The Forests They Are A-Changin’—

Ponderosa pine and mixed conifer forests on the Uncompahgre
Plateau in 1875 and 2010-13

Authors: Megan S. Matonis (megan.matonis@colostate.edu)?, Dan Binkley(dan@cnr.colostate.edu)?,
Matt Tuten (mtuten@fs.fed.us)?, and Tony Cheng (tony.cheng@colostate.edu)?
IDepartment of Ecosystem Science & Sustainability, Colorado State University, Fort Collins, CO 80523
2Quray District Office, Grand Mesa, Uncompahgre, and Gunnison National Forests, USDA Forest Service,
Montrose, CO 81401
3Colorado Forest Restoration Institute, Colorado State University, Fort Collins, CO 80523

; \ COLORADO FOREST
: RESTORATION INSTITUTE

Colorado State University (s

‘COLLABORATIVE
RESTORATION PROJECT




Dedicated in loving memory of Lynn Hoyt,
long-time member, leader, and loyal friend of the
Uncompahgre Partnership and Public Lands Partnership.
In the eloquent words of Art Goodtimes,
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Summary

Knowledge of historical stand structure and
composition is important for designing
treatments and developing desired (or un-
desirable) conditions for forest restoration.
Direct engagement of partners in collecting
this type of data builds relationships, im-
proves trust, and creates confidence in the
results.

During summer 2012 and 2013, the Un-
compahgre Partnership and undergradu-
ates from Colorado State University collect-
ed data on historical and current forest
conditions. We call this work “forestry fo-
rensics” because it involves searching for
clues about historical forest conditