse of young aspen suckers. A stand must meet all the criteria for either "Good" or 

"Poor" condition, otherwise it is rated as moderate.  "Mortality" is defined as standing dead 

mature trees.  Browse includes branch tips, buds, and leaves missing, as well as presence of 

multi-stemmed ("bushy") aspen regeneration. 

          

Code Descriptor 

Overstory 

Mortality/disease Vertical Stand Layers Visible Browse Impacts 

1 Good 

Minimal overstorey 

mortality and stem 

disease present (< 5%) 

Several aspen layers (> 3)  

Browsing impacts on 

regeneration uncommon 

(< 25%) 

2 Moderate Does not fit 1 or 3 Does not fit 1 or 3 Does not fit 1 or 3 

3 Poor 

Overstorey mortality 

and/or stem cankers 

common (> 25%) 

layering absent or minimal 

(< 2) 
Browsing impacts clearly 

evident (> 50%) on 

regeneration. 

 613 
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Table 2: Pearson's coefficients (r) between 

environmental variables and primary ordination axes. 

The strongest response variables are in bold type 

where r > 0.5 or < -0.5. 

  r - value  

Variable name Axis 1 Axis 2 

Elevation 0.361 0.225 

Aspect 0.137 0.083 

Slope -0.169 -0.271 

% Polygon aspen 0.334 0.515 

% Polygon conifer -0.244 -0.488 

Aspen stand age 0.051 -0.112 

Total scat per ha 0.206 0.943 

Cattle scat per ha 0.011 0.551 

Elk scat per ha 0.264 0.839 

Deer scat per ha 0.043 0.570 

Aspen cover ha 0.255 0.042 

Conifer cover ha -0.101 -0.282 

Sagebrush cover ha 0.005 0.261 

Total tree cover ha 0.165 -0.145 

Aspen regeneration 0.900 0.046 

% regeneration browsed 0.315 0.388 

Live aspen recruitment 0.343 -0.233 

Small tree BA 0.236 -0.147 

Medium tree BA 0.213 0.033 

Large tree BA 0.019 0.080 

Total aspen BA 0.296 -0.023 

Aspen trees per ha (TPH) 0.339 -0.091 

Recruitment as % of TPH 0.328 -0.226 

   615 
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Figure 1: Map of the study area shows all aspen locations as identified with aerial imagery and aspen 616 

sample plot locations.  Inset depicts the Book Cliffs study area within the Rocky Mountain region, USA. 617 

  618 
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Figure 2: Wilcoxon-Mann-Whitney U test results displayed in box plots showing significant differences 619 

between seral and stable aspen types by plot-level indicators across the study landscape.  Wilcoxon mean 620 

scores are shown on the Y-axis. Whiskers show minimum and maximum values, boxes represent 25-75% 621 

data ranges, horizontal lines within boxes are medians, and diamond symbols are means. Only results 622 

with > 95% confidence intervals are shown. 623 
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Figure 3: Histogram depicting the number of stable and seral aspen sample plots (n = 77) by the ratio of 629 

recruitment stems (> 2 m height) to overstorey aspen trees ha
-1

.  Ninety-four percent of sample plots in 630 

the study area had less than 50% of the overstorey stem count.  The majority of aspen stands had zero 631 

recruitment. 632 
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Figure 4: Kruskal-Wallace test results are displayed in box plots showing significant differences between 635 

aspen condition classes across the study landscape.  We intentionally did not test variables directly related 636 

to condition class elements (Table 2) in an effort to independently assess the value of the rating system.  637 

Wilcoxon mean scores are shown on the Y-axis. Whiskers show minimum and maximum values, boxes 638 

represent 25-75% data ranges, horizontal lines within boxes are medians, and diamond symbols are 639 

means. Box plots display general trends between three classes; test results apply only to an overall group 640 

difference.  Only results with > 95% confidence intervals are shown. 641 

 642 

  643 

  644 

  645 
  646 

 

 
 Mean  Score 

Elk Scat 

Good Poor 

 

80 

60 

40 

20 

0 

Moderate 

χ
2

 = 20.09 

p < 0.001  

  Mean  Score 

Total Scat 

Good Poor 

 

80 

60 

40 

20 

0 

Moderate 

χ
2

 = 17.68 

p < 0.001 

 

  Mean  Score 

Trees per ha 

Good Poor 

 

80 

60 

40 

20 

0 

Moderate 

χ
2

 = 20.15 

p < 0.001 

 

  Mean  Score 

Aspen Basal Area 

Good Poor 

 

80 

60 

40 

20 

0 

Moderate 

χ
2

 = 10.58 

p = 0.004 

 

 
 Mean  Score 

Stand Age 

Good Poor 

 

60 

40 

20 

0 

Moderate 

χ
2

 = 9.60 

p = 0.007 

 

 

 Mean  Score 

Elevation 

Good Poor 

 

80 

60 

40 

20 

0 

Moderate 

χ
2

 = 7.62 

p = 0.019 



30 

 

Figure 5: Nonmetric multidimensional scaling (NMS) results are shown in a joint plot which highlights 647 

prominent indicators within the total Book Cliffs data set.  Vectors with > +/- 0.5 Pearson’s coefficient (r) 648 

value (Table 2) are displayed in relation to “plot space”.  The length of vectors corresponds to their r-649 

value ("as_regen" = aspen regeneration; scat_ha = total scat; elk_ha, cow_ha, deer_ha = animal scat 650 

counts).  Aspen stand condition ratings are superimposed within plot space to depict general relationships 651 

to the primary axes.  Axis 1 displays general trends in regeneration, recruitment, aspen basal area, and 652 

aspen trees ha
-1

.  Axis 2 corresponds to animal presence, prominently elk, polygon-level aspen cover (+) 653 

and conifer cover (-), and percent of regeneration browsed. 654 

 655 
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This fact sheet describes 

research conducted at Utah 

State University that identified 

factors to improve the success 

of regenerating aspen in 

southern Utah. Evaluating past 

si lvicultural regeneration 

treatments indicated that the 

presence of pre-harvest 

advance reproduction, site 

preparation by broadcast 

burning, and decreasing 

browsing pressure could 

increase the quantity of aspen 

regeneration. The outcomes are 

generalized into an easy-to-use 

model, the Aspen Pyramid, to 

facilitate decision-making 

regarding regenerating aspen.  

The Regeneration of Aspen 
Stands in Southern Utah  

By: Justin Britton, Justin DeRose, James Long, Karen Mock, Darren 

McAvoy 

Background 

Quaking aspen (Populus tremuloides) is an important species in southern 

Utah and across western landscapes. Aspen serves as the primary 

deciduous tree species in many western landscapes, providing unique 

habitat for various animals and plants. It serves as an important resource 

for wildlife and can act as a firebreak around developed areas. Aspen’s 

cool, lush understories and beautiful fall colors result in structural and 

aesthetic characteristics desired by many landowners and recreationists. 

These qualities make aspen a valuable species to protect, especially in 

light of recent concerns regarding the decline of this species in areas 

across the West. This decline, termed sudden aspen decline or ‘SAD’, 

has motivated the investigation of management strategies to effectively 

regenerate aspen stands. One such example is the creation of the 

Multiple age-classes of quaking aspen on Cedar Mountain, Utah. Photo credit: Justin Britton. 
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Guidelines for aspen restoration produced by the 

Utah Forest Restoration Working Group in 2010. 

This factsheet is based on a study in southwestern 

Utah to determine what type of silvicultural 

strategies and techniques were most likely to result 

in aspen regeneration. Based on the results of 

this research, we provide landowners and 

managers with a simple and effective tool for 

regenerating aspen stands.  

The Process 

Regenerating Aspen 

Simple coppice silviculture, or cutting the stems to 

encourage new growth, is the traditional means by 

which managers regenerate aspen in the 

Intermountain West. This management technique 

relies on reproduction via suckers originating from 

the parent root system. There are additional options 

for promoting this suckering response such as 

prescribed fire, mechanical root stimulation, and the 

removal of vegetative competition. These 

management options have recently been expanded 

to account for potential seeding events. More can 

be read about these techniques in the paper by 

Long and Mock (2012) listed in the resources 

section at the end of this fact sheet.  

Scientific Basis 

We investigated recent aspen regeneration 

treatments in order to identify factors influencing 

aspen regeneration and recruitment in southern 

Utah. We measured over 100 plot-pairs, located in 

areas that had been recently treated for aspen 

regeneration. There were four types of 

treatments: prescribed fire; conifer removal; 

removal of dead and dying overstory; and the 

removal of trees forming the upper canopy of the 

forest, known as overstory removal. Four types of 

site preparation methods were conducted: 

broadcast burning; pile and burn; domestic animal 

exclusion; or no site preparation at all. In 

addition to the type of overstory removal, the 

type of site preparation was an important driver in 

the quantity of regenerating aspen stems. Using 

robust statistical methods, we successfully 

reduced a large  number of factors that might 

influence aspen regeneration down to just a few. 

Application 

Here we describe these important factors in 

detail and explain how to monitor and make 

management decisions about an aspen stand. 

By better understanding the influence of these 

 Figure 1. Stands in poor condition (left) are less likely to express a vigorous response to treatment than healthy stands (right). Stands 

in poor condition have dying overstory trees, open sparse foliage in the crowns, and a lack of young stems, whereas stands in good 

condition have substantial leaf area, limited mortality, understory aspen, and could also have multiple cohorts (heights) of aspen stems. 

Photo credit: Justin Britton. 

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8036&context=aspen_bib
http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8036&context=aspen_bib
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primary factors on aspen, we can recommend 

practical and effective aspen management 

strategies. Following this discussion, we 

describe how the factors were incorporated 

into a useful Aspen Regeneration Decision 

Pyramid which can be consulted prior to making 

decisions about how to regenerate an aspen stand. 

Important Factors that Influence 
Aspen Regeneration  

Four pr imary factors should be taken into 

consideration in order to increase the chances of 

aspen regeneration success: 1) current stand 

condition, 2) presence of advance reproduction, 3) 

site preparation, and 4) browsing pressure or 

herbivory. 

1) Current Stand Condition

Starting with a healthy aspen stand is always a 

benefit when considering management options. A 

well-stocked stand with at least 250 trees per acre 

with vigorous, full, green crowns will increase 

the chances of successful regeneration (Fig. 1).  

2) Presence of Advance Reproduction

Advance reproduction is defined as any aspen that 

exists beneath the canopy, or in the understory of a 

mature stand. The more advance reproduction in a 

stand, the better the chances of regeneration 

success (Fig. 2). Advance reproduction is an 

indicator of stand vigor and potential for 

regeneration. If the advance reproduction present in 

an aspen stand is short, shrubby, or consists mostly 

of large diameter trees, this may be an indicator of 

excessive browse. These characteristics can 

increase the risk of regeneration failure. Take 

caution in managing an aspen stand due the risks 

associated with herbivory.  

3) Preparing a Site for Successful

Regeneration

Site preparation is defined as management that 

occurs after the overstory removal with the intent to 

improve site conditions for desired species (Fig. 3). 

Stark differences in regeneration response can 

result from the site preparation method. Our study 

results suggested that both broadcast burning 

(controlled application of a low-intensity surface fire) 

and domestic animal relief (restricting domestic 

animals from the area with fencing or other 

methods) were the best techniques for improving 

the number of stems regenerating in the stand. 

Broadcast burning is the controlled application of a 

low-intensity surface fire. Piling and burning was a 

 Figure 2. A strong component of advance reproduction prior to overstory removal (left) is an excellent predictor of the response of suckers to treatment 

(right). Monitoring for the presence of advance reproduction is recommended prior to conducting overstory removal. Photo credit: Justin Britton. 
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less productive site preparation technique than 

broadcast burning. Domestic animal relief is most 

effective when livestock are removed from a site 

until the regeneration has reached heights above ~ 

6 feet. This may take up to three growing seasons.  

4) Browsing Pressure

Browsing pressure on aspen has long been a 

concern in aspen management. The results of our 

study identified herbivory to be the leading cause of 

regeneration failure (Fig. 4). This finding highlights 

the importance of monitoring and protecting 

regeneration within management units. The condition 

of understory aspen stems can be easily monitored 

for the presence of browsing by counting the 

number of stems in a small radius with and 

without browsed terminal buds. If there are no 

understory aspen stems on which to conduct an 

assessment of herbivory, consider fencing off a 

small area of the stand for several years in order to 

determine if browsing is an explanation for the lack 

of advance reproduction. Another reason for limited 

understory aspen could be low stand vigor.  

Aspen Regeneration Decision 
Pyramid 

We have incorporated our findings into an aspen 

regeneration management pyramid that 

summarizes the information above. This guide is 

organized according to the importance of each 

factor relative to its influence on aspen 

regeneration. Use this guide to aid in the decision-

making process prior to treatment. The Aspen 

Regeneration Decision Pyramid (Fig. 4) can be used 

in the field for quick and easy assessment of the 

condition of the aspen stand prior to making 

treatment decisions. 

Using the Pyramid — an example 

Consider the following hypothetical example of an 

aspen stand being evaluated for treatment. The 

stand has approximately 400 stems per acre, is 150 

years old, and has moderately healthy looking 

crowns. The amount of advance reproduction is 

minor with only a few stems in a radius of about 20 

feet. However, half of those stems have evidence of 

browsing on the terminal bud. The landowner is 

Our study results suggested that 

both broadcast burning and 

domestic animal relief...were the 

best techniques for improving the 

density of regenerated aspen.  

“ 
” 

Figure 3. Site preparation can have a dramatic influence on the 

quantity of aspen suckers post-treatment. These stands are adjacent 

to each other on the landscape and overstory removal was 

conducted over 2 years, (top) was subject to pile-and-burn, and 

(bottom) was broadcast burn. Photo credit: Justin Britton. 

Figure 4. In this post-treatment stand, aspen suckers were plentiful 

and are on average 3 feet tall. Unfortunately, virtually every 

regenerated aspen had been browsed, which represents intense 

herbivory. If browsing this intense was encountered prior to 

treatment, recommendations to reduce browsing intensity should be 

followed. Photo credit: Justin Britton. 
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considering following up the overstory harvest with 

a broadcast burn. We use this information to 

answer the questions in the pyramid below, working 

from the top to the bottom and determine the 

associated risk of failure of regeneration within the 

stand. Our results indicate a score of eight, which 

suggest moderate to low risk of regeneration 

failure. To further minimize the risk, management 

options include: waiting or delayed overstory 

removal, partial overstory removal, or; making 

canopy gaps, after which regeneration response 

could be assessed. Such canopy gaps of 15-25 

ft. in diameter have been successful at 

stimulating growth. Other options include fencing, 

which can be very expensive. Furthermore, if the 

landowner is part of a collective group that 

manages domestic animals, fencing may not be an 

option on certain grazing allotments and/or 

grazing collective situations. In situations such as 

these, alternatives to grazing and fencing, i.e., 

rest and rotation, might be needed to allow the 

young aspen to reach 6 feet in height and escape 

the risk of herbivory. 

There are a number of situations where the 

landowner should be conservative in stand 

treatment tactics, such as when there is evidence 

of browsing, poor stand condition, and limited 

advance reproduction. In these particular cases, we 

make explicit recommendations below to help 

mitigate these conditions:  

 Site Preparation: Consider postponing

management until effective site preparation

techniques may be employed. Local state

foresters may be able to assist with the

implementation of site preparation. In Utah,

contact the Division of Forestry, Fire, and State

Lands to find a forester than can help.

http://www.ffsl.utah.gov/
http://www.ffsl.utah.gov/
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 Advance Reproduction: If stands are lacking

advance reproduction, consider techniques

known to stimulate sucker production. This may

include broadcast burning prior to harvest or

even making small (15-25 ft. diameter)

canopy gaps that will increase the amount of

sunlight reaching the forest floor. Such gaps

will encourage aspen regeneration. Root

ripping may also be an option. This generally

involves using a tractor to create a temporary,

narrow trench around the outside of a stand.

When applied to a vigorous stand this

disturbance will result in root suckering, or

sending up young trees.

 Stand Condition: Unfortunately, there are

few options for improving stand condition.

Consider the installation of protective fencing as

the exclusion of grazing animals may

improve stand condition over time. Alternatively,

landowners may consider thinning their aspen

stand to reduce density and improve the growth

of the remaining trees.

Regardless of results from the pyramid, post-

treatment monitoring should always be done. For 

example, regular monitoring of regeneration status 

will highlight the need for regeneration protection 

from herbivory when needed. This monitoring 

period is critical until young trees reaches a height 

of 6 feet. The importance of regular, consistent 

monitoring in these instances cannot be 

overstated. 

http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8036&context=aspen_bib
http://digitalcommons.usu.edu/cgi/viewcontent.cgi?article=8036&context=aspen_bib
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Abstract

Aspen ecosystems (upland Populus-dominated forests) support diverse species assem-

blages in many parts of the northern hemisphere, yet are imperiled by common stressors.

Extended drought, fire suppression, human development, and chronic herbivory serve to

limit the sustainability of this keystone species. Here we assess conditions at a renowned

quaking aspen (Populus tremuloides) grove—purportedly the largest living organism on

earth—with ramifications for aspen biogeography globally. The “Pando” clone is 43 ha and

estimated to contain 47,000 genetically identical aspen ramets. This iconic forest is threat-

ened in particular by herbivory, and current management activities aim to reverse the poten-

tial for type conversion, likely to a non-forest state. We set out to gauge agents affecting

recent deterioration through a network of monitoring plots and by examining a chronose-

quence of historic aerial photos to better understand the timing of putative departure from a

sustainable course. Sixty-five permanent forest monitoring plots were located in three man-

agement regimes existing within Pando: no fencing, fencing with active and passive treat-

ments, fencing with passive-only treatment. At each sample plot we measured live and

dead mature trees, stem recruitment and regeneration, forest and shrub cover, browse

level, and feces counts as a surrogate for ungulate presence. Ordination results indicate

that aspen regeneration was the strongest indicator of overall forest conditions at Pando,

and that mule deer (Odocoileus hemionus) presence strongly impacts successful regenera-

tion. Additionally, fencing with active/passive treatments yielded the most robust regenera-

tion levels; however, a fence penetrable by ungulates in the passive-only treatment most

likely played a role in this outcome. The aerial photo sequence depicts various human intru-

sions over the past seven decades, but perhaps most telling, a decline in self-replacement

beginning 30–40 years ago. Aspen communities in many locations in North American and

Europe are impacted by unchecked herbivory. The Pando clone presents a unique opportu-

nity for understanding browse mechanisms in a forest where tree genotype, closely aligned

with growth and chemical defense, is uniform.
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Introduction

Aspen forests (chiefly Populus tremuloides, P. tremula) are among the most widespread tree

systems in the world, yet their sustainability is threatened by human-induced impacts such as

warming climates, development, fire suppression, and unchecked herbivory. These Populus
systems support unusually high levels of biodiversity, when compared to surrounding conifer-

dominated forests [1–6]. In aspen systems where rejuvenating fire does not play a large role

[7], combined effects of herbivory and prolonged drought can be especially damaging to sys-

tem resilience [8], as well as having cascading effects on biodiversity [9]. In a North American

management context, these elements—forestry, wildlife, disturbance ecology—are often add-

ressed within distinct disciplinary “silos.” This situation constitutes a challenge for sustainable

stewardship in the face of expected near-term climate warming and altered precipitation pat-

terns leading to extended seasonal droughts [10].

Increased ungulate pressure on key forest species is brought on by reductions in apex carni-

vores, as well as policies encouraged by sportsmen to maintain high game populations. Within

the context of North American aspen, single-species game management has potentially cata-

strophic effects on a much wider range of plant and animal species which thrive where aspen

are intact. Seager et al.[11] addressed this issue in-depth and recommended that herbivory

monitoring for both wild and domestic species be prioritized. While reintroduced predators

appear to have positive effects on mediating chronic aspen browse problems[12], further work

is needed to fully understand how ‘trophic cascades’ play out under varying aspen functional

types[13,14]. Plus, studies addressing predator-herbivore-aspen relations have been confined

to only a few landscapes where gray wolves (Canis lupus) have been reintroduced. This is a

tiny portion of the greater western aspen range. Additionally, much of the research focus

across the western U.S. addressed Rocky Mountain Elk (Cervus elaphus) browsing, with less

energy examining long-term impacts of mule deer (Odocoileus hemionus) on aspen systems

[11]. Where these species co-exist, often alongside domestic cattle (Bos spp.) or sheep (Ovis
spp.), elk seem to have greater impacts [15–16], perhaps because their dietary needs are sea-

sonally more flexible than other regional ungulates [17]. When focusing on only deer and

domestic cattle, both species favor browsing aspen suckers late in the season when other forage

senesces, although deer will generally avoid cattle when the two comingle [18].

The Pando aspen clone is putatively the largest known organism on earth in terms of dry-

weight mass [19]. This unique ‘forest of one tree’ was first described in the 1970s, in part, as an

exercise in determining clonal differences based on leaf morphology and other traits [20]. The

clone was later named “Pando” (Latin: I spread) based on its vegetative reproductive strategy

and alleged ancient lineage [19]. More recent work in molecular ecology confirmed the origi-

nal size estimate of 43 ha [21] and, although clone age cannot be specifically determined at this

time, a gross estimate of a post-glaciation origin seems plausible [22], meaning the clone is

likely thousands of years old though not older than 14,000 years. Recent degradation of Pando

had been noted by area managers, which instigated a formal study to understand mechanisms

at work by conducting restoration experiments within a limited area of the clone [23]. Results

from this work suggested that forest treatments of burning, shrub removal, and partial cutting

were effective stimulants of vegetative suckering, but that fencing alone (i.e., protection from

herbivores) produced more than enough ramets to replace dying mature stems. What is miss-

ing, however, is a comprehensive assessment of the entire clone, including a newly fenced

larger section of Pando, in order to understand how the different management regimes are

playing out in this renowned grove.

The purpose of this study is to understand the key dynamics that affect the sustainability of

this forest and how its unique character may inform threatened aspen communities at-large.
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In order to do this, we undertook a baseline assessment of the entire Pando clone with the goal

of documenting its status so that we can further track changes in the clone based on restoration

actions and follow-up monitoring. Specifically, this research has three aims: 1) to present a

baseline description of current conditions at the Pando aspen grove; 2) to utilize a de facto
experimental design—No Fence, 2013 Fence (active/passive treatments), and 2014 Fence (pas-

sive treatment only)—to understand causal agents influencing Pando’s current state; and 3)

address restoration implications for Pando and relate these to aspen conservation and manage-

ment at continental scales. Aspen communities in North America and Europe are being aff-

ected to varying degrees by chronic herbivory [3,8–9,11]. Fully understanding mechanisms at

work in a forest without genetic variation presents a unique opportunity to control for traits

such as growth and chemical defense, which are closely linked to genotype. Lessons learned

here, where genetic properties have favored Pando’s long-term persistence, may be used to

course-correct locally, as well as provide direction for widespread aspen conservation. If we

can better understand aspen dynamics and restoration in a semi-controlled environment

where an entire forest is a single genotype, then this will have implications (e.g., growth vs.

defense ecological strategies; population and movement herbivore management) for wider

aspen conservation questions where herbivory plays a central role. Extrapolation of results

from Pando carries limitations, too; though herbivore-plant impacts to an entire forest of one

genotype allows us to control for genetically-driven traits (defense, disease susceptibility,

growth potential, etc.) this unique feature is less helpful in informing responses to environ-

mental impacts, such as prolonged drought or wildfire.

Methods

Study site

The Pando aspen clone is located in south-central Utah on the Fishlake National Forest (UTM

434701 E, 4264266 N). The average elevation is 2,707 m, with slopes ranging from 5–10 per-

cent and generally SE trending. Soils are mixed gravelly and cobbly in both loamy A-horizons

and clayey B-horizons (Draft Survey, Fishlake National Forest, National Cooperative Soil Sur-

vey UT651) originating from tertiary volcanic materials—likely basalt, rhyolite, and latite

welded tuff (Personal comm., Mike Domeier, NRCS Utah). The forest floor is sparsely vege-

tated, with intermittent exposed volcanic boulders and common bare ground patches. Com-

mon juniper (Juniperus communis) and mountain big sagebrush (Artemisia tridentata) are

densely clumped throughout the site. Annual precipitation is attributed mostly to winter

snow, though a secondary surge of rainfall occurs in July-August (466 mmyr-1 precipitation,

SNOTEL 1149, 6 yr. average).

Pando is bisected by a paved state highway accessing a popular resort area and bordered by

a public campground, as well as private summer homes. Thus, human presence is nearly con-

stant in the summer, with less traffic the remainder of the year. Small clearfell-coppice cuts

were performed near the edge of the clone in 1987 and 1988, but were unfenced. An additional

cut took place in 1992, though managers at that time elected to fence this treatment due to

heavy browsing following the earlier cuts. Currently, domestic cattle (Bos spp.) forage at Pando

under a U.S. Forest Service grazing allotment for approximately two weeks annually. Mule

deer (Odocoileus hemionus) and Rocky Mountain elk (Cervus elaphus) access this area freely

during the typically seven month snow-free season. (Elk sign is evident in the broader area,

although we have not seen elk on site nor found scat in Pando surveys.) Most human visitors

are unaware of the significance of this unique forest, but efforts have commenced to provide

greater public awareness and education regarding Pando. While citizens are commonly in the

area during summer months, field efforts aim to avoid attracting public attention which may
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otherwise draw interest toward sample locations, potentially resulting in permanent marker

removal, increased trampling, or undue vegetation damage.

Field sampling

Our sampling design and methods were adopted from an earlier study [23] and expanded to

characterize the entire 43 ha Pando aspen clone. Data collection took place during June of

2016 and 2017. The experimental design consists of three distinct management regimes that

have evolved over time and were not purposely intended as “treatments” in the traditional

sense. This non-traditional, post-hoc, approach should therefore be considered exploratory in

nature with the central objective being the understanding of how management regimes may

have resulted in varying resilience outcomes. The first treatment is the “No Fence” zone

which, as the name implies, is completely unprotected from browsing ungulates. There has

been no active management of the forest in this zone in recent years.

The “2013 Fence” area contains three experimental treatments (burning, shrub removal,

selective tree cutting) with significant passive treatment (fence only), as well. Shrub removal

and tree cutting were conducted by U.S. Forest Service work crews using hand tools and did

not involve heavy equipment. Fence construction did, however, utilize a small treaded tractor

which likely involved localized soil and root damage. A previous study [23] details spatial

alignment of active treatments, as well as aspen response to treatments. In brief, that work

found that equal areas of burning, cutting, and shrub removal resulted in no differences in

regeneration between activity types three years after treatment. There was a significant differ-

ence between all treatments grouped and no-treatment regarding regeneration response when

all were protected from herbivory, however the entire 2013 fenced area (i.e., treatment and no-

treatment) produced adequate regeneration for overstory replacement [23].

The third treatment area is the “2014 Fence” which was larger than the earlier fenced area

and contained no active treatments. We did not consider the 1992 clearfell-coppice within the

2014 Fence as active treatment because of the 25-year interval that has elapsed since that activ-

ity and an apparent lack of effect this disturbance is having on contemporary aspen regenera-

tion. This approach was taken largely based on the initial regeneration success of the 2013

fence. Significantly, as a cost saving measure, the 2014 fence construction used a portion of a

22-year-old fence originally designed to protect a clearfell-coppice (Fig 1).

Individual plots constitute the primary sample units of this work. All plots are located

within the Pando clone itself; meaning that the entire study measures tree and forest condi-

tions within a genetically uniform triploid aspen clone [21,24]. Plots were chosen via a random

sub-selection from a 50 x 50 m base grid. Tree- and browse-centered data elements were rec-

orded within two 30 x 2 m transects arranged in a perpendicular fashion to avoid potential

slope biases. For our purposes, the fixed area within transects is synonymous with the “plot”

and is assumed to characterize conditions across that portion of the treatment area. This

method allows easy expansion of values to a ha-1 basis for analysis (i.e., S1 Table). The three

treatments were No Fence (~21 ha), 2013 Fence (~7 ha), and 2014 Fence (~15 ha) as described

above. Greater plot density was required within the 2013 Fence in order to achieve a relatively

uniform sample size (plots) for each treatment (Fig 1). Approximately two-thirds of the 2013

fenced area was not actively treated and we sampled both active (8 plots) and passive (13 plots)

areas to account for those proportions. In sum, there are 65 sample locations in this study.

At each sample plot we recorded data elements characterizing site, forest/tree, browse, and

herbivore conditions. Environmental variables describing each site (plot) included geographic

position (UTM), elevation, number of stand layers (distinct vegetation height layers), stand

condition (a qualitative score validated previously [8]), percent aspen cover (% sky blocked by
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Fig 1. Map depicting the study area within the Pando aspen clone, Utah, USA. Sixty-five sample plots were randomly distributed across the study

area, with equal portions located within No Fence, 2013 Fence, and 2014 Fence management regimes. Base image courtesy of USDA Aerial

Photography Field Office.

https://doi.org/10.1371/journal.pone.0203619.g001
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aspen trees within 2 m radius looking upward; 14 observations averaged), treatment type, juni-

per cover (averaged two transect-based estimates), and a comments section for describing

unique conditions not covered by other measures. Due to nearly uniform low values across the

study area for the number of layers and stand condition ratings [8] we did not conduct further

analysis on these elements, but recognized their value in documenting baseline conditions for

future study. Actual sampling began by photo documenting transects at each end facing to-

ward the plot center, thus archiving a record of repeat photography in the four cardinal direc-

tions along measurement transects upon each visit. For all trees within transects� 8 cm

diameter at breast height (dbh) we recorded tree species, status (live/dead), and tree diameter

class (� 8–15, > 15–25,>25 cm). A count of aspen regeneration (i.e., stems� 2 m height)

were made within three height classes (0–0.5, > 0.5–1, > 1–2 m). Missing terminal buds deter-

mined to be due to browsing were recorded for each regenerating ramet. Live aspen recruit-

ment (i.e., stems > 2 m height, < 8 cm dbh) was also tallied within sample transects. Stems

were considered separate ramets if they forked below the soil litter. Finally, we counted domes-

tic and wildlife herbivore scat presence within sample transects [8]. Domestic livestock feces

were tallied per individual deposit. For wild ungulates, “piles” were considered separate if dis-

tinct groupings of pellets included at least three pellets [25]. Scat piles were only counted one

time per sample location. After counting, piles were removed from transects to ensure that

remeasurements would only tally new scat. Scat presence on plots within any fenced area is

indicative of some degree of unsuccessful exclosure.

Aerial photo chronosequence

In undertaking a complete measure of Pando’s current status, we felt it important to gain

insight into the recent past by systematically viewing aerial photography of the grove. Our

hope was that this information would complement on-the-ground data collection by present-

ing a multi-decadal time sequence of forest stand change. In searching online and U.S. govern-

ment digital aerial photo repositories we were able to build a catalogue of nine photo coverage

years at Pando, six of which provided ample clarity for interpretation. These photo years

(1939, 1950, 1967, 1976, 1989, 2011) were then digitally rectified using ArcMap1 v.10 software

so that each could be directly compared at the same scale. All photos used were from public

sources. Separately, we used the genetic sampling work of Mock et al. [21] to digitize an accu-

rate Pando clone boundary. Placement of this boundary, also georectified, over each photo

provides a consistent frame for viewing changing forest conditions over this 72 year time

period (Fig 2).

Analytical methods

In order to understand conditions governing Pando’s various management regimes our analyti-

cal approach strove to first use the entire “data landscape” in determining the most useful vari-

ables, second to examine the degree of group solidarity using all measures, and third to use the

highest performing indicators to test actual group differences. We used PC-ORD1 v. 7.0 soft-

ware [26] for statistical analyses in the first two steps, then the SAS1 statistical package (SAS

Institute Inc.) to test group differences. For exploratory analyses of all data elements and dimen-

sions we used nonmetric multi-dimensional scaling (NMS) to evaluate performance of individ-

ual variables in describing conditions at Pando. NMS is an ordination process well suited for

ecological questions where multiple data types are used, common parametric standards are not

always met, and data sets may contain large numbers of zeros [27–28]. In exploratory mode,

NMS helps to reduce complex multidimensional data sets to a few key explanatory gradients

(axes). Our primary matrix for this analysis consists of all plots (rows) pitted against all sampling
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variables (columns). A secondary matrix of environmental variables (removing categorical vari-

ables) by plots was evaluated in relation to the main variable ordination for display purposes.

The lowest stress solution was derived from 250 runs with real plot data. “Stress” is a quantita-

tive assessment final NMS solution monotonicity, a measure of how well real data fit the ordina-

tion [27,29]. The lowest stress solution was subjected to a Monte Carlo test of an additional 250

randomized iterations to evaluate the probability of the final NMS solution being greater than

chance occurrence (i.e., provides a p-value). Orthogonal rotation of the final ordination was

used to maximize correlations between the strongest environmental variables (i.e., Pearson r

values) and the major ordination axes. The lowest number of dimensions (axes) was selected

when adding another dimension would have decreased the final stress by<5 [27].

Fig 2. A seventy-two year aerial photo chronosequence showing forest cover change within the Pando aspen clone, Utah, USA. Photos were georectified using

ArcMap1 software to ensure accurate scale and location alignment. Yellow polygon depicts the boundary of the 43 ha clone as projected over each photo year. Base image

courtesy of USDA Aerial Photography Field Office.

https://doi.org/10.1371/journal.pone.0203619.g002
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Our second analytical step was designed to understand if there were differences between

our broad treatment groups at Pando. Multi-Response Permutation Procedures (MRPP) is a

nonparametric test for describing within group agreement of variables in contrast to adjoining

data groups. We selected MRPP using the Sørensen distance measure because it is less inclined

to exaggeration based on outliers and zero values [29]. All categorical variables were removed

from the data matrix except for our group designator, thus this analysis was performed on a

matrix of 65 stands by 13 variables. MRPP produces a T score indicating the degree of differ-

ence between group pairs, an A-value which is the chance-corrected within group agreement

(effect size), as well as a p-value establishing level of test significance [27].

After testing variable and group differentiation with the aforementioned procedures, our

final examination used two standard non-parametric procedures to assess differences in key

metrics between the three treatment types (No Fence, 2013 Fence, and 2014 Fence). This

simultaneous 3-way group test employed the Kruskal–Wallis test, a non-parametric equivalent

to analysis of variance. Where results suggest two similar groups with a third group driving the

significance of difference, we further tested those similar groups using a 2-sided Wilcoxon–

Mann–Whitney U test. Output from both of these tests are reported in mean Wilcoxon scores.

Results are considered significant where a Monte Carlo-simulated chi-square test using 10,000

runs produces a significant p-value [30]. For all tests we used a 95% confidence level (p� 0.05)

to determine significance.

Results

Baseline assessment

A qualitative examination of a 72-year aerial photo sequence of the Pando aspen clone revealed

distinct changes in forest cover during this period (Fig 2). Other than the road alignment

through the study area, which remains constant throughout, few of the forest openings found at

the end of the sequence (2011) are evident in the 1939 photo. Other prominent trends include a

general thinning of the forest downhill (right of) the road, the addition of a campground and rec-

reational homes (upper right and left, respectively), and silviculture treatments above the road in

the center-left portion of the photos as depicted in the final two photos (1989, 2011). Overall, the

photo sequence illustrates a reduction in aspen cover during this period.

To fully understand variation in forest metrics within the present day Pando clone we com-

piled baseline statistics by broad treatment categories (Table 1). Standard deviations for most

variables are large due to common occurrence of wide variances and zero values in the data

set. Cover of mature aspen, as well as the understory shrub Juniperus communis, was slightly

higher within the 2014 fenced area than the other two zones. Aspen regeneration is notably

higher in the 2013 fenced area (examined in-depth below), though within group variance (SD)

Table 1. Summary statistics for all locations by treatment group. All values represent group means (SD), except for number of plots. Regeneration are young aspen

stems ≤ 2 m in height. Percent browse measures are only taken from regeneration stems. Recruitment are stems> 2m in height and< 8 cm diameter at breast height.

Treatment Number

sample plots

Percent

juniper cover

Percent

aspen cover

Aspen

regeneration ha-1
Percent

browse

Aspen

recruitment ha-1
Live

trees ha-

1

Basal area live

trees m2 ha-1
Dead BA as

percent of total

BA

No Fence 22 22(21) 23(11) 299(683) 55(47) 16(35) 416

(400)

13(16) 30(44)

2013 Fence

(Treatment-No

Treatment)

21 24(17) 17(8) 1698(1078) 0(2) 60(70) 325

(199)

21(20) 37(56)

2014 Fence (No

Treatment)

22 35(16) 28(13) 151(266) 24(36) 1204(2261) 470

(418)

18(21) 24(30)

https://doi.org/10.1371/journal.pone.0203619.t001
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is high. Browse levels are non-existent post-fencing inside the 2013 fence, but are moderately

high in the 2014 fence and where there is no browsing protection. In the 2013 fenced zone,

mature tree counts per ha-1 were lower, while live and dead basal area volume were greater

than the other groups. The lowest percent standing dead basal area falls within the 2014 fenced

area, though it should be noted that 24–37 percent standing dead tree volume across treatment

types (many more are on the ground, but not tallied here) suggests a high mortality rate,

overall.

Seeking explanatory variables of Pando’s status

Ordination analysis resulted in a two-dimensional solution on a matrix of 65 stands by 16 vari-

ables. We projected the results of the NMS in ordination “plot-data space” as a joint plot using

a subset of 12 environmental variables, where the most highly correlated (r2� 0.3) results are

displayed as an overlay (Fig 3). The final NMS solution produced a stress value of 9.06 with an

instability of 0.00. A Monte Carlo test of 250 random data runs versus the real data set verified

a significant NMS outcome (p = 0.004). The two-axis solution described about 95% of ordina-

tion variance (axis 1: r2 = 0.618; axis 2: r2 = 0.336; orthogonality = 90.0). Length and direction

of vectors corresponds to environmental (explanatory) variable strength and relationship to

the two-dimensional plot-data space. Table 2 presents NMS results by axes for all environmen-

tal variables. Most measures tested in this ordination contributed very little to environmental

gradients (NMS axes) at Pando. Strong (r2� 0.3) positive and negative responses to axis 1 (Fig

3) represent factors working in opposition in terms of their influence on the totality of plot

variable values at Pando. As the stronger of the two dimensions represented here, axis 1

describes a gradient of regeneration abundance with a negative correlation to deer presence.

Axis 2 displays no negative elements, though a positive gradient is evident in our data set with

mature aspen tree counts and tree cover. Basal area also correlated positively with axis 2

(Table 2), but was just below our criteria (r2� 0.3) for joint plot display. A moderately strong

correlation of aspen recruitment to both axes does not present a clear signal, but is likely

related to overall low recruitment at this time and spatially isolated high recruitment in the his-

toric (1992) clearfell-coppice treatment (Fig 1, violet dotted line).

Results for group differences

The Multi-response Permutation Procedures (MRPP) results show that there is solid align-

ment, based on 13 plot variables, of within group agreement (i.e. group validation); essentially

confirming that values within the treatment groups are more similar than those between

groups (Table 3). Although all comparisons were highly significant, greater negative T values

indicate bigger differences between groups. The markedly smaller negative T value in the No

Fence vs. 2014 Fence result indicates more agreement (less separation) in these groups. After

establishing statistical distinctions within groups based on multivariate analysis, we then

examined treatment differences based on our strongest single indicator (regeneration) variable

from the dominant explanatory axis of the NMS ordination (Fig 3).

The non-parametric Kruskal-Wallace test for treatment effect based on regeneration

response yielded a significant difference among groups (χ2 = 37.10, p< 0.0001). Most of that

difference appears to come from the strong regeneration response of treatments and protec-

tion within the 2013 Fence group (Fig 4). A two-way comparison between the remaining treat-

ment groups resulted in no significant difference in regeneration response (Mann-Whitney-U
test; χ2 = 1.37, p< 0.24), suggesting little positive effect from 2014 fencing to protect from

browsing deer and cattle (Fig 5).
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Fig 3. A joint plot depicts the results of nonmetric multidimensional scaling (NMS) ordination on a matrix of 65 plots by 16 monitoring variables. Highly correlated

environmental variables (r2� 0.3) are overlaid on the ordination to show relationships to primary axes. Vectors indicate direction and strength (length) of these factors in

the ordination space defined by plot values of all measured variables. Variables shown are: deer pellet groups ha-1 (Deerh), aspen recruitment stems ha-1 (Recruith),

percent aspen cover (Pasp), live mature trees ha-1 (TPHlive), trees ha-1 (TPH), and aspen regeneration stems ha-1 (Regenh). Triangles show locations of plot scores in “data

space” within the NMS ordination.

https://doi.org/10.1371/journal.pone.0203619.g003
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Discussion

Status of an ancient large aspen clone

We undertook a study of a 43 ha aspen clone using multiple lines of inquiry to determine its

recent past and current status. The Pando aspen clone has likely survived millennia [22] at its

present location, but it is clearly losing ground in the past half-century. Evidence from seven

decades of an historical photo sequence (Fig 2) alongside the first comprehensive survey of for-

est conditions at Pando depict a deteriorating situation with the exception of the experimental

fencing that was erected in 2013 (Fig 4). A detailed study [23] conducted earlier centered in

and around the 2013 exclosure showed that both treatment and no-treatment provided ade-

quate regeneration; elimination of browsers via fencing was the key component of regenera-

tion success. Rogers and Gale [22] found no significant difference between treatment types

regarding regeneration response. The area encompassed by the 2013 fence amounts to approx-

imately 14% of the total clone. The remaining fenced and unfenced portions of Pando con-

tinue to display steady mortality in the overstory and virtually no successful reproduction in

the understory or recruitment to intermediate stages (Table 1 and Fig 4). The 1992 clearfell-

coppice cut (discussed below) provided all of the “recruitment” within the 2014 fence (thus,

high mean and standard deviation; Table 1), with no successful recruitment since that time.

Table 2. Pearson’s coefficients (r) between environmental variables and primary NMS ordination axes. The stron-

gest response variables are highlighted in bold type, where r> 0.5 or< -0.5.

r—Value

Variable Name Axis 1 Axis 2

Treatment -0.275 0.311

Fence -0.225 0.252

Condition -0.244 -0.061

Elevation -0.343 0.108

Juniper Cover -0.095 0.210

Aspen Cover -0.237 0.680

Regeneration ha-1 0.841 -0.083

Browse Level -0.144 -0.155

Recruitment ha-1 -0.570 0.761

Trees ha-1 -0.076 0.833

Live Trees ha-1 -0.150 0.872

BA Live 0.083 0.436

BA Dead 0.068 0.063

BA Total 0.090 0.389

Cattle -0.200 -0.211

Deer -0.570 0.183

https://doi.org/10.1371/journal.pone.0203619.t002

Table 3. Multi-Response Permutation Procedures (MRPP) test results for differences in cumulative scores for all

variables between treatment groups. “T” is the MRPP test statistic which calculates the difference between observed

and expected delta. “A” is the chance-corrected within-group agreement.

Treatment Group T A p
No Fence vs. 2013 Fence -14.08 0.17 <0.001

No Fence vs. 2014 Fence -4.17 0.06 0.003

2013 Fence vs. 2014 Fence -16.3 0.20 <0.001

https://doi.org/10.1371/journal.pone.0203619.t003
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From 1939 to 2011 the signs of human intrusion become steadily more evident (Fig 2).

While we would expect mature trees to be impacted by development, forest clearing, and stand

aging, closer visual inspection of this photo chronosequence reveals consistent lack of regrowth

(i.e., increased inter-tree spacing) from the 1970s to the present. Previous work attests to the

importance of continual regeneration and recruitment in stable aspen types [13,31–32], such as

the Pando clone. Where seral aspen communities are most often regenerated by stand-replacing

events, stable aspen reproduce via individual tree and small gap replacement. The regenerative

strategy of this functional type, therefore, is highly dependent on a complex vertical forest struc-

ture composed almost entirely of aspen with little or no competition from other tree species

[13]. The clearfell-coppice cuts performed in 1987–88 (lower left, straddling clone boundary)

have not reproduced any forest cover since. The 1992 tree removal and subsequent fencing was

“successful” in that a cohort of recruitment exists today (Fig 1), although the uniform tree height

resulting from a stand-replacing event poorly mimics (at least short-term) stable aspen stand

architecture. It should also be pointed out that the 1992 fence provided enough short-term pro-

tection for (now) sapling-sized aspen to survive, though nearly all new suckers in this area are

being browsed. Given no change in current practices, it will take several decades for this distur-

bance type to return to a stable, uneven, stand structure as would be expected had the clearfell

and chronic browsing not occurred.

Fig 4. Box plots depicting a significant difference (χ2 = 37.10, p< 0.0001) in terms of the Kruskal–Wallis test for differences between

treatments (groups) of regeneration ha-1. Output from Kruskal–Wallis test is shown in Wilcoxon mean scores on the y-axis (SAS1). Whiskers show

minimum and maximum values, boxes represent 25–75% data ranges, horizontal lines within boxes are medians (no line indicates Wilcoxon score of

zero), and diamond symbols are means. Results are considered significant where a Monte Carlo-simulated chi-square test using 10,000 runs produced

an estimated p-value of<0.05.

https://doi.org/10.1371/journal.pone.0203619.g004
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The role of herbivory in a single-organism forest

Results from this assessment of Pando’s current condition strongly suggest that herbivory is

playing a central role in the deterioration of this iconic grove. Whereas previous work showed

that protection from herbivory alone produced sufficient replacement ramets for the dying

mature stems [23], the current study indicates there is a clear inverse correlation between deer

presence and regenerating aspen suckers (Fig 3). A stronger correlation to axis 1 in browse

level (Table 2) would have provided a greater indication of causality. We believe the small

amount of total regeneration (i.e., small sample; many zero counts) within the 2014 Fence and

the No Fence groups led to an indefinite ordination result. The lack of differentiation between

the 2014 Fence and No Fence groups (Fig 4) is a setback to forest managers who invested

heavily in the fencing. Our recorded browse rate within the 2014 Fence of 24% corroborates

past research suggesting that aspen sucker browse rates > 20% should be considered non-sus-

tainable over time [33–34]. Poor performance in excluding browsers must be attributed to

penetration of the fence by mule deer, as numerous sightings and photographs of deer within

this exclosure have been noted. We speculate that the “weak link” in the 2014 fence, at least in

part, is due to incorporation of older (1992) fencing that deer appear to exploit as entry ways

(e.g., gaps between panels, under the fence, or low-hanging panels all due to fence age).

Fig 5. Wilcoxon–Mann–Whitney U test results displayed in box plots showing no significant difference (χ2 = 1.37, p< 0.24) in regeneration ha-

1 between No Fence and 2014 Fence treatment groups. Output from the test is shown in Wilcoxon mean scores on the y-axis (SAS1). Whiskers

show minimum and maximum values (no line indicates Wilcoxon score of zero), boxes represent 25–75% data ranges, horizontal lines within boxes

are medians, and diamond symbols are means.

https://doi.org/10.1371/journal.pone.0203619.g005
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What makes Pando a unique laboratory for forest ecology experimentation and restoration

is, of course, it existence as a ‘forest of one tree’ [20–21]. In relation to herbivory, we know

chemical defense in the form of phenolic glycosides can be an effective ungulate deterrent and

its allocation is aligned with genotype [35–36]. And though we are aware that defense chemis-

try, even within clones, varies with ramet age there is solid evidence to suggest that all young

suckers would have similar phenolic glycoside levels [37].Thus, a single, albeit very large aspen

genet, would presumably carry the same level of chemical resistance to herbivory across its 43

ha area. In its current state, Pando appears to exhibit a relatively low rate of chemical resis-

tance, although this conjecture has not been tested. We may presume, however, that this long-

lived very large clone has survived for millennia, enduring climate extremes, under a strategy

of rapid growth to escape browsing as a physiological trade-off for low resistance [37–38].

However, we acknowledge that fluctuations in herbivory have likely taken place over such a

time span. This rapid growth hypothesis corresponds well with a molecular comparison of dip-

loid and triploid aspen growth as measured in tree-ring growth in and around Pando [24]. In

brief, DeRose et al. [24] showed that growth rates overall, but particularly in early ramet devel-

opment, were faster in triploids including the Pando clone. In terms of the resistance vs. escape

[39] formula at Pando we are left to conclude that a disruption to this balance has taken place

regarding consumptive patterns of ungulates. Where ungulate numbers likely ebbed on annual

time scales, the current dearth of recruitment suggests a decadal imbalance threatening sur-

vival of a very long lived clone. We must begin to fully understand this relatively simple (genet-

ically) aspen forest if we are to be able to tackle complex aspen landscapes with myriad

variations in genetic composition and herbivore pressures.

Qualitative evidence in the form of the aerial photo record of recent decades (Fig 3) pres-

ents a putative explanation for novel browse patterns at Pando. We know that historic removal

of ungulate predators has shaped aspen forests even though the level of that impact is disputed

[14,39]. Extrication of wild predators and prohibitions on hunting near recreation sites facili-

tated a “refuge affect” for ungulates that are accustomed to people (mule deer, cattle) while dis-

couraging those that are not (Rocky Mountain elk). This altered pattern roughly coincides

with our 72-year photo sequence, when increases in road traffic, recreational home develop-

ment, and campground use have flourished. Moreover, while most aspen stems do not live

past 100–130 years, the current mature cohort is near that limit now; the difference is that in

1939 there were ample recruitment trees existing in a complex vertical forest structure to con-

tinually replace dying overstory. Loss of that resilient stand architecture in tandem with pres-

ent-day browsing patterns and inadequate protection provides a potential explanation for

Pando’s threatened status. Further testing of these ideas presents a logical course for future

investigation which we hope will lead to multi-disciplined solutions for ecological recovery.

Implications for mega-conservation

This story, minus the single-genotype novelty, is being repeated at very large scales where

aspen forests—predominantly P. tremula and P. tremuloides, but other upland Populus species

known as “aspen,” too—support regionally disproportionate biodiversity levels [1–5]. Where

continental-scale conservation commonly focuses on small populations of species in narrow

habitat niches, an alternative strategy which aspires to greater overall species preservation may

take aim at widely spread species-rich systems facing common deleterious agents (i.e.,

increased drought, elevated herbivory, fire suppression, development and type conversion).

In particular, warming regional climates are already leading to incidents of reduced growth

in aspen [40–42]. At Pando, monotypic gene composition may help us understand aspen’s

response to changing environmental conditions and human impacts so that we may apply that
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knowledge to more complex aspen landscapes regionally. For example, if we can understand

how a single genotype forest responds to chronic herbivory, then we have a building block in

place to begin examining more complex aspen landscapes where herbivory places a central

role—a phenomenon that appears to be widespread (e.g., [3,11] and genetics-based chemical

defense is an underexplored aspect of this problem [36,37]. Warming and drying climates

alone may not be enough to reduce aspen cover; while these factors may reduce the “realized

niche” [43,44] of aspen they may also increase wildfire which promotes aspen rejuvenation

[7,45]. However, when coupling increased drought with unchecked herbivory, particularly in

stable aspen types, such communities are subject to elevated risk of collapse [8]. Cascading

effects of increased temperatures and reduced snow cover (i.e., lengthening “browse season”)

have also been shown to impact aspen-dependent birds, with the overall effect of decreasing

biodiversity [9]. Numerous studies in both European and North American aspen have docu-

mented the keystone nature (i.e., many species reliant on one species) of these forests for a

host of plant and animal functional groups [3,5–6,46–49]. Such keystone aspen systems are at

risk across global-scales where both P. tremula and P. tremuloides have been threatened by

widespread effects of ungulate herbivory [3,8,12,14–16,48,50–51]. Therefore, deterioration of

aspen forests, whether locally or continentally, carries great potential to amplify biodiversity

losses. While degradation of aspen—currently occurring at Pando—is often affected by multi-

ple factors, a common theme of overabundant ungulates compounded by stressors associated

with changing climates, should be expected for wide areas of the northern hemisphere. Having

said this, we recognize regional fluctuations—whether natural or policy-driven—such as fire

suppression, size, and intensity, as well as presence of apex predators affecting ungulate browse

patterns [3,12,45,52], constitute important factors not addressed in the present study. Thus,

collaboration across disciplinary lines will be required to ensure the greatest resilience in the

face of this change. To do otherwise may endanger broad geographic swaths of ecological

integrity and biodiversity.

Conclusion

This first comprehensive assessment of conditions at the famed Pando aspen clone reveals an

ancient forest threatened by recent human decisions. A vital lesson derived from this study is

that independently managing vegetation and wildlife may harm both. While several human

alterations to this forest have taken place in recent decades, it is the lack of simultaneous herbi-

vore regulation that has caused this stand’s degeneration. Here and previously [23] we have

documented some successes with experimental treatments combined with post-treatment

browse protection that show promise for Pando’s outlook. Through these tests and our aerial

photo documentation of 1987–88 failed cutting experiments, it is clear that both passive and

active management cannot be successful without mitigating herbivory. Positive results within

the 2013 fence unfortunately contrast with continuing recruitment failures outside the fence,

as well as within the 2014 fence. The majority of this giant clone remains either insufficiently

protected via a penetrable fence or totally unguarded from herbivory; both instances are

expected to yield a greatly reduced clone and cascading effects to obligate species [1,53–55].

Moreover, we highlight that post-disturbance stable-type aspen forests such as Pando require a

complex vertical stand structure for system resilience [13,31–32]. Even where a 25-year-old

clearfell and fence yielded advanced recruitment today, no successful reproduction since that

time presents significant concerns. Greater vigilance will be required in future forest-herbivory

management via deer and cattle exclusion, increased animal movement, or population reduc-

tions if we wish to see a rebounding and resilient Pando clone.
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This spatially confined study on a genetically uniform aspen forest in Utah has broad rami-

fications for aspen management at-large; the issues found here are mirrored across the ranges

of the most widespread tree species in the world (i.e., P. tremuloides, P. tremula; [3,48–49,55–

56]). As we begin to understand growth and defense mechanisms linked to genotype, there is

potential for altering aspen-herbivore strategies accordingly. We may use this relatively simple

system, which is still an entire forest, as a building block for understanding and mitigation of

herbivore impacts at larger scales in multiple-clone landscapes with greater diversity of defense

chemistry allocation. Likewise, experimental tradeoffs between nutrition, defense, growth, and

response to disturbance may be compared to this iconic clone as a starting point for under-

standing long-term survival of aspen communities under duress.

While conservation efforts are commonly aimed at rare species within specialized niches, a

habitat approach affecting a broad array of aspen-obligates at continental-scales may be a

more effective strategy for preserving greater overall biotic integrity. Impacts of overabundant

wild ungulates are often overlooked by preservationists, policymakers, and the public because

of their perceived benign effects [56]. What many conservation efforts have failed to imple-

ment thus far are coordinated strategies of forest-herbivore stewardship, particularly at

regional and multinational scales [3,13,57]. Such approaches not only promote ecological, pro-

cess-based, landscape management, they have the added benefit of clearly linking human deci-

sion-making to cascading ecological consequences. There should be no confusion over the

point that both domestic and wild herbivore populations are governed by people’s preferences

and actions, and that those decisions result in long-term consequences for ecosystems writ

large.
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Abstract: Sustainable aspen ecosystems hold great promise for global biodiversity conservation.
These forests harbor relatively high species diversity, yet are threatened by fire suppression, land
development, timber-focused management, extended droughts, and chronic herbivory. “Pando” is a
high-profile quaking aspen (Populus tremuloides) forest in Utah, USA which is putatively the ‘largest
living organism on earth.’ Pando comprises an estimated 47,000 genetically identical stems, but is
threatened by human impacts. Our interest in the present study is whether changes to the giant
organism were affecting understorey vegetation and whether discrete zones are displaying divergent
community compositions. For instance, recent research has demonstrated strong herbivory impacts
that are affecting portions of Pando differentially. This study consists of 20 randomly distributed
vegetation survey plots within three de facto management regimes (hereafter, management group or
type) along an herbivory protection gradient: No Fence, 2013 Fence (total protection), and 2014 Fence
(imperfect protection). The plant survey was supplemented by previously-established forest and
herbivore measurements to test for community assemblage explanatory agents. Sixty-eight species
were found across the entire study. Analyses indicated strong links between management group
orientation, species assemblages, and tree density/canopy openings. We found distinct evidence that
within management group species composition was more similar than across groups for two of the
three pairings. However, the other pairing, the most successfully protected area and the completely
unprotected area, was not statistically distinct; likely a result a deteriorating overstorey in these two
areas, whereas the third management type (2014 Fence) exhibited higher canopy cover. Indicator
species analysis found that a small group of plant species had statistical allegiances to specific
management groups, suggesting resource preference selection within Pando. Ordination analysis
searching for causal factors reached two broad conclusions: (1) aspen regeneration, and therefore
long-term resilience, is being negatively affected by chronic animal browsing and (2) current
understorey species diversity is highest where forest canopy gaps are abundant. Future research at
the massive Pando clone will continue informing linkages between understorey communities and
overstorey-driven ecological pathways.

Keywords: understorey vegetation; Populus tremuloides; regeneration; herbivory; ungulates;
ordination; indicator species; community ecology; trembling aspen; biodiversity

1. Introduction

Increasingly, forest ecology and management is concerned with ripple effects of process-based
strategies as they apply to not only primary forest cover, but to dependent species along trophic
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vectors. Quaking aspen (Populus tremuloides), henceforth “aspen,” forests exhibit enormous ecological
amplitude across the North American continent. As a very widespread species, we often overlook
their important contributions to biological diversity, perhaps assuming that all aspen ecosystems
are similar and therefore display little compositional variation. In fact, numerous researchers have
established key functional distinctions in aspen, which stands to reason within a species ranging
across very broad ecological zones [1–4]. A central distinction among aspen functional types is their
relative dependence on wildfire for stand rejuvenation [5]. Whereas seral aspen readily regenerate,
predominantly through asexual root suckering following wildfire, stable (also known as pure or
persistent) aspen are rarely subjected to fire at all, thus their reproductive periodicity favors continuous
rather than episodic regeneration [6]. These distinctions are important when restorative actions
are undertaken in a management framework focused on ecologically appropriate emulation of key
processes [4]. Forest management that runs counter to driving functional processes is often doomed to
futility and failure [7,8].

An important feature of aspen forests is their contribution to landscape-level biodiversity. Aspen
in the Rocky Mountain West, USA, are second only to riparian areas among forest types in harboring
the most species [9–11]. For this reason, some authors have denoted aspen, both in North America and
Europe, as a keystone species [12–15]. While these communities provide habitat for a great number
of species—both animals and plants—their often-cited declining condition [10,16,17] is expected to
reduce landscape- and perhaps regional-level species numbers [18]. Recent works consistently point to
ungulate herbivory as a prime driver of aspen system degradation [19,20]. Moreover, many authors
have noted that declining aspen conditions have cascading impacts on a host of both plant [18,21,22] and
animal [11,23,24] functional groups. Within species, genetic diversity is presumed to enhance resilience
across scales [25], as genotype is closely tied to growth, defense, and reproductive capacity [26].
We know little, however, of how understorey plant assemblages might react over time to habitat
changes within large clonally uniform forest communities. While one might anticipate generally
synchronous responses across large clones, this may be much more difficult to predict where direct
and indirect human management decisions potentially lead areas within such clones on diverging
ecological pathways.

A large, genetically uniform, aspen clone known as Pando (Latin: I spread) lives on the Sevier
Plateau in south-central Utah, USA. The 43 ha clone was first identified in the late 1960s by researchers
testing the hypothesis that individual aspen clones could be differentiated by physical plant structures
alone [27]. Later, another research group advanced the ‘world’s largest organism’ label and named
the clone Pando, thus drawing public and scientific attention to this unique single clone forest [28].
Confirmation of Pando’s size and uniform genetic make-up using modern microsatellite molecular
techniques took place several years later [29], though this finding was synchronous with increasing
concern for the apparent decline of the clone. Recent systematic research has not only elevated
attention to Pando’s rapid overstorey mortality, but more importantly to the cessation of successful
reproduction—save a single fenced exclosure amounting to <20 percent of the massive clone [30].
While it is clear the base cause of the current trajectory is not mature tree mortality, but chronic
browsing of regenerating aspen suckers, we are left wondering how this iconic organism survived and
thrived likely for millennia—the exact age is unknown—while it appears to be dwindling suddenly
during our time. Changes in ungulate herbivore management over recent decades provides the
most plausible explanation [31], though exacerbating agents, such as increased human presence and
warming/drying climatic conditions likely play a role. Collectively, both direct and indirect human
impacts are negatively influencing Pando. Having established that Pando is undergoing dramatic
change, it follows that dependent plant communities may benefit or falter in tandem with these
developments, although concerted research has yet to take on this question.

Aspen, as a keystone species, and Pando being an exemplar of potential species/community size
and uniformity, presents a unique opportunity to explore patterns of plant diversity under changing
forest dynamics. Our base objective was to understand the management regimes at Pando as expressed
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through understorey plant communities. We approached this is a stepwise fashion, building from group
status, to identifying indicators species, to probing casual factors or key ecological gradients. In this
manner, the current work used exploratory methods in community ecology to identify key descriptors
of Pando’s vegetation status. In order to accomplish this task, we developed a complementary study
protocol focused on identifying and assessing plant community make-up as it pertains to forest cover,
aspen recruitment, and browsing impacts in this unique setting. The following questions, therefore,
constituted the central focus of the current study. (1) Are there group differences in understorey
composition between management regimes which may indicate potential diverging pathways? (2) Do
individual understorey species display preference for de facto management regimes within the Pando
clone? (3) What are the key factors (gradients) underlying plant species diversity? (4) Do some plant
species exhibit preference for the most prominent explanatory gradients? Depending on results, the
first two questions may lead us to ponder whether diverging understorey assemblages at Pando require
key ecological linkages which may now be severed within this genetically uniform forest overstorey.
Our expectation is that this massive overstorey clone would support closely aligned plant communities
throughout its extent, particularly in a setting such as Pando where elevation and topography vary only
modestly (Supplementary material, Table S1). Determination of causal factors for plant community
divergences (or convergences) will aid our understanding of burgeoning and future restoration related
to Pando’s declining state [30]. Outcomes here are expected to add to broader discussions pertaining
to clonally dominant tree systems and their international contributions to biodiversity [9,21,22,32].

2. Methods

2.1. Study Site

The Pando aspen clone is found on the Fishlake National Forest in south-central Utah (UTM
434701 E, 4264266 N). The average elevation is 2707 m and slopes are gentle (0–10 degrees) with
a generally southeast aspect. Soils are mixed gravelly and cobbly in both loamy A-horizons and
clayey B-horizons (Draft Survey, Fishlake National Forest, National Cooperative Soil Survey UT651)
originating from tertiary volcanic materials. The forest floor is modestly vegetated, with ample exposed
volcanic boulders and bare ground patches. Common juniper (Juniperus communis) and mountain big
sagebrush (Artemisia tridentata) are common shrubs across the area. Annual precipitation is attributed
mostly to winter snow, with a prominent pulse of summer rainfall (466 mm year−1 precipitation,
SNOTEL 1149, 6 years. average).

Pando is located near Fish Lake, a popular resort area. An access road bisects Pando and there
are camp sites and private summer homes within the clone. These tourist activities provide indirect
protection for browsing ungulates, as hunting of game species is prohibited in such popular areas.
Small clearfell-coppice cuts were performed near the edge of the clone in 1987 and 1988, but were
unfenced. An additional cut within Pando took place in 1992, though managers at that time elected
to fence this treatment due to heavy browsing (and consequently complete forest loss) following
the earlier cuts. Currently, domestic cattle (Bos spp.) forage at Pando under a U.S. Forest Service
grazing allotment for approximately two weeks annually. Mule deer (Odocoileus hemionus) and Rocky
Mountain elk (Cervus elaphus) access this area freely during the typically seven-month snow-free
season. Elk appear to be absent in the immediate area based on previous scat surveys within the study
area, though we know they are common further from areas of elevated human use. Visitors to the area
are generally unaware of Pando’s reputation as the ‘world’s largest organism’ [28] due to a lack of
signage or other interpretive materials. Thus, while Pando is easily accessible from the access roadway,
few people intentionally visit the clone and therefore direct human impacts are minimal.

2.2. Field Methods

Data collection for the current study took place over a four year period in two basic sampling
efforts: a previously-established network of sample plots to assess base forest conditions and the
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current understorey vegetation assessment. The original plot selection was based on a 50 m2 grid of
potential sample points with random sub-selection from that matrix. This process resulted in 65 total
forest measurement plots across three distinct management regime areas. These areas are referred
to as management groups here, although they were not originally designated as experimental zones,
but they remain de facto groupings due to the resulting differences in their reproductive success [31].
Those management areas are referred to as: No Fence, 2013 Fence, and 2014 Fence (Box 1; Figure 1).
These distinct zones, having previously shown disparate regeneration based on ungulate browsing
patterns [31] may also be developing distinct understorey plant communities (the purpose of this study).
While the designation No Fence is self-evident, the 2013 Fence (experimental manipulations) and 2014
Fence (no recent manipulations) areas are distinguished not only by recent human disturbance, but by
their relative success in protection from browsing. The 2013 Fence was very successful at facilitating
aspen regeneration whether plots were disturbed or undisturbed [30], while the 2014 Fence was much
less so [31].

Box 1. Treatment Groups.

No Fence—area is unrestricted from browsing herbivores.

2013 Fence—area is restricted from browsing herbivores AND implemented fire, shrub removal, and 50%
overstory tree cutting. Approximately half this area was undisturbed as a control.

2014 Fence—area is restricted from browsing herbivores and no recent disturbance has taken place. A previous
study, however, determined that mule deer were entering and browsing aspen suckers (cattle had no access).

Forests 2018, 9, x; doi: FOR PEER REVIEW  www.mdpi.com/journal/forests 

Forests 2018, 9, x; doi: FOR PEER REVIEW  www.mdpi.com/journal/forests 

but they remain de facto groupings due to the resulting differences in their reproductive success [31]. 
Those management areas are referred to as: No Fence, 2013 Fence, and 2014 Fence (Box 1; Figure 1). 
These distinct zones, having previously shown disparate regeneration based on ungulate browsing 
patterns [31] may also be developing distinct understorey plant communities (the purpose of this 
study). While the designation No Fence is self-evident, the 2013 Fence (experimental manipulations) 
and 2014 Fence (no recent manipulations) areas are distinguished not only by recent human 
disturbance, but by their relative success in protection from browsing. The 2013 Fence was very 
successful at facilitating aspen regeneration whether plots were disturbed or undisturbed [30], while 
the 2014 Fence was much less so [31].  

Box 1. Treatment Groups. 

No Fence—area is unrestricted from browsing herbivores. 
 
2013 Fence—area is restricted from browsing herbivores AND implemented fire, shrub removal, and 50% 
overstory tree cutting. Approximately half this area was undisturbed as a control. 
 
2014 Fence—area is restricted from browsing herbivores and no recent disturbance has taken place. A 
previous study, however, determined that mule deer were entering and browsing aspen suckers (cattle had 
no access). 

 
Figure 1. Map depicting the study area within the Pando aspen clone, Utah, USA. Twenty sample 
plots were randomly distributed across the study area in the following proportions: No Fence (7), 
2013 Fence (7), and 2014 Fence (6), representing discrete management regimes. Base image courtesy 
of Google Earth® (v. 7.3, Mountain View, CA, USA) 

Each forest mensuration plot consisted of two fixed area transects (2 × 30 m) aligned 
perpendicular to each other to capture terrain deviations which may affect site/growth performance. 
From 2014–2017 field technicians conducted basic site description, mensuration, and reproduction, 
browse, and animal scat surveys described in detail by Rogers and Gale [30]. In brief, survey crews 
measured mature tree diameters at breast height (dbh), tree status (live/dead), number of aspen 
suckers within height groups, tree and shrub cover, and percent of browsed suckers. Additionally, 

Figure 1. Map depicting the study area within the Pando aspen clone, Utah, USA. Twenty sample plots
were randomly distributed across the study area in the following proportions: No Fence (7), 2013 Fence
(7), and 2014 Fence (6), representing discrete management regimes. Base image courtesy of Google
Earth® (v. 7.3, Mountain View, CA, USA)



Forests 2019, 10, 1118 5 of 16

Each forest mensuration plot consisted of two fixed area transects (2 × 30 m) aligned perpendicular
to each other to capture terrain deviations which may affect site/growth performance. From 2014–2017
field technicians conducted basic site description, mensuration, and reproduction, browse, and animal
scat surveys described in detail by Rogers and Gale [30]. In brief, survey crews measured mature tree
diameters at breast height (dbh), tree status (live/dead), number of aspen suckers within height groups,
tree and shrub cover, and percent of browsed suckers. Additionally, we counted ungulate pellet groups
within fixed area transects. All site, tree, reproduction, browse, and scat data were summarized as per
ha values for analysis.

For the current study, a randomly-selected subset of the complete Pando plot network was used
to gather new detailed understorey vegetation. With our current sampling regime, we were unable
to sample the full mensuration grid of 65 plots due to time and expertise limitations. On 20 plots
distributed across the three management zones we identified all plant species and estimated their
cover using a dual collection method following procedures of the U.S. Forest Service, Forest Health
Monitoring program [33]. Species identification and abundance/cover were obtained on three 1 m2

quadrats set at 5 m from permanent plot center markers at compass readings of 0◦, 120◦, and 240◦.
An additional timed search of the entire vegetation plot (7 m radius) was conducted for species not
previously noted in sample quadrats. This combined small-area (quadrats) and larger timed-survey
area (plot) two-step process is thought to yield the most thorough species capture [33,34]. Visual
estimates of abundance in small- and large-areas were classified in percent cover groups favoring lower
coverage accuracy as follows: <1, 1–5, 6–10, 11–25, 26–50, and >50. Abundance data were pooled by
species for total sample plot (i.e., quadrats and large-area) using a standardized algorithm to group
total abundance ratings into classes specified above, as per the Forest Health Monitoring technique [33].
All vegetation plots were sampled during June 2018 to take advantage of maximum plant expression
prior to mid-to-late summer drying and desiccation. Plants not positively identified in the field were
confirmed at the Utah State University Herbarium at a later date. Species data were summarized
using standard diversity indices: species richness, species evenness, Shannon’s diversity index, and
Simpson’s diversity index [35]. Nomenclature throughout this study followed Welsh et al. [36].

2.3. Analytical Methods

Our analytical objective was to comprehensively understand the various management regimes at
Pando through the lens of understorey plant communities. We took three distinct analytical approaches:
management group differences, individuals species affinity distinctions, and (exploratory) causal
factor analysis, which may explain putative differences wrought by management groups. The first
two methods employed only plant communities to understand group and species preferences, while
the third (causal factor) utilized numerous site, tree, herbivory, and plant community measures.
The mechanism for accomplishing this was the PC-ORD (v.7.0, [37]) software package, specifically
techniques designed to understand group preferences and explanatory variable “data landscapes”
(gradients) using ordination methods [35,37]. In this regard, being a first-time measurement of plant
species, data analysis should be considered exploratory in nature (i.e., the study design was not a
conventional, hypothesis-driven, framework).

Our initial question was to discern whether species presence and abundance was more similar
on plots within management groups as compared to across groups. Multi-response permutation
procedures (MRPP) is a nonparametric test for describing within-group agreement of variables in
contrast to adjoining data groups. We selected MRPP using the Sørensen distance measure because it is
less inclined to exaggeration based on outliers and zero values for cover estimates [38]. All categorical
variables were removed from the data matrix except for our group designator, thus this analysis was
performed on a matrix of 20 plots by 68 species. MRPP produces a T score indicating the degree of
difference between group pairs, an A-value which is the chance-corrected within group agreement
(effect size), as well as a p-value establishing level of test significance [35].
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The next analytical question involved individual plant species habitat preferences; do certain
species favor one management trajectory over another within this genetically uniform forest? Indicator
species analysis (ISA) is a multivariate approach testing for no difference between a priori groups in
terms of species affinity, or “faithfulness,” based on presence and abundance of taxa within groups [39].
We chose ISA to gain a better understanding of species preferences (if any) for current management
regimes at Pando. Perfect affinity is defined as always being present and exclusive in the identified
group [35]. The statistical significance of the maximum indicator value for each species was tested by
5000 runs of a Monte Carlo randomization procedure. The resulting p-value represents the probability
that the calculated indicator value for any species is greater than chance occurrence. Output includes
the group for which the maximum indicator value is found, the indicator score for that group, and the
associated p-value for each species.

Our final goal (questions 3–4) was to seek explanatory gradients within a comprehensive data set
encompassing site description, mensuration, regrowth, browsing, animal presence, and understorey
species diversity indices. The incorporation of diversity indices, based on all plant species tallied,
differentiated this present analysis from past Pando studies addressing primarily regeneration and
animal interactions [30,31]. Diversity indices further provided potential plant community-based
indicators at the management group level to distinguish broader diversity patterns within this unique
landscape. For exploratory analyses of data gradients addressing causal factors we selected nonmetric
multi-dimensional scaling (NMS). NMS is an ordination technique suited for ecological questions
where multiple data types are used, normal distributions and variances may be absent, and data sets
may contain large numbers of zeros [40]. The aim of NMS is to reduce complex multidimensional
data sets to a few key explanatory gradients (axes). The primary matrix for this analysis consisted of
20 plots (rows) pitted against 18 sampling variables (columns). A broader suite of 26 field variables
was trimmed down by two categories: raw tally scores (e.g., stem counts) that were redundant to per
ha values and location variables (location coordinates and elevation) that detracted from ordination
analysis due to their small variation (i.e., having little explanatory value). Two secondary matrices of
environmental variables and individual species were plotted over main NMS results in a joint plot
graph for display purposes. The lowest stress solution was derived from 250 runs with real plot data.
“Stress” is defined as a quantitative assessment of final ordination monotonicity, a measure of how
well real data fit the ordination [35,38]. The lowest stress solution was tested with a Monte Carlo run
of an additional 250 randomized iterations to evaluate the probability of the final NMS solution being
greater than chance (i.e., yielding a p-value). Orthogonal rotation of the final ordination was used
to maximize alignment between the strongest environmental variables (i.e., Pearson r values) and
primary axes. The lowest number of dimensions (axes) was selected when adding another dimension
would have decreased the final stress by <5 [35]. Results were for all tests were considered significant
where p < 0.05.

3. Results

3.1. Is Plant Community Composition Different between Groups?

We recorded a total plant diversity (γ) of 68 species, five of which could only be identified to genus,
on a total of 20 field plots within the three management regimes of the Pando aspen clone. The average
species richness per plot (α) was 23.15 (SD = 3.89). Beta diversity (β = α/γ) at 0.34 represents an
estimate of “community turnover” or (in this case) a relatively high species overlap among all sample
locations at Pando. Supplementary Tables S1 present mean and variance (SD) values for analysis
variables, as well as cover and frequency values for common plant species.
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We used multi-response permutation procedures (MRPP) to test for within-group similarity in
understorey species composition. Results of this test are shown as an overall score, as well individual
pairings of three group combinations (Table 1). Larger negative “T” scores indicate greater separation
(dissimilarity) between groups. “A” scores signify a chance-corrected within-group agreement score:
1.0 = perfect agreement, 0 = no better than expected by chance, and an A value of >0.3 is considered
a strong indicator of within group species homogeneity [35]. An overall MRPP test result indicates
strong within group homogeneity, while comparisons between the 2014 fenced plots and the other two
groups also yielded significant within group agreement (Table 1). Understorey vegetation assemblages,
when compared between the No Fence and 2013 Fence groups, displayed no significant difference.

Table 1. Multi-response permutation procedures (MRPP) test results for differences in cumulative
scores for all plant species presence and cover between management groups. T is the MRPP test
statistic which calculates the difference between observed and expected delta. A is the chance-corrected
within-group agreement.

Management Group T A p

No Fence vs. 2013 Fence −1.29 0.06 0.100
No Fence vs. 2014 Fence −2.66 0.13 0.016

2013 Fence vs. 2014 Fence −5.58 0.29 <0.001

Overall test result 4.43 0.22 <0.001

3.2. Species Preference for Management Groups

Of the 68 distinct species represented in our understorey plant survey at Pando only seven showed
a solid affinity for particular management groups (Table 2). Indicator species analysis results found
that four species met a higher significance threshold (<0.05 p-value) for group allegiance. Populus
tremuloides (understorey only) and Potentilla hippiana favored the 2013 fenced area and Calamagrostis
spp. and Lupinus argenteus were statistically associated with the 2014 fenced group. Additionally,
three other species fell just below the significance threshold and were also only statistically aligned
with the fenced area survey groups (Table 2). No species showed ISA preference for the No Fence area,
suggesting a generalist plant assemblage or perhaps areas without species-specific habitat.

Table 2. Indicator species analysis values for understorey vegetation species tallied by maximum score
group (1 = No Fence, 2 = 2013 Fence, and 3 = 2014 Fence). A subset of all species are shown here to
highlight those that displayed clear group preference (p < 0.10). Species shown in bold type are those
with p-values < 0.05.

Species Maximum
Score Group

Indicator
Value

Indicator Values from Randomization

Mean Standard Deviation p

Artemisia tridentata 2 50.0 35.5 8.46 0.0684
Populus tremuloides 2 60.6 40.0 4.51 0.0002

Bromus ciliatus 2 42.9 18.4 9.97 0.0814
Calamagrostis spp. 3 70.0 28.0 9.94 0.0040
Lupinus argenteus 3 55.4 38.3 5.52 0.0022

Potentilla hippiana 2 56.2 33.9 8.69 0.0198
Silene menziesii 3 38.9 20.5 9.49 0.0764

3.3. Exploring Factors Affecting Species Make-Up and Habitat Preferences

Ordination analysis resulted in a two-dimensional solution on a matrix of 20 plots by 18 variables.
We projected the results of the NMS in ordination “plot-data space” as a joint plot highlighting
environmental variables as overlay vectors (Figure 2a). The final NMS solution produced a stress value
of 8.84 with an instability of 0.00. A Monte Carlo test of 250 random data runs versus the real data set
verified a significant NMS outcome (p = 0.03). A two-axis solution described about 87% of ordination
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variance (axis 1: r2 = 0.489; axis 2: r2 = 0.377; and orthogonality = 99.8). Length and direction of vectors
corresponds to environmental variable strength and relationship to the two-dimensional plot-data
space. Only environmental variables making the strongest contributions to data ordinations are shown
(i.e., r2

≥ 0.3) in the joint plot (Figure 2a). Table 3 presents NMS results by axes for all environmental
variables. Most measures tested in this ordination contributed very little to environmental gradients
(NMS axes) at Pando. Strong positive and negative responses to axis 1 (Figure 2a) represent factors
working in opposition in terms of their influence on the totality of plot variable values at Pando.
Axis 1 describes a gradient of regeneration abundance with a negative correlation to deer and cattle
presence. This result is nearly identical to that reported previously [31]. Axis 2 illustrates an inverse
correlation between aspen cover (collectively) and understorey species diversity. A moderately
strong correlation of aspen recruitment to axis 2 may present a spurious result given the low overall
recruitment occurrence among our sample sites (with the exception of a single anomalous plot in a
1992 historic clearfell-coppice cut area [30]). Figure 2b projects species vectors as an overlay on the
main ordination to gauge how particular plants align with explanatory variables. Only those species
with r2 > 0.3 are shown. While most plants showed no particular statistical relation to prime NMS
axes, P. tremuloides, Cirsium clavatum, Festuca thurberi, and Penstemon watsonii displayed robust
correlations (r > 0.5 or < −0.5) to these environmental gradients (Table 4).

Table 3. Pearson’s coefficients (r) between environmental variables and primary NMS ordination axes.
The strongest response variables are highlighted in bold type, where r > 0.5 or < −0.5. Basal area is
abbreviated as BA here.

Variable Name
r-Value

Axis 1 Axis 2

Fence 0.138 0.309
Juniper cover −0.048 0.319
Aspen cover 0.056 0.683

Regeneration ha−1 0.656 −0.101
Browse level −0.456 −0.244

Recruitment ha−1 0.142 0.694
Trees ha−1 0.242 0.892

Live trees ha−1 0.223 0.957
BA live 0.014 0.533
BA dead −0.111 0.319

BA dead as % total BA −0.090 0.066
BA total −0.025 0.506

Cattle scat −0.677 −0.068
Deer scat −0.770 0.020

Species richness 0.150 −0.385
Species evenness −0.504 −0.185

Shannon’s diversity 0.036 −0.488
Simpson’s diversity −0.031 −0.576
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Figure 2. Joint plots depict the results of nonmetric multidimensional scaling (NMS) ordination on a
matrix of 20 plots by 18 monitoring variables. Highly correlated environmental variables (r2

≥ 0.3)
are overlaid on the ordination to show relationships to primary axes. Vectors indicate direction and
strength (length) of these factors in the ordination space defined by plot values of all measured variables.
(a) Environmental variables having the greatest influence within the total data ordination space.
Variables shown: deer scat groups ha−1 (Deer scat), cattle scat ha−1 (Cattle scat), aspen regeneration
stems ha−1 (Regenh), aspen recruitment stems ha−1 (Recruit), percent aspen cover (Canopy), live
mature trees ha−1 (live tph), trees ha−1 (tph), and Simpson’s diversity index (Simpson’s Di). Circles
depict locations, by regime group, of plot scores in “data space” within the NMS ordination and (b)
Hhly correlated (r2

≥ 0.3) plant species overlayed on the same “data space” NMS ordination as (a).
Species are: Festuca idahoensis, Cirsium clavatum, Penstemon watsonii, Populus tremuloides, Bromus
ciliatus, Aquilegia caerulea, and Mahonia repens.
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Table 4. Pearson’s coefficients (r) between understorey plant species and primary NMS ordination
axes. The strongest response variables are highlighted in bold type, where r > 0.5 or < −0.5.

Species Name r-Value Species Name r-Value

Axis 1 Axis 2 Axis 1 Axis 2

Abies lasiocarpa −0.144 −0.003 Clematis hirsutissima 0.250 −0.120
Amelanchier alnifolia 0.252 −0.023 Comandra umbellata −0.423 −0.088

Arctostaphyllos uva-ursi −0.008 0.328 Cynoglossum officinale −0.180 −0.176
Artemisia ludoviciana −0.082 0.141 Dactylis glomerata 0.340 0.249
Artemisia tridentata −0.190 −0.282 Elymus glaucus 0.152 0.138

Chrysothamnus viscidiflorus −0.087 −0.085 Elymus trachycaulus −0.058 0.035
Juniperus communis 0.336 0.351 Erigeron sp. −0.213 −0.354

Mahonia repens 0.474 0.222 Eriogonum racemosum −0.224 −0.043
Populus tremuloides 0.592 −0.488 Festuca idahoensis 0.001 −0.104

Prunus virginiana −0.144 −0.003 Festuca thurberi −0.530 −0.075
Ribes montigenum −0.144 −0.104 Fragaria virginiana 0.167 −0.396

Ribes inerme −0.144 −0.003 Frasera speciosa 0.206 −0.358
Rosa woodsii −0.076 −0.171 Geranium richardsonii 0.165 −0.117

Symphoricarpos oreophilus 0.173 −0.124 Hackelia micrantha 0.337 0.182
Agoseris laciniata −0.237 −0.124 Hesperostipa comata 0.079 0.045

Achillea millefolium −0.040 −0.205 Juncus arcticus −0.190 −0.064
Achnatheron nelsonii −0.311 −0.232 Koeleria macrantha −0.379 0.135

Allium bisceptrum −0.250 −0.184 Lactuca sp. −0.286 −0.136

Antennaria microphylla 0.074 −0.242 Lithospermum
multiflorum 0.344 −0.036

Aquilegia caerulea 0.451 −0.020 Lotus wrightii 0.201 −0.180
Arabis sp. 0.157 −0.250 Lupinus argenteus −0.155 0.142

Arenaria macrophylla 0.163 −0.348 Penstemon watsonii −0.038 −0.502
Astragalus tenellus 0.258 −0.129 Poa fendleriana 0.171 −0.134

Astragalus laxmannii 0.140 −0.134 Poa pratensis 0.111 −0.064
Bromus ciliatus 0.464 −0.098 Potentilla hippiana −0.081 −0.318
Bromus inermis −0.040 −0.010 Senecio streptentifolius 0.416 −0.179

Calamagrostis sp. −0.062 0.217 Silene menziesii 0.100 0.204
Carex douglasii −0.065 −0.079 Smilacina stellata −0.098 0.182
Carex obtusata 0.171 −0.124 Taraxacum officinale −0.205 −0.169

Carex occidentalis −0.082 0.080 Thalictrum fendlerii −0.073 0.298
Carex rossii 0.228 −0.112 Thermopsis montana 0.174 −0.074

Carex tahoensis −0.237 −0.124 Tragopogon dubius 0.148 0.015
Castilleja sp. 0.157 −0.250 Viola adunca 0.104 0.132

Cirsium clavatum −0.613 −0.381 Wyethia amplexicaule 0.204 −0.031

4. Discussion

4.1. Group and Species Preferences in a Single-Genotype Forest

The work presented here constitutes the first complete, or baseline, survey of plant species at the
iconic Pando aspen clone in central Utah, USA. The massive Pando aspen clone has likely survived for
millennia [41], though as a result of recent human actions there are clearly at least three distinct plant
communities supported under a genetically uniform forest canopy (Table 1). Our results also indicate
distinct plant communities, interestingly, within separate fenced exclosures at Pando. Through the lens
of understorey community “loyalty” (MRPP), we note that the 2014 fenced plots were statistically more
similar to each other than they were to either No Fence or 2013 Fence locations (Table 1). We did not find
a group distinction when the No Fence and 2013 Fence plant communities were compared to each other.
Given the high rate of aspen reproduction now occurring within the 2013 Fenced exclosure [30], after
only five years we must conclude that early-stage regeneration is not yet affecting plant community
composition. However, light exposure to the forest floor appears to be a stronger causal factor in plant
make-up at this point (Figure 2a). Our results may be describing a secondary gradient of pioneer plants
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(high diversity and light) favoring current canopy gaps and younger forests, while a shade-tolerant
understorey community is tracking greater tree cover, although such conclusions seem speculative
given the preliminary nature of this study.

Four species showed clear group preference (fidelity) within management areas at Pando (Table 2)
and an additional three species also seem to favor specific conditions although they fell just beyond our
declared statistical threshold (p < 0.05). Based on previous work at Pando [30,31], it is no surprise that
P. tremuloides in the understorey is thriving in the 2013 Fence management area. This finding, however,
is likely due more to the success of the early exclusion of browsers via fencing, then to any strictly
ecological factor. Welsh et al. [36] suggest that Potentilla hippiana, Bromus ciliatus, and Artemisia
tridentata favor meadows, open slopes, and partially forested (high light) habitats; thus, this fits the
relatively open canopy of the 2013 Fence regime. However, similar adjacent habitat found in the No
Fence zone did not show similar species fidelity leading us to wonder if perhaps low browsing level or
rapid aspen regeneration are facilitating improved habitat for these species? It will be interesting to
track how species composition changes over time with increased vertical complexity in recruitment
facilitated by fencing. While two species favoring the 2014 Fence area have broad tolerance of light
(Calamagrostis spp. and Lupinus argenteus), Silene menziesii is known to be a more shade-preferring
species in montane settings [36]. Higher aspen canopy cover [31] in the 2014 Fence, alongside moderate
correlations between Silene menziesii and Axis 2 (Table 4) at least partially corroborate this ISA group
fidelity for shaded habitat.

Both MRPP and ISA are analyses driven solely by plant community make-up. They do not attempt
to address covariation or more plainly, causation. Thus, we turned to NMS as a powerful ordination
tool which combines multiple factors, alongside plant community composition, to explore causality.
However, seemingly divergent results using two different analytical approaches here requires further
explanation. Specifically, different species are highlighted in results of indicator species analysis (ISA;
Table 2) vs. nonmetric multidimensional scaling (NMS; Figure 2b, Table 4). ISA is more pointedly
directed toward discriminating between management groups based on plant communities only. While
NMS (Figure 2b) may suggest alignment of certain groups in corroboration of ISA results (Table 2;
i.e., P. tremuloides and Bromus ciliatus), the NMS ordination is a more comprehensive analysis taking
into account an array of potential explanatory factors. In Figure 2b, the 2013 Fence plots group
nicely, but the other two management group plots do not. This explains the poor performance of the
variable “Fence” in the NMS final result (Table 3). Other individual species with significant correlations
to the NMS (Figure 2b) align, to varying degrees with key gradients (axes), but those alignments
are independent, for the most part, of group preferences exhibited in ISA results. Thus, Festuca
thurberi seems to show preference for areas with higher herbivore frequency, Aquilegia caerulea and
Bromus ciliatus thrive in high aspen regeneration locations, and Penstemon watsonii performs best
where diversity indices are elevated (i.e., high light environments). Overall, then, we must view
ISA and NMS as presenting two independent looks at habitat preferences within Pando’s disparate
management regimes.

4.2. Key Factors Influence Pando’s Plant Make-Up

Human interventions, whether intended or not, have negatively affected Pando’s ability to
reproduce and thrive [30,31]. Stable aspen forests sustain themselves via relatively continuous (i.e., not
episodic) recruitment; in fact, regular recruitment and a multi-story stand structure are thought to
be key components of healthy stable aspen types [1,4,6,42]. Past research has described a rapidly
deteriorating aspen clone resulting from increased deer and cattle herbivory, compounded by other
human developments, such as added home sites, a recreational campground, and increased road
traffic [35]. These features, collectively, have increased human presence and decreased mule deer
hunting in a localized area to the point that the Pando grove has become a refuge from human predation,
or safe-zone, for deer. Past work has shown that higher presence of deer scat related closely to higher
browse level and reduced recruitment [31]. Existing monitoring data suggests that this situation
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is a prime cause of concentrated, unfettered, herbivory leading to grossly unbalanced aspen stem
demographics: while mature/dying aspen are abundant, there are few recruitment stems to replace the
decaying overstorey. This basic formula is clearly illustrated by key indicators opposing each other
within our NMS ordination; regeneration was shown to increase on all plots where deer and cattle
scat were less abundant (Figure 2a, Table 3). While this is the strongest explanatory factor presented
here, it was also the central issue revealed using this data set in a previous study [35]. Browsing
herbivore effects on aspen recruitment, however, are broadly implicated in the distinct understorey
plant assemblages.

The addition of a detailed understorey plant survey has allowed us to not only establish group
and species habitat preferences (Tables 1 and 2), but to incorporate common diversity metrics into
a broader assessment of the Pando ecosystem (Tables 1 and 4; Figure 2a,b). We conclude that rapid
die-off of the forest overstorey appears to be creating broad canopy openings that support relatively
high understorey plant diversity. In contrast, a lack of regeneration alongside relatively high canopy
cover, basal area, and total tree counts is reflected in lower diversity scores, in particular Simpson’s
diversity index (axis 2, Table 3; Figure 2a and Table S1). Other diversity indices corroborate a positive
relationship to greater canopy openness, but our results correlate evenness negatively to Axis 1 in
association with less regeneration and more herbivore presence. This evenness result is somewhat
confounding to other diversity indices, but may suggest greater disparity in abundance (not richness) of
species with a recent surge in aspen regeneration, most pointedly within the 2013 Fence regime group.

In terms of the explanatory value of our results, there is still much to be explored. The period since
recent fencing has been erected, while inadvertently initiating divergent pathways, is likely too short
for establishment of stable understorey communities (i.e., a composition in transition). Many species
present, and perhaps some not yet established, may be displaying ambiguous habitat preferences at this
stage within rapidly changing (e.g., 2013 Fence) environments. We also must consider the perspective
of microhabitat variability—in soil types, soil depth, or terrain—inherent within even a genetically
homogenous aspen clone. How would a map of native understorey variability be projected over the
current human-induced larger scale compositional groupings now evident at Pando? While it may be
difficult to thoroughly detect microhabitat variability with the current monitoring approach, we are still
left with important questions unanswered regarding species diversity in this unique forest. Beyond
plant habitat considerations, it is likely that deer (and cattle outside fences) are making preferential
food choices regarding plant consumption which are affecting current understorey communities.
For instance, it has been suggested that indicator plants favoring the 2014 Fence zone may be “deer
resistant” and therefore are defining that (now) unique community. This assertion, if true, adds
complexity to our simpler model of aspen tree canopy and structure being the key driver in defining
Pando’s understorey composition. While such knowledge gaps are not trivial to researchers, they also
present a solid argument for management actions respective of the entire Pando system, inclusive of
currently unknown explanatory features of plant diversity.

4.3. Broader Implications for Sustained Aspen Diversity

Much has been written about trophic implications of overabundant herbivores (e.g., [24,43]),
and there is recognized disagreement on explanatory factors leading to system collapses or
rebounds [44–46] that may affect aspen ecosystem diversity. At landscapes scales, diversity in aspen
canopy conditions (i.e., successional stage, canopy cover, drought response, and human alterations) are
expected to have concomitant implications for understorey species [9,18]. Here we examined a limited
forest landscape, ostensibly one of unique tree species and genotypic uniformity that would be expected
(if ever were the case) to have minimal variation in tree cover and thus, dependent plant communities.
It may be that variation within even this limited expanse of forest encourages similar diversity,
although perhaps not on the basis of spatially distinct understory plant communities. In contrast, we
would anticipate that a resilient stable aspen forest (i.e., one reproducing continuously) would exhibit
small-patch dynamics rather than large, human-induced, distinct vegetative communities, as appears
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to be the current situation. In fact, the present inadvertent management zones—different conditions
arising from human actions affecting growth and survival—also appear to depict varying degrees of
community separation based on plant composition and abundance (Tables 1 and 2). Other researchers
have similarly found that herbivore effects on aspen are consequential to plant [9,16], lichen [47],
insect [11], and avian diversity [24], but none have examined such factors in a genetically uniform
aspen forest.

Lessons gleaned from this small-scale, partially controlled (i.e., a single genotype), experiment
have wider ramifications for aspen ecology and management broadly. Still, some caution is warranted in
projecting our findings too far afield, given the unique nature of this large single- genotype forest. With
this disclaimer broader findings from this study are as follows. First, aspen forests have traditionally
been treated uniformly in terms of management prescriptions. A 1992 clearfell-coppice cutting, while
appropriately protected with fencing, has resulted in a single-storied forest today. Future management
actions within Pando, using the wisdom of hindsight alongside results here, would do well to manage
stable aspen within functionally appropriate aspen prescriptions [4]; meaning selection and group tree
felling would promote more resilient uneven-aged forests. Second, herbivory is now a common threat
to survival of aspen forests, not only in North America, but across Europe as well [10,32,48,49]. Human
desire for large ungulates for subsistence, aesthetics, or recreational purposes, while simultaneously
eliminating key predators, in some locales, has resulted in runaway populations and concomitant
vegetation impacts [43], such as the changes in understorey vegetation implicated here. In areas,
undergoing rapid climate warming such as the broad region of the current study, combined effects of
extended drought and herbivory are particularly detrimental to sustained aspen communities [19,24,49].
Third, we have seen here that understorey plant assemblages (and presumably dependent fauna) will
be altered by aspen’s response to human decisions—in cutting, recreational use, herbivore management,
and other developments (i.e., roads, houses, campgrounds, and trails)—in the form of canopy openings
and varying degrees of recruitment success. Human activities, overall, may also act as vectors for
exotic species introductions that can have lasting effects on biodiversity in aspen communities [9].
A key resource value of aspen forests is their well-known ability to harbor a large number of plant and
animal species [21,23]. In the current study area, as well as in aspen communities at scales from local
to continental, we should anticipate that inappropriate management actions will have cascading effects
on a rich and obligate biota. This study, focused on the single-genotype Pando forest, suggests that
aspen ecosystems at-large will benefit from functionally appropriate management, prioritization of
monitoring (particularly for herbivore impacts), and an understanding of critical linkages between
sustainable overstorey conditions and understorey composition.

5. Conclusions

Previous works have demonstrated marked changes in the famed Pando aspen clone in recent
decades [30,31]. We set out here to understand whether alterations in aspen overstorey and reproduction
were affecting dependent plant communities. Our results indicate strong links between this unique,
genetically uniform, forest and understorey species responses to recent de facto management regimes
reflecting levels of canopy coverage and herbivory. We found distinct evidence that within management
group species composition was more similar than across groups for two of the three pairings.
Interestingly, there was greater similarity between the most successfully protected area and the
completely unprotected area; this is likely a result of more open canopy covers in these two areas,
whereas the third management type (2014 Fence) displayed the greatest overstorey shading. Indicator
species analysis found that a small group of plant species showed statistical affinities for specific
management groups, suggesting species resource preferences currently exhibited in the respective
areas within Pando. Finally, an exploratory ordination analysis searching for causal factors resulted in
two broad conclusions: (1) aspen regeneration, and therefore long-term resilience, is being negatively
affected by chronic animal browsing and (2) current understorey species diversity is highest where
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forest canopy gaps are more abundant (i.e., where there is greater tree canopy closure, basal area,
and total number of trees, there is less plant cover and richness).

We are interested in how plant species will be influenced by changing conditions at Pando
over longer periods. Initial results reported here suggest Pando is moving toward a future of
divergent ecological pathways despite its genetically uniform overstorey. This study constitutes a first
approximation using exploratory analytical methods; repeat measures may show continued community
divergence, or perhaps a convergence as structural complexity is restored at Pando. The current
trajectory of increased mortality and absent successful (overall) recruitment bodes poorly for Pando’s
future. While greater light availability may temporarily increase plant diversity, the long- term impacts
of a collapsing aspen cover are expected to decrease overall biodiversity. As a baseline study, we have
documented here certain patterns that are expected to change as this forest declines or flourishes in the
coming decades.

Supplementary Materials: The following are available online at http://www.mdpi.com/1999-4907/10/12/1118/s1,
Table S1: Data Means & Variances.
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Chapter 1 – Introduction

How We Got Here

Quaking aspen (Populus tremuloides Michx.) have a rich history of 
both research and management. Particularly in the American West, 
aspen trees stand out as vibrant icons in forest communities dominated 
by evergreen-shaded mountainsides (Fig. 1.1). This individuality in 
the species piqued the interest of early forest scientists working in the 
region, and the fervor has not abated. Early on, though aspen were not 
as highly valued as they are today, foresters marveled at the expanses 
of this species on desert plateaus and its ability to grow profusely 
following fire. Foresters of the early 20th century, however, felt that the 
aspen species inhibited development of more valued timber species. 
In much of the West, this was also a time of new aspen growth and 
expansion in response to settlement-era cutting, grazing, and burning 

Figure 1.1 Aspen leaf.
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(Rogers et al. 2007a; 2011). Later, aspen’s value to humans increased, 
particularly as rich understory livestock forage. Managers and 
researchers alike became interested in methods of promoting aspen 
growth and sustainability. Currently, professionals and the public 
are attracted to the benefits of aspen for biodiversity, fire resistance, 
recreation, aesthetics, wood products, forage, water conservation, and 
wildlife habitat.

Realization of aspen’s usefulness has paralleled a number of threats to 
these forest communities. Indeed, some threats may be attributable 
to past management actions, such as fire suppression, overgrazing, 
water diversion, wildlife management, and inappropriate timber 
harvesting methods. In Utah, for example, an estimated 60% of aspen 
cover was lost during the 20th century due to past practices (Bartos 
and Campbell 1998). However, such projections warrant caution, as 
they assume that each location with significant signs of live or dead 
aspen today was once an “aspen forest” where this species comprised 
the dominant cover. Nonetheless, the 20th century did witness both 
increases (Kulakowski et al. 2004) and decreases in aspen cover (Di 
Orio et al. 2005), some attributed to humans and some to the relatively 
moist climate (Rogers et al. 2011). More recently, reports of “sudden 
aspen decline” indicate rapid die-off of both overstory and root systems 
in some parts of the West (Worrall et al. 2008). Subsequent work has 
linked regional mortality in aspen and recent climate trends (Worrall 
et al. 2013). These and other works suggest future climates will acutely 
affect aspen on southern aspects and at low elevations, conditions 
commonly found on BLM lands across the West. Land managers, then, 
face the dilemma of applying the collective knowledge of a large body 
of aspen science to specific areas of interest, areas that they cannot treat 
as uniform representations of a single species behaving predictably 
across its wide range.

In this field guide, I use a “systems approach” to aspen ecology and 
management. We have learned much, though perhaps not adequately 
communicated, about varying aspen types around our region (Rogers 
et al. 2014). For example, what new information is available about fire 
behavior in aspen, and how might we best apply that knowledge best 
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be applied to forest management practices? Or why do aspen forests 
vary in their contribution to wildlife management and landscape 
biodiversity? Are we as land managers making informed decisions 
about stewardship with processes in mind or working against 
ecosystem function, which controls such processes? Our driving 
paradigm in contemporary land management is to first understand, 
then emulate (to the degree possible), ecosystem function. In terms of 
western aspen, this means using the best available science and pairing 
it with local experience. Where there are knowledge gaps, often field 
monitoring and experimentation are required to move forward. These 
ideas are not necessarily new, though their application in widely 
varying quaking aspen communities provides novel opportunities for 
effective management. One key tactic is agency investment in “learning 
by doing,” which will be required to adapt to the dynamic institutional 
and ecological conditions expected.

Why Is Aspen Important?

Biodiversity—Among western forests, quaking aspen communities are 
often the most biodiverse (Kuhn et al. 2011; Chong et al. 2001). Due to 
the presence of relatively moist conditions and abundant flora, a wide 
range of wildlife species—both transitory and resident—is drawn to 
aspen forests (Manley et al. 2000). Thus, it is important to understand 
that we seek to sustain the range of aspen systems, not just the tree. 
As wildlife habitat,  aspen types are often among the most critical 
concerns for state and federal agencies charged with managing viable 
populations in diverse landscapes 
(Fig. 1.2).

Water Conservation—Relatively 
high understory biomass, 
deep snowpack, and rich soils 
allow aspen systems to retain 
higherlevels of water in the spring 
and early summer (Gifford et al. 
1983; LaMalfa and Ryle [sic] 2008). 
While further work is needed on Figure 1.2 Biodiversity in aspen.
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this topic, these preliminary investigations suggest that retention of 
aspen dominance in seral conditions allows deeper infiltration rates, 
thereby prolonging water availability later into the season. We expect 
similar water benefits in stable aspen systems where conversion to sage 
or other dry nonforest types is a possibility. More water in streams 
benefits fish as well as downstream human uses.

Aesthetics—People often underestimate the benefit of landscape 
beauty to our well-being. Aspen landscapes are iconic in western 
North America, especially as their brightly colored autumn leaves 
appear. Regardless of activity, white trunks crowned with fluttering 
green or gold leaves often lie at the center of our outdoor experience. 
In addition to potential spiritual, healing, or calming values found 
among the quaking aspen, nature lovers gravitate to this tree for its 
photogenic qualities.

Recreation—Skiing, hunting, biking, hiking, motor touring, camping, 
fishing, photography, and sightseeing are commonly centered on aspen 
scenes. Many western resorts that focus on recreational activities use 
aspen backdrops in their advertising. Large aspen die-offs, though 
perhaps endemic to forest ecosystems, are generally unappealing to 
recreational visitors.

Forage—Historically, livestock growers have depended on the diversity, 
biomass, and nutrition of understory aspen communities to feed their 
animals. Often found at high elevations, aspen forests provide cooler 
and moister conditions for livestock during parched summer months. 
Use of forage in these locations, provides direct economic benefit to 
western ranchers, as well as indirect benefits to the municipalities 
where they reside.

Fire Protection—Forests dominated by aspen are less prone to high-
intensity burning compared to surrounding conifer types (Shinneman 
et al. 2013). In wildland urban interface (WUI) situations, aspen may 
be used as a firebreak around developed areas (Fechner and Barrows 
1976).  Thus, management that favors aspen (i.e., thinning conifers, 
light underburning) may be used as a prudent means of protecting 
homesites.
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Social/Economic Values—Many of the benefits listed above, combined 
or individually, contribute to social and economic gains for residents 
of the West. For example, outdoor experiences not only contribute to 
our greater well-being and strong sense of place, but they add revenues 
to state and local businesses. Hunting licenses, in part powered by 
sustained aspen habitat, contribute to greater wildlife benefits via 
funding of state agencies. Perhaps rural communities, compared to 
urban locales, see more direct benefits, though this is probably subject 
to debate given the strong ties aspen have in promoting skiing and 
resort development.

Purpose and Scope of the Field Guide

This field guide applies to quaking aspen ecosystems in the western 
United States broadly and Bureau of Land Management lands 
specifically. As we explore “functional types” further (Chapter 4), it 
will become clear that aspen communities—from southwest to Rocky 
Mountain to boreal—vary in their responses to natural and human 
disturbances. This field guide provides a framework for addressing 
aspen issues on local and regional scales with emphasis on conditions 
facing BLM managers (Fig. 1.3). While this guide assumes users 
will have some forest management experience, we acknowledge the 
interdisciplinary nature of aspen management, and

therefore, we strove to minimize technical jargon recognizable only 
to specific job titles. Appendix 1 provides definitions for the technical 
terms used.  

Aspen acts as a keystone species 
(Campbell and Bartos 2001), 

supporting a complex web of 
plant and animal integration. 
Therefore, our ability to sustain 
these communities in the face of 
various threats is of high priority 
among broader landscape 
considerations. Fundamentally, Figure 1.3 Management.
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this field guide intends to increase the ability of practitioners—
foresters, silviculturists, ecologists, range and vegetation managers, 
botanists, and related professionals—to understand and appropriately 
manage aspen ecosystems. We do this by placing as many relevant 
tools, including access to current science, into the hands of those 
working most closely with these systems.

Another goal of this field guide is to direct users toward appropriate, 
science-based, resources. Field managers have numerous priorities 
that claim their work time. This field guide aims to point professionals 
to relevant sources delivered in a variety of ways to encourage ongoing 
information sharing and knowledge expansion on aspen-relevant 
topics. Such resources include specific treatment options, available 
expertise, current and past literature, webinars, conferences, and field 
workshops.

Lastly, the theme of system resilience is integral to aspen management, 
particularly in lower elevation stands subject to increasing droughts 
expected under warming climate regimes. BLM lands commonly 
encompass these highly vulnerable aspen landscapes. This guide will 
focus specifically on what it means to “manage for resilience” with 
the objective of developing sound adaptive strategies for addressing 
stressed aspen communities.
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Chapter 2 - Aspen: An Evolving Picture

Ecosystems, by their very nature, are complex. As professionals, we 
must weigh our understanding of these systems with past and present 
human actions to implement what we believe are the most prudent 
management prescriptions. Layers of complexity based in physical 
science and social dynamics compound our tasks. However, what 
appears daunting at first we can address, step by step, with a knowledge 
base and access to resources. In this section, I address the knowledge 
base. First, I lay out the prominent issues affecting contemporary aspen 
management. Second, I look at recent science developments of import 
to field practitioners. Third, I briefly discuss resilience management in 
aspen forests (a theme revisited in Chapter 5). Using this information 
as a base will assist in developing sound management actions.

Issues Affecting Aspen Ecosystems

Many contemporary issues affecting aspen have been around for 
decades and are familiar to readers. However, while these issues have 
been evolving with modern impacts and technologies, new issues are 
arising. The objective here is to describe these new issues and consider 
how they may interface (or not) with those familiar to us.

Long-Term Aspen Decline—Previous messages regarding the long-
term decline of western aspen related to conifer “encroachment” 
deserve reconsideration. There has been recent documentation of 
both aspen cover loss (Di Orio et al. 2005) and gain (Kulakowski et al. 
2004) in different areas, as well as expansion and contraction within 
the same landscape (Sankey 2009; Elliot and Baker 2004). Climate 
fluctuations, fire suppression, and other human manipulations affect 
specific landscapes in varying ways (Rogers et al. 2011). Results are 
often highly dependent on available time, area of concern (scale), 
and source materials selected; explicit use of multiple, independent, 
lines of evidence solidify findings in such investigations. We should 
not assume long-term decline has occurred—at least not beyond the 
“natural range of variation”—without making local investigations.
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Short-Term Aspen Decline—Short-term decline, sometimes called 
sudden aspen decline, presumes a relatively rapid die-off of overstory 
trees, as well as supporting root systems. Worrall et al. (2008, 2013) have 
provided documentation of this phenomenon for southern Colorado 
and it may range across wider areas. However, in many instances, root 
system die-off has not followed drought-induced aspen mortality and 
may simply be a common mode of stable aspen regeneration (author 
observation, Ashley National Forest, Utah). There appears to be more 
common instances of combined effects of drought and browsing 
decreasing aspen resilience (Rogers and Mittanck 2014), sometimes 
leading to system collapse. Again, assumptions of short-term decline 
should be avoided without site examination of inciting factors, such as 
insects, disease, and browsing.

Ungulate Browsing—Both domestic and wild ungulates (hooved 
herbivores) may consume regenerating aspen with long-term 
implications for viability of stands (Fig. 2.1). These impacts are 
potentially severe when ungulates are not kept in check by humans 
or predators. Where aspen are dependent on continuous recruitment 

(i.e., stable stands) browsing 
may result in the loss of 
multi-layer stand structures 
(sometimes complete stand 
collapse!) important to local 
biodiversity. Single-story 
aspen stands are highly 
vulnerable to stand collapse 
as mature trees age and die. 
as mature trees age and die. 
This phenomenon is visible 
throughout the West, but 
is particularly prominent 
across the Colorado Plateau. 

Periodic wildfire may rejuvenate seral aspen, though intense browse 
pressure may eliminate such gains following disturbance (Turner et 
al. 2003).

Figure 2.1 Browsing.
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Water Conservation—Forests dominated by aspen seem to increase 
water storage capacity, as they tend to accumulate more snow and 
contribute to increased soil organic matter, a property that helps to 
retain soil moisture. LaMalfa and Ryle [sic] (2008) found that aspen 
accumulated more snow than adjacent conifer stands (snow–water 
equivalent), but higher evapotranspiration rates in aspen forests led to 
faster summer water loss. Soil storage capacity (i.e., greater porosity), 
then, became the difference in the net superiority of aspen forests to 
retain water.

Biodiversity—Perhaps the greatest value in aspen communities is 
their capacity to support so many plants and animals. Among western 
montane forests, aspen are the most biodiverse communities (Kuhn 
et al. 2011; Chong et al. 2001). In western Wyoming, southern Idaho, 
and central Utah, practitioners have found evidence of high numbers 
of faunal species dependent on relatively small acreages of aspen 
(D. DeLong and D. Bartos, personal communication). Loss of these 
forests, regardless of cause, leads to declines in obligate species, such as 
arboreal lichens (Rogers and Ryel 2008). 

Climate Change/Drought—Projections of warming, and possibly 
drying, conditions throughout the Rocky Mountain West suggest that 
aspen habitat may shrink significantly in the coming century (Rehfeldt et 
al. 2009). Decreased physical ability to handle low water availability can 
reduce aspen’s resistance to insects and diseases (Anderegg et al. 2013). 
Conversely, increased wildfires 
under warming scenarios may 
pose great opportunities for aspen 
expansion, and the complexity  
of multiple disturbances seems 
to favor aspen dominance over 
competing conifers (Kulakowski 
et al. 2013). There is additional 
evidence that conditions favoring 
aspen expansion will lead to 
greater soil storage of carbon 
(Dobarco and Van Miegroet Figure 2.2 Drought.
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2014), potentially mitigating atmospheric warming. Certainly, we can 
expect changing dynamics with climatic warming, though additional 
empirical and modeling work is required before we can determine 
whether outcomes will be positive or negative toward aspen forests.

Fire Management—Forest fires generally favor aspen rejuvenation, 
growth, and expansion in seral types. In many instances, particularly 
where herbivory is problematic, continued fire suppression may 
result in decreased resilience (Rogers et al. 2014). Judicious use of 
fire—both prescribed and lightning ignited—holds great promise 
for improvement of aspen conditions in the West, although post-
disturbance protection will be required where elevated herbivory is 
expected. Moreover, active management favoring aspen as a firebreak 
near buildings provides practical uses (Fechner and Barrows 1976). 
Field professionals, however, should be aware that the varied aspen 
functional types encompass a range of fire regimes (Rogers et al. 2014; 
Shinneman et al. 2013), thus the maxim of “one size does not fit all” 
applies here.

Conifer Bark Beetles—Infestations of bark beetles can damage or kill 
entire landscapes of pine species competing with aspen for resources. 
Theoretically, these situations may create great opportunities for 
aspen establishment (seedlings) or regrowth and expansion (suckers). 
Though there has been extensive investment in research addressing 
either mountain pine beetle (MPB) or aspen, there has been almost 
no attention on the interface between these elements. A recent review 
investigating potential positive benefits to aspen after MPB outbreaks 
was inconclusive, but made a strong call for further research (Pelz and 
Smith 2013). Similarly, opportunities for aspen regeneration within 
spruce beetle infestations were common in southern Utah (DeRose 
and Long 2010). As with many of the other issues here, these authors 
found complicating factors in post-MPB disturbance in the form of 
browsing, fire, human uses and management decisions, and climate 
warming.

Recreation—In general, recreation impacts to aspen communities are 
modest. However, there are instances in campgrounds, along trails, at 
ski resorts, and in surrounding parking areas where stem scarring, soil 
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compaction, root damage, and localized air pollution impacts threaten 
stand health. Telltale signs include stem “bleeding,” excessive bole 
decay, and chemical leaf damage. We also note that frequent human use 
of aspen sites (e.g., campsites and roads) may have beneficial effects, 
such as passive deterrence of 
ungulate browsing of suckers. 
Recreation in and around 
aspen forests generates large 
economic benefits, too. People 
who enjoy mountain biking, 
skiing, off-road vehicle use, 
hiking, camping, photography, 
and nature/wildlife viewing 
place a high premium on 
healthy aspen ecosystems (Fig. 
2.3).

Development—Just as they do 
for recreation, westerners favor 
aspen landscapes for residential development and therefore we place 
monetary value, in the form of real estate,

on these locales. However, as more people move to such areas and come 
to appreciate their value, issues arise regarding their preservation. 
Sometimes small privately owned parcels abut public aspen forests, 
and other times individuals own wider tracts with limited public 
boundaries (Fig. 2.4).

Monetary and emotional 
considerations give additional 
weight to the numerous reasons 
for sustaining these forests. 
The expansion of developed 
areas will require adjustments 
to management actions, such 
as the use of prescribed fire 
to benefit aspen, on adjacent 
wildlands.

Figure 2.3 Recreation.

Figure 2.4 Development.
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Science-Management Synergy

It seems the job of landscape stewardship has become more 
challenging, not less, with advancing technologies. The days of simply 
overseeing field crews and laying out timber sales are far behind us. 
Field foresters, ecologists, and biologists devote much of their time to 
email correspondence, computer mapping, National Environmental 
Policy Act (NEPA) documentation, budgets, personnel management, 
teleconferencing, and learning new software. Additionally, government 
agencies have evolved toward a state of much greater public inclusion 
in the decision-making process. While these tasks are positive 
developments overall, they certainly absorb considerably more time, 
which amounts to less time to devote to keeping abreast of scientific 
developments in the field. The intent of this section is to highlight 
new developments in aspen science and discuss how these discoveries 
might relate to contemporary forest management.

Fire and Functional Types—Conventional forest management in 
aspen has focused on successional aspen communities: aspen suckers 
grow profusely after disturbance, dominate sites for several decades 
while self-thinning, and eventually succumb to shading by secondary 
ingrowth of one or more conifer species. While this simple formula 
still applies to many aspen forests, there is now greater recognition of 
different “aspen functional types” (Rogers et al. 2014). At the broadest 
level, there are the above-described seral communities, but also 
widespread occurrence of stable aspen types. In contrast to an aspen-
to-conifer succession, stable aspen communities maintain a nearly pure 
state (no other tree species), characterized by multiple age classes of 
aspen, for one to several centuries. Integral to understanding different 
aspen types is a recognition of varied susceptibility to fire (Figure 2.5). 
While some seral aspen communities become more fire prone with 
advancing succession, stable aspen communities may be nearly fire 
resistant except during uncommonly dry periods (Shinneman et al. 
2013). Additionally, long-term co-occurrence of aspen and conifers, 
apparently devoid of stand-replacing disturbance, have also been 
noted, though such conditions will require further investigation before 
we understand even their basic functional traits (e.g., Zier and Baker 
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2006). These recent advances have clear implications for effective forest 
management that strives to emulate ecosystem processes in treatment 
decisions.

Trophic Cascades—A great deal of research continues to explore 
relationships between predators, prey, and herbivory in aspen with 
the general notion that out-of-balance trophic processes will adversely 
affect aspen recruitment (Eisenberg et al. 2013). Few dispute, for 
example, that reduced elk populations resulting from predation will have 
positive repercussions for heavily browsed aspen sprouts. Moreover, 
elk and beaver using the same aspen sites can cause a downward spiral 

Figure 2.5  Major drivers of aspen fire types include the interaction of fire probability 
and severity over time. Fire rarely affects stable aspen types while it more commonly 
influences seral types. (Adapted from Shinneman et al. 2013).
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in aspen community health if predators don’t keep elk numbers in 
check (Runyan et al. 2014). While science surrounding population 
numbers is somewhat settled, ongoing investigations regarding animal 
behavior (i.e., movement and use related to fear of predation) are less 
well understood (Beschta and Ripple 2013; Kauffman et al. 2013). 
Changing abiotic factors, such as diminishing snowpack related to 
climate warming, may affect interactions at multiple trophic levels. In 
northern Arizona, Martin and Maron (2012) found fewer bird species 
where duration of winter access by elk to high plateau sites increased 
herbivory and decreased complexity of aspen forest structure. All of 
these developments require aspen managers to work more closely 
with wildlife staff and related agencies to fully understand impacts and 
ramifications that inform decision making.

Genetics and Reproduction—Researchers are making great strides 
toward understanding the role of sexual regeneration (i.e., new genotype 
establishment from seed) in quaking aspen. Only a few years ago, aspen 
researchers thought seedling occurrence was a “rare” event in the arid 
West, though now it seems clear that the more we look—particularly 
following forest fires in aspen country—the more we find (Fairweather 
et al. 2014). Not only are seedling “events” more common than 
previously thought, but landscape- and regional-level genetic diversity 
suggests that survival of seedlings has long-term and widespread 

implications for management 
(Long and Mock 2012). 
For example, traditional 
silviculture prescribes 
clearfell-coppice management 
for most situations, when 
in fact, a greater diversity of 
aspen genotypes (as well as 
functional types) requires 
a range of management 
options to conserve genetic 
diversity in the face of climate 
warming, intensive browsing 
(see “Defense and Chemical 

Figure 2.6 Genetics / Reproduction 
vegetative suckering (left) and seedling (right).
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Ecology”), and conservation of seed sources. While genetic research in 
aspen is still in its infancy, it seems wise to manage in such a way as to 
preserve as many of the genetic “building blocks” as possible. Increased 
understanding of the long-term role of aspen’s genetic diversity in 
relation to disturbance history will continue to inform our ability to 
manage for greater resilience.

Defense and Chemical Ecology—Researchers are striving to 
better understand the role of plant chemical defenses in deterring 
both insect and mammal herbivory. For example, leaves with high 
phenolic glycosides taste bad to ungulates, while those with elevated 
tannins repel certain insects (Lindroth and St. Clair 2013). A key 
tenet is the close alignment of the aspen genotype and allocation of 
chemical defenses. Aspen may develop high chemical defense levels, 
possibly fluctuating during their life cycle, at the expense of other 
physiological functions, such as growth rate. In a simple illustration of 
this, two adjacent aspen clones may have very different “strategies” for 
recruitment among browsers: the first grows fast, attempting to escape 
browsing, and the second grows slower but resists consumption via 
elevated defensive chemicals. However, many observers have noted 
that when ungulate populations are high, even “bad tasting” aspen 
leaves will be consumed. Advancement of our knowledge of chemical 
ecology, specifically in relation to intense ungulate herbivory, may hold 
a partial solution to the widespread western problem of regeneration 
failure related to domestic and wild browsers.

Air Pollutants—Air-borne chemicals may directly and indirectly 
impact aspen trees. An intriguing area of aspen research has been the 
interactive effects of pollutants, insects, pathogens, and a warming 
climate. In general, pollutant-related slowing of photosynthesis and 
weakening of natural defense systems via ozone injury, for example, 
predispose plants to a host of other potentially damaging agents. Insect 
herbivores, such as tent caterpillars (Malacosoma disstria) and leaf 
aphids (Chaitophorus spp.), appear to be attracted to leaf surfaces with 
increased ozone damage (Kopper and Lindroth 2003). While there 
appears to be some level of tradeoff between carbon dioxide fueled 
growth and ozone damage, reduced aspen root growth combined with 
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growth suppression (from CO2) in competing trees would negatively 
affect mixed species aspen forests overall (Karnosky et al. 2005). 
These studies have primarily taken place in more humid, eastern 
and midwestern environments; while studies have shown that ozone 
damage occurs in western aspen, further investigations are required 
to fully understand these impacts, particularly in aspen forests close to 
cities having high levels of such pollutants.

Subalpine Fir Facilitation—The relationships between aspen and 
dependent species are often complex. More information is becoming 
available regarding one such species, subalpine fir, which may have 
ramifications for other conifers or a wider array of obligate plants. 
Recent work has compiled advances in subalpine fir–aspen research 
with an eye toward larger questions of resilience (St. Clair et al. 2013). 
A key finding of these authors brings together a body of science 
supporting aspen’s facilitation role in “nursing” young fir germination, 
establishment, and growth. For example, Buck and St. Clair (2014) 
found subalpine fir germination to be to be much more successful in 
close proximity to mature aspen, as well as on the north (moister) side 
of these trees. In terms of resilience, then, where aspen forests begin to 
experience high mortality, there is strong potential for reduced cover 
of dependent species (St. Clair et al. 2013; Rogers and Ryel 2008). This 
work is generally in its infancy, though there is much interest in how 
other conifer species interact at both the individual and stand levels, 
as well as whether subalpine fir “behaves” similarly across the range of 
these two species.

Defining Resilience Management in Aspen

The objective of this field guide is to understand current issues and 
incorporate credible science toward developing adaptive action plans 
for sustainable aspen ecosystems. How to develop an action plan is 
covered in greater detail later in the field guide. Before moving forward, 
I need to be clear on what we mean by “managing for resilience.” Our 
definition of resilient management of aspen involves maintenance of 
the ecological processes necessary for communities to remain within 
the natural range of variability (NRV) (Landres et al. 1999). NRV does 
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not imply a static target and may involve adaptations to changing 
environments and climates. The core tools for accomplishing resilience 
management center on a monitor and adapt cycle. To be sure, this 
approach to resilience management will be challenging. Land stewards 
will have to develop a strong understanding of ecological drivers in 
the aspen types they are dealing 
with. This will require not only 
a knowledge of current issues 
and appropriate science, but 
also familiarity with stakeholder 
concerns and economic 
constraints.

Monitoring forms a key element 
in an ongoing process; not a 
one-time task for land stewards 
to check off. Information, both 
internal and external to specific 
landscapes, drives adaptive management. Actions taken on the ground 
are bound to include errors; it’s what managers do with those mistakes 
that will drive resilience management. For example, if we take actions 
that result in a strong aspen regeneration response, but 1 year later, 
we see total loss of suckers from browsing, we adjust our action 
plan toward a more sustainable outcome. We cannot make credible 
adjustments without support from monitoring data that documents 
both successes and failures. This approach—called the monitor–adapt 
cycle—gives us a strong basis for sound resilience management and 
allows for unforeseen changes that may be beyond local control.

Figure 2.7  Resilience and diversity.
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Chapter 3 - Landscape Interactions And Other 
Considerations

Disturbances

Aspen is traditionally considered a “pioneer” or “seral” species that 
rapidly colonizes recently disturbed, mainly seral, sites. This traditional 
label does not always apply in a strict manner (e.g., stable aspen types); 
nevertheless, there is often a strong interaction between disturbance 
processes and aspen growth patterns.  All levels of disturbance 

severity, particularly those that 
directly reduce conifer competitors 
and aspen, will activate hormonal 
responses in roots, which stimulate 
vegetative reproduction (Schier et 
al. 1985). Generally, more severe 
disturbance will result in higher 
densities of aspen regeneration, 
but this does not ensure that the 
majority of stems will survive to 
maturity. In others words, quantity 
of regeneration is not always 
the best measure of survival, 
especially where intense browsing 
by herbivores is a factor. Still, as 
in the earlier discussion of aspen 

functional types, type-specific disturbances play a key role in long-
term sustainability of aspen communities. Interruption of such cycles 
tends to decrease resilience in aspen forests. Examples of disturbance 
disruptions include fire suppression, introduced or elevated rates of 
ungulate herbivory, inappropriate harvest practices, land development, 
and water engineering (Rogers et al. 2007a).

Recent research suggests that multiple, overlapping, disturbance 
events favor aspen over confer forest types (Kulakowski et al. 2013).  

Figure 3.1  Fires burn a varying 
intensities. Around the peak this fire 
burned hot, while in the still-remaining 
mature aspen forest there was little fire 
impact.
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Researchers found that the combination of fire, wind throw, and spruce 
beetle in northern Colorado allowed aspen, with its quick regenerative 
response, to flourish over time in seral aspen communities. However, 
other disturbance combinations, such as drought and ungulate 
herbivory, appear to have negative effects on stable aspen types (Rogers 
and Mittanck 2014). Thus, awareness of disturbance processes specific 
to the site or functional type is critical to effective management.

Aspen in the Landscape Context

Land managers cannot understand or manage quaking aspen forest 
in isolation from surrounding vegetation. Not only can adjacent 
communities provide seed sources for complementary and competing 
plants, they may encourage or discourage fire, provide wildlife habitat, 
foster water storage, increase erosion potential, or provide a host of 
human uses that may benefit or 
detract from sustainable aspen 
systems. A couple of examples 
illustrate this point. First, adjacent 
forests greatly influence aspen 
fire types (Shinneman et al. 
2013). Where stable aspen are 
in juxtaposition with coniferous 
stands, there is  greater potential for 
wildfire to penetrate normally fire-
resistant stands. If aspen stands are 
relatively small, wildfire conditions 
are extreme, or aspen understory fuels are particularly cured during 
late season senescence, adjacent fire-prone communities will greatly 
influence fire behavior within the aspen stands. Second, riparian 
aspen may be found near moist spruce–fir, near dry ponderosa pine, 
or in “stringers” surrounded by nonforest meadows. Each of these 
vegetation communities has vastly different influences on animal use, 
for example, of the riparian aspen. Similarly, water retention on the 
broader landscape will be different depending on the composition and 
structure of these three riparian aspen types (LaMalfa and Ryle [sic] 
2008).

Figure 3.2 Landscape context.
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If our intention is to manage aspen through emulation of ecological 
processes, then we need to understand landscape interactions to the 
best of our abilities. Thus, it is important to consider the spatial context 
of aspen, even with the understanding of basic functional types, prior 
to taking prescriptive action.

Past Management

As we continue to modify management techniques based on improved 
scientific knowledge, we often find that past policies or actions have 
left deleterious legacies. This evolution of knowledge is not necessarily 
negative; each generation attempts to steward natural resources using 
the best available knowledge of that era, and even the most informed 

science occurs within the social, 
cultural, economic, and political 
context of the day. Having said 
that, some past management 
practices have had lasting effects 
on aspen sustainability. We 
now know that periodic fires 
of varying sizes and intensities 
greatly aid seral aspen forests. (see 
Chapter 4). Similarly, managers 
often overallocated and livestock 
producers overexploited the rich 
forage of aspen communities 
in the past. Declines in aspen 
coverage in some locations—due 
to a combination of management 
practices and generally wetter 
20th century climates—were 

mostly in seral functional types (Kulakowski et al. 2004; Rogers et al. 
2007a, 2011). Particularly in the first half of the last century, managers 
promoted conifer over aspen for wood fiber as economically beneficial.

Perhaps the most cited reason for 20th century aspen decline is 
aggressive fire suppression. While it is likely that suppression policies 

Figure 3.3 Past management.
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have affected large acreages of low- and mid-elevation forests, 
particularly those areas in accessible terrain, lasting impacts to higher 
elevation sites are suspect. No doubt in low-elevation, short fire rotation, 
conifer forests—a minority of which include seral aspen types—
suppression has disrupted fire cycles and potentially led to decreases 
in aspen cover. However, a sound argument has been made that truly 
effective firefighting where most aspen grow, in montane and subalpine 
locations, has only been present for 50–75 years (with the advent of 
aerial suppression tactics), a period too short to seriously disrupt aspen 
cohort fire regimes (e.g., spruce, fir, some pines) of 200–400 years 
(Mori and Lertzman 2011; Baker 2009). Nonetheless, continued fire 
suppression will only offset potential aspen regeneration events further 
in all vegetation zones, thereby hedging in favor of conifer dominance 
in future decades. Of course, past suppression has affected stable aspen 
even less (Shinneman et al. 2013). Overall, modern recognition of the 
many benefits of aspen communities compels managers to modify or 
reverse past actions that reduced aspen cover and may have threatened 
long-term sustainability.

Ungulate Herbivory

Both wild and domestic ungulates (hoofed animals) have the 
potential to greatly alter aspen reproduction and, therefore, long-term 
sustainability not only of trees but also of myriad aspen-dependent 
species (e.g., Martin and Maron 2012). Highly nutritious aspen suckers 
are an important seasonal food source for elk, deer, cattle, and sheep. 
All four of these animals are regulated, to some degree, by management 
and policy decisions. In some areas, loss of multiple vertical layers of 
aspen reproduction attests to long-term impacts of herbivory (Binkley 
2008; Rogers et al. 2010). Generally, excess herbivory threatens stable 
aspen stands more because they depend on continuous regeneration 
and mostly lack stand-replacing disturbance events. Chronic browsing 
of young suckers, therefore, eliminates the crucial recruitment layer, 
which greatly lessens the possibility of stand resilience when aging 
overstory stems begin to die. Browsing may also affect recruitment in 
seral aspen, but there is greater chance of stand renewal with inevitable 
disturbance events. Under heavy browse pressure, however, even 
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robust flushes of aspen regeneration following severe disturbance may 
be swiftly consumed by ungulates (Turner et al. 2003).

Even though documentation of 
overbrowsing by ungulates has a 
long history (Murie 1951), it has not 
been until recently that interagency 
efforts have begun to address the 
difficult social, economic, and 
ecological issues that underlie the 
problem. Given that state, federal, 
and private interests govern the 
management of both wild and 
domestic ungulates, collaborative 
efforts to attain a lasting balance 
between fundamental causes 

of overbrowsing are imperative. Judicious livestock management, 
including ample periods of rest, has beneficial outcomes for producers, 
wildlife, recreationists, and downstream water users. Likewise, parity 
between livestock and wildlife management so that, at a minimum, 
recruitment targets at stand-replacement level (100% for stable; 50% 
for seral) are essential. Other measures of gauging herbivory’s effects, 
such as plant and bird diversity, browse levels, visual evaluations, and 
regeneration condition, should also play a part in such assessments.

Development and Private Land Ownership

A recent phenomenon is the expansion of human developments—
also called exurban or developed wildland interfaces—into formerly 
wild areas. (These areas differ from “wildland urban interfaces” in 
that they are often rural- or resort-based developments at some 
distance from urban centers.) Private lands, particularly those with 
recent development, present a unique set of considerations for aspen 
management. First of all, individuals often prefer to locate in or near 
aspen forests for their aesthetic and wildlife attractions. In a related 
manner, many recreational facilities—campgrounds, ski resorts, bike 
and hiking trails, even golf courses—are specifically sighted in aspen 

Figure 3.4  Elk herbivory in the Book 
Cliffs, Utah.
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to attract patrons. Thus, we are faced with a burgeoning intrusion 
into aspen (and other forest) communities that requires concomitant 
adjustments specific to these forests.

Previous authors have touted the benefits of aspen as a firebreak 
(Fechner and Barrows 1976), an asset that may be exploited using 
more active forest manage prescriptions near homesites. For instance, 
thinning of conifers within at least one tree-fall length of buildings 
to favor aspen dominance provides an extra line of defense against 
wildfire. Such cutting also requires removal of associated conifer 
fuels, such as slash piles, from the 
same area. In  seral aspen, conifer 
dominance will increase over time 
without active management and 
present a rising fire threat. Stable 
aspen are much less likely to burn, 
though homes in these forests 
require other considerations.

While there are clearly advantages 
to living among aspen, there are 
also drawbacks. Aspen trees draw 
large herbivores, which residents 
may view as a positive. However, 
these animals may also inhibit regrowth of suckers (see “Ungulate 
Herbivory”), which eventually will ameliorate benefits. Moreover, 
frequent interior rot of mature aspen stems may heighten incidence of 
property or safety threats when these trees eventually crash. Overall, 
greater vigilance in aspen stewardship in developed sites often must 
increase with proximity to homes.

PPrivate and public landowners obviously have different mandates 
for stewardship. Public lands, such as federal and state forests, usually 
have multiple use policies and public involvement (to some degree) 
in decision making. Development of private lands with forests 
containing aspen stands, as previously discussed, is becoming more 
common. Herbivory may be concentrated on private lands as deer 

Figure 3.5 Alaska development . 
Photo by: E. Geisler
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and elk have learned to avoid public forests during hunting seasons. 
Intensified browsing of aspen suckers leads to, in some cases, decreased 
resilience to perturbation and potentially complete loss of aspen. In 
such instances, forest and wildlife management policies incur steep 
gradients in conditions as they cross ownership boundaries. This may 
lead to concurrent social tensions between jurisdictions and sets up 
a prime case for collaborative problem-solving involving diverse and 
vested parties (see Chapter 5, “Developing an Action Plan”). On the 
positive side, private aspen landowners have the ability to quickly 
experiment, monitor, and implement treatments to “course correct” 
unsustainable trends within the bounds of their properties.

Climate Considerations

Warming, and in some locales drying, conditions are projected for wide 
swaths of the western United States landscape and are likely to impact 
quaking aspen forests. BLM aspen forests, often located at lower limits 
of aspen habitat, are likely to be among the earliest impacted by climate 
shifts. In particular, low-elevation, south and 

southwest facing slopes appear 
most threatened by expected long-
term drought associated with 
climate warming (Worrall et al. 
2008; Rehfeldt et al. 2009; Rogers 
and Mittanck 2014). Compounded 
insect, disease, fungal, and fire 
incidence may further affect 
these locations. As drought-
stricken forests begin to thin from 
the combined effects of these 
factors, they will be subject to 
wind breakage and felling (Hogg 
and Michaelian 2015), further 
accelerating rapid die-off. In contemporary low-elevation aspen forests 
that are experiencing a downward spiral, type conversion is a real and 
present concern, even without herbivory.

Figure 3.6 Low elevation dry sites are 
most vulnerable to warming climate.
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Ungulate browsing in combination with drought-affected forests 
presents the most acute threat across aspen’s western range. 
Maintenance of multilayer and multiage aspen stand structures, via 
reduction of browsing, can increase resilience to climate change and 
prolonged drought. Additionally, climate change will have prominent 
effects on wildfire patterns. Increased burning, alongside interacting 
disturbances such as wind throw, bark beetle outbreaks in conifers, 
and incidence of stem and root rots, will likely enable aspen to thrive 
and grow (Kulakowski et al. 2013). So, divergent trends predicted to 
accompany climate warming—habitat reduction and disturbance-
facilitated expansion—are expected to play out across aspen’s wide 
expanse in widely varying ways. Returning to low-elevation aspen, 
we would expect habitat depletion to have a more prominent impact; 
increased aspen coverage will likely center on seral and middle- to 
upper-elevation sites. However, much more research into climate 
warming related impacts to aspen communities will be required before 
we can know which trends will prevail under what aspen functional 
regimes.
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Chapter 4 - Aspen Types By Ecological Function

Overview of Functional Types

A key tenet of contemporary natural resource management is to 
understand and emulate ecological processes to the degree possible. 
Greater efforts to work within process-based parameters will likely 
yield desired endpoints while doing little damage to ecosystem 
function. Moreover, individual components (i.e., species) are likely to 
thrive where major processes are intact. It therefore follows that linking 
functionality to vegetation typing will encourage intuitive connections 
between naming, understanding, restoring, and monitoring landscapes 
of interest.

Within the present broad range of aspen in western North America 
(Figure 4.1), there are distinct biogeographic regions with differing 
edaphic and climatic conditions supporting the species.  These 
distinctions, functional types, occur at both regional (Figure 3.1) and 
landscape (not shown) scales. To address this situation, a new system 
of aspen classification based on ecological function was developed 
(Rogers et al. 2014). These authors defined “aspen functional types” 
as broad aspen communities that differ markedly in their physical 
and biological processes and interactions (i.e., functions). Such 
communities would be expected to respond differently to management 
actions, which is a central purpose of the current field guide.  The 
concept of plant functional types is derived from previous works 
(Semenova and van der Maarel 2000, Ustin and Gamon 2010), as well 
as key recent publications specific to aspen (Shepperd 1990, Kashian 
et al. 2007, Kurzel et al. 2007).  This focus on function is a marked 
departure from earlier classifications that are plant composition based 
(e.g., Mueggler 1985), though this doesn’t discount the application 
of such community typing systems for specific locales in which they 
were developed.  The chief benefit of an aspen function type scheme 
is that it places the focus Within the present broad range of aspen in 
western North America, there are distinct biogeographic regions with 
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differing edaphic and climatic conditions supporting the species. These 
distinctions, or functional types, occur at both regional (Figure 3.1) 
and landscape (not shown) scales. To address these distinctions, Rogers 
et al. (2014) developed a new system of aspen classification based on 
ecological function. They defined “aspen functional types” as broad 
aspen communities that differ markedly in their physical and biological 
processes and interactions (i.e., functions). Such communities are 
expected to respond differently to management actions. The concept 

Figure 4.1  Total aspen coverage in North America with overlay of aspen 
functional types. Adapted from Rogers et al. (2014).
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of plant functional types is derived from previous works (Semenova 
and van der Maarel 2000, Ustin and Gamon 2010), as well as key recent 
publications specific to aspen (Shepperd 1990, Kashian et al. 2007, 
Kurzel et al. 2007). This focus on function is a marked departure from 
earlier classifications that are plant composition based (e.g., Mueggler 
1989), though this doesn’t discount the application of such community 
typing systems for specific locales in which they were developed. The 
chief benefit of an aspen function type scheme is that it places the 
focus of prescriptive actions clearly in the realm of ecological processes 
rather than plant identification. Figure 4.2 presents the schematic of 
aspen functional types and provides a framework for the remainder of 
this chapter.

Seral and Stable Functional Types

Here the prime focus will be to distinguish between seral and stable 
aspen communities so that field practitioners may better manage aspen 
within appropriate ecological parameters (Rogers et al. 2014). Those 
authors define stable stands as those that remain dominated by aspen 

Figure 4.2  Schematic of  Aspen Functional Types of North America.
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Figure 4.3 Seral (top) and stable (bottom) functional types.
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cover through multiple ecological rotations, with little or no invasion 
by conifers. Seral aspen stands follow a successional pathway in which 
aspen dominate early on and are eventually replaced by conifers within 
a single ecological rotation. (Ecological rotation, the average lifespan of 
mature canopy trees in a stand, varies considerably over aspen’s range; 
therefore, I avoid assigning a certain number or even a span of years.) 
This primary division, seral vs. stable, focuses on tree composition; 
thus, “stable” in no way implies a lack of stand dynamics. In stable 
stands, tree composition remains constant, though there is regular 
regeneration, recruitment, and mortality among individuals and small 
groups of aspen stems. In sum, stable stands remain in aspen cover 
after small and large disturbances, whereas seral stands are temporarily 
dominated by aspen and usually transition to alternate vegetative states 
over time.

An important functional distinction between seral and stable 
communities is the type and magnitude of landscape disturbance they 
experience. While seral aspen typically thrive under stand- or landscape-
level disturbances, stable types more commonly experience individual 
tree or small group mortality at a given time. Likewise, disturbance 
intensities will generally be higher in seral aspen (Shinneman et al. 
2013). Disturbance size, intensity, and frequency strongly correlate 
with regenerative response in aspen. Stable aspen are characterized 
by continuous regeneration and recruitment, sometimes amplified by 
clone stressing “events” such as drought, defoliation, or frost damage, 
which typically result in an overall complex vertical stand structure 
(Harniss and Harper 1982; Shepperd 1990; Kurzel et al. 2007; Rogers et 
al. 2010). On the other hand, seral aspen commonly respond to large/
intense or mixed disturbances with great even-aged flushes of suckers. 
Nonetheless, seral stands will produce suckers at low levels even in the 
absence of disturbance, so we should be cautious when interpreting no 
suckering in mature stands as “typical” of seral communities. Finally, 
stable aspen seem to occur in drier conditions and on lower slope angles 
(Rogers and Mittanck 2014; Mittanck et al. 2014) than seral forests, 
although further research needs to be conducted to fully understand 
these relationships. Overall, this basic division has great bearing on 
management that strives to mimic natural processes (Chapter 1).
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Aspen Subtypes of Western North America

This field guide uses a framework for functional types to more 
appropriately manage varying aspen conditions (Figure 4.2). 
The scheme and supporting sources originate from a systematic 
discrimination of aspen subtypes in western North America based on 
the following physical characteristics: topography, stand size, annual 
precipitation, ecohydrology, rooting depth, regeneration type, and 
disturbance type/frequency (Rogers et al. 2014). Approximation of 
aspen fire types are from Shinneman et al. (2013). For each subtype, I 
will distinguish dominant traits by these common characteristics. This 
guide emphasizes the “framework” nature of this system; expecting and 
encouraging additional refinement and delineation of subtypes with 
implementation. Further, the broadest geographic divisions—boreal, 
montane, parklands, and Colorado Plateau—may be inclusive of seral 
or stable subtypes at finer scales. The following subtypes, therefore, 
constitute a first approximation of an aspen functional typology for its 
western range.

Seral Aspen

Two seral aspen functional subtypes occur within BLM lands of the 
western United States. Boreal aspen occur in Alaska and montane 
aspen are common throughout the major mountain ranges of the 
Interior West. Generally, aspen communities in seral systems interact 
with individual and community ecologies of cohort conifers. Aspen 
dominance may last multiple decades but, in the absence of further 
disturbance, one or more conifer species will eventually overtake 
aspen in the successional process.

Boreal

Major Associates Minor Associates
Picea glauca; Pinus mariana; 
Pinus banksiana; Pinus contorta; Populus 
balsamifera

Betula papyrifera
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Location: Alaska and northern Canadian provinces

Topography: Undulating to flat, low elevation

Stand Size: Large (10s-10,000s acres/ha) 

Annual Precipitation: 12-19 inches (317–479 mm)

Ecohydrology: Top recharge annually; probably linked to adjoining 
water tables; precipitation less than potential evapotranspiration

Rooting Depth: Soils exceed root depth; water table confined

Disturbance and Fire Type: Fire and wind throw.  Stand-replacing 
disturbance moderate to high severity depending on conifer amount 
and composition with 50–200 yr. frequency (Stocks et al. 2003; 
Flannigan et al. 2001).

Description—Very large stands of seral aspen communities are 
regulated by stand-replacing events and harvest activities.  The relative 
lack of topography and continuous forest facilitates disturbance at large 
scales and accessibility for resource extraction.  However, the remote 
nature of many boreal aspen forests requires large investment to access 
wood products and/or reduce wildfire spread.  In such locations, 
undiminished large-scale processes continue to govern this functional 
subtype.

Management—Boreal aspen “mixedwood” forests products comprise 
a significant industry in the region. However, these forests also 
contribute heavily to carbon sequestration globally.  Care should be 
taken during and after harvest activities to protect and maintain healthy 
root systems to ensure adequate reproduction.  Stresses related to 
drought, insects, and diseases are threatening stand health, particularly 
near the parklands interface.  Climate warming is expected to have 
profound effects on these forests in the coming century.  Managers 
and scientists should consider regionally strategic approaches, such as 
assisted migration and anticipatory habitat protection, in the face of 
aspen habitat change.  Documentation of aspen seedlings germinating 
in previously uninhabited locations after conifer harvest may be a 
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Figure 4.4a Mixed seral aspen. Photo by: S. Landhäusser

Figure 4.4b Patchy seral Aspen Photo by: S. Landhäusser
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Figure 4.4c Seral aspen white spruce. Photo by: E. Geisler

Figure  4.4d Seral aspen with white spruce (Alaska). Photo by: E. Geisler
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harbinger of biogeographic dynamics in this subtype (Landhäusser et 
al. 2010).

Montane

Major Associates Minor Associates
Abies lasiocarpa; Abies magnifica; 
Juniperus
occidentalis; Picea engelmannii; 
Pinus contorta;
Pinus jeffreyi; Pinus ponderosa; 
Pseudotsuga
menziesii

Acer glabrum; Acer grandidentatum; 
Abies concolor; Acer grandis; 
Juniperus
scopulorum; Larix occidentalis; 
Libocedrus decurrens; Quercus 
gambelii;
Picea pungens; Pinus albicaulis; 
Pinus aristata; Pinus lambertiana; 
Pinus flexilis; Salix scouleriana

Location: Rocky Mountains from northern British Columbia to 
central Mexico; Sierra Nevada; Cascades; numerous minor ranges 
both east and west of the Rocky Mountains.

Topography: variable slope, aspect, elevation

Stand Size: Large (10s-1,000s acres/ha)

Annual Precipitation: 15-71 inches (379–1807 mm)

Ecohydrology: Annual top recharge; limited lateral water flow

Rooting Depth: Bedrock confined

Disturbance and Fire Type: Fire, wind, snow avalanche, gravity/
geomorphic, and human caused (e.g., tree harvest, prescribed fire, 
development, etc.). Disturbances tend to be mixed- to high-severity 
inducing a strong sprouting response. Fire ecology is well described 
by Shinneman et al. (2013) in Fire Types 3, 4, and 5 (see Appendix 1). 
Fire frequencies are dependent on cohort tree associates, time since 
previous disturbance, previous disturbance type, adjacent vegetation 
communities, and climatic conditions. In general, fire frequencies are 
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highly variable in ponderosa pine/aspen as frequent as 10 years and in 
spruce–fir/aspen as long as 300–400 years. After disturbance in seral 
montane forests, aspen may remain dominant for 60–150 years before 
conifers overtake them (Baker 2009).

Description—The seral montane aspen subtype is what many (in the 
United States) consider the quintessential or “classic” aspen forest. 
There is a very long and rich history of science and management 
featuring this subtype (e.g., DeByle and Winnoker 1985). Disturbance 
processes, most notably fire, have a strong influence on long-term 
development patterns. Many believe that lack of wildfire (suppression) 
over the past century has promoted advanced conifer succession or 
“conifer encroachment,” although this generalization is probably 
too simplistic where, particularly at upper elevations, there is great 
variability in fire regimes (Baker 2009). In general, aspen regenerate 
en masse after disturbance and thus form even-aged cohorts. The 
dominant reproductive type is vegetative root sprouting, though recent 
research is uncovering numerous instances of sexual reproduction, 
germination, and survival, which may have far-reaching implications 
for evolving management strategies (Long and Mock 2012). Montane 
seral aspen, because of varied timing and response to disturbance, 
promote landscape patchiness. In some instances, they are intermixed 
with elevation/aspect limited and terrain isolated stable subtypes due 
to the high variation of topography in montane zones.

Management—Seral aspen are of great value to a host of users for timber 
products, wildlife habitat, nature and wildlife viewing/photography, 
water conservation, recreation, livestock forage, and tourist/business 
promotion. With so many varied stakeholders, management of aspen 
lands in mountain regions can be difficult and socially contentious. 
Thus, these systems must be managed using sustainable, science-
driven, prescriptions that are sensitive to long-term sustainability.

This functional subtype is probably the most common in the western 
United States; gross estimates suggest that seral aspen comprises about 
two-thirds of all aspen in the region (Mueggler 1989; Rogers 2002; 
Kashian et al. 2007). (This estimate, of course, varies from location to 
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Figure 4.5a Succession from aspen to fir may occur over several decades.

Figure 4.5b Flush of vegetative suckering one year post-fire. Much smaller aspen 
seedlings were discovered in the second year post-fire at this site, too.
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Figure 4.5d Aspen  overtopped by Douglas fir in northern Utah.

Figure 4.5c At this subalpine seral site aspen appear much smaller under older firs.  It 
may be that forest expansion is occurring at stand edges with the oldest trees residing 
at the center.
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location and is in need of a refined calculation based on remotes sensing 
and/or national forest inventory data.) Even though seral montane is 
quite common, managers have often inappropriately treated stable 
types with prescriptions based on conventional seral practices.

Stable Aspen

Four stable aspen subtypes exist within our region: parklands, 
Colorado Plateau, elevation/aspect limited, and terrain isolated. Stable 
aspen are those types that are made of a single-species cohort, where 
additional species do not compete over time for stand dominance such 
as occurs during conventional succession. The term “stable” refers 
to tree species make-up over time and does not reflect stability or 
stagnation of ecological interactions (Harniss and Harper 1982). We 
use this term here where other authors have used “persistent” or “pure” 
aspen to address the same conditions.

Parklands

Major Associates Minor Associates
Quercus macrocarpa; Picea 
glauca; Pinus banksiana; Populus 
balsamifera

Location: Canadian Prairie Provinces (major; AB, SK, MB), Northern 
Great Plains U.S. (minor), and Alaska

Topography: low-angle slopes to flat, punctuated by deep valleys; low 
elevation

Stand Size: variable to large (1-100s acres/ha); formerly contiguous 
stands partitioned by agricultural activities

Annual Precipitation: 14-18 inches (350-450 mm)

Ecohydrology: Annual top recharge; limited lateral flow

Rooting Depth: Soils exceed root depth; water table confined
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Disturbance and Fire Type: Historically fire and bison use played 
a larger role. Today, stand-replacing droughts and insect outbreaks 
dominate (Hogg et al. 2005).

Description—The once contiguous stands of parkland aspen are 
now highly dissected by human activities, such as farming, ranching, 
transportation, and development. However, it is thought that even 
prior to settlement, aspen only covered about one-third of this 
ecological province (Archibold and Wilson 1980); the remaining 
portions were primarily grassland and shrub cover. The parklands are 
located between grasslands to the south and boreal forests to the north, 
with small portions of stable forest extending into the northern tier of 
the United States (MT, ND, MN).  

Management—Timber harvest has not traditionally been economically 
feasible in aspen parklands due to aspen’s slow growth rates and relatively 
short stature. Mostly these forests are used for livestock grazing and, more 
recently, as recreation and biodiversity reserves. While climate warming 
is predicted to cause a northward migration of aspen parklands (Sauchyn 
et al. 2009), field studies have reported clonal expansions into grasslands 

Figure 4.6a Aerial photo of parklands landscape. Aspen regrowth under drought-
related dying mature trees. Photo by: B. Pino
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Figure 4.6b Prairie and aspen parklands forest. Photo by: B. Pino

Figure 4.6c Interior of parklands aspen stand. Photo by: B. Pino
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to the south due to elimination of both prairie fires and buffalo grazing 
(Archibold and Wilson 1980). Restoration of large/frequent historical 
grassland fires that greatly impacted these forests in the past is unlikely 
because of modern settlement patterns. Burning at smaller scales may be 
difficult in all but the driest of years where understory fuels are moister 
than surrounding prairie.

Colorado Plateau Highlands And Mesas

Major Associates Minor Associates
Abies concolor; A. lasiocarpa; 
Quercus gambelii; Picea engelmannii; 
Pinus aristata; P. ponderosa; 
Pseudotsuga menziesii

Location: across high-elevation mesas of the Colorado Plateau 
ecological province (AZ, CO, NM, UT)

Topography: slopes flat to moderate, occasionally steep; all aspects, 
mostly above 8,000 ft (2,440 m)

Stand Size: moderate (10-100s acres/ha)

Annual Precipitation: 16-31 inches (412-784 mm)

Ecohydrology: Annual top recharge

Rooting Depth: bedrock confined

Disturbance and Fire Type: Fire is uncommon, but may occur with 
extreme late-season drying or perhaps abundant downslope fuels. 
Sustained, large-scale fire is rare in this subtype (Fire Type 1, Appendix 
1). A wide variety of diseases, insects, and browsing impacts occur, but 
they tend to affect individual stems, clumps, or clones and not broad 
landscapes.

Description—Large, high-elevation, plateaus harbor spruce, fir, pine, 
and aspen forest types across northern Arizona and New Mexico, as 
well as southern Colorado and Utah. Seral aspen may co-occur in such 
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locales, though expanses of stable aspen may cover relatively flat mesa 
tops (e.g., Smith and Smith 2005; Rogers et al. 2010). Colorado Plateau 
stable aspen are strongly influenced by a southwestern United States 
summer “monsoon,” which normally brings regular precipitation 
to these forests from July through August. Historically, these stable 
aspen forests have been highly desirable summer grazing pastures for 
livestock. Thus, reduction or elimination of native understory diversity 
has commonly occurred across the plateau. In recent times, the value 
of high-elevation forests surrounded by seasonally hot deserts cannot 
be understated. Impacts from intense recreation and livestock uses 
leave long-term marks on these aspen communities.

Management—In many instances, long-term human/livestock uses 
of Colorado Plateau aspen have reduced structural and biological 
diversity (Rogers et al. 2010; Rogers and Mittanck 2014). Reduced 
vertical layering of aspen suggests moderate-to-heavy browsing 
problems. Management actions, whether mechanical thinning, 
modified grazing regimes, or reduced wildlife numbers, should 
stress restoring structural diversity. Past management actions in this 
subtype have often inappropriately used clearfelling or broadcast 
burning (seral aspen practices) to stimulate further regeneration. 
In stable communities, however, it is not the lack of disturbance 
leading to regeneration that is problematic, but the consumption of 
available sprouts by browsers that causes single-layer aspen stands. 
Monitoring for key indicators—regeneration with low levels of browse 
and increasing aspen recruitment—can form the basis for resilience 
management metrics. Managers may also pinpoint which browsers are 
responsible for recruitment cessation by pairing tree indicators with 
animal feces counts (Rogers and Mittanck 2014).

44



C
hapter 4 – A

spen Types by Ecological Function

Guide to Quaking Aspen Ecology and Management

Figure 4.7a Colorado Plateau stable aspen in southern Utah.

Figure 4.7b Landscape view.
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Figure 4.7d Drought, herbivory, and sagebrush invasion, Book Cliffs, Utah.

Figure 4.7c Regrowth after drought-related mortality.

46



C
hapter 4 – A

spen Types by Ecological Function

Guide to Quaking Aspen Ecology and Management

Elevation/Aspect Limited

Major Associates Minor Associates
See Seral Montane Major and Minor 
Associates; 
Low Elev.: Juniperus monosperma, J. 
occidentalis, J.  osteosperma, Pinus 
edulis, P. monophylla 

Location: throughout the montane zone of Canada, U.S., and Mexico 
forests

Topography: slopes moderate to steep; most commonly S to SW 
aspects, but this may vary to any aspects at high elevations

Stand Size: small to moderate (1-10s acres/ha) 

Annual Precipitation: similar to Seral Montane precipitation range, 
although sites may have higher evapotranspiration rates

Ecohydrology: Annual top recharge; limited lateral flow (LaMalfa and 
Ryel 2008)

Rooting Depth: bedrock confined

Disturbance and Fire Type: : Periodic or partial burning can occur 
depending on adjacent vegetation or forest communities and intensity 
of fire. Fire Type 2 (see Appendix 1). Elevation/aspect limited aspen 
may be affected by a range of other disturbances, including insect 
and disease infestations, avalanches, development (e.g., ski resorts, 
vacation homes, etc.), and drought. Increasing climate warming is 
likely to affect these types, particularly at low elevations (e.g., Worrall 
et al. 2008, 2013).

Description—As the name implies, these stable aspen communities are 
restricted by certain elevations or aspects in mountainous terrain. They 
tend to be relatively small and often abut either seral aspen or conifer 
forests, but may be bordered by other nonforest vegetative cover, such 
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as sage–steppe, meadow, or alpine communities. Sometimes scientists 
categorize elevation/aspect limited aspen as being “marginal” aspen 
forests as they are highly subject to drought impacts and may have 
originally established during wetter periods. Their presence in relatively 
dry aspects and elevations has pros and cons: they provide diverse 
habitats, shade, and moisture compared to downslope communities, 
but they are frequently susceptible to rapid die-offs. Drought may 
accelerate mortality of whole clones because they attract browsing 
ungulates. While mature trees are dying from a complex of insects 
or diseases initiated by drought, wild and/or domestic ungulates may 
consume the young suckers that grow in response.

Management—Typically, these forests are not favored for wood 
products. In fact, trees are often short, slow growing, and plagued 
by damage. As suggested above, elevation/aspect limited aspen may 
receive high use by browsers. Where recruitment is limited and 
persistent browsing is documented, a chief goal should be restoration 
of structural diversity (i.e., increasing layers between forest floor 
and canopy). Even more critical, if recruitment lapses are present, 
potential causes should be investigated and addressed. Vegetation 
manipulation to simulate gap/phase dynamics, not large-scale/high-
severity disturbance, is most appropriate. Another telltale sign of stand 
degradation in these forests is the ingrowth of sagebrush (Artemisia 
spp.) and/or other shrub components over time. Campbell and Bartos 
(2001) suggest that when sagebrush becomes a dominant understory 
species (i.e., >15% cover), that such stands should be considered “high 
priority” for management action.
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Figure 4.8a Low elevation drought-prone stable aspen.

Figure 4.8b Stable aspen on south-facing aspect contrasts with montane seral aspen 
facing north.
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 Terrain Isolated

Major Associates Minor Associates
See Seral Montane Major and Minor 
Associates; 
Low Elev.: Juniperus monosperma, J. 
occidentalis, J.  osteosperma, Pinus 
edulis, P. monophylla 

Location: specific topographic conditions within western mountains 
of Canada and U.S. 

Topography: diverse formations: concave “snowpockets”, talus slopes, 
moraines, lava fields, avalanche shoots, and other localized geomorphic 
situations

Stand Size: small to moderate (1-10s acres/ha) 

Annual Precipitation: Similar to Montane precipitation range.  

Ecohydrology: Annual top recharge; subterranean reserve with high 
clay content

Rooting Depth: bedrock confined (snowpocket and lithic); variable 
depending on specific situation

Disturbance and Fire Type: Fire limited to flammability of surrounding 
vegetation and/or presence of lithic substrates (e.g., lava flow). Periodic 
or partial burning can occur depending on adjacent vegetation or forest 
communities and intensity of fire (Fire Types 1 or 2, Appendix 1). 
Stands are affected by a range of insects, disease, and physical damages, 
but often at low-to-moderate levels. Browsing in certain situations, for 
example on talus slopes and lava flows, is excluded by terrain, thus 
forming natural refugia in broader landscapes of intense herbivore 
pressure. Avalanche shoots may act as firebreaks when surrounding by 
conifer forests (Fechner and Barrows 1976).

Description—A single description would not fit the diverse situations 
under this subtype. Specific situations that allow aspen growth by 
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restricting other tree species from establishing generally isolate these 
mostly stable types. Examples include snowpocket, krummholz, lithic, 
moraine, talus, prairie pothole, and avalanche track areas. These isolated 
situations often display stunted aspen growth forms suggesting water, 
substrate, or disturbance limitations. Shepperd et al. (2006) describe 
snowpocket aspen stands as those found in topographic depressions 
where snow accumulates and is slow to melt. Krummholz occurs 
where persistent winds blow through exposed aspen stands, severely 
limiting twig growth via scouring and desiccation.

Management—As with other stable subtypes, maintenance or 
restoration of multilayered stands should guide management. Luckily, 
the factors leading to isolation of these aspen communities often 
also assist in their protection from fire, browsing, and other human 
impacts. Where terrain isolated stands are undergoing degradation, 
treatments should strive to simulate gap/phase dynamics, not large-
scale/high-severity disturbances. Perhaps more than any other aspen 

Figure 4.9a Landscape view of terrain isolated stable aspen in northwest Utah. 
Subterranean water sources often support these stands.
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functional subtype, these isolated communities will require site-
specific considerations in both their assessment and eventual (if any) 
prescriptions. Adjacent vegetation types, browse level, fire capacity, 
access to surface and subterranean water sources, periodicity of 
disturbance (e.g., annual avalanches), and human access will influence 
specific situations and management options.

Figure 4.9b Isolated stable aspen growing in subalpine talus.
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Figure 4.9c Aspen at an outcrop.

Figure 4.9d Isolated stable aspen surrounding a spring, western desert, Utah.
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Seral or Stable Aspen—As this type implies, functional types 
under this heading may be either seral or stable. Their distinguishing 
characteristics lie elsewhere, such as in their proximity to water sources.

Riparian

Major Associates Minor Associates
Abies magnifica; Picea engelmannii; 
P. pungens; Populus angustifolia

Abies magnifica; Acer 
grandidentatum; Betula occidentalis; 
Juniperus monosperma, J. 
occidentalis, J.  osteosperma, J. 
scopulorum, Picea engelmannii; P. 
pungens; Pinus edulis, P. monophylla, 
Populus angustifolia 

Location: Throughout montane zone Canada and U.S. 

Topography: Steep to low gradient; all aspects

Stand Size: Small, narrow, linear stands e (1-10s acres/ha) 

Annual Precipitation: Similar to Montane precipitation range.  
Available moisture highly supplemented by riparian flow.

Ecohydrology: Top recharge; subsurface flow

Rooting Depth: Bedrock confined; water table confined

Disturbance and Fire Type: Flooding, beaver damage (Johnston and 
Naiman 1990), browsing/trampling, and fire (infrequent/variable). 
Fire type not specifically addressed by Shinneman et al. (2013). Fire 
conditions vary depending on whether seral or stable, as well as surface 
and subsurface water availability. Wildlife use, as well as browsing/
grazing, may be high due to attraction of water source; thus, in some 
instances, physical wounds from pecking, rubbing, clawing, and bark 
removal may lead to increased pathogen damage.

Description—Riparian aspen subtype includes all stands adjacent 
to running or standing water. In California, for example, 20th 
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centurychanges to water systems for agriculture and culinary diversions 
killed some aspen stands (Stine et al. 1984) and spawned others around 
reservoirs. Riparian aspen, whether seral or stable, stand apart from 
other aspen communities not only in their susceptibility to difference 
disturbance mechanisms, but also in their growth and reproduction 
related to having access to water. When straddling perennial or 
intermittent streams, aspen may occur in narrow “stringer” stands 
surrounded by drier uplands of nonforest communities. Occasionally, 
such stringers may persist below (or above) local tree lines.

Management—Management of riparian aspen is often governed 
by both grazing and timber regulations affecting “buffers” around 
water sources. Additionally, many of the differences in management 
approaches between seral and stable aspen mentioned in other 
subtypes apply here as well. Riparian corridors where aspen are present 
carry an amplified value as biodiversity oases: in addition to the 
presence of great floristic diversity of importance to wildlife, available 
water attracts additional animals and plants that may not utilize 
upland aspen. So, water quality, quantity, and biodiversity all factor in 
management decisions and approaches that may not apply in stands 
distant from riparian areas. Restoration of ecological processes, such 
as beaver use and occasional flooding, affect (+/-) long-term resiliency 
(Naiman et al. 1988). Stand replacing disturbances are uncommon and 
thus, managers should not generally use them as models for restoration 
efforts. Where loss of vegetation has caused stream incision, artificial 
replacement of critical elements (e.g., simulated beaver dams) may 
begin to restore riparian and other wildlife habitat (Marshall et al. 
2013).
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Figure 4.10a Riparian seral aspen.

Figure 4.10b Riparian stable aspen.
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Chapter 5 - Developing An Action Plan

Setting Objectives

Often resource specialists will have 
some idea of what conditions they are 
facing and what factors are causing 
them. Essentially, these are hypotheses, 
but they are insufficient in and of 
themselves for formulating objectives. 
To fully understand resource goals, 
a deeper knowledge of current 
conditions is required, preferably a 
preliminary assessment grounded in 
one to many lines of evidence. Answers 
to the following questions provide 
a framework for formulating initial 
aspen resource objectives: 

1) What aspen functional types are 
being addressed (Rogers et al. 2014)? 
While stands are usually comprised of a 
single type (e.g., seral or stable), larger 
landscapes may contain a broader range 
of situations. This step is meant to establish an ecological foundation 
for subsequent assumptions about expected conditions and potential 
reactions to treatment, no treatment, and/or climate changes.

2)  What currently available resources can inform our objectives? Local 
expertise, past datasets (climate, management/treatment, grazing, 
and wildlife records), collaborative group input, published studies, 
and institutional knowledge and directives may all provide valuable 
insights.

3) What is the geographic and social context? For example, are current 
conditions being affected by slope; aspect; proximity to other vegetation 

Figure 5.1 Field visits help inform 
objectives.
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types, water, and developed land (i.e., homes, roads/traffic, industrial 
facilities); human visitation; grazing allotments; valued wildlife habitat, 
corridors, or feed/water attractions; or prominent past disturbances? 

4) How might the site or landscape limit or enhance treatment options?  

5) Resilience is a key goal, but what exactly do managers want these 
aspen stands to be resilient to? What are the expected threats to 
resilience and how should the objectives incorporate them?

6) Finally, perhaps most importantly, other than simple observations, 
how do we know that current conditions require some action? We 
need to set objectives based at least partially on data gleaned through 
preliminary monitoring (see the next section). 

In sum, resource specialists should support aspen action plans with 
documentation. The elements presented here provide a structure for 
science-based management actions.

Monitoring: Assess Before Action

Monitoring provides at least two advantages within a greater scheme 
of aspen forest management: it allows a precise understanding of 
conditions on the ground (rather than guessing at them) and it 
provides a quantitative baseline for comparison to future measures 
(e.g., testing results after some treatment action). Given these dual 
purposes, monitoring requires significant forethought. Not only is it 
important to thoroughly understand current issues affecting aspen 
landscapes, but anticipation of likely future forest dynamics is crucial 
(see “Setting Objectives”).

A worthy exercise is to spend a few days conducting test monitoring 
plots in widely varying aspen situations across the landscape of interest. 
The amount of total time spent and the level of data collection required 
will depend, of course, on the geographic scope of the target landscape 
and available resources. At a minimum, visual assessments and the 
collection of key indicator data will begin to indicate overall conditions, 
but more importantly, will guide the magnitude of the monitoring 
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effort ahead. Suggested measures for preliminary surveys include 
counting regeneration, recruitment, and both live and dead mature 
trees within fixed sample areas (e.g., belt transects or nested circular/
square plots). Additionally, some assessment of recent disturbance 
and other influences, such as development impacts, will help to 
distinguish broad characteristics of the landscape. Finally, standard 
environmental attributes (GPS, elevation, aspect, slope) may also assist 
in distinguishing different situations and potential methods needs for 
aspen condition variability across a given landscape.  Previous work 
has determined that a subjective aspen stand condition rating system 

(Appendix 2) significantly predicts 
basic stand health, as well as objective 
measures of stand age, basal area, 
trees per stand, and scat counts—a 
surrogate for browser presence 
(Rogers and Mittanck 2014). In 
addition to aiding understanding 
of logistical pitfalls with specific 
methods, this assessment, along 
with a review of notes and data, 
will help to winnow final measures 
for full-scale monitoring, as well 
as further refine hypotheses about 
causes for broad aspen conditions 
on the landscape. Note that specific 
targets for key indicators, should 
be refined based on test monitoring 
outcomes (see “Document” section 

this chapter).

Evidence should now be available for a comprehensive assessment of 
what managers need to understand aspen status within the landscape 
in question. An underlying assumption is that resource managers will 
strive for the most credible survey possible with available resources. 
Such an assumption will make eventual decisions much easier to justify. 
Weak supporting evidence opens aspen projects to legal, ethical, or 
administrative challenges; ultimately, even greater inefficiencies and 

Figure 5.2 . Monitoring for aspen 
regeneration.
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expenditures will be required if managers choose to pursue project 
implementation further. Thus, getting it right up front is contingent 
on collecting good monitoring data, as well as ancillary supporting 
materials (see “The Adaptive Cycle” section). Resource specialists 
can now answer a few additional questions before approaching 
administrators for appropriate funding and personnel to begin 
monitoring. First, how much time can you afford at each monitoring 
location—1 hour, 2 hours, 4 hours? Second, what are the likely skill 
sets available in prospective monitoring personnel? Third, what 
expertise is required and available to train field technicians? Fourth, 
will monitoring locations be permanently marked and remeasured or 
will revisits glean useful information without physical markers? This 
item entails careful consideration and some level of forecasting of 
future needs, admittedly a difficult task fraught with uncertainty. Fifth, 
how will managers handle the data so that so that valuable information 
will not be lost, the project will be well documented, and the data 
accessed by appropriate personnel with little explanation (since staff 
can change frequently)? Sixth, what level of quality control is required 
to ensure accuracy and consistency? Large monitoring programs may 
need formal quality assurance plans and, potentially, designated people 
to implement work inspections. Taken together, these considerations 
help determine the type and final suite of measures possible (see Table 
5.1).

The Adaptive Cycle: Implement, Monitor, Assess

In this section, our objective is to “put it all together” in a restoration 
plan composed of specific steps toward managing for resilient aspen 
communities. In years past, land managers have considered project 
implementation to be the terminal step in resource management. This 
guide recommends, for nearly any actions involving aspen restoration, 
implementing an “adaptive cycle” in which actions are checked along 
the way via monitoring and course corrections are made where on-
the-ground results don’t match original intentions. Figure 5.3 outlines 
the adaptive cycle as a systematic approach for gaining desired results. 
The next sections describe each step in greater detail.
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Table 5.1 Partial List of Aspen Monitoring Variables, BLM Aspen Field Guide

Measure Source Type

Time 
Estimate 
(min)* Description

PLOT LEVEL DESCRIPTORS
Plot Identifier office assigned 0 Pre-number all potential sample plots
Aspen Cover field estimate 10-30 Visual estimates at min. 10 distributed points
Conifer Cover field estimate 10-30 Visual estimates at min. 10 distributed points
Sagebrush Cover field estimate 10-30 Visual estimates at min. 10 distributed points
Bare Soil Cover field estimate 10-30 Visual estimates at min. 10 distributed points
GPS Location (area 
center)

office 
field

instrument 1-5 advise to begin with database coordinates

Elevation office 
field

instrument 1-5 derive from area ave. (office) or GPS reading

Aspect office 
field

estimate 1 derive from area ave. (office) of field estimate

Slope office 
field

estimate 1 derive from area ave. (office) of field estimate

Aspen Layers field estimate 1-5 count of number of distinct vertical layers
Aspen Condition 
Rating

field estimate 1-5 visual estimate with guidelines (Appendix 2)

Stand Type field estimate 1-5 seral of stable aspen, > 10% conifer cover = seral
Stand Age field instrument 5-10 > 2 trees. by spp; ave. age, include growth to DBH
Recent Disturbance field descriptive 5 code describe disturbance affecting > 50% of area
Breast Ht/Recruitment 
Age

field instrument 15 ≥ 5 trees, count basal rings, ave. age to reach  DBH 
6 ft.

Comments field descriptive 1-5 describe notable disturbance or developments

SUBSAMPLING (measuring from less than the total area; specified sample frames)**
Tree Species field descriptive 5 assign name or establish spp code
Regeneration field count 30-60 aspen/multiple spp; ht classes optional
Browse field count 10-20 terminal leaders browsed (Y/N); as % of all 

regeneration
Recruitment field count 30-60 aspen/multiple spp; > 6 ft. ht., < mature canopy
Mature Trees field measure 10 diameter measured or diameter classes
Mature Tree Status field descriptive 5 live or dead?
Mature Tree Damage field assess/

describe
20 training required; type/severity of insect, disease, etc.

Browser/Pellet Counts field count 10-20 ungulate scat counts by spp & pellet groups/pies

* Time estimates are for items completed independently, efficiencies will increase with concurrent variable measurement.
**Typically measures recorded within fixed subsample areas are expanded, post-field, to estimates for the entire area (e.g., acre/ha)
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System: Determine what type of aspen community will be the prime 
recipient of restoration efforts. Perhaps a larger landscape encompasses 
several aspen functional types (see Chapter 4). This assessment will 
include gaining an understanding of aspen’s ecological variations, as 
well as some local knowledge of “fit” of target stands/landscapes into 
the broad functional types previously described (Rogers et al. 2014). 
The purpose of this step is to provide an ecological framework for 
subsequent considerations.

Issues: Consult with research specialists to gain further perspective 
of often complex situations. Most land managers are already aware of 
aspen issues potentially affecting resources; however, sometimes such 
knowledge may impair alternative explanations of both causes and 

Figure 5.3 Aspen adaptive cycle.
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fixes for declining forests. Consult with additional stakeholders, such 
as resource users and nongovernmental organizations, through larger 
collaborative processes or by seeking input directly from a variety of 
interest groups.

Causes: Determine the underlying cause(s) of the current aspen 
condition, assuming some deviation from a sustainable state. Even after 
consultation with experts and stakeholders, defensible information is 
required to calibrate baseline conditions in aspen communities. This is 
the actual monitoring step discussed in the previous section, but it also 
involves gathering published materials that address pertinent aspen 
issues in the landscape of interest. This step probably requires the 
most consideration and effort. A well-founded monitoring protocol, 
grounded in demonstrable methods, will form the basis for the entire 
restoration program.

Documentation: Make an initial assessment after data are collected, 
edited, stored, analyzed, and interpreted. Then evaluate and discuss 
the “results” with colleagues and partners (if appropriate) and develop 
an implementation plan. A centerpiece of the implementation plan is 
to set targets using specific monitoring variables (indicators). These 
indicator targets will provide specific metrics for triggering adjustments 
to the adaptive cycle (see Chapter 6, “Adapting Management to 
Monitoring Results”). At this point, savvy forest practices dictate an 
outside review: one or more individuals with expertise in resource 
management should be encouraged to independently review the data, 
analysis, interpretation, and plan. An interdisciplinary team and/
or research specialist may also review the plan. Critical evaluation 
from those other than sympathetic colleagues will likely save time, 
resources, and effort in the long run. Objectively consider reviews and 
make adjustments prior to implementation.

Implementation:  Make and implement a decision on appropriate 
actions to take after documenting conditions and developing a plan. 
This step is one that most forest professionals are very familiar with, so 
it doesn’t require further explanation. Whether managers select active 
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or passive management steps, they will want to ensure they carry out 
treatments according to prescription.

Resilience:  Formalize the adaptive cycle. Managers should not 
consider this step a “final” activity. After implementation, at least one 
annual remeasurement (and ideally several) of baseline monitoring 
variables will indicate whether prescriptions had their intended affect: 
a resilient or sustainable aspen system. A critical look at how the aspen 
forest responded to actions taken may reveal unexpected causes, 
more/less intensity of stand deterioration, or ineffective treatments. 
A reassessment is required, logically placing the restorative actions 
back at the documentation step, or perhaps further back to take 
another look at issues and causes. The cycle repeats until the results 
of monitoring document intended outcomes and/or alignment with 
ecological pathways.
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Chapter 6 - Aspen ‘Monitor And Manage’ Toolbox

Selecting from Restoration Actions

Aspen restoration, like many natural resource measures, rarely takes 
the form of simple solutions. Rather, there may be multiple causal 
agents, appropriate treatments, or social considerations for any given 
situation. This chapter presents a compilation of the most prominent 
causal agents and restoration options; innovative combinations of 
these elements will often be required. Thus, weighing the pros and cons 
of options will assist managers in arriving at the best prescriptions for 
their particular locales. Table 6.1 organizes aspen restoration “tools” 
by major causal agents with a brief description of common symptoms 
of these agents. Chapter 3 of this field guide provides more complete 
descriptions of disturbances, landscape interactions, and symptoms.

Figure 6.1 This photo suggests drought and herbivory are significant causal agents.
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Crafting a Functional Aspen Prescription

Field managers must use available tools to craft on-the-ground 
prescriptions, which is often the central task of vegetation stewards. In 
recent decades, “ecosystem management” and “resilience management” 
have relied heavily on the tenet of emulating natural disturbances 
(as well as the functional aspen type system used here) in selecting 
forest prescriptions (Rogers 1996). While utilization of wood products 
is often a treatment outcome, most modern aspen management is 
initiated with the goal of restoration when measurements (see Table 5.1) 
indicate an aspen forest or landscape is declining or deviating from its 
natural range of variation (Landres at al. 1999). This section elaborates 
on key prescriptions and their applications under a functional type 
framework (Chapter 4) and an adaptive cycle approach contingent 
on systematic monitoring (Chapter 5). Appendix 3 provides an 
annotated management plan outline as a starting point for any aspen 
prescriptions. 

Figure 6.2 Cut and fence.
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Table 6.1: Potential restoration actions for aspen communities by causal agent. It is assumed      that multiple actions may be combined where appropriate.
Agent Symptoms Primary Action Pro Con

Herbivory Cattle, sheep, deer, or elk consistently removing new growth 
in regeneration and recruitment; browsed terminal leaders; 
vegetation trampling; mature stem scarring; long-term loss of 
structural/vertical diversity in aspen stems

Reduce animals Provides immediate relief to aspen and understory regrowth; 
immediate livestock management increases changes of long-
term use; short-term increase in hunter opportunities for 
success

impact to economics of domestic livestock - proactive 
management increases costs; reduces long-term hunter success 
and potentially revenues from license sales

Move animals Provides immediate relief to aspen and understory plant 
regrowth; increases quality of forage in later years 

Additional expense/planning required for domestic livestock; 
possible increase in hunting difficulty or decreased success rate

Rest-rotation Provides temporary relief to aspen suckers after disturbance/
treatment.  Typically animals removed from target area 2-5 
years, then allowed to re-enter. Allows producers to continue 
use.

After reintroduction of livestock, this may prevent continuous, 
low-level, regeneration between large disturbances.  Wildlife 
are not excluded and may be attracted to target area if more 
sucker forage is available.

Fencing Effectively eliminates browsing for a select period of time - 
usually until aspen stems grow beyond “browse height”; very 
effective for  small areas and/or demonstration sties

Expense; not realistic for large landscapes or regions due to 
expense and maintenance; even for small areas, regular fence 
line checking and maintenance costs must be accounted  for

Burning Where appropriate (see Chapter 3), provides relatively low-cost 
method for stimulating aspen regeneration and potential 
seedling establishment

Dangers of escaped prescribed fire; possibility of exacerbating 
lack of regeneration, even complete aspen loss, if plan for 
herbivory reduction is not in place prior to action

Tree harvest - select, patch, 
or clearfell-coppice

Income may offset costs of restoration; if only for regeneration, 
partial cuts/leaving logs may be cost effective and provide some 
protection from herbivory 

Possible detrimental effects if direct reduction of herbiory is 
not addressed; clearfell most appropriate in seral aspen, but 
comes with greatest risk with  herbivory

Root ripping Sever roots using disc cutter or other form of below ground 
cutting device to promote suckering; low cost; effective for quick 
sucker response; most useful where tree harvest not economical

Likely ancillary damage to tree and understory plants; if done 
without browse protection strategy, may hasten stand die-off; 
not economical for large landscapes

No action Low cost; minimal intrusion and possibility that large enough 
natural disturbances will overwhelm herbivores

Potential for large-scale aspen loss (particularly stable aspen), 
depending on degree/constancy of browsing

Conifer 
encroachment/
fire suppression

Advanced succession of conifers in seral aspen stands reduces 
ability of aspen to recover after disturbance; low regeneration; 
dying aspen overstory

Tree harvest - select, thin, patch, 
or clearfell-coppice cuts

Income may offset costs of restoration; if only for regeneration, 
partial cuts/leaving logs may be cost effective and provide some 
protection from herbivory; some  evidence suggests greater 
water retention with conifer removal

Conifer reduction may have undesirable affects on conifer-
dependent species; possible detrimental effects if direct 
reduction of herbiory is not addressed; clearfell most 
appropriate in seral aspen, but comes with greatest risk with  
herbivory

Curb suppression - “wildland fire use” Cessation of suppression activities, particularly in remote areas, 
may save resources and (over time) reduce conifer buildup;

Cessation may facilitate dangerous fire conditions near 
development; even large burns may not be enough to 
overwhelm browsers, resulting in aspen cover loss

Burning Where appropriate (see Chapter 3), provides relatively low-cost 
method for stimulating aspen regeneration and potential 
seedling establishment

Dangers of escaped prescribed fire; possibility of exacerbating 
lack of regeneration, even complete aspen loss, if plan for 
herbivory reduction is not in place prior to action

No action Conifers will eventually be reduced/removed via disturbance, 
saves costs with minimal intrusion

Aspen may be lost from certain systems, particularly where 
exacerbated by herbivory, drought/climate, or stand-replacing 
insects/disease complexes

Insect & disease 
outbreaks

Mostly affecting mature trees, may also infest roots; large variety 
of stem, branch, root, and leaf pathogens, often combined with 
host-specific insects, may kill large portions of aspen clones; 
die-off usually takes years and (particularly where multiple clones) 
does not kill entire stands; should cause moderate-to-strong aspen 
regeneration response

Tree harvest - select, thin, patch, 
or clearfell-coppice cuts

Useful for hazard tree reduction; may slow spread of I & D to 
unaffected areas or clones; will stimulate regeneration and build 
long-term resilience via structure/age diversity

Only minor effectiveness is likely outcome; expensive with 
low probability of cost recovery due to decayed or damaged 
wood product

Spraying (pesticide/ insecticide) May stem the tide of local decline over several years with 
consistent application

Expensive to continually apply; may affect non-target plants; 
potential of secondary effects to plants, animals, water on site 
and downstream

No action Stimulate regeneration to increase resilience; save on time/
money expenditures

Some/many mature aspen may die; combined with herbivory 
and/or drought, I & D complexes may result in local or 
regional aspen cover loss

Climate/ 
drought/ frost

Mostly affecting mature trees, may also affect roots; cavitation, 
embolism, leaf browning

Manage for age, species, landscape 
diversity using active/passive 
actions above

Increases landscape/species diversity for many aspen-associated 
species

No guarantee of success, but increased resilience increases 
chance of positive outcome; same potential pitfalls of any/all 
actions employed 

No action Plant tissue may recover quickly from brief drought and frost 
events; potentilly simulating regeneration and increasing age/
structure diversity 

Long-term effects may cause broad aspen mortality and/or 
system conversions and/or migrations
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Table 6.1: Potential restoration actions for aspen communities by causal agent. It is assumed      that multiple actions may be combined where appropriate.
Agent Symptoms Primary Action Pro Con

Herbivory Cattle, sheep, deer, or elk consistently removing new growth 
in regeneration and recruitment; browsed terminal leaders; 
vegetation trampling; mature stem scarring; long-term loss of 
structural/vertical diversity in aspen stems

Reduce animals Provides immediate relief to aspen and understory regrowth; 
immediate livestock management increases changes of long-
term use; short-term increase in hunter opportunities for 
success

impact to economics of domestic livestock - proactive 
management increases costs; reduces long-term hunter success 
and potentially revenues from license sales

Move animals Provides immediate relief to aspen and understory plant 
regrowth; increases quality of forage in later years 

Additional expense/planning required for domestic livestock; 
possible increase in hunting difficulty or decreased success rate

Rest-rotation Provides temporary relief to aspen suckers after disturbance/
treatment.  Typically animals removed from target area 2-5 
years, then allowed to re-enter. Allows producers to continue 
use.

After reintroduction of livestock, this may prevent continuous, 
low-level, regeneration between large disturbances.  Wildlife 
are not excluded and may be attracted to target area if more 
sucker forage is available.

Fencing Effectively eliminates browsing for a select period of time - 
usually until aspen stems grow beyond “browse height”; very 
effective for  small areas and/or demonstration sties

Expense; not realistic for large landscapes or regions due to 
expense and maintenance; even for small areas, regular fence 
line checking and maintenance costs must be accounted  for

Burning Where appropriate (see Chapter 3), provides relatively low-cost 
method for stimulating aspen regeneration and potential 
seedling establishment

Dangers of escaped prescribed fire; possibility of exacerbating 
lack of regeneration, even complete aspen loss, if plan for 
herbivory reduction is not in place prior to action

Tree harvest - select, patch, 
or clearfell-coppice

Income may offset costs of restoration; if only for regeneration, 
partial cuts/leaving logs may be cost effective and provide some 
protection from herbivory 

Possible detrimental effects if direct reduction of herbiory is 
not addressed; clearfell most appropriate in seral aspen, but 
comes with greatest risk with  herbivory

Root ripping Sever roots using disc cutter or other form of below ground 
cutting device to promote suckering; low cost; effective for quick 
sucker response; most useful where tree harvest not economical

Likely ancillary damage to tree and understory plants; if done 
without browse protection strategy, may hasten stand die-off; 
not economical for large landscapes

No action Low cost; minimal intrusion and possibility that large enough 
natural disturbances will overwhelm herbivores

Potential for large-scale aspen loss (particularly stable aspen), 
depending on degree/constancy of browsing

Conifer 
encroachment/
fire suppression

Advanced succession of conifers in seral aspen stands reduces 
ability of aspen to recover after disturbance; low regeneration; 
dying aspen overstory

Tree harvest - select, thin, patch, 
or clearfell-coppice cuts

Income may offset costs of restoration; if only for regeneration, 
partial cuts/leaving logs may be cost effective and provide some 
protection from herbivory; some  evidence suggests greater 
water retention with conifer removal

Conifer reduction may have undesirable affects on conifer-
dependent species; possible detrimental effects if direct 
reduction of herbiory is not addressed; clearfell most 
appropriate in seral aspen, but comes with greatest risk with  
herbivory

Curb suppression - “wildland fire use” Cessation of suppression activities, particularly in remote areas, 
may save resources and (over time) reduce conifer buildup;

Cessation may facilitate dangerous fire conditions near 
development; even large burns may not be enough to 
overwhelm browsers, resulting in aspen cover loss

Burning Where appropriate (see Chapter 3), provides relatively low-cost 
method for stimulating aspen regeneration and potential 
seedling establishment

Dangers of escaped prescribed fire; possibility of exacerbating 
lack of regeneration, even complete aspen loss, if plan for 
herbivory reduction is not in place prior to action

No action Conifers will eventually be reduced/removed via disturbance, 
saves costs with minimal intrusion

Aspen may be lost from certain systems, particularly where 
exacerbated by herbivory, drought/climate, or stand-replacing 
insects/disease complexes

Insect & disease 
outbreaks

Mostly affecting mature trees, may also infest roots; large variety 
of stem, branch, root, and leaf pathogens, often combined with 
host-specific insects, may kill large portions of aspen clones; 
die-off usually takes years and (particularly where multiple clones) 
does not kill entire stands; should cause moderate-to-strong aspen 
regeneration response

Tree harvest - select, thin, patch, 
or clearfell-coppice cuts

Useful for hazard tree reduction; may slow spread of I & D to 
unaffected areas or clones; will stimulate regeneration and build 
long-term resilience via structure/age diversity

Only minor effectiveness is likely outcome; expensive with 
low probability of cost recovery due to decayed or damaged 
wood product

Spraying (pesticide/ insecticide) May stem the tide of local decline over several years with 
consistent application

Expensive to continually apply; may affect non-target plants; 
potential of secondary effects to plants, animals, water on site 
and downstream

No action Stimulate regeneration to increase resilience; save on time/
money expenditures

Some/many mature aspen may die; combined with herbivory 
and/or drought, I & D complexes may result in local or 
regional aspen cover loss

Climate/ 
drought/ frost

Mostly affecting mature trees, may also affect roots; cavitation, 
embolism, leaf browning

Manage for age, species, landscape 
diversity using active/passive 
actions above

Increases landscape/species diversity for many aspen-associated 
species

No guarantee of success, but increased resilience increases 
chance of positive outcome; same potential pitfalls of any/all 
actions employed 

No action Plant tissue may recover quickly from brief drought and frost 
events; potentilly simulating regeneration and increasing age/
structure diversity 

Long-term effects may cause broad aspen mortality and/or 
system conversions and/or migrations
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The underlying assumption of aspen functional types is that is that 
managers will select those options that most closely mimic ecological 
processes (Rogers et al. 2014). Thus, seral aspen communities require 
different restoration approaches than stable aspen communities. 
For example, prescribed fire in stable aspen is not only difficult to 
maintain, it has little ecological precedent (Shinneman et al. 2013). 
Similarly, in most instances, clearfell–coppice harvest would not be 
appropriate as a means of regenerating stable types, as they would 
rarely experience stand-replacing disturbance. Further, the aftermath 
of clearfell–coppice in stable aspen creates a single cohort structure 
where multiple layers are the natural condition and provide greater 
resilience (Rogers et al. 2014). The following sections provide brief 
descriptions and appropriate uses of treatment alternatives.

Clearfell-Coppice Cut—A coppice (unlike a “clearcut”) indicates total 
dependence on regeneration from root sprouting, although seedlings 
will sometimes germinate with this practice (Landhäusser et al. 2010). 
As the name implies, clearfell–coppice involves total removal of the 
overstory. Once widely used for all aspen communities, this method 
is most appropriate for seral types that are subject to stand-replacing 
disturbance. Even in such instances, particularly if browsing is a 
concern, a safer approach is to leave small mature aspen clumps and 
individuals to provide sustained suckering should initial regeneration 
fail.

Selective Cut—Removal of less than half the mature aspen canopy 
cover is a common forestry practice that is most appropriate in stable 
aspen where, for whatever reason, recruitment has been unsuccessful. 
The theory here is to create uneven age classes that mimic those of 
healthy stable aspen types. Numerous variations of selective aspen 
harvest exist, most varying by percent of overstory removal. Visiting 
an intact stable aspen forest is instructive toward selective harvest 
prescriptions. Mature trees tend to die as individuals or in small 
groups (root or stem decay infection centers). Thus, simulation of 
these mortality patterns is likely to restore the multilayer structure of 
such communities if browsing impacts improve.
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Root ripping—Mechanically separating roots from parent root systems 
is a means of stimulating sucker production (Shepperd et al. 2006). A 
ripping device mounted on a tractor and set to a depth of 6–10 inches 
(15–25 cm), using only a single tine, will yield ample regeneration 
without the need for tree harvest (multiple tines can destroy roots 
by creating many segments that will not sprout). One experiment 
found that root ripping approximately doubled the number of stems 
produced when compared to an untreated fenced area (Shepperd 
2004). Once again, stimulation is only half the objective; the other half 
aims to prevent posttreatment browsing.

Vegetation Removal—Managers sometimes think that dense 
understory vegetation prohibits aspen regeneration, but aspen suckers 
do naturally occur in very dense herbaceous layers. Exotic plants or 
shrubby understories can overwhelm successful aspen establishment 
and/or limit sunlight to the forest floor. In such cases, managers may 
elect either mechanical or burning approaches to reduce cover and 
stimulate aspen growth. This same principle applies to removal of 
competing trees, usually conifer species, from all levels of the forest. 
While reducing cover may stimulate regeneration, there is little 
ecological precedent for such approaches; thus, managers should pause 
and reconsider the ultimate objectives. In instances where managers 
remove competing vegetation, the result is likely temporary, making 
repeat visits to achieve objectives necessary.

Prescribed burning—There are many advantages to prescribed 
burning, but they usually only apply to seral aspen (Shinneman et al. 
2013). Where appropriate, burning often must be moderate to high-
intensity to simulate disturbance under natural conditions. “Selective” 
burning or understory burning may result in death of mature aspen 
trees where basal scorch can easily kill stems. Wildland fire use, similar 
to prescribed burning, can provide many of the same benefits and 
should be used toward aspen restoration to the extent it is safe and 
possible.

Aspen as fuel break—In select areas, such as near homes, 
campgrounds, or other developed areas, thinning of conifers and 
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management for aspen can act as fuel breaks due to aspen’s generally 
inflammable nature (Fechner and Barrows 1976). Creation of 100–200 
foot (30–60 m) localized pure aspen stands will greatly reduce or even 

stop an oncoming forest fire. 
This approach is recommended 
for urban and exurban interface 
communities bordered by seral 
aspen types and it defers from 
our broad recommendation of 
mimicking natural processes. 
Generally, greater deviations 
from the “natural range of 
variation” are favored, even 
encouraged, near development.

Protection from Browsing— 
Often simple protection from 
browsing will be enough to sustain 
resilient aspen communities—
both stable and seral. However, 
protection from browsing is 
particularly important in stable 
communities that normally 
cannot rely on stand-replacing 

disturbances to stimulate suckers. If browsing is the chief causal agent 
of decline in a given stand (as evidenced by onsite monitoring), then 
prescriptions ought to target that cause and may forego additional 
active management. The difficulty lies in finding effective methods 
of protection within resource budgets. Fencing works well for small 
targeted areas (<~100 acres/40 ha), but is impractical at landscape 
or regional scales. Collaborative work with wildlife and/or range 
specialists to reduce or move ungulate populations is a more direct 
approach to combating browsing issues. However, administrative, 
political, and social obstacles (e.g., tax credits awarded for livestock 
grazing on private lands) that often encumber such actions may require 
long-term resource and personnel commitments.

Figure 6.3 Prescribed burn.
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Mixed Prescriptions: As alluded to throughout this field guide, real 
solutions will often require commitment to multiple prescription 
approaches. The most common approaches will, at least, involve 
concrete plans for aspen stimulation and posttreatment protection. 
Domestic livestock should be removed from aspen treatment areas 
for a minimum of 2 years (4–5 years recommended). Wild herbivore 
hunts may be increased, with wildlife agency coordination, for a 
similar period after treatments. On average, aspen take 5 years to reach 
above normal browse height for wildlife (Rogers et al. 2010), which 
may provide some guidance for the duration of special hunts, as well 
as livestock rest recommendations. The only way to document whether 
prescriptions are successful is to institute a systematic monitoring plan.

Focus on Fencing: pros and cons

Managers and ranchers have used a number of fence designs to prevent 
posttreatment browsing of aspen suckers (e.g., VerCauteren et al. 2007). 
Fences are an effective way of 
temporarily keeping herbivores 
from browsing emerging aspen 
suckers. In most instances, 
managers and ranchers use 
fencing to allow aspen sprouts 
to “escape” herbivory until such 
time as they are above browse 
height (6 ft./2 m). (In situations 
of very high elk density, animals 
have pushed over much taller 
trees to access leaves and 
twigs.) Time required to reach 
this height, in the absence of 
browsing, varies considerably 
from 2–10 years or more, 
depending on growth conditions. 
Ancillary benefits may include 
successful reproduction of 
understory plants, increased 

Figure 6.4 Fence allowing access for deer 
(see gap at base), but not for cattle or elk.
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diversity of animals requiring additional cover and structural diversity, 
and soil moisture retention from shading. Exclosures have proven to be 
effective demonstration sites of aspen sprouting potential. Experiments 
with cutting trees in a fashion to simulate fencing (“hinging”), or at 
least barriers to access from browsers, are a pseudofencing option that 
has had some success (Kota and Bartos 2010). Pseudofencing presents 
a low-cost alternative to traditional fencing techniques that may be 
effective at low-to-moderate herbivory levels.

Fencing cannot solve all browsing problems. Foremost, it is an 
expensive management tool that is best when applied in small, targeted, 
situations such as campgrounds, riparian areas, recreation sites, housing 
developments, or other noteworthy aspen groves. The cost of fencing 
herbivores out of large aspen landscapes, whether posttreatment or as 
a passive treatment alone, is often not feasible. Costs of fencing extend 
far beyond original construction to active patrolling for fence breaches 
and timely repairs of missing sections. Even 1 week of animal access, 
depending on quality forage availability and the number of animals, 
can result in the loss of long periods of sucker protection. Secondly, 
serious thought is required to determine exact fencing aims and the 
duration of fence use. Effective fencing prevents all large herbivore 
browsing. Is the desired objective to have zero herbivores in designated 
areas? Often this is the case for short periods, but ultimately managers 
will need to address base causes. Ideally, long-term management goals 
will facilitate cohabitation by herbivores, be they wild or domestic, at 
appropriate levels to sustain aspen communities. Since aspen stems 
self-thin based on resource availability, there are normally many times 
more initial suckers than ultimate survivors; thus, modest levels of 
browsing are permissible without threatening aspen resilience. We 
recommend striving for process balance, not complete restriction, to 
simulate ecosystem function (rather than getting into high-cost, high-
maintenance, fencing-to-prevent-browsing cycles).

Adapting Management to Monitoring Results

As discussed in Chapter 5, monitoring results should drive followup 
actions. While this may seem intuitive, previous experience suggests 

74



C
hapter 6 – A

spen ‘M
onitor and M

anage’ Toolbox

Guide to Quaking Aspen Ecology and Management

that there are a number of barriers to establishing these practices, such 
as neglecting monitoring altogether (assuming positive outcomes), 
budget shortfalls, insufficient data collection, loss of data or 
institutional knowledge when key employees leave a position, and lack 
of employee resources due to other agency priorities. For these reasons, 
recommends prioritizing monitoring even at the cost of full project 
implementation. After all, if we cannot gauge success/failure and make 
appropriate adjustments to implementation, we may find ourselves 
in a situation where an entire project is deemed a failure before we 
have appropriate data to make 
course corrections. This total loss 
scenario is more common than 
might be expected.

So what are key trigger points and 
actions that monitoring should 
prompt? Specific management 
objectives set in the document 
(plan) section of the adaptive 
cycle should drive actions. 

For example, the literature may 
provide targets for amount of 
regeneration, recruitment, and 
browse level may be found in 
the literature. Managers must 
weigh the benefits of standardized 
targets versus those developed 
through localized studies or past 
monitoring actions. Normally, 
local information will yield better results, but standardized targets 
give a starting point (e.g., Mueggler 1989; Campbell and Bartos 
2001). A simple approach for developing a site-based metric for 
sustainable recruitment (immature stems >6 ft./2 m height) is to 
derive the percentage of these stems as a portion of live mature aspen. 
Managers should target 100% recruitment as a minimum goal. A 
smaller percentage of recruitment-to-mature-trees indicates cause for 

Figure 6.5 Browse indicators: clipped 
aspen leader and elk scat.
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concern. Less than 50% may be deemed “nonsustainable” and trigger 
adjustment to, for example, allowable browse

levels (Rogers and Mittanck 2014). Similarly, though further along 
in succession, objectives for conifer encroachment may include basal 
area of “leave trees,” conifers per acre (hectare), light penetration, or 
a combination of thriving aspen 
suckers (nonbrowsed), aspen 
recruitment, and conifer cover, 
basal area, or stems per area. A 
wider base of indicators, again 
dependent on documented 
objectives, may include understory 
species diversity or cover, soil 
conditions (bare soil exposure, 
erosion level, litter depth), and a 
range of faunal monitoring targets 
based on functional groups (e.g., 
arthropods, birds, mammals). 
A novel approach used in both 
Europe and North America to 
assess aspen community health 
has been documentation of 
epiphytic lichen communities 
(Hedenås and Ericson 2000; 
Rogers et al. 2007b).

In summary, there are numerous 
metrics or indicators from which to choose. Resource managers should 
select indicators based on a combination of immediate monitoring 
and anticipated needs, plus a selection of standard forest metrics for 
comparison to other areas (past and present). Appendix 4 presents 
a sample aspen stand monitoring form that resource managers can 
easily modify for local use.

Managers should use local pilot studies and review similar studies to 
determine threshold values, then use those metrics as trigger points 

Figure 6.6 Arboreal lichens growing on 
aspen in Arizona.
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when evaluating monitoring results. Adjusting management practices 
based on targeted data collection is smart management, not a sign of 
poor planning or a project gone awry.

Where to Find More Aspen Information

At several points within this field guide, we have urged managers to 
consult experts, literature, or other existing resources prior to taking 
action or developing a plan. As a rule, it is prudent to check sources 
from multiple perspectives and authors before incorporating them 
into either your personal knowledge base or expected implementation 
practices. Checking background sources is time consuming, though it 
is an essential part of making informed resource decisions. Following 
are some key sources for contemporary aspen ecology to make this 
task a little easier.

Science-based Aspen Organizations—

Western Aspen Alliance, Utah State University: 
http://western-aspen-alliance.org/

Aspen Ecology, Brigham Young University: http://aspenecology.org/

Poplar and Willow Council of Canada: http://www.poplar.ca/

Online Databases—

Aspen Bibliography, Utah State University/Western Aspen Alliance: 
http://western-aspen-alliance.org/images/searchAspenLit_r2_c1.png

Aspen Spatial Bibliography, Brigham Young University/Utah State 
University/Western Aspen Alliance: http://byu.maps.arcgis.com/apps/
webappviewer/index.html?id=924b25d70cc34cf685e79b57fc2bd8cd

(Aspen) Expertise Database, Utah State University/Western Aspen 
Alliance: http://western-aspen-alliance.org/ (members login, register 
their expertise, and search for expertise contact information in dozens 
of topic/disciplinary categories).
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Agency Reviews, Proceedings, Reports:

O’Brien, M., P.C. Rogers, K. Mueller, R. MacWhorter, A. Rowley, B. 
Hopkins, B. Christensen, and P. Dremann. 2010. Guidelines for aspen 
restoration on the National Forests in Utah. Western Aspen Alliance, 
Utah State University, Logan, Utah. 47 pp.

http://western-aspen-alliance.org/pdf/AspenRestoration.pdf

Shepperd, W., P.C. Rogers, D. Burton, and D. Bartos. 2006. Ecology, 
management, and restoration of aspen in the Sierra Nevada. RMRS-
GTR-178. U.S. Department of Agriculture, Forest Service, Rocky 
Mountain Research Station, Fort Collins, CO. 122 pp.

http://www.treesearch.fs.fed.us/pubs/24485

Shepperd, W.D., D. Binkley, D.L. Bartos, T.J. Stohlgren, L.G. Eskew 
(compilers). 2001. Sustaining aspen in western landscapes: Symposium 
proceedings, June 13–15, 2000, Grand Junction, Colorado. RMRS-P-18. 
U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station, Fort Collins, CO. 460 pp.

http://www.treesearch.fs.fed.us/pubs/4696

Peterson, E.B. and N.M. Peterson. 1992. Ecology, management, and use 
of aspen and balsam poplar in the Prairie Provinces, Canada. Special 
Report 1, Forestry Canada, Northwest Region, Northern Forestry 
Centre, Edmonton, AB. 252 pp.

http://digitalcommons.usu.edu/aspen_bib/2512/

DeByle, N.V. and R.P. Winokur (eds.). 1985. Aspen: Ecology and 
management in the western United States. RM-GTR-119. U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Forest 
and Range Experiment Station, Fort Collins, CO. 283 pp.

http://digitalcommons.usu.edu/aspen_bib/6964/
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Journals and Special Issues—

-Forest Ecology and Management, Elsevier

Special Issue: Resilience in Quaking Aspen: restoring ecosystem 
processes through applied science. 2013. Vol. 299. (review 
articles on the state-of-the-science in ten aspen subject areas: 
resilience management, molecular tools/genetics, chemical 
defense, fire regimes, recent declines/climate, historic cover 
change, aspen/mountain pine beetle, wildlife/trophic cascades, 
ungulate herbivory, and facilitation/competition).

http://www.sciencedirect.com/science/journal/03781127/299

-Forest Science, Society of American Foresters

-Journal of Forestry, Society of American Foresters

-Western Journal of Applied Forestry, Society of American Foresters

-Canadian Journal of Forest Research, Natural Resources Canada   
 Research Press

-Journal of Vegetation Science, International Assoc. Vegetation Science  
 (Wiley Online)

-Biological Conservation, Elsevier

-Restoration Ecology, Society for Ecological Restoration 
 (Wiley Online)

-Rangeland Ecology and Management, Elsevier

79



R
ef

er
en

ce
s

Guide to Quaking Aspen Ecology and Management

References
Anderegg, W.R., Plavcová, L., Anderegg, 

L.D., Hacke, U.G., Berry, J.A., and Field, 
C.B. 2013. Drought’s legacy: multiyear 
hydraulic deterioration underlies 
widespread aspen forest die‐off and 
portends increased future risk. Global 
change biology 19(4):1188-1196.

Archibold, O.W. and Wilson, M.R. 1980. The 
natural vegetation of Saskatchewan prior 
to agricultural settlement. Canadian 
Journal of Botany 58(19):2031-2042.

Baker, W.L. 2009. Fire Ecology in Rocky 
Mountain Landscapes. Island Press, 
Washington, D.C.  605pp.

Bartos, D.L., and Campbell, R.B.J., 1998. 
Decline of Quaking Aspen in the Interior 
West–examples from Utah. Rangelands 
20: 17–24.

Beschta, R.L., and Ripple, W.J. 2013. Are 
wolves saving Yellowstone’s aspen? A 
landscape-level test of a behaviorally 
mediated trophic cascade: comment. 
Ecology, 94(6): 1420-1425.

Binkley, D. 2008. Age distribution of aspen 
in Rocky Mountain National Park, USA. 
Forest Ecology and Management 255:797-
802.

Buck, J.R., and St. Clair, S.B. 2014. Stand 
composition, proximity to overstory trees 
and gradients of soil moisture influence 
patterns of subalpine fir seedling 
emergence and survival. Plant and Soil 
381: 61-70.

Campbell, R.B., and Bartos, D.L. 2001. Aspen 
ecosystems: objectives for sustaining 
biodiversity. In: Sheppard, W.D., Binkley, 
D., Bartos, D.L., Stohlgren, T.J., and Eskew, 
L.G. (eds.) RMRS-P-18. Fort Collins, CO: 
U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Research 
Station: 299–307.

Chong, G.W., Simonson, S.E., Stohlgren, T.J., 
and Kalkhan, M.A. 2001. Biodiversity: 
aspen stands have the lead, but will 
nonnative species take over? In: Shepperd, 
W.D., Binkley, D., Bartos, D.L., Stohlgren, 
T.J., and Eskew, L.G., (eds.) RMRS-P-18. 
Fort Collins, CO: U.S. Department 
of Agriculture, Forest Service, Rocky 
Mountain Research Station: 261-271.

DeByle, N. V. and R. P. Winokur. 1985. 
Aspen: ecology and management in the 
western United States. RM-GTR-119, 
U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Forest and 
Range Experiment Station, Fort Collins, 
CO.

DeRose, R.J., and Long, J.N. 2010. 
Regeneration response and seedling bank 
dynamics on a Dendroctonus rufipennis-
killed Picea engelmannii landscape. 
Journal of Vegetation Science 21:377-387.

Dobarco, M.R., and Van Miegroet, H. 
2014. Soil Organic Carbon Storage and 
Stability in the Aspen-Conifer Ecotone 
in Montane Forests in Utah, USA. Forests 
5(4): 666-688.

Di Orio, A.P., Callas, R., and Schaefer, 
R.J., 2005. Forty-eight year decline 
and fragmentation of aspen (Populus 
tremuloides) in the South Warner 
Mountains of California. Forest Ecology 
and Management 206, 307–313.

Eisenberg, C., Seager, S.T., and Hibbs, D.E. 
2013. Wolf, elk, and aspen food web 
relationships: Context and complexity. 
Forest Ecology and Management 299: 
70-80.

Elliot, G.P., and W.L. Baker. 2004. Quaking 
aspen (Populus tremuloides Michx.) at 
treeline: A century of change in the San 
Juan Mountains, Colorado, USA. Journal 
of Biogeography 31:733–745.

80



R
eferences

Guide to Quaking Aspen Ecology and Management

Fairweather, M.L., Rokala, E.A., and Mock, 
K.E. 2014. Aspen Seedling Establishment 
and Growth after Wildfire in Central 
Arizona: An Instructive Case History. 
Forest Science 60(4):703-712.

Fechner, G.H., and Barrows, J.S., 1976. 
Aspen Stands as Wildfire Fuel Breaks. 
U.S. Department of Agriculture, Forest 
Service, Rocky Mountain Forest and 
Range Experiment Station. 29pp.

Flannigan, M., I. Campbell, M. Wotton, C. 
Carcaillet, P. Richard, and Y. Bergeron. 
2001. Future fire in Canada’s boreal 
forest: paleoecology results and general 
circulation model-regional climate model 
simulations. Canadian Journal of Forest 
Research 31:854-864.

Harniss, R.O. and Harper, K.T. 1982. Tree 
dynamics in seral and stable aspen stands 
of central Utah. INT-RP-297, USDA 
Forest Service, Intermountain Forest and 
Range Experiment Station, Ogden, Utah. 
7 p.

Hedenås, H. and L. Ericson. 2000. Epiphytic 
macrolichens as conservation indicators: 
successional sequence in Populus tremula 
stands. Biological Conservation 93:43-53.

Hogg, E. H., J. P. Brandt, and B. Kochtubajda. 
2005. Factors affecting interannual 
variation in growth of western Canadian 
aspen forests during 1951-2000. Canadian 
Journal of Forest Research 35:610-622.

Hogg, E. H. and M. Michaelian. 2015. Factors 
affecting fall down rates of dead aspen 
(Populus tremuloides) biomass following 
severe drought in west‐central Canada. 
Global change biology 21:1968-1979.

Kashian, D.M., W.H. Romme, and C.M. 
Regan. 2007. Reconciling divergent 
interpretations of the quaking aspen 
decline on the northern Colorado Front 
Range. Ecological Applications 17:1296-
1311.

Kauffman, M.J., Brodie, J.F., and Jules, E.S. 
2013. Are wolves saving Yellowstone’s 
aspen? A landscape-level test of a 
behaviorally mediated trophic cascade: 
reply. Ecology 94(6): 1425-1431.

Karnosky, D.F., Pregitzer, K.S., Zar, D.R., 
Kubiske, M.E., Hendrey, G.R., Weinstein, 
D., Nosal, M. and Percy, K.E. 2005. 
Scaling ozone responses of forest trees to 
the ecosystem level in a changing climate. 
Plant, Cell and Environment 28: 965-981.

Kopper, B.J. and Lindroth, R.L. 2003. Effects 
of elevated carbon dioxide and ozone 
on the phytochemistry of aspen and 
performance of an herbivore. Oecologia 
134(1): 95-103.

Kota, A.M., and Bartos, D.L. 2010. Evaluation 
of techniques to protect aspen suckers 
from ungulate browsing in the Black 
Hills. Western Journal of Applied Forestry 
25:161-168.

Kuhn, T.J., Safford, H.D., Jones, B.E. & Tate, 
K.W. 2011. Aspen (Populus tremuloides) 
stands and their contribution to plant 
diversity in a semiarid coniferous 
landscape. Plant Ecology 212: 1451–1463.

Kulakowski, D., Veblen, T.T., and Drinkwater, 
S., 2004. The persistence of Quaking 
Aspen (Populus tremuloides) in the 
Grand Mesa area, Colorado. Ecological 
Applications 14: 1603–1614.

Kulakowski, D., C. Matthews, D. Jarvis, and T.T. 
Veblen. 2013. Compounded disturbances 
in sub-alpine forests in western Colorado 
favour future dominance by quaking 
aspen (Populus tremuloides). Journal of 
Vegetation Science 24:168-176.

LaMalfa, E.M., and Ryel [Ryle sic], R. 2008. 
Differential snowpack accumulation and 
water dynamics in aspen and conifer 
communities: Implications for water 
yield and ecosystem function. Ecosystems 
11(4): 569-581.

81



R
ef

er
en

ce
s

Guide to Quaking Aspen Ecology and Management

Landhäusser, S. L., D. Deshaies, and V. J. 
Lieffers. 2010. Disturbance facilitates 
rapid range expansion of aspen into 
higher elevations of the Rocky Mountains 
under a warming climate. Journal of 
Biogeography 37:68-76.

Landres, P.B., P. Morgan, and F.J. Swanson. 
1999. Overview of the use of natural 
variability concepts in managing 
ecological systems. Ecological 
Applications 9(4):1179 –1188.

Lindroth, R.L., and St. Clair, S.B. 2013. 
Adaptations of quaking aspen (Populus 
tremuloides Michx.) for defense 
against herbivores. Forest Ecology and 
Management 299: 14-21.

Long, J.N., and 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.

Marshall, K. N., N. T. Hobbs, and D. J. 
Cooper. 2013. Stream hydrology limits 
recovery of riparian ecosystems after wolf 
reintroduction. Proceedings of the Royal 
Society of London B: Biological Sciences 
280:20122977.

Martin, T.E., and Maron, J.L. 2012. Climate 
impacts on bird and plant communities 
from altered animal-plant interactions. 
Nature Climate Change 2(3): 195-200.

Mori, A. S. and K. P. Lertzman. 2011. Historic 
variability in fire-generated landscape 
heterogeneity of subalpine forests in the 
Canadian Rockies. Journal of Vegetation 
Science 22:45-58.

Mueggler, W.F. 1989. Age distribution and 
reproduction of Intermountain aspen 
stands. Western Journal of Applied 
Forestry 4:41-45.

Murie, O. J. 1951. The elk of North America. 
Teton Bookshop Pub Co., Jackson, WY. 

Naiman, R. J., C. A. Johnston, and J. C. Kelley. 
1988. Alteration of North American 
streams by beaver. Bioscience 38:753-762.

Pelz, K.A., and 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.

Rehfeldt, G.E., Ferguson, D.E. & Crookston, 
N.L. 2009. Aspen, climate, and sudden 
decline in western USA. Forest Ecology 
and Management 258: 2353–2364.

Rogers, P.C. 1996. Disturbance ecology 
and forest management: a review of 
the literature. INT-GTR-336, U.S. 
Department of Agriculture, Forest 
Service, Intermountain Research Station, 
Ogden, UT. 16 p.

Rogers, P.C. 2002. Using Forest Health 
Monitoring to assess aspen forest cover 
change in the southern Rockies ecoregion. 
Forest Ecology and Management 155:223-
236.

Rogers, P.C., Shepperd, W.D., and Bartos, 
DL. 2007a. Aspen in the Sierra Nevada: 
Regional conservation of a continental 
species. Natural Areas J. 27(2):183–193.

Rogers, P. C., R. Rosentreter, and R. Ryel. 
2007b. Aspen indicator species in lichen 
communities in the Bear River Range of 
Idaho and Utah. Evansia 24:34-41.

Rogers, P.C., and 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.

Rogers, P. C., A. J. Leffler, and R. J. Ryel. 
2010. Landscape assessment of a stable 
aspen community in southern Utah, 
USA. Forest Ecology and Management 
259:487-495.

82



R
eferences

Guide to Quaking Aspen Ecology and Management

Rogers, P.C., Bartos, D.L. and Ryel, R.J. 
2011.  Historical patterns in lichen 
communities of montane quaking aspen 
forests. In: Daniels, J.A. (ed.) advances in 
environmental research, Vol 15, pp. 33–
64. Nova Science, Hauppauge, NY, US.

Rogers, P.C., C.M. Mittanck, , and R.J. 
Ryel. 2013.  Aspen  status report and  
recommendations for the Book Cliffs. 
Western Aspen Alliance, Wildland 
Resources Department, Utah State 
University. Logan, UT. 23 pp.

Rogers, P.C., S.M. Landhãusser, B.D. Pinno, 
and R.J. Ryel. 2014. A Functional 
Framework for Improved Management of 
Western North American Aspen (Populus 
tremuloides Michx.). Forest Science 
60(2):345–359.

Rogers, P.C., and 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.

Rogers, P. C., Catlin, J., Jones, A., Shuler, J., 
Morris, A., and Kuhns, M. 2015. Quaking 
Aspen at the Residential-Wildland 
Interface: Elk Herbivory Hinders Forest 
Conservation. Natural Areas Journal 
35:416-427.

Sankey, T.T. 2009. Regional assessment of 
aspen change and spatial variability on 
decadal time scales. Remote Sensing 1(4): 
896-914.

Sauchyn, D., E. Barrow, X. Fang, N. 
Henderson, M. Johnston, J. Pomeroy, J. 
Thorpe, E. Wheaton, and B. Williams. 
2009. Saskatchewan’s natural captial in 
a changing climate: An assessment of 
impacts and adaptation. PARC, Regina, 
Saskatchewan. 162 p.

Schier, G. A., J. R. Jones, and R. P. Winokur. 
1985. Vegetative regeneration. Pages 29-
33 in N. V. DeByle and R. P. Winokur, 
editors. Aspen: ecology and management 
in the western United States. U.S. 
Department of Agriculture, Forest 
Service, Rocky Mountain Forest and 
Range Experiment Station, Fort Collins, 
CO.

Shepperd, W.D. 2004. Techniques to restore 
aspen forests in the western U.S. 
Transactions of the Western Section of 
the Wildlife Society 40:52-60.

Shepperd, W., P. C. Rogers, D. Burton, and D. 
Bartos. 2006. Ecology, management, and 
restoration of aspen in the Sierra Nevada. 
RMRS-GTR-178, U.S. Department 
of Agriculture, Forest Service, Rocky 
Mountain Research Station, Fort Collins, 
CO.

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.

Smith, A. E. and F. Smith, W. 2005. Twenty-
year change in aspen dominance in pure 
aspen and mixed aspen/conifer stands 
on the Uncompahgre Plateau, Colorado, 
USA. Forest Ecology and Management: 
338-348.

St. Clair, S.B., Cavard, X., and Bergeron, 
Y. 2013. The role of facilitation and 
competition in the development and 
resilience of aspen forests. Forest Ecology 
and Management 299: 91-99.

Stine, S., D. Gaines, and P. Vorster. 1984. 
Destruction of riparian systems due to 
water development in the Mono Lake 
watershed. Pages 528-533 in R. E. Warver 
and K. M. Hendrix, editors. California 
riparian systems: ecology, conservation, 
and productive management. University 
of California Press, Berkeley, CA.

83



R
ef

er
en

ce
s

Guide to Quaking Aspen Ecology and Management

Stocks, B., J. Mason, J. Todd, E. Bosch, B. 
Wotton, B. Amiro, M. Flannigan, K. 
Hirsch, K. Logan, and D. Martell. 2003. 
Large forest fires in Canada, 1959-1997. 
Journal of geophysical research 108:FFR5. 
1-FFR5. 12.

Turner, M.G., Romme, W.H., and Tinker, D.B. 
2003. Surprises and lessons from the 1988 
Yellowstone fires. Frontiers in Ecology 
and the Environment 1(7): 351-358.

VerCauteren, K. C., N. W. Seward, M. J. 
Lavelle, J. W. Fischer, and G. E. Phillips. 
2007. A fence design for excluding 
elk without impeding other wildlife. 
Rangeland Ecology and Management 60.

Worrall, J.J., Egeland, L., Eager, T., Mask, R.A., 
Johnson, E.W., Kemp, P.A. and Shepperd, 
W.D. 2008. Rapid mortality of Populus 
tremuloides in southwestern Colorado, 
USA. Forest Ecology and Management 
255: 686–696.

Worrall, J.J., Rehfeldt, G.E., Hamann, A., 
Hogg, E.H., Marchetti, S.B., Michaelian, 
M., and Gray, L.K. 2013. Recent declines 
of (Populus tremuloides) in North 
America linked to climate. Forest Ecology 
and Management 299: 35-51.

Zier, J.L., and Baker, W.L. 2006. A century 
of vegetation change in the San Juan 
Mountains, Colorado: An analysis using 
repeat photography. Forest Ecology and 
Management 228:251-262.

84



A
ppendices

Guide to Quaking Aspen Ecology and Management

Appendix 1: Key Terms

Active Management:
Human actions that intend to 
physically, directly, manipulate 
vegetation or wildlife towards a goal 
of restoring ecosystem composition 
or function. Examples include tree 
cutting, burning, root ripping, 
seeding, introduction of plant or 
animal species, or soil disturbance.

Adaptive Cycle (of management): 
An approach to stewardship that 
is highly dependent on ongoing 
monitoring to inform adjustments 
to management actions over time. 
This approach contrasts with some 
traditional practices involving design 
and implementation of prescriptions 
without followup monitoring and/
or course correction if undesirable 
outcomes persist.

Auxins:
Hormones that regulate plant 
growth, usually via cell elongation. 
In aspen, auxins located in the apical 
meristems may suppress ramet 
sprouting when trees are healthy. 
Interruption of auxin transfer to the 
roots, such as when the aboveground 
ramet dies, facilitates a flush of 
regeneration.

Boreal:
Forested region just south of the 
Arctic zone (also called taiga).   These 
forests comprise very large areas of 
northern Canada and Alaska where 
North American aspen mix with 
conifers, as well as lesser amounts of 
birch and poplar.

Catkins:
The flowering portion of aspen trees. 
Catkins may be either male or female 
in aspen, allowing distinction in 
genotypes by sex (see Dioecious).

Clearfell–Coppice Harvest:
Complete harvest of aspen overstory 
with the intent of encouraging 
regeneration via root suckering 
(vegetative reproduction) rather 
than seeding or planting. This 
traditional aspen harvest approach 
is more appropriate for seral than 
stable aspen, but there are additional 
concerns about impacts to associated 
plant/animal communities with this 
approach.

Community:
Synonymous with “ecosystem.” 
Refers not to individual species (often 
aspen), but to whole communities 
that are ecologically linked to, or 
even dependent upon, that species.

Cytokinins:
A class of plant hormones responsible 
for increased cell division and plant 
growth. Cytokinins in aspen root tips 
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may be the key chemical responsible 
for active ramet sprouting, 
particularly following aboveground 
disturbance.

Dioecious:
Plants having distinct male or female 
reproductive organisms on different 
individuals or, in the case of aspen, 
clones. Thus, entire aspen clones are 
either female or male.

Elevation/Aspect Limited:
Relatively small, stable aspen forests 
set apart from conifer or mixed 
types by their preference for specific 
aspects, elevations, or combinations 
of both.

Fire Regime:
Measurable parameters, often 
expressed in terms of an average, 
which characterize wildfire in 
specific forest types or communities. 
Common measures expressed in 
fire regimes are size, frequency, 
seasonality, and severity. Fire regimes 
in aspen vary considerably based on 
functional type and age, presence, 
density, and species of forest cohorts. 
See Shinneman et al. (2013) for a 
detailed discussion of aspen fire 
types.

Fire Severity:
The measurable change in vegetation 
(amount or biomass) from before to 
after a given fire event. In general, 
stable aspen will burn less severely—

often not at all—compared to seral 
types. See Shinneman et al. (2013) 
for a detailed discussion of aspen fire 
types.

Fire Type:
Categories per  Shinneman et al. 
(2013):
 
• Fire Type 1—Fire-independent, 

stable aspen
• Fire Type 2—Fire-influenced, 

stable aspen
• Fire Type 3—Fire-dependent, 

seral, conifer–aspen mix
• Fire Type 4—Fire-dependent, 

seral, montane aspen–conifer
• Fire Type 5— Fire-dependent, 

seral, subalpine aspen–conifer

Genet:
The entire group, or clone, of 
genetically identical stems. These 
groupings comprise aspen as a 
genotypes, as opposed to as single 
stems (see Ramet).

Herbivory:
The eating of plants by animals. 
Relating to aspen, herbivores 
generally come in two types: 
mammals and insects. Generally 
speaking, insects prey on herbaceous 
(soft) material and can have great 
impacts in mass attacks on mature 
trees. Mammalian herbivores, often 
ungulates, consume juvenile aspen. 
A notable exception is the beaver, 
which harvests both young and 
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relatively mature aspen stems for 
food, habitat modification, and lodge 
building.

Indicators:
Key monitoring indices that, in 
theory, represent broader conditions 
of a community, landscape, or region 
than simple mensuration measures. 
Examples include recruitment rate 
(long-term herbivory and structural 
stand health), percent bare soil 
(trampling, erosion, and plant 
diversity), and  lichen diversity 
(greater biodiversity, human 
alteration, and air quality).

Natural Range of Variation (NRV):
The concept that a given ecosystem 
is dynamic over time within a 
broadly defined range of conditions 
determined by disturbance and 
climate. Species compositions 
fluctuate over time. Status outside 
the NRV may require restorative 
management.

Parklands:
A wide arc of stable aspen 
communities found in south-central 
Canada (AB/SK/MB) and small 
portions of the United States (MT/
MN). Agricultural development has 
impacted much of this area over the 
previous century.

Passive Management:
Activities that do not directly 
manipulate plant or animal species 

to restore ecosystem composition or 
function. Examples include fencing 
herbivores out, using noises or scents 
to dissuade herbivory, reducing 
human use to encourage wildlife, 
allowing wildfires to burn, and 
changing livestock use patterns.

Ramet:
A stem or branch of a larger group 
of genetically identical organisms. 
In aspen, each stem within a clone, 
whether remaining attached via 
roots or not, is known as a ramet.

Regeneration:
Recently sprouted suckers or new 
seedlings. Density of regenerating 
stems on a per area basis provides 
estimates of response to disturbance, 
ongoing growth, or general root 
system health. Regeneration stems 
are distinguished from recruitment, 
as a general rule, by being <6 ft. (<2 
m) in height.

Recruitment:
Aspen suckers that are most likely 
to replace mature canopy stems in 
the future. Recruitment stems are 
those >6 ft. (<2 m) in height. Stems 
taller than 6 ft. are assumed to have 
“escaped” browsing from elk, deer, 
cattle, and sheep (in most instances).

Riparian Aspen:
Aspen forests growing within ready 
access to water (riparian zone) and 
often surrounded by nonforested 
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conditions. These functional 
aspen types, both seral and stable 
communities, display different 
characteristics and disturbance 
regimes than upland types.

Resilience:
Ability of an ecosystem to respond 
positively to human or natural 
disturbance over long periods. 
Commonly, this does not necessarily 
mean that an ecosystem retains 
exact plant/animal composition, 
but that it retains key ecological 
processes over time and in the face 
of stochastic, intrinsic, and extrinsic 
forces. With the number of unknown 
outcomes expected under human-
caused climate change, “resilience” 
provides a practical goal for many 
management prescriptions at a 
variety of scales.

Seedling:
Aspen regeneration originating from 
sexual reproduction (i.e., seeds and 
not root suckers) and comprising a 
new genotype (i.e., genet). Recent 
research has shown that seedling 
occurrence, traditionally described 
as being rare, is much more common 
following fire (and potentially 
other disturbances) than previously 
thought.

Seral Aspen:
Functional aspen types subject 
to succession, usually from shade 

tolerant conifers. Seral aspen, 
in general, are more likely to 
be governed by stand-replacing 
disturbance events than stable types. 
Following such events, fast-growing 
aspen regeneration will dominate 
sites initially, though aspen will 
eventually compete with conifers for 
resources.

Stable Aspen:
Aspen communities with little or no 
competition from other tree species. 
These pure or nearly pure aspen 
forests are commonly multilayered 
and rarely subject to stand-replacing 
events. Replacement of the overstory 
over time occurs through individual 
and small group mortality and 
subsequent gap infilling.

Sucker(ing):
Aspen ramets originating asexually 
from root meristems. The process of 
sprouting ramets from lateral roots.

Sudden Aspen Decline:
Death of overstory AND root 
systems within a relatively short 
period (3–5 years). While the 
term is frequently used, it has not 
been widely documented without 
invocation of longer term browsing, 
fire suppression, drought, or altered 
vegetation and disturbance types. 
Commonly, local or regional rapid 
overstory die-offs are followed by 
vegetative root regeneration and, less 
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often, seedling establishment; this 
pattern does not qualify as sudden 
aspen decline.

Terrain Isolated:
Relatively small, stable aspen 
forests surrounded by nonforest 
communities for reasons related to 
physiographic position. Examples of 
terrain isolated aspen include those 
found in landscape depressions or on 
moraines, avalanche chutes, volcanic 
outcrops, or talus slopes. Vegetation 
communities surrounding these 
isolated types, as well as the unique 
substrates in which they occur, 
clearly influence their functional 
ecology.

Trophic Cascades:
Ecological processes, often predator–
prey–vegetation interactions, 
affecting three or more trophic levels. 
An abundance of research affecting 
aspen communities has investigated 
negative influences (or not) that 
the absence of apex predators 
(e.g.,wolves) has on key herbivores 
and subsequent aspen reproduction.

Wildland Urban Interface (WUI):

Where suburban or exurban human 
development intermixes with forest 
communities. Interface communities 
are more technically defined by the 
Forest Service as those lands with 
development within 1.5 miles (2.4 
km) of >50% wildland vegetation. 

With respect to aspen, the WUI may 
be actively managed to promote 
aspen communities as firebreaks. 
Generally, the higher the aspen 
composition of a forest (versus 
conifers), the greater the likelihood 
of reducing fire spread and overall 
impacts.
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Appendix 2: Aspen Stand Condition Rating System

The purpose of the visual rating system is to provide a quick subjective 
assessment of aspen conditions at the stand level when resources and 
time are limited. This system has been tested (and peer-reviewed) as a 
significant measure of key, objective, field-measured variables (Rogers 
and Mittanck 2014; Rogers et al. 2015). This measure works best 
when supplemented by 1–5 field metrics (see Table 5.1), in particular 
recruitment, browse level, and mature tree status and damage.

Estimate the overall visual stand condition using this subjective 
ranking tool. The key indicators include aspen mortality, the condition 
of stems under 6 ft./2 m tall (regeneration) and over 6 ft./2 m tall but 
short of the overstory or canopy (recruitment), and the overstory/
canopy. Record one of these categories on the field form:

1. Good (meets all three criteria):
• Minimal overstory mortality and stem disease present (< 5%); 
• Several aspen layers (> 3) visually identifiable; AND
• Browsing impacts on regeneration uncommon (< 25%).  
• To be ranked ‘good,’ all three criteria met.

2. Moderate* (stands not fitting into categories 1 or 3).

3. Poor (meets two criteria):
• Overstory mortality and/or stem cankers common (> 25%); 
• Visual aspen layering absent or minimal (1-2 layers only); OR
• Browsing impacts clearly evident (> 50%) on regeneration. 

*The system is designed to favor ratings of moderate by making rankings of “good” or 
“poor” more difficult to achieve.
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Appendix 3: Annotated Management Plan Outline

This annotated management plan outline provides a “starter kit” for 
those wishing to begin a large and potentially complex aspen project. 
The BLM’s Vernal Field Office in Utah completed a management plan 
using a similar approach (Rogers et al. 2013).

Summary

Provide a brief overview of the project using laymen’s language 
Include geographic scope of project.

Introduction

1. Purpose and Need 
Define objectives. 
Provide an overview of quaking aspen and key local issues (cite 
relevant literature).

2. Data Collection 
Provide a detailed summary of the aspen adaptive cycle steps 1–4. 
Select key indicators for aspen system, supplement with 
traditional and locational measures (optional). Use remote data 
sources: available mapping databases, remote sensing data, and 
photos. 
Collect field monitoring data, check for errors/correct, and store 
in secure location.

3. Analysis and Results 
Summarize data in descriptive figures and tables. Perform basic 
data analysis—baseline or change analysis. 
Interpret and document results (are they reliable, what do they 
mean).

4. Implement Plan 
Acquire necessary public input and administrative approvals. 
Implement management actions (aspen adaptive cycle step 5).
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5. Posttreatment Monitoring 
What is the appropriate time gap between action and 
monitoring?  
Collect remeasure data, photos. 
Do results confirm/reject expectations?

6. Management Recommendations and Adjusted Plan 
(Repeat 3 above.) 
Formalize adaptive cycle (step 6). 
Is target aspen stand or landscape more/less resilient? What 
actions, if any, are required based on monitoring results?

7. References 
(If appropriate.)
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Appendix 4: Sample Monitoring Form
Page 1

Data Sheet: Book Cliffs Aspen Monitoring 2012
plot#:   _____ date  ________ GPS X __________ GPS Y ____________ Elev. __________ Stable (1) or Seral (2)_____

# Stand (aspen) layers ________ 1st Disturbance ______ 2nd Disturbance ______ Stand condition_______

Fecal Count (transect): 1 2
Cattle
Sheep
Elk
Deer

Tree Tally (classes = 1 Regeneration; 2 Recruitment; 3 Mature):
Line transect # class species count browse dead dbh class

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22 Photo Point ID
23 E
24 W
25 N
26 S

Cover: Tr #1  A___  C___ S___ A___  C___ S___  A___  C___ S___  A___  C___ S___  A___  C___ S___  A___  C___ S___  A___  C___ S___  

Cover: Tr #2  A___  C___ S___ A___  C___ S___  A___  C___ S___  A___  C___ S___  A___  C___ S___  A___  C___ S___  A___  C___ S___  

Aspen stand age _____

Plot-level 
comments:

Understory cover_____

Percent polygon aspen _______

comments
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Page 2

Line transect # class species count browse dead dbh class
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Plot layout: Book Cliffs Aspen Monitoring 2012

Plot center
Photo point & direction
Sampling transects

comments

30 m

2
 m
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Abstract 
 As highly productive and biologically diverse communities, healthy quaking aspen (Populus 
tremuloides; hereafter aspen) forests provide a wide range of ecosystem services across western 
North America. Western aspen decline during the last century has been attributed to several 
causes and their interactions, including altered fire regimes, drought, excessive use by domestic 
and wild ungulates, and conifer encroachment. Today’s managers need science-based guidance 
to develop and implement strategies and practices to restore structure, processes, and resilience 
to the full range of aspen functional types across multiple spatial scales. In these guidelines, we 
detail a process for making step-by-step decisions about aspen restoration. The steps are: (1) 
assessment of aspen condition, (2) identification of problematic conditions, (3) determination of 
causal factors, (4) selection of appropriate response options, (5) monitoring for improvement, and 
(6) assessment and adaptation. We describe the need for reference areas in which the full range of 
natural environmental conditions and ecosystem processes associated with aspen can be observed 
and quantified, and provide a list of example sites for Utah. These guidelines provide a road map 
for decision makers to adaptively manage aspen in a time of increasing environmental stress and in 
anticipation of an uncertain future.

Keywords: Populus tremuloides, active restoration, passive restoration, aspen functional type,  
                   decision chain, monitoring, ungulate browse pressure, climate change
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Scope and Purpose

 Healthy quaking aspen (Populus tremuloides; hereafter aspen) 
communities are characterized by high productivity and structural diversity 
(fig. 1). High-functioning, nonriparian aspen forests support a more diverse 
array of plant and animal species than any other upland forest type in the 
western United States (Chong et al. 2001; Mueggler 1985). In addition, 
aspen communities provide or enhance critical ecosystem services such as 
functioning as living firebreaks, beneficial soil water storage and discharge, 
and habitat for sensitive wildlife species; and are valued for recreational 
activities and aesthetic qualities.

 Approximately 9 percent (5.1 million ac, or 2.1 million ha) of the land 
area in Utah is forested, excluding pinyon-juniper woodlands (10.7 million 
ac, or 4.3 million ha) (Werstak et al. 2016). Aspen is present, either as the 
dominant tree species (1.6 million ac, or 0.6 million ha) or as a subdominant 
(1.2 million ac, 0.5 million ha) on just over half (55 percent) of the forested 
lands in the State. The abundance of aspen is similar or less in other 
Intermountain States (Frescino et al. 2016; Witt et al. 2012).

 Forested lands in Utah occur on lands administered by the Bureau of 
Land Management, U.S. Department of the Interior (39 percent); Forest 
Service, U.S. Department of Agriculture (34 percent); private interests  

Figure 1—A diverse understory is characteristic of a healthy aspen stand, such as 
this stand at the Mason Draw exclosure, La Sal Mountains, Manti-La Sal National 
Forest (photo credit: Faith Bernstein, Grand Canyon Trust, used with permission).
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(15 percent), and State and other agencies (12 percent) (Werstak et al. 2016). 
Aspen is found across all ownership classifications, but is most prominent on 
lands administered by the Forest Service. 

 Researchers disagree on aspen status and trend in the Intermountain 
West. Kay and Bartos (2000) report that aspen has decreased throughout 
the region during the 20th century, and that aspen-dominated acreage 
within the five national forests of Utah has declined by 50 percent or more. 
Other research based on Forest Service, Forest Inventory and Analysis 
data (Werstak et al. 2016) indicates that aspen in Utah has not decreased in 
area in the last 20 years, and that the rate of aspen decline may have been 
exaggerated. Differences in interpretation about status and trends in aspen 
may be related to the spatial and temporal scales on which inferences are 
based (Kulakowski et al. 2013). 

 Any decline of aspen is cause for concern, as aspen in the West does 
not reliably reproduce from seed and thus the loss of an aspen stand may be 
considered to be permanent. Some recent aspen declines have been attributed 
to severe drought conditions interacting with multiple biotic stressors, 
especially in areas of marginally suitable habitat (Worrall et al. 2013) (fig. 2). 
Rehfeldt et al. (2009) predict climate change-driven losses in suitable aspen 
habitat of 40 to 94 percent in the western United States by the end of the 21st 
century. 

Figure 2—Three lone trees remain of this aspen stand on a marginal microsite on 
Monroe Mountain, Fishlake National Forest. Increased frequency and severity of 
drought interacting with other stressors lead to canopy decline and recruitment failure. 
In this near-terminal example, sagebrush steppe has almost completely replaced 
the aspen community (photo: Ellen Morris-Bishop, Grand Canyon Trust, used with 
permission). 
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 Aspen management decisions in Utah have substantial ecological, social, 
and economic implications. The aspen management strategies that are most 
likely to achieve desirable outcomes are those grounded in scientific research 
and careful observation. Land managers are urged to consider landscape-
scale conditions, as well as stand-specific factors, when making management 
decisions about the suitability of disturbance and protection options to restore 
aspen.

 The term “restoration” can mean different things to different people, 
and definitions can range from broad concepts to narrow applications. Here, 
“aspen restoration” will refer primarily to actions that improve aspen health 
or resilience, or both, where the species is currently present and where 
environmental conditions are suitable for long-term persistence.

 We intend the strategies and guidelines outlined herein as a road 
map for use by managers of public and private forested lands to identify, 
design, and implement projects to restore aspen forests. We recommend 
that managers follow a multistep pattern, namely: (1) assess the condition 
of aspen, (2) identify potential problematic conditions, (3) determine the 
causal factors that contribute to the identified problematic conditions, (4) 
select from a range of appropriate response options to address the causes of 
those conditions, (5) implement appropriate monitoring to establish baseline 
conditions and to detect changes related to treatments or management 
actions, and (6) reassess and adapt by using steps 1 through 5. Use of this 
approach will allow managers to learn more about aspen management in 
general, and to determine whether different treatments are warranted to 
achieve success. 

 This set of guidelines is a revised and updated version of an earlier 
set prepared by the Utah Forest Restoration Working Group (2010) (see 
Appendix A). The principles and practices described in this working 
document will continue to be tested in aspen forests in Utah and elsewhere in 
the Intermountain West.
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Aspen Restoration in Utah: Ecological Considerations

 At the landscape scale, aspen condition varies due to variability in 
natural processes including fire, succession, extreme climatic events, and 
biotic agents; and due to human influences. For instance, much of the 
historical (20th-century) loss of aspen-dominated acreage is attributable to 
“encroachment” and overtopping by conifers (Kay 1997) (fig. 3). However, 
conifer presence with aspen does not by itself indicate unhealthy conditions 
or an inherent need for restoration. Aspen and conifers have commingled, 
and will continue to coexist, across a broad continuum of successional stages 
that are regulated by complex and variable fire regimes and other disturbance 
processes that vary across time and space (Heyerdahl et al. 2011). These 
patterns are in turn modified by oscillations and interactions of climate with 
wildlife and human activity. Restoration activities should have a landscape-
scale goal of creating conditions that support a balance of successional stages 
that collectively foster broad-scale sustainability and resilience to a wide 
range of disturbances. Even if we cannot precisely determine the natural 
range of variation in historical conditions, managing for resilience gives us 
the best chance for minimizing losses to future climate change.

Figure 3—The aspen in this stand on Gentry Mountain, Manti-La Sal National Forest, 
appears vigorous but is approaching an ecological threshold where shading by dense 
subalpine fir will lead to aspen decline. Without periodic disturbance, the conifer 
recruits into and eventually displaces aspen at some locations (photo: Stanley G. 
Kitchen, USDA Forest Service). 
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 Fire is a keystone disturbance process that shapes all but the wettest, 
driest, or most fire-protected plant communities of North America (Frost 
1998). Fire resets successional processes in upland aspen (see next subsection 
for description of aspen functional types), and favors shade-intolerant aspen 
by initiating pulses of root suckering and seedling establishment (fig. 4). 
Therefore, variations in fire regimes regulate the relative importance or 
dominance of aspen and conifers spatially and through time, often creating 
complex vegetation mosaics—legacies of past disturbance (Shinneman et al. 
2013; Tepley and Veblen 2015) (fig. 5). Reconstructed, multicentury fire and 
forest histories document a broad range of historical fire regimes associated 

Figure 4—(a) Vigorous aspen regeneration occurred during the first year after 
the Box Creek Fire at Monroe Mountain, Fishlake National Forest. Initial postfire 
suckering of aspen is often dense, especially when fire severity is high. (b) Recruiting 
young aspen within a burn perimeter contrasts with the mixed aspen-conifer stands 
that did not burn in a relatively recent fire at East Mountain, Manti-La Sal National 
Forest. Over time, postfire aspen suckers grow to maturity, thus resetting forest 
succession (photos: Stanley G. Kitchen, USDA Forest Service). 

a

b
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with Utah aspen including frequent, low-severity surface fire; infrequent 
(possibly rare), high-severity fire; and mixed-frequency, mixed-severity fire 
that varied through time and across space (Heyerdahl et al. 2011).

 Less is known about the role of fire and the nature of historical fire 
regimes in upland persistent aspen where conifers are largely absent 
(Shinneman et al. 2013). Though current thinking suggests that sustained 
crown fires are highly unlikely in this type (DeRose and Leffler 2014), the 
possibility of high canopy mortality caused by lower intensity burning of 
herbaceous, understory fuels—leading to pulsed regeneration—cannot be 
discounted. The necessary curing of what are typically burn-resistant fuels 
occurs most reliably in the fall when the probability of lightning ignitions 
from summer thunderstorms has diminished. This timing suggests that Native 
American ignitions may have been important where late-season fires in 
persistent aspen prevailed (Kitchen 2016).  

 In many areas today, a high proportion of late-seral, conifer-dominated 
stands—including stands in which live aspen tree density is extremely low—
has been attributed to the absence of fire over the past 100 to 150 years (Kay 
1997). The effects of this change in fire regimes is especially notable for 
areas in which historical fire-free intervals were short to moderate in length. 
Late 19th-century disruption in natural fire regimes is well documented 
for western U.S. forests and has been attributed to the cumulative effects 
of livestock removal of fine fuels, disruption of Native American burning 
practices, and various levels of fire suppression (Covington and Moore 1994; 
Kitchen 2016). Early 20th-century climatic conditions were favorable for 
conifer establishment and very likely played an important and synergistic 
role with reduced fire in the regionwide shift to conifer dominance (Rogers 
et al. 2011). Forest stands which historically experienced long (100+ years) 
fire-free intervals are least impacted by 20th-century changes in fuels and fire 
management (Baker 2009).

Figure 5—This aspen-conifer dominated landscape on Monroe Mountain, Fishlake 
National Forest, contains vegetation patches in various stages of postdisturbance 
succession (photo: Aaron Rhodes, Brigham Young University, used with permission).
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 Expected warming and drying conditions in our region may promote 
disturbance patterns that are very different from what we have seen in the 
recent past (Littell et al. 2009; Westerling et al. 2006). Though we cannot 
predict the future with precision, we can encourage adaptive management 
strategies that enhance resilience and provide options for future generations. 
Taking a long-term view may mean, for example, adopting management 
practices that incorporate more frequent fire to promote aspen suckering or 
seedling establishment—as opposed to actively thinning conifer regrowth for 
short-term aspen advantage.

 Population dynamics for ungulates and their predators changed 
dramatically in North America with Euro-American settlement, which in turn 
effected changes in browse pressure in wildland ecosystems. Variable levels 
of browsing and grazing within aspen communities by wild and domestic 
ungulates is another major consideration when planning aspen restoration 
(Weisberg and Bugmann 2003). Healthy aspen stands tend to sprout 
prolifically after rapid overstory mortality, but heavy browsing or grazing 
pressure by ungulates can greatly reduce chances of successful recruitment 
(Britton et al. 2016; Hessl and Graumlich 2002; Rogers and Mittanck 
2014) (fig. 6). Aspen seedlings that establish following fire are particularly 
vulnerable to ungulate herbivory.

Figure 6—Aspen is both heavily browsed and restricted to protected locations 1 year 
after the Box Creek Fire at Monroe Mountain, Fishlake National Forest. Excessive 
postdisturbance browse pressure is evident where suckers are heavily browsed 
or restricted to protected locations such as within shrubs or under logs. If pressure 
persists, postdisturbance recovery can fail and aspen will be lost (photo: Stanley G. 
Kitchen, USDA Forest Service). 
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 Variable intensity and timing of herbivory, in combination with changes 
in fire regimes, logging practices, and even high genetic variability among 
clones can alter expected outcomes (Britton et al. 2016; Kanaga et al. 2008). 
Thus, management decisions on different sites and at different spatial scales 
should attempt to account for these factors to the extent possible.

 In sum, no guidelines for aspen management can anticipate all situations. 
The intent here is to promote holistic thinking in management decisions. 
When action precedes understanding—of either the larger ecological 
context or the agents operating on aspen in specific sites—the probability of 
irrevocable loss of aspen increases. Conversely, failure to act can also yield 
negative consequences. Predecision and postdecision monitoring is critical 
when management outcomes are uncertain. Documentation of restoration 
failures, as well as successes, is an important component of management. 

 Aspen communities are typically classified based on the suitability 
for conifer establishment and growth, differences in ecological processes 
(i.e., succession), and the physical environment (fig. 7). Although distinct 
aspen types are defined for convenience, the environmental conditions and 
ecological processes that define these types vary incrementally, suggesting 
that the designation of discrete classes—although useful—is largely artificial 
in nature. With that caveat, we provide generalized definitions for three 
primary aspen functional types found in Utah: upland persistent aspen 
(commonly called stable or pure aspen), upland seral aspen, and riparian 
aspen.

Aspen  
Functional Types

Figure 7—Three aspen functional types are present on this landscape near 
Strawberry Peak, Ashley National Forest. Upland persistent aspen occupies broad 
ridge tops, upland seral aspen occurs with conifers on steep slopes, and riparian 
aspen follows drainage bottoms (photo: Stanley G. Kitchen, USDA Forest Service). 
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Upland Persistent Aspen  
(Commonly Called Stable or Pure Aspen)
 Aspen dominates the overstory in all stages of succession, and 
regeneration and recruitment are generally continuous or pulsed but may 
also be episodic. Conifers are absent, or, if they are present, numbers and 
importance remain sufficiently low through time such that they have minimal 
impact on aspen or understory species (fig. 8). Stands of upland persistent 
aspen range in size and connectivity from small isolated stands to large, more 
or less continuous stands.

Upland Seral Aspen
 Upland seral aspen is found on sites favorable for conifer recruitment 
and growth and co-occurs with one or more conifer species. The relative 
abundance of aspen and conifers depends on the time since last disturbance—
aspen dominates early stages and conifers dominate late stages of succession 
(fig. 9). Aspen recruitment may be episodic in response to synchronized 
canopy mortality (aspen and conifers) related to discrete disturbance events 
(e.g., fire or other disturbance). But aspen also may respond to small gap 
formation in a more nuanced fashion, and thus is maintained across a wide 
range of spatial scales.

Riparian Aspen
 Riparian aspen grows in soils that are affected by their proximity to 
surface water (fig. 10). Conifer abundance and importance and successional 
processes vary. 

Figure 8—Multiaged aspen stands on East Mountain, Manti-La Sal National Forest, 
are examples of the upland persistent aspen functional type (photo: Stanley G. 
Kitchen, USDA Forest Service). 
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Figure 9—This aspen, pine, and spruce stand in the Tushar Mountains, Fishlake 
National Forest, typifies the upland seral aspen functional type (photo: Stanley G. 
Kitchen, USDA Forest Service). 

Figure 10—This stand 
on Monroe Mountain, 
Fishlake National 
Forest, is characteristic 
of the riparian aspen 
functional type (photo: 
Mary O’Brien, Grand 
Canyon Trust, used with 
permission). 



U.S. Forest Service RMRS GTR-390. 2019. 11

 Other aspen stand types exist (e.g., lithic aspen or snow-pocket aspen), 
but these three types are by far the most spatially extensive, and hence the 
major ones for which management or restoration decisions are repeatedly 
made in Utah forests. These guidelines focus on upland persistent aspen and 
upland seral aspen. Because ecological processes for these vegetation types 
differ, management strategies may also need to differ to maximize resilience 
in these two general types of aspen forest. Guidelines for riparian aspen 
restoration will be developed independently for a separate publication.

 Finally, these guidelines focus on restoration of aspen forests, 
specifically the trees; but the maintenance of healthy aspen communities—
including understory shrubs, grasses, and forbs—is of equal importance as 
a management focus. Given that aspen stands provide critical ecosystem 
services and support disproportionately high numbers of vascular plant, 
insect, bird, and mammalian species, an increase in aspen area may be 
expected to yield much greater increases in species diversity than would 
increases of other forest types (Chong et al. 2001).

• In many areas of Utah, conifer establishment and growth were favored in 
the early 20th century by a moist climate and lack of fire (Rogers et al. 
2011). Today, there is an overrepresentation of late-seral conditions, in 
which conifers are increasing in density and replacing aspen. 

• Aspen sucker abundance and growth following crown-killing disturbance 
may be reduced by domestic and wild ungulate browsing. In cases where 
pressure is high, browsing can result in complete recruitment failure and 
loss of aspen from a site in a matter of a few years (Britton et al. 2016; 
Hessl and Graumlich 2002). Small-scale pulsed recruitment associated 
with forest gap formation in mixed aspen-conifer stands and pulsed 
or continuous recruitment typical in upland persistent aspen stands 
are particularly sensitive to even moderate levels of chronic browse 
pressure, which may cause a loss of age cohorts and a reduction in clonal 
resilience (Rogers and Mittanck 2014). This loss of clonal resilience can 
lead to a downward spiral, resulting in loss of clones occupying the site 
(Worrall et al. 2013).

• Severe, prolonged drought due to a warming and drying climate has 
contributed to aspen decline in some areas, particularly stands at lower 
elevations (Worrall et al. 2013). 

• Budgetary, social, administrative, economic, technical, and ecological 
constraints may limit response options available to land managers 
charged with addressing these declines.

• Public understanding of the importance of aspen, the implications of 
aspen decline, and the rationale for selection of any given management 
response to decline varies from place to place. Consequently, there are 
varying levels of support for aspen treatment or management.

• Competing priorities may dilute support for restoration efforts in aspen. 
For example, wood fiber production, wildlife management, livestock 
grazing, human habitation, and fire suppression—in combination or 
separately—can complicate implementation of management actions 
deemed necessary for long-term aspen health.

Summary of Major 
Challenges to Aspen 
Restoration
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Reference Areas as Tools for Aspen Restoration

 Aspen restoration programs benefit when management targets are 
informed by quantifiable reference conditions. Reference areas help separate 
climate effects (e.g., drought) from management effects and provide 
indications of aspen community (overstory and understory) potential. 
Repeated documentation of conditions and changes within reference areas 
can provide understanding of aspen recruitment, disease, drought, understory 
development, and succession over long periods of time, shedding light on 
complex aspen ecosystem dynamics. As such, reference areas have the 
potential to provide multiple values beyond those associated with restoration. 

 Reference areas should be selected to represent the full range of 
environmental conditions, thereby increasing opportunities to address a 
variety of issues (fig. 11). Areas large enough to capture a wide range of 
environmental variation, and to include ecological processes that operate 
across variable spatial scales, are preferred. Ideally, individual reference 
areas include a range of aspen types and are thus useful in addressing 
different questions. Areas that retain natural processes and composition 
are good candidates for reference areas. In contrast, aspen stands used for 
dispersed camping or livestock grazing, or those with high browse use by 
native ungulates, do not make good reference areas. 

 Although long-term exclosures are helpful in disentangling cause-and-
effect relationships (fig. 12), their value as reference areas is limited for 
several reasons. For example, full or high-fence exclosures do not allow 
the full complement of natural processes (i.e., ungulate herbivory), are 
expensive to maintain, and are typically small in size. Multi-unit exclosures 
may affect animal behavior in unplanned ways. For example, wild ungulates 
may be drawn to ungrazed patches caused by cattle-exclosure subunits when 
livestock grazing outside the exclosure is heavy. Exclosure maintenance is 
an ongoing requirement, particularly when livestock are drawn to ungrazed 
“green spots” in the landscape. Within these limitations, exclosures can 
be useful, especially when conditions are documented periodically. Big-
game exclosures provide insight into the effects of wild ungulates, or the 
cumulative effects of wild and domestic ungulates on local vegetation. 
Similarly, monitoring data from a high-fence exclosure with an 18-in (46-cm) 
gap between soil and bottom edge of fence (to allow deer passage only), can 
provide some evidence of deer impacts separate from those of elk or cattle.

 Because Utah’s aspen occurs across a wide range of physical and 
biological conditions, a network of suitable areas that include the full range 
of representative environments should be identified and maintained. Table 
1 provides a comparison of characteristics for a noncomprehensive list of 
example areas in Utah that qualify as aspen reference areas. 
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Figure 11—(a) Twelve Hundred 
Dollar Ridge, Ashley National 
Forest, and (b) Cottonwood 
Allotment, Tushar Mountains, 
Fishlake National Forest, are aspen 
reference areas where understory 
vegetation is dominated by native 
perennial grasses; (c, d) in other 
reference areas, such as Walt 
Muegler-Butler Fork Research 
Natural Area, Uinta-Wasatch-
Cache National Forest, tall forbs 
with shrubs are often present in 
a subdominant to codominant 
role (photo a: Stanley G. Kitchen, 
USDA Forest Service; b: Mary 
O’Brien, Grand Canyon Trust, used 
with permission; c and d: Wayne 
Padgett, USDA Forest Service). 

Figure 12—The Grindstone Flat exclosure on the Tushar Mountains, Fishlake 
National Forest, was originally established in 1934 with two parts: a high fence to 
exclude all ungulates, and a low fence to exclude cattle only. A wildfire burned through 
the area in 1996 and the exclosure was rebuilt the next year. The exclosure is used 
to demonstrate the effects of long-term protection from herbivory on aspen. (photo: 
Stanley G. Kitchen, USDA Forest Service).

a b

c d
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Reference areas  
with aspen present Size (ac) Size (ha) Location

Aspen 
type(s)

Time without 
livestock Description

Uinta-Wasatch-Cache National Forest

Walter F. Mueggler- 
Butler Fork Research 
Natural Area

1,270 510 Big Cottonwood 
Canyon

Persistent 
Seral 

Riparian

100+ years Established 
specifically for 
aspen; mixed 
conifer zone

Boxelder Peak  
(east side)

700 280 American Fork 
Canyon

Persistent 
Seral

25+ years  
(1990–present)

Mixed conifer zone

Mill Peak 4,000 1,600 American Fork 
Canyon

Persistent 
Seral

25+ years  
(1990–present)

Mixed conifer zone

Alpine Loop 1,200 500 American Fork and 
Provo Canyons 

along State Road 92

Persistent 25+ years  
(1990-present)

Mixed conifer zone

Timpooneke Road 350 140 North side of 
Mount Timpanogos 

Wilderness

Persistent 
Seral

25+ years  
(1990-present)

Mixed conifer and 
subalpine zones

Strawberry Valley  
Project Lands

64,000 
(~9,700 

ac 
aspen)

26,000 
(~4,000 

ha 
aspen)

Strawberry Valley Persistent 
Seral

25+ years  
(1990–present)

Mixed conifer zone

Ashley National Forest

Vernal Municipal 
Watershed

6,886 2,789 Ashley Creek 
drainage

Seral 
Persistent

42+ years  
(1973–present)

Mixed conifer zone

Twelve Hundred Dollar 
Ridge

60 24 4.5 mi (7.2 km) NE 
of Strawberry Peak

Persistent 
Seral

Unknown; isolated 
by steep terrain 
and distance to 

water

Native perennial 
grasses dominate 
understory; mixed 

conifer zone

Fishlake National Forest

Nielson Canyon 700 280 Monroe Mountain Persistent 
Seral

Unknown; remote Mixed conifer and 
subalpine zones

Cottonwood Allotment 46,516 
(~884 ac 
aspen) 

18,839 
(~358 ha 
aspen)

East side of Tushar 
Mountain Range

Persistent 
Seral 

35+ years Subalpine zone

Grindstone Flat 
Exclosure

0.1 0.04 Tushar Mountain 
Range

Seral 80+ years Published 
research; 

subalpine zone

Manti-La Sal National Forest

White Mesa Cultural 
Conservation Area

28,000 11,300 North Elk Ridge 
– Monticello

Persistent 
Seral

15+ years; fenced 
from trespass 

livestock in 2014

Treatments 
planned

Dixie National Forest

Timbered Cinder Cone 
Research Natural Area

640 260 Markagunt Plateau Seral Never had 
livestock

Subalpine zone; 
protected from 

livestock by lava 
flows

Table 1—Size, administrative unit (national forest), aspen functional types, livestock-free status, and general information for 
representative aspen reference sites in Utah.
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Aspen Restoration Decision Chain

 This section describes six primary steps for use in making decisions 
about aspen forest restoration. It provides the framework and logic for a 
step-by-step process to identify restoration needs and to select and validate 
appropriate practices to achieve restoration goals. Literature citations and 
brief descriptions support the application of the framework across the diverse 
environmental and cultural landscapes that exist in Utah. Our hope is that it 
will stimulate discussions within groups of resource specialists and others 
engaged in planning aspen restoration. Bartos (2007) and Shepperd (2001) 
describe approaches that parallel the process described in more detail here.

Step 1. Assess general conditions

Step 2. Identify potential problematic conditions 

Step 3. Identify probable agents or underlying cause(s) for problematic 
conditions

Step 4. Select appropriate response option(s) that address the probable agents 
or root causes and associated problematic conditions

Step 5. Implement appropriate monitoring to establish baseline conditions 
and detect changes related to application of selected restoration 
activities  

Step 6. Reassess and adapt by using steps 1 through 5

 These guidelines are designed to be flexible across small to large (few to 
several thousand acres) spatial scales. Given apparent trends in aspen health, 
abundance, and recruitment across Utah, aspen restoration planning and 
implementation efforts must be scaled up to adequately address conditions 
manifested at broad spatial scales, and to effect meaningful change in aspen 
health trajectories across the landscape (Bartos 2007). For this reason, large-
scale aspen restoration projects (even if implemented incrementally) are 
preferred to truly benefit aspen forest communities over the long term.

 Treatments, including simple management modifications (i.e., passive 
management) on relatively small areas can be useful for testing response 
options on specific locations, and should not be ruled out when they are used 
as part of an adaptive management approach. Small treatment areas may also 
be appropriate when aspen clones of interest are naturally small in size and 
scattered across the geophysical setting. To make the most positive change on 
the trajectory of aspen in a watershed, multiple small stands may need to be 
treated together.

Six Steps of the  
Aspen Restoration 
Decision Chain
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Step 1. Assess  
General Conditions

 The first step in the aspen restoration decision process is to compile an 
accurate picture of the status of aspen within and across ownerships and 
jurisdictions of the area of interest. We recommend a two-phase process; 
however, data collection and compilation efforts are complementary and may 
run concurrently. 

Phase 1 
 In the first phase, extent and spatial distribution of aspen functional types 
(i.e., upland persistent and seral aspen and riparian aspen) on the landscape or 
other area of interest are mapped. Validation of map accuracy through ground 
or aerial surveys, or both, is highly recommended. Maps and supplemental 
spatial data that inform the decision process could include:

• Wildlife use and needs (e.g., big-game use patterns and habitat critical 
for species of management concern);

• Livestock use (e.g., water developments, allotment and pasture 
boundaries, grazing plans);

• Recreational use patterns (e.g., dispersed camping sites, trails for all-
terrain vehicles [ATVs]);

• Infrastructure (roads, buildings, developed campgrounds);
• Private inholdings;
• Special designations (e.g., wilderness, designated roadless areas, 

municipal watersheds, timber management areas); and
• Historical disturbance regimes (e.g., fire).

Phase 2 
 In the second phase, the general condition of aspen within each 
functional type is assessed from data already available or collected for 
this purpose. Current successional trajectories should be assessed by 
assuming that no passive (changes in management) or active (treatments) 
restoration options are pursued. Key parameters may include estimates of 
stand composition and structure (e.g., variability in live-tree density, aspen-
to-conifer ratio, age- and size-class structure), abundance of regeneration 
and recruits, and understory composition. If data are not already available, 
the nature of these data typically requires some level of boots-on-the-
ground effort to ensure conditions are accurately assessed. Data for Step 
2 (identification of problematic conditions) may be collected as part of 
condition surveys to improve operational efficiency.

 Once completed, the general assessment (Step 1) provides a foundation 
for determining (1) whether or not aspen restoration is needed, (2) the kinds 
of barriers and risks that will need to be addressed in the restoration strategy, 
and (3) a framework for setting realistic goals and metrics for determining 
when those goals have been met.

 Although some indication of possible restoration response options can be 
made at this time, final decisions should wait until after potential problematic 
conditions (Step 2) and the probable agents responsible for those conditions 
(Step 3) are clearly identified.
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 Although the focus of Step 1 should be at the landscape level, it is 
important to recognize and map the presence of small isolated stands that 
may be biologically important and genetically unique. These stands may be 
particularly susceptible to climate change or current and future management 
practices and may merit special consideration when potential treatment or 
management options are evaluated.

 While conducting aspen condition assessments, and opportunistically 
at other times, managers should document the presence or absence of 
factors known to be reliable indicators of risk to aspen ecosystems. These 
risk factors provide a basis for managers to prioritize stands for restoration 
consideration (table 2).  

Low Levels of Aspen Regeneration
 Low levels of regeneration (suckers <6 ft tall) (table 3), especially for 
older, persistent aspen stands with open or declining canopies (aspen canopy 

Step 2. Identify 
Potential Problematic 
Conditions for Aspen

Risk indicator or potential problematic 
conditions

Persistent 
aspen

Seral 
aspen

Importance

Low levels of aspen regeneration Primary Secondary

Low levels of aspen recruitment Primary Secondary

Evidence of heavy browsing (i.e., hedged shoots) Primary Primary

Shading by or competition with dense conifers Not applicable Primary

Aspen overstory <40% cover  
   or trees >100 years old Primary Secondary

Increasing sagebrush cover in a declining  
   aspen stand Secondary Secondary

Degraded understory vegetation (shrubs,  
   grasses, forbs) Secondary Secondary

Insects and pathogens Secondary Secondary

Table 2—Common indicators of potential risk to aspen communities, and their 
importance in persistent and seral aspen stands.

Table 3—Levels of aspen regeneration and recruitment as indicators of capacity for 
stand self-replacement.

Aspen regeneration levels (suckers <6 ft [2 m] height)

>1,000/ac >2,500/ha self-replacing

500–1,000/ac 1,250–2,500/ha marginal

<500/ac <1,250/ha not self-replacing

Aspen recruitment levels (stems ≥6 ft and <canopy height)

<500/ac <1,250/ha not self-replacing, 
recommend investigation
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cover <40 percent) (Bartos and Campbell 1998), may be an indication that 
stands are not self-replacing (Bartos and Campbell 1998; Britton et al. 2016; 
Campbell and Bartos 2001; Kurzel et al. 2007; Mueggler 1989; Rogers et al. 
2010) (fig. 13). However, regeneration for aspen stands with high densities 
of healthy trees and high canopy cover (typically, but not always, young 
to middle-aged stands) may be suppressed by apical dominance; hence, 
low densities of immature stems alone are not indicative of problematic 
conditions (fig. 14). Such stands often arise after disturbances (e.g., fire, 
disease, insects), and may thrive with low levels of regeneration for an 
extended period. 

 Lack of aspen regeneration alone is an unreliable indicator of risk for 
seral aspen stands as well. Regeneration for healthy stands of this functional 
type is typically episodic and prolific with the timing of sucker initiation 
closely linked to synchronized death of overstory trees (e.g., after fire).

Low Levels of Aspen Recruitment
 In persistent aspen communities, the presence of abundant regeneration 
alone is not sufficient to ensure that stands are self-replacing. In self-
replacing stands, evidence of adequate recruitment (subcanopy stems ≥6 ft 
tall) (table 3) may need to be present if a stand is to be considered healthy, 
especially for mature stands with open or declining canopies (Bartos and 
Campbell 1998; Britton et al. 2016; Campbell and Bartos 2001; Kurzel et 
al. 2007; Mueggler 1989; Rogers et al. 2010). A minimum density of 500 

Figure 13—Poor regeneration in aging persistent aspen will lead to loss of the 
stand if not corrected, Monroe Mountain, Fishlake National Forest (photo: Stanley G. 
Kitchen, USDA Forest Service).
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Figure 14—Regeneration under persistent aspen may be limited due to apical dominance and competition by overstory  
trees. Sucker density for (a, b) this upland persistent aspen stand in the Ashley National Forest was estimated at 253 stems 
per ac (625 stems per ha) with all stems less than 6 ft (2 m) tall. Canopy tree density was measured at 664 stems per ac 
(1,641 stems per ha). A short distance away (c, d) in the same stand, sucker density was estimated at 6,956 stems per ac  
(17,188 stems per ha)—a 27-fold increase—with 35 percent of the shoots taller than 6 ft. In this portion of the stand, 
recent mortality had reduced live tree density in the overstory about 60 percent to 253 stems per ac (625 stems per ha) 
demonstrating that pulsed regeneration can occur when apical dominance and competition are reduced or lost with periodic 
overstory mortality (photos: Sherel K. Goodrich, USDA Forest Service).

recruits per ac (1,200 per ha) is recommended (Bartos and Campbell 1998) 
(fig. 15). This applies to small isolated stands as well as to larger, more 
continuous stands.

 Lack of aspen recruitment is an unreliable indicator of risk for seral 
aspen stands. Recruitment for healthy stands of this functional type is 
typically episodic following disturbance-initiated, synchronized die-off of 
overstory trees. Successful aspen recruitment has been documented (DeRose 
and Long 2010; Kay and Bartos 2000) under the shaded conditions of high 
conifer canopy cover (60–70 percent) where ungulate browsing was not a 
factor. 

a b

c d
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Figure 15—An estimated recruit (suckers ≥6 ft [2 m] tall) density of 1,000 stems 
per ac (2,500 stems per ha) for this stand in Ashley National Forest with declining 
overstory exceeds the 500 stems per ac (1,200 stems per ha) minimum threshold 
recommended for self-replacing stands (photo: Sherel K. Goodrich, USDA Forest 
Service). 

Evidence of Heavy Browsing 
 Chronic repeated browsing will give aspen shoots a hedged or shrubby 
appearance, a condition that is easily detected from walking surveys  
(fig. 16). In extreme cases, live shoots may be restricted to the relative 
protection of shrub (e.g., sagebrush) canopies or log piles (fig. 17). Stems 

Figure 16—Chronic browsing produces aspen that has a shrubby or hedged 
appearance, and a low probability of ever recruiting into the canopy (photo:  
Faith Bernstein, Grand Canyon Trust, used with permission). 
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Figure 17—A sagebrush plant protects hedged aspen (photo: Stanley G. Kitchen, 
USDA Forest Service). 

with heavily clipped apical meristems rarely recruit beyond the reach of 
browsing ungulates. 

Shading by, or Competition From, Dense Conifers 
 Replacement by dense conifer forests through succession is a pervasive 
threat to seral aspen stands with long (>100 years) disturbance-free intervals 
(Bartos and Campbell 1998) (fig. 3). Conifer replacement is not a threat 
to persistent aspen stands. Increasing cover of subalpine fir shades aspen 
regeneration and alters soil chemistry in ways that negatively affect aspen 
growth (Calder et al. 2011). These soil changes reduce aspen height growth 
and biomass production and lower the production of defense compounds that 
may deter herbivory (Calder et al. 2011). Decreased light also greatly reduces 
mycorrhizal associations, decreasing aspen’s ability to take up soil nutrients 
(Clark and St. Clair 2011).

 The presence of conifers in seral aspen or mixed aspen/conifer stands is 
not by itself an indication of problematic conditions. A dynamic interaction 
between conifer and aspen is characteristic of this functional type, and 
the relative abundance of either in any point in time may be indicative of 
successional stage and site-specific conditions that favor aspen or conifer 
species, or both. Use of historical range of natural variability of aspen and 
conifers at landscape scales is strongly recommended.

Aspen Overstory Less Than 40 Percent Cover  
or More Than 100 Years Old
 An open, old, or declining aspen overstory in seral stands is often the 
result of competition from conifers. Persistent aspen stands with an open, 
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declining overstory (<40 percent) (Bartos and Campbell 1998) are at risk if 
regeneration or recruitment is insufficient (fig. 13). Where both regeneration 
and recruitment are adequate, a declining overstory is less of a concern; we 
would expect the stand to be self-replacing (figs. 14, 15).

Increasing Sagebrush Cover in a Declining Aspen Stand 
 Sagebrush species are shade intolerant but can survive in relatively 
open aspen stands. Mueggler (1988) describes an aspen/big sagebrush 
community type. This type may occur as an ecotone between aspen and 
sagebrush communities or in single-clone islands surrounded by sagebrush-
grass steppe. In these settings, aspen stands with a declining overstory and 
insufficient regeneration and recruitment can be replaced by sagebrush  
(figs. 2, 13). Aspen stands with sagebrush cover greater than 10 percent may 
be at risk (Bartos and Campbell 1998). These stands may also be particularly 
vulnerable due to browsing or drought (Rogers and Mittank 2014).

Degraded Understory Vegetation 
 In addition to the status of trees, understory species (forbs, grasses, or 
shrubs, or a combination thereof) are a major source of aspen community 
diversity and productivity (fig. 11) and may be depleted relative to potential 
(fig. 18). Indicators of understory degradation may include excessive bare 
soil exposure, increased dominance by shrubs, short stature of the herbaceous 
component, or dominance by grazing-tolerant, nonnative species such as 
smooth brome (Bromus inermis) or Kentucky bluegrass (Poa pratensis). 
Reduction of understory vegetation due to grazing and browsing may 
sufficiently reduce fine fuels to prevent the occurrence and spread of 
beneficial low-severity fire (DeRose and Leffler 2014).

Figure 18—(a) Dense cover by a diverse community of native tall forbs, shown here in Ephraim Canyon, Manti-La Sal 
National Forest, or perennial grasses (see figure 11) are characteristic of healthy aspen understory communities. (b) Bare 
ground, low productivity, and dominance by nonnative species are clear signs of understory degradation, shown here on 
Gentry Mountain, Manti-La Sal National Forest (photo a: Stanley G. Kitchen, USDA Forest Service; photo b: Mary O’Brien, 
Grand Canyon Trust, used with permission). 

a b



U.S. Forest Service RMRS GTR-390. 2019. 23

Insects and Pathogens
 Aspen are host to a plethora of native insect and disease agents (Hinds 
1985) (fig. 19; see also Appendix B). Episodic disturbance due to these 
agents is a normal part of many aspen ecosystems, and otherwise healthy 
stands can recover from these events. Extreme climatic events such as 
drought and freeze-thaw cycles that are projected to intensify under future 
climate scenarios are expected to reduce aspen vigor through cavitation and 
defoliation events (Anderegg et al. 2012; Worrall et al. 2008). Competition 
with conifers and greater exposure to extreme climatic events can be 
expected to constrain physiological function, resulting in carbon depletion 
that will compromise aspen’s defense against defoliators and pathogens. 
Together these changes lead to decreases in aspen overstory growth rates 
(Shepperd 2001), and reduction in aspen regeneration vigor (Smith and 
Smith 2005).

Figure 19—(a) Bronze poplar borer is a common insect pest recognized by characteristic zigzag galleries under aspen bark. 
(b) Sooty bark canker is a common disease of aspen. These pests are two of the most common agents of aspen mortality 
in western North American landscapes (photo a: Brytten Steed, USDA Forest Service; photo b: John Guyon, USDA Forest 
Service).

a b



24 U.S. Forest Service RMRS GTR-390. 2019.

 Problematic conditions provide symptomatic evidence that one or 
more aspects of the environment are no longer compatible with aspen 
sustainability. It is critical to correctly identify and characterize the agent 
or agents responsible for the development and perpetuation of problematic 
conditions manifested across the landscape. It is also essential to distinguish 
root causes of unfavorable conditions from the conditions themselves. For 
example, we have identified the development of dense stands of conifer 
within late successional seral aspen stands as a problematic condition. Thus, 
conifer “encroachment” is best thought of as a symptom rather than a cause 
in relation to aspen decline. 

 An understanding of the possible causes of successional imbalance is 
needed to properly inform managers of best strategies for implementing 
corrective measures. In this case, changed fire regimes, climate anomalies, 
or reduced competition for seedlings due to chronic overgrazing of the 
herbaceous understory could each—alone or cumulatively—be contributing 
factors to increased conifer dominance. An understanding of the relative 
importance of each of these factors would in turn provide the basis for 
selecting the most appropriate response (including no response)—or suite of 
responses—to restore the aspen-conifer balance over the long term. 

 We propose that there are relatively few root causes for aspen decline in 
Utah. Here we identify major factors, link them to problematic conditions, 
provide examples of how they interact, and make inferences about the likely 
effectiveness of mitigation efforts for each.

Altered Disturbance Regimes
 We have established that some forms of disturbance (e.g., fire, conifer 
insect and disease outbreaks, avalanches, wind-throw) favor aspen over 
conifer by temporarily eliminating competition and by inducing pulses of 
aspen regeneration. Sprouting shrubs and herbaceous species that are present 
in the forest understory may also benefit from fire. Calder and St. Clair 
(2012) note that gaps in conifer overstory may be extremely important in 
creating high light conditions within late successional aspen-conifer stands 
that allow aspen to persist without larger disturbance. Shading or competition 
from conifer is often inaccurately blamed for a lack of aspen recruitment. The 
underlying causes described next are more likely to be the sources of the lack 
of recruitment. 

 Changes in disturbance regimes (e.g., reduced fire frequency) can lead 
to aspen and understory decline relative to historical conditions, and can 
have cascading detrimental effects. Shaded aspen have reduced root system 
reserves and produce weaker regeneration responses and lower levels 
of secondary compounds that protect against herbivory (Donaldson and 
Lindroth 2007). These changes, in turn, make aspen stands more susceptible 
to even moderate browse pressure and drought. Reduced understory cover 
and vigor result in a reduced forage base for wild and domestic ungulates, 
increasing pressure on aspen suckers and the remaining herbaceous 
understory. 

Step 3. Identify 
Probable Agents or 
Underlying Cause(s) 
for Problematic 
Conditions
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 Response options such as prescribed fire, allowing lightning-ignited 
fires, and actions that remove or thin conifer are designed to correct the 
effects of lack of disturbance. Restoring disturbance regimes may, however, 
require a commitment to multiple actions over time rather than single 
treatment entries.

Climate Change 
 The most conspicuous aspect of climate change comes in the form 
of increases in mean temperature over time. Precipitation patterns are 
projected with greater uncertainty, but we can expect changes in annual 
totals, seasonality, and class (i.e., rain versus snow). Although increases in 
atmospheric carbon dioxide (CO2) are not climatic in nature per se, they are 
linked to climate. Elevated CO2 levels have differential impacts on plant 
metabolism among species, and are expected to affect biotic relationships. 

 Climate change is a present reality in Utah, as manifested by milder 
winters, increased drought severity, reduced snowpack, and longer fire 
seasons. Future changes are expected to be more extreme and are predicted to 
have major impacts on the distribution, composition, and function of natural 
ecosystems, including aspen communities (Rehfeldt et al. 2009). Stands that 
occur near the warmer and drier limits of aspen are most vulnerable (Rogers 
and Mittanck 2014; Worrall et al. 2013). Climate change is likely to interact 
with other drivers, such as disturbance regimes, to affect the extent and 
distribution of aspen in the future (Anderegg et al. 2012; Yang et al. 2015). 
Today, climate change may be inferred as a root cause of decline in stands 
that show problematic conditions (e.g., declining, weak overstory, weak 
regeneration, increased sagebrush cover in the understory) and where other 
possible root causes (e.g., excessive browse pressure) have been eliminated.

 Restoration activities that increase genetic and age-class diversity, or 
reduce the impacts of other stressors, improve aspen resilience to climate 
change. Increased use of high-severity fire is one way to promote younger 
age classes through suckering and increased genetic diversity through 
establishment of seedlings. Susceptible stands may require higher levels of 
protection from browsers to accommodate longer regeneration timeframes 
dictated by more frequent and severe drought and insect or disease outbreaks. 
Treatments that reduce or eliminate competition from conifers are also 
expected to improve resilience to climate change.

Excessive Browsing by Wild or Domestic Ungulates
 Browsing of aspen suckers is excessive when the timing or duration 
of domestic and wild ungulate foraging on aspen results in insufficient 
recruitment of aspen shoots into the canopy to ensure that stands are self-
sustaining (Hessl and Graumlich 2002; Rogers and Mittanck 2014). Factors 
that affect whether browse thresholds are exceeded may be fairly constant 
(e.g., livestock stocking level or wildlife population size), under continual 
unidirectional change (e.g., reductions in forage base without disturbance), or 
variable from year to year (e.g., winter snowpack, summer monsoonal rains). 
Aspen stands that are near water, on gentle topography, or near livestock 
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bedding grounds are particularly susceptible to ungulate herbivory (Kay 
2003). Heavy browse pressure on regeneration after aspen canopy removal 
(i.e., fire or clearcut) can result in depletion of root reserves and permanent 
loss of aspen in a matter of a few years (Britton et al. 2016) (fig. 20). Where 
browse pressure is high, ungulates are attracted disproportionately to small 
treatment areas where the flush of growth makes for an easy meal. In some 
cases, multi-unit exclosures can be used to assess the relative impacts of 
different classes of ungulates present at the site.

Figure 20—Aspen and conifers were removed in these clearcuts on the Fishlake 
National Forest on (a) Monroe Mountain and (b) a portion of the giant Pando 
clone with the expectation that the treatments would result in aspen regeneration. 
Subsequently, intense browse pressure prevented aspen recruitment and resulted 
in the complete loss of aspen from treatment areas. Young aspen trees in the 
background of panel b were also in a treated area but are within an exclosure 
protected by an 8-ft (2.4-m) tall fence (photo a: Aaron Rhodes, Brigham Young 
University, used with permission; photo b: Stanley G. Kitchen, USDA Forest Service).

a

b
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 The extent and severity of this driver of aspen instability are likely to 
expand in the future as average snowpack decreases (longer grazing season) 
and the frequency and severity of drought increase with changing climate. 
The greater challenge may be to develop public and institutional support 
for active and passive response options that are effective in proactively 
reducing the amount of browsing of aspen by wild and domestic ungulates to 
sustainable levels.

Recreation and Development 
 Although negative effects of recreational activities on aspen are not 
generally observed at the same scales as those previously discussed, they can 
be consequential at local scales (fig. 21). Impacts such as physical damage 
to mature trees and suckers, crushing of herbaceous vegetation, and soil 
compaction and increased soil erosion are generally associated with dispersed 
camping, off-trail use of ATVs, and similar activities (Shepperd et al. 2006). 
The effectiveness of response options such as public education programs and 
development of improved campsites and trails will vary by site, depending 
on the nature of improvements and the degree of public support. 

 Exurban development into forested settings is becoming increasingly 
widespread in Utah and throughout the West (fig. 22). Activities associated 
with this change in land use can have substantial detrimental impacts on 
forested communities, including aspen. Besides the obvious loss of habitat 
and damage from construction of infrastructure and buildings, increased 
human use can have impacts similar to those of recreational activities. 

Figure 21—Dispersed camping in aspen stands, Fishlake National Forest can cause 
negative impacts. (photo: Stanley G. Kitchen, USDA Forest Service).
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Figure 22—Exurban development impacts aspen communities directly and limits 
future management options (photo: Stanley G. Kitchen, USDA Forest Service).

 The phrase “response options” is used rather than “treatment options,” 
because some management actions are passive in nature and hence the term 
“treatment” does not apply. Response options that require treatments are 
classified under active restoration. One or more response options may be 
appropriate for any given combination of aspen functional type, problematic 
condition(s), and causes of those condition(s). Conversely, specific response 
options may be inappropriate when the goal is to protect particular resource 
values. 

 One option will always be to continue with current management. If a 
publicly owned aspen forest or community exhibits problematic conditions, 
action is probably warranted. However, various circumstances can sometimes 
prohibit action. Where this is the case, managers should clearly document 
and communicate the reason(s) for no action, detailing the expected 
consequences of the decision.

Response Option Selection—General Recommendations
1. Select response options that address identified underlying cause(s) 

of problematic conditions. Some responses may be inappropriate for 
particular areas (e.g., roadless areas) or incapable of addressing the 
causes of the problematic conditions.

2. Rely on best available science and local experience to identify and select 
response opportunities that have the greatest probability of success in 
restoring and maintaining resilient aspen communities.

3. Establish quantifiable measures of restoration goals (overstory and 
understory) and develop baseline and post-implementation monitoring 
protocols as part of the restoration decision. Include monitoring costs in 
restoration project budgets. 

Step 4. Select 
Response Option(s) 
Relevant to the 
Particular Aspen 
Functional Type, 
Problematic 
Condition(s), 
Underlying Causes 
of the Problematic 
Condition(s), and 
Landscape Context
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4. When strong disagreements prevent consensus on the causes of 
problematic conditions, preferred response options, or expected 
outcomes, trials with side-by-side treatment alternatives for comparison 
over time may be useful.

5. For areas designated as wilderness or with wilderness potential 
(including designated roadless), select restoration practices that have 
a reasonable probability of success and have minimal impact on 
wilderness or roadless values. A few likely scenarios in practice include 
prescribed burning over logging-related options and reliance on natural 
fuel breaks or substantially inconspicuous fuel break construction (e.g., 
use of masticator, flush-cut stems, and graduated or feathered edges of 
treatment areas), or a combination of these types of fuel breaks.

6. Document boundaries of pretreatment and desired posttreatment aspen 
extent. (Note: This is appropriate where there is concern that stand area 
may be reduced after treatment.)

A Menu of Possible Responses
 Note: It is possible to combine several responses at the same time, or 
move to other options following monitoring.  

 Many management activities, alone or in combination, have been 
considered and tested for restoring aspen (DeRose et al. 2014; Long and 
Mock 2012). Aspen stands vary considerably by functional type, stage of 
succession, and genotype. It is important to understand this variability and 
manage accordingly (Long and Mock 2012; Rogers and Mittanck 2014). 
Ultimately, the selected option(s) should be based on the likelihood of 
achieving well-defined, data-driven management objectives focused on 
reducing the risk of aspen loss.

Active restoration (active vegetation treatments)—
1. Prescriptively burn aspen and conifers.
2. Selectively cut overstory conifers or aspen, or both. The practice of 

leaving scattered large legacy trees (coppice with reserves) on the site 
does not seem to hinder sucker establishment, but the reserve trees are 
often subject to sunscald and insect and disease damage (Bartos et al. 
1994; Shepperd 2001). 

3. Cut subdominant conifers.
4. In conifer-dominated stands, create scattered canopy gaps in the conifer 

overstory to promote aspen suckering in the gaps (Long and Mock 
2012). This must be accompanied by close monitoring and actions 
(e.g., fencing, pasture rest, jackstrawing) to ensure that aspen sucker 
recruitment reaches the 6-ft+ height class in those cases where browse 
pressure appears to be contributing to recruitment problems.

 For conifer-overtopped or late successional aspen-mixed conifer types 
found in potential wilderness or roadless areas, canopy gap creation 
or group selection (depending on tree number or gap size) may be 
recommended in lieu of a coppice and regeneration harvest prescription. 
In these cases, a number of associated mitigation measures are available 
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to ensure consistency with WUI and potential wilderness or roadless 
values. These include jackstrawing tree boles to impede ungulate grazing 
in canopy gaps (and mitigate cost of fencing), flush-cutting smaller boles 
even with the forest floor, limiting stump heights on sawtimber-sized 
boles, and helicopter skidding.

5. Girdle conifers.
6. Cut aspen roots to stimulate suckering (“root separation”). Cutting roots 

has been used successfully to stimulate suckering in some settings (e.g., 
isolated clones) and may be useful when the objective is to expand the 
area covered by smaller clones (Shepperd et al. 2006). One value of 
root separation is that mature trees are left relatively undisturbed and 
remain a potential resource for further action in case the treatment does 
not reach the stated objective. At the same time, this treatment may have 
unacceptable impacts on site productivity.

7. Improve or increase the availability of native vegetation for wildlife 
nutritional opportunities outside of the aspen stands of concern.

8. Coppice (clearcut) aspen and conifers. Coppice has been commonly used 
in the past to promote even-aged aspen stand regeneration (Shepperd et 
al. 2015). There are ecological concerns that should be addressed when 
this option is used for aspen restoration, particularly if the cut trees are 
removed. These concerns include the following:
a. Some nutrients and opportunity for soil carbon enrichment are lost 

from the site when overstory tree biomass is removed from the site.
b. While many understory plants benefit from full sunlight, some may 

be impacted negatively by loss of shading.
c. Although the coppice option (cutting all trees) can introduce a new 

age class of aspen within cutting units, old standing (live and dead) 
trees that provide important ecological services (including potential 
seed trees and continued suckering) are eliminated from treatment 
units.

d. Recent practical experience (Shepperd et al. 2006) supports leaving 
large aspen trees inside a coppice treatment, as well as down 
jackstrawed trees to address the preceding issues and herbivory 
concerns.

e. Old-growth conifer trees which predate fire suppression activities 
and probably coexisted in or near the aspen stand during a 
more active fire regime are likely to resist fire when retained. 
Consideration should be given for retaining these legacy trees.

9. Plant aspen seedlings or rooted cuttings. Although further development 
of the techniques required for successful implementation of this response 
option is needed, this approach provides an opportunity to increase 
genetic diversity and expand restoration to locations where aspen has 
been completely eliminated.
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Passive restoration (reduce or remove browsing and other pressures 
on aspen)—
1. Allow lightning-caused fires to burn. Lightning-ignited fires frequently 

burn at higher severity and with greater extent than do prescription fires, 
resulting in stronger suckering response, opportunities for aspen seedling 
establishment, and better dispersion of herbivores (Wan et al. 2014). 

2. Fence to exclude domestic or wild ungulates, or both, depending on 
prior determination of type of ungulate pressure. In situations where 
the relative impact of domestic livestock versus wildlife has not been 
determined, a livestock exclusion fence alone may be a reasonable first 
choice. The effectiveness of livestock exclusion on aspen recruitment 
should be documented using appropriate monitoring protocols. Large 
exclosures (especially high-fence exclosures) are expensive to build, 
difficult to maintain, and generally not practical. Rest, whether provided 
by fences or other management action, may be needed for 3 to 5 
(occasionally up to 15) years, or until aspen suckers reach a height that is 
relatively safe from browsing (≥6 ft tall).

3.  Change livestock grazing management (e.g., length or timing of grazing, 
class or number of livestock, water development, placement of salt and 
nutritional supplements). For example, Jones (2010) found that the crude 
protein content of aspen suckers increases relative to other available 
forage in the later part of the grazing season. With this relative increase, 
livestock may site-specifically select for aspen suckers in the fall. The 
avoidance of fall grazing may therefore offer protection for suckers.

4. Establish and enforce annual browse utilization limits in grazing 
systems with the objective of ensuring that adequate densities of aspen 
regeneration reach the minimum recruitment height class (≥6 ft tall).

5. Rest livestock allotments or pastures where aspen stands are excessively 
browsed. Resting is an appropriate option when passive restoration 
options 3 and 4 are not sufficient or feasible, or when actions are needed 
across a landscape.

6. Explore evolving technologies and strategies to mitigate wild ungulate 
impacts on aspen regeneration and recruitment. Because wild ungulates 
can be wide-ranging and variable in their migratory habits, it can be 
difficult to achieve reduced browse impacts at the stand scale by using 
behavior modification or other non-fencing techniques while maintaining 
animal numbers over broader spatial scales (but see Weisberg and 
Bugmann 2003). 

7. Working within the existing framework for wildlife management, 
develop specific big-game herd objectives that are compatible with 
resource conditions within the area.

8. Prevent or reduce dispersed camping within aspen stands.
9. Post or sign dispersed camping restrictions in appropriate locations.
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Other possible influences on selecting response options—
1. Interagency or public working groups (including a variety of stakeholders 

and interests) may be able to propose solutions for addressing 
complicated, site-specific problems using existing mechanisms and other 
creative options.

2. Local outreach and education efforts on the value of aspen forests and 
the need for aspen management may increase feasibility of particular 
response options.

3. Treatment options that increase fuel hazards on site may at times conflict 
with WUI management objectives. 

4. The coppice option (with or without reserves) may conflict with potential 
wilderness or roadless area values.

5. Jackstrawing trees in some cases has limited ungulate access, thus 
allowing suckers to grow into the 6-ft+ height class. However, 
jackstrawing is unsightly and increases dead woody fuels for some time.

6. Exploration of landscape-scale response options may help avoid ungulate 
browsing complications that may arise when the focus is on a single 
response option at a smaller geographic scale.

 Do not treat monitoring as an afterthought, or optional activity. Baseline 
monitoring should be implemented before initiating response options, 
and monitoring should continue throughout the aspen restoration process. 
Consistency in protocols and data management is essential.

1. Clearly state project objectives and post-implementation desired 
conditions.

2. Monitor according to the schedule and methods for obtaining quantifiable 
desired conditions established prior to restoration implementation.

3. Develop, test, and document monitoring protocols (previously used 
methods should be documented in a central location for easy access, but 
may be modified for local conditions and issues).
a. Monitoring sites should be systematically or randomly based for 

objectivity and repeatability.
b. Monitor adjacent control sites for each action wherever possible.

4. Monitoring should be budgeted as part of the project.
5. Proper data management is a part of any monitoring program. Plans 

should include protocols for preserving and sharing the data.
6. Interpret monitoring data in reports.
7. Consider altering monitoring or restoration methods on the basis of 

monitoring results.

 Refer to Appendix C for protocols that have been used to monitor the 
condition of aspen regeneration and recruitment following a variety of 
treatment or management changes.

Step 5. Implement 
Appropriate Monitoring 
to Establish Baseline 
Conditions and Detect 
Changes Related to 
Application of Selected 
Restoration Activities
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Step 6. Reassess  
and Adapt by Using 
Steps 1 through 5

 Aspen restoration programs should be flexible and incorporate learn-
as-you-go and adaptive strategies. Managers need to anticipate and plan for 
unexpected outcomes.

• Robust monitoring provides both a way of comparing realized versus 
expected outcomes and objective data needed either to validate the 
efficacy of restoration activities to date, or to justify consideration of a 
change of course. 

• A resetting of the decision process by periodically revisiting one or 
more of the prior steps—even when restoration efforts may appear to be 
on target to meet predetermined goals—can provide the platform for a 
transparent, healthy program reassessment. 

• Documentation of lessons learned (including successes and failures) 
should be peer-reviewed and shared to maximize learning among 
managers and to build a library of case histories to inform the decision 
processes of future managers.
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Key Terminology

Aspen community: Aspen community types are communities containing 
aspen, as a foundational species, and its associated flora and fauna regardless 
of successional status. 

Best available science: Scientific data that are available at the time of 
a decision or action and that are determined to be the most accurate, 
reliable, and relevant for use in that decision or action. Reliable scientific 
information is objective and repeatable. Multiparty monitoring, collaborative 
or independent (or both) peer review of methods and interpretations can be 
useful means of assembling best available science.

Clone (genet): A genetic individual, potentially represented by many trees 
that have generated vegetatively and that originated from a single tree.

Coppice: Regeneration method in which “all trees in the previous stand are 
removed and the majority of regeneration is from sprouts or root suckers” 
(Helms 1998). In mixed aspen-conifer stands most of the regeneration will be 
aspen root suckers, but there may be some seedlings, both aspen and conifer, 
as well.

Coppice with reserves: Regeneration method in which “reserve trees are 
retained to attain goals other than regeneration” (Helms 1998). In mixed 
aspen-conifer stands, the reserve trees are typically mature aspen kept as 
insurance against excessive browsing of the root suckers. Some conifers may 
be kept as reserve trees to meet other management objectives such as wildlife 
mitigation or visual aesthetics, which may apply to both aspen and conifer 
reserve trees.

Exclosures: Exclosures are fenced areas designed to exclude one or more 
class of herbivore (usually ungulates but may also include small mammals 
such as rabbits, hares, or rodents). They are typically used to assess the 
effects of protection or exclusion on vegetation, such as aspen regeneration. 
Multi-unit exclosures (e.g., three- or four-way exclosures) are clusters of 
exclosures in which each subunit has fencing characteristics that restrict 
access to a different set of ungulates. For example, high fence subunits 
exclude all ungulates, low fence subunits exclude livestock while allowing 
deer and elk, and subunits that combine a high fence with bottom gap (18 in, 
or 48 cm) allow only deer or sheep. Exclosure size varies from a few feet on 
a side to several hundred acres. Benefits and drawbacks of exclosures vary 
with size, location, and monitoring or research question being asked.
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Isolated persistent aspen stands: A description that refers to small or 
moderately small aspen stands (typically less than 50 ac [20 ha] in area) that 
are scattered across the landscape surrounded by nonforest vegetation types. 
Visually, these appear as individual units, but may represent fragments of 
larger, formerly connected stands. 

Jackstraw treatment: Using fallen trees to provide refugia from ungulate 
browsing (Ripple and Larsen 2001).

Ramet: Any individual stem of a larger aspen clone (whether juvenile or 
mature). A ramet has the same genetic makeup as all other stems from that 
clone.

Recruitment (of aspen): A process that refers to the addition of new 
individuals to a population of canopy trees. The term (or its shortened form, 
recruits) is sometimes used in reference to those individual aspen shoots 
that have reached sufficient height—at least 6 ft (2 m)—to indicate that 
recruitment is taking place but are not yet mature (distinctly shorter than 
canopy trees). Shoots taller than 6 ft are less vulnerable to browsing of 
terminal buds and are thus more likely to become future canopy trees.  

Regeneration (of aspen): Production of new aspen suckers or seedlings. The 
term (or its shortened form, regen) is sometimes used in reference to those 
individual shoots that are generally less than 6 ft tall, with terminal buds 
vulnerable to browsing.   

Restoration – active: Activities such as logging, burning, seeding, tree 
girdling, root ripping, or active reintroduction of a native species in order 
to restore conditions or processes considered ecologically essential, or to 
increase resilience. 

Restoration – passive: Allowing restoration of desirable ecological 
conditions through natural processes. May include removal or modification 
of management activities that delay or prevent attainment of restoration 
goals. Examples include allowing lightning-ignited fires to run their course 
(rather than suppressing these fires) and reducing or removing stress agents 
(e.g., changing management of grazing and browsing, or recreation) that have 
suppressed aspen recruitment.

Suckers: Vegetative shoots growing from lateral roots of a clone. Suckers 
have the same genotype as the root from which they are produced.

Wildland-urban interface (WUI): The wildland-urban interface is 
composed of the boundary or gradient where urban development and 
wildland vegetation meet and often intermix. Interface communities are areas 
with housing within 1.5 mi (2.4 km) of areas with greater than 50 percent 
wildland vegetation. Aspen may act as a firebreak within a WUI; generally, 
the higher the ratio of live aspen to conifers, the less flammable the landscape 
will be.
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Appendix A: Aspen Restoration Guidelines:  
Development and History

 “Guidelines for Aspen Restoration on the National Forests in Utah” 
was the first major project of the Utah Forest Restoration Working Group 
(UFRWG). The UFRWG is a collaborative group formed for the purpose of 
reaching consensus while applying the best available science to critical forest 
issues primarily affecting national forest lands in Utah. As a consensus-
based entity, UFRWG is composed of a wide variety of interest group 
representatives: the USDA Forest Service, State agricultural and natural 
resource agencies, county government, private citizens, and nongovernmental 
organizations (environmental, resource utilization, and industry). A complete 
list of 2018 UFRWG participants and members is shown below. 

 In 2009, a UFRWG Ecology Committee was given approximately  
1 year to compile the first set of guidelines and recommendations for 
aspen management in a form agreeable to all parties. During this period 
the Ecology Committee gained input from managers around Utah working 
directly with aspen.

 A December 2009 draft was circulated among a group of scientists who 
have both conducted aspen research and observed aspen conditions in Utah 
and the West, and the final report was published in 2010, and was reissued in 
April 2011, with minor corrections. 

 In 2015, the UFRWG initiated a revision of the 2010–2011 guidelines 
to incorporate new scientific research and lessons learned during 5 years 
of use of the guidelines in various Utah sites. An Aspen Guidelines 
Revisions Committee was formed and the work of that group is found in this 
publication.   

 We believe that these revised guidelines incorporate the most current 
aspen science with the intent to guide the diverse interests to move forward 
on a range of aspen-related restoration projects in Utah and throughout the 
Intermountain West. 

• Grand Canyon Trust
• Mule Deer Foundation
• Rocky Mountain Elk Foundation
• Six County Association of Governments 
• Society of American Foresters, Utah Chapter
• Trout Unlimited, Utah Council
• U.S. Department of Agriculture, Forest Service, Intermountain Region 

(Region 4)

Utah Forest 
Restoration Working 
Group Members 2018



44 U.S. Forest Service RMRS GTR-390. 2019.

• U.S. Department of Agriculture, Forest Service, Rocky Mountain 
Research Station

• U.S. Department of the Interior, Bureau of Land Management
• U.S. Department of the Interior, National Park Service
• Utah Cattlemen’s Association
• Utah Department of Agriculture and Food 
• Utah Department of Environmental Quality
• Utah Division of Forestry, Fire and State Lands 
• Utah Division of Wildlife Resources 
• Utah Farm Bureau
• Utah Grazing Improvement Program
• Utah State University Extension
• Utah Woolgrower’s Association
• Western Aspen Alliance
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Appendix B: Common Diseases and Insects of Aspen

 The agents listed in table B1 include those most commonly observed in 
a survey of aspen insects and diseases conducted in 2007–2008 (Guyon and 
Hoffman 2011), and the personal experiences of the authors. Several of these 
agents cause significant damage only when their hosts are under stress. The 
most important stress agents include drought, grazing and browsing pressure, 
freezing damage, and competition from other plants.  

Guyon, J.; Hoffman, J.T. 2011. Survey of aspen dieback in the Intermountain 
Region. OFO-PR-11-01. Forest Health Protection. U.S. Department of 
Agriculture, Forest Service, Intermountain Region, State and Private 
Forestry. 19 p. 

Common name Genus and species Type of damage Aspen impact

Bronze poplar borer Agrilus liragus Cambial mining and wood boring Primary tree killer

Poplar borer Saperda calcarata Wood borer; weakens and 
causes physical damage

Usually found on stressed 
trees

Eastern poplar buprestid Poecilonota cyanipes Wood borer; weakens and 
causes physical damage

Attracted to damaged trees

Aspen bark beetles Trypophloeus populi and 
Procryphalus mucronatus

Bark beetles found in the outer 
bark; expedite cambial death

Attack trees under stress

Large aspen tortrix Choristoneura conflictana Foliar feeding insect; defoliates Occasional defoliator

Aspen twoleaf tier Enargia decolor Foliar feeding insect; defoliates Occasional defoliator

Sooty bark canker Encoelia pruinosa Canker disease; kills cambium Primary tree killer

Cytospora/Valsa canker Cytospora chryosperma Canker disease; kills cambium Damaging only on stems under 
stress; presence coincides with 
other damage agents

Ganoderma root rot Ganoderma applanatum Causes root system decay; 
causes windthrow

Present in many stands as 
cohorts age

White trunk rot Phellinus tremulae Causes stem decay; can lead to 
stem breakage

Increasingly prevalent in older 
ramets and cohorts

Marssonina leaf blight Marssonina spp. Foliar disease; defoliates Occasional defoliator; often 
associated with wet spring 
weather

Table B1—Common insects and diseases in aspen forests in Utah, the type of damage they cause and the impacts they have 
when present.

References
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Figure B.1—
Zigzag galleries 
characteristic 
of the bronze 
poplar borer are 
found under the 
bark after ramet 
mortality (photo: 
Brytten Steed, 
USDA Forest 
Service).

Figure B.2—
Chunky frass 

falling from large 
bore holes is 

typical external 
evidence of attack 

by the poplar 
borer (photo: Tom 

Zegler, USDA 
Forest Service).

Figure B.3—The 
larvae of the 
eastern poplar 
buprestid, shown 
here as an adult, 
bore through the 
wood of living 
or dead aspen 
(photo: Tom 
Zegler, USDA 
Forest Service).

Figure B.4—
Galleries made 

by the aspen bark 
beetle are visible 
in the outer bark 

(photo: Brytten 
Steed, USDA 

Forest Service). 
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Figure B.5—
Larvae of the 
large aspen tortrix 
commonly roll two 
to three leaves 
together (photo: 
Tom Zegler, USDA 
Forest Service).

Figure B.6—
Larvae of the 

aspen twoleaf 
tier tie two leaves 

together without 
rolling (photo: John 

Guyon, USDA 
Forest Service). 

Figure B.7—
Blackened 
cambium recently 
killed by sooty bark 
canker emerges 
through the outer 
bark (photo: Tom 
Zegler, USDA 
Forest Service).

Figure B.8—
Minute, white-

tipped perithecia 
(spore-forming 
fruiting bodies) 

of the Cytospora 
canker become 

visible on the bark 
surface (photo: 

Tom Zegler, USDA 
Forest Service). 
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Figure B.9—The 
fruiting body of 
the pathogen 
that causes 
Ganoderma root 
rot is attached to 
the base of the 
tree on the left. 
The tree on the 
right fell due to 
rotted roots (photo: 
Brytten Steed, 
USDA Forest 
Service).

Figure B.11—
Lesions on the leaf 
surface caused by 
Marssonina blight 
typically exhibit 
a brown center 
surrounded by a 
yellow halo (photo: 
Tom Zegler, USDA 
Forest Service).

Figure B.10—The 
characteristic 

fruiting body of 
the fungus that 

causes white 
trunk rot indicates 
substantial decay 

within the stem 
(photo: Brytten 

Steed, USDA 
Forest Service).
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Appendix C: Comparison of Key Attributes of Forest Service 
Monitoring Methods for Aspen Ecosystems, and a Method Used 

by Brigham Young University 

Table C1—Comparison of four methods used for monitoring aspen trend.

Aspen assessment method

Attribute

USDA Forest 
Service Pacific 

Southwest Region 
(USDA FS 2004) Jones et al. (2005)

Campbell and 
Bartos (2001)

Monroe Mountain Working Group 
Aspen Regeneration/Recruitment 
Monitoring (Rhodes et al., n.d.)a

Flexibility of 
installation (can be 
adapted to specific 
situations)

Easy Involved Easy Easy

Permanence Temporary Permanent Temporary Permanent if staked; or temporary

Plot shape Roughly linear 
transect

Belt transect; 
shape can be 

modified

Typically circular Belt transect; shape can be modified

Plot size Indeterminate 
length; typically  

90 hits of sprouts or 
young aspen

600 ft2 (6 ft ×  
100 ft) ≈ 60 m2  

(2 m × 30 m); other 
sizes can be used

Typically 0.1 ac 
(0.04 ha)

1,280 ft2 (119 m2; two perpendicular 
2 m × 30 m transects)

Ease of 
implementation

Rapid assessment Robust, involved Rapid assessment Rapid assessment

Timing of 
monitoring relative 
to treatment

Typically after Before or after,  
or both

Typically before Before or after treatment, or used to 
monitor within-year or between-year 

variation

Elements 
monitored

• Percentage 
of stems with 
terminal leader’s 
current-year growth 
browsed. 

Method measures 
the primary stems 
of aspen sprouts 
and young trees ≤5 
ft (1.5 m) in height.

• Percentage of 
stems with terminal 
leader’s current-
year growth 
browsed 

• Trend for aspen 
regeneration 
density in four size 
classes 

• Percent conifer 
cover 

• Percent aspen 
cover  

• Percent sagebrush 
cover 

• Estimated age of 
dominant aspen 

• Number of aspen 
stems 5–15 ft 
(1.5–4.6 m) tall 

• Percent browse of apical meristems 
on leading (tallest) stems and 
subleaders within a 6-in (15-cm) 
sphere of the leading stem 

• Height distribution of suckers in 
3.9-in (10-cm) increments 

• Aspen sapling recruitment: number 
of aspen 6–12 ft (2–3.5 m) in height 

• Mid-canopy aspen >12 ft and below 
the dominant overstory 

• Density, composition, and basal 
area of overstory tree species 
(point-quarter method at 16-ft [5-m] 
increments along the center of the 
belt transect)  

• Percent defoliation (an ocular 
estimate of leaf removal at the site 
averaged across all aspen stems 
recorded in 5-percent increments)

(continued on next page)
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Aspen assessment method

Attribute

USDA Forest 
Service Pacific 

Southwest Region 
(USDA FS 2004) Jones et al. (2005)

Campbell and 
Bartos (2001)

Monroe Mountain Working Group 
Aspen Regeneration/Recruitment 
Monitoring (Rhodes et al., n.d.)a

Quantities or 
thresholds 
for elements 
monitored

Yes Yes Yes Yes

Ease of conversion 
of results

Easy Moderate Easy Easy

Data analysis Tabular data sheet Tabular data sheet Tabular data sheet Tabular data sheet

Ease of 
interpretation

Easy Moderate Easy Easy

Complexity Simple Moderate Simple Simple

Provides response 
recommendations

No Yes Yes No

Table C1 (continued)—Comparison of four methods used for monitoring aspen trend.

a Rhodes, A.C.; St. Clair, S.B.; Maxwell, J. [n.d.] Monroe Mountain Working Group aspen regeneration/recruitment monitoring Unpublished 
data on file at: Department of Plant and Wildlife Sciences, Brigham Young University, Provo, UT.

Summary 
of the Methods

USDA Forest Service Pacific Southwest Region (USDA 2004)
 Simple and quick method designed to determine the percentage of aspen 
sprouts and young stems that are less than or equal to 5 ft (1.5 m) tall, with 
the terminal leader browsed.

Jones et al. (2005)
 Robust and involved method designed to measure percentage of 
regenerating aspen plants with terminal leaders utilized and the trend in 
density for four size classes. Can be used before and after treatments.

Campbell and Bartos (2001)
 Walk-through rapid assessment of aspen stand health and condition. 
Quantitative data that would be meaningful before and after a project are 
typically not collected.

Monroe Mountain Working Group Aspen Regeneration/
Recruitment Monitoring (Rhodes et al. n.d.) 
 Simple belt transect method focused on measuring height and browse on 
top leaders, combined with point quarter method for density of mature trees. 
Ocular estimates of recruitment and defoliation.
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Symposium proceedings; 2000 June 3–15; Grand Junction, CO. 
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Agriculture, Forest Service, Rocky Mountain Research Station: 299–307.

Jones, B.E.; Burton, D.; Tate, K.W. 2005. Effectiveness monitoring of 
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CA: U.S. Department of Agriculture, Forest Service, Pacific Southwest 
Region. 19 p.

Rhodes, A.C.; St. Clair, S.B.; Maxwell, J. [n.d.] Monroe Mountain Working 
Group aspen regeneration/recruitment monitoring. Unpublished data on 
file with: Department of Plant and Wildlife Sciences, Brigham Young 
University, Provo, UT.

USDA Forest Service. 2004. Browsed plant method for young quaking 
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Appendix D: Literature Relevant to Aspen in Utah  
and the Intermountain West

 The following references include syntheses of information and important 
recent contributions regarding the ecology and management of aspen with 
specific emphasis on restoring resilient aspen communities in Utah. Some, 
but not all, were cited herein. For a more complete listing of aspen-related 
literature see the continually updated bibliography maintained by Utah State 
University, Western Aspen Alliance at: https://western-aspen-alliance.org. A 
searchable spatial bibliography developed in a joint effort by the Utah State 
University, Western Aspen Alliance, and the Plant and Wildlife Sciences 
Geospatial Lab at Brigham Young University is also available on the Western 
Aspen Alliance website. 

Bartos, D.L. 2007. Chapter 3: Aspen. In: Hood, S.M.; Miller, M., eds. Fire 
ecology and management of the major ecosystems of southern Utah. 
Gen. Tech. Rep. RMRS-GTR-202. Fort Collins, CO: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Research Station: 39–55.

Brown, J.K.; Simmerman, D.G. 1986. Appraising fuels and flammability in 
western aspen: A prescribed fire guide. Gen. Tech. Rep. INT-205. Ogden, 
UT: U.S. Department of Agriculture, Forest Service, Intermountain 
Research Station. 48 p.

Calder, W.J.; St. Clair, S.B. 2012. Facilitation drives mortality patterns along 
succession gradients of aspen-conifer forests. Ecosphere. 3(6): 1–11.

Campbell, R.B., Jr.; Bartos, D.L. 2001. Aspen ecosystems: Objectives 
for sustaining biodiversity. In: Shepperd, Wayne D.; Binkley, Dan; 
Bartos, Dale L.; [et al.], comps. Sustaining aspen in western landscapes: 
Symposium proceedings; 2000 June 3–15; Grand Junction, CO. 
Gen. Tech. Rep. RMRS-P-18. Fort Collins, CO: U.S. Department of 
Agriculture, Forest Service, Rocky Mountain Research Station: 299–307.

DeByle, N.V.; Winokur, R.P., eds. 1985. Aspen ecology and management in 
the western United States. Gen. Tech. Rep. RM-119. Fort Collins, CO: 
U.S. Department of Agriculture, Forest Service, Rocky Mountain Forest 
and Range Experiment Station. 283 p.

Dudley, M.M.; Burns, K.S.; Jacobi, W.R. 2015. Aspen mortality in the 
Colorado and southern Wyoming Rocky Mountains: Extent, severity, and 
causal factors. Forest Ecology and Management. 353: 240–259.

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.
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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.

Mueggler, W.F. 1985. Vegetation associations. 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: U.S. Department 
of Agriculture, Forest Service, Rocky Mountain Forest and Range 
Experiment Station: 45–55.

Mueggler, W.F. 1988. Aspen community types of the Intermountain 
Region. Gen. Tech. Rep. GTR INT-250. Ogden, UT: U.S. Department of 
Agriculture, Forest Service, Intermountain Forest and Range Experiment 
Station. 135 p.

Mueggler, W.F. 1989. Age distribution and reproduction of Intermountain 
aspen stands. Western Journal of Applied Forestry. 4(2): 41–45.
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Overview 

Throughout the 20
th
 century, forest scientists and land 

managers were guided by principles of succession with 

regard to aspen forests. The historical model depicted 

aspen as a "pioneer species" that colonizes a site 

following disturbance and is eventually overtopped by 

conifers. Aspen systems are more diverse, however, 

than previously described. Not only are there 

distinctive seral and stable aspen, but variations within 

these types require appropriate management 

considerations (Rogers et al. 2014). We recommend a 

strategic approach to aspen resilience that builds upon 

traditional aspen ecology and incorporates knowledge 

of varying aspen functional types, effective monitoring, 

historical disturbance ecology, and collaborative 

problem-solving. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Background 

In western North America aspen has a storied history in 

popular, management, and scientific realms. As Euro-

Americans settled this region, aspen was favored for 

livestock forage and passed over, sometimes actively 

eliminated, as a timber resource. Ironically, these 

activities during the 19
th 

century inadvertently 

promoted aspen as they commonly employed fire after 

use. The elevated level of forest and rangeland burning 

during this period resulted in many of the mature aspen 

forests we see today (Kaye 2011).  

 

 

 

 

 

 

 

 

Aspen forests are highly dynamic ecosystems; they 

change through time due to relatively short life spans. 

Also, their thin bark makes them highly vulnerable to 

physical damage from insects, disease, wildlife, fire, 

and even sun scald. Over the past 150 years these 

forests have experienced long-term declines, even 

while aspen expanded in other areas (Kulakowski et al. 

2013). Many of these decades-long changes result from 

human interventions to some degree (Kaye 2011). 

 

Many aspen stands carry on an intimate relationship 

with fire.  Forest ecologists are familiar with aspen's 

susceptibility to both human- and lightning-caused fire 

in its seral state. As conifers infill over time, the forest 

becomes more susceptible to fire ignition and 

consumption. Whether stand-replacing or mixed-

severity, fire inevitably will affect these forests. Stable 

aspen types—where aspen occur with few or no 

conifers—are largely fire resistant. These forests are 

difficult to burn unless conditions are just right 

(Shinneman et al. 2013). Fire's role in aspen forests is 

highly variable depending on what type of aspen 

community is at hand, as well as its condition, slope, 

aspect, and proximity to water, among other factors. 

 

Adapted from Rogers et al. 2014 



ASPEN RESILIENCE STEPS 

System: aspen type? 

Issues: experts & stakeholders 

Causes: monitor & available science 

Document: plan, outside review, revise 

Implement: action/no action 

Resilience: monitor - adapt cycle 

Regardless of disturbance 

or aspen type, 

maintaining aspen 

resilience is highly 

dependent on local levels  

of ungulate herbivory 

(Seager et al. 2013). In 

the West, prominent 

aspen browsers include 

cattle, sheep, elk, and 

deer. If great care is not 

taken to protect post-

disturbance and post-

treatment stands from 

large ungulate browsing, indispensable  flushes of 

aspen sprouts may be consumed. Repeated browse of 

aging aspen can accelerate conifer encroachment in 

seral aspen and lead to system collapse in stable aspen 

(Seager et al. 2013; Rogers and Mittanck 2014). Key 

indicators of aspen stand resilience include amount, 

height, and browse level of regeneration (stems < 2 m 

tall); number of recruitment stems (>2 m and < 

dominant mature tree height) as a percent of live 

mature stems; pellet counts by herbivore species; and 

mortality of mature trees (Rogers and Mittanck 2014). 

 

Monitoring and Science Guide Actions 

Decision-making requires current scientific knowledge 

even when “no action” is the most appropriate course. 

For example, a clear understanding of aspen types 

dictates that clearfelling in stable aspen types will yield 

inappropriate age-class structures more vulnerable to 

excessive browse. Site- or landscape-specific 

monitoring prior to implementing actions will help 

guide appropriate management. Follow-up monitoring 

will inform adaptive practices, as well. The following 

steps will help guide management toward aspen 

resilience: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key Findings: 

1. Aspen types vary considerably and are driven by 

multiple processes. Understand distinct types and 

manage accordingly.   

2. Connect aspen types to historical ecology. Knowing 

dominant disturbances, historic impacts, and cover 

changes places current actions in a long-term context.  

3. Browsing intensity varies greatly. Monitoring for 

herbivory (i.e., recruitment success), and other 

impacts, prevents acting on invalid assumptions. 

4. Stewardship toward resilient aspen increases the 

chances of success under changing climates. 
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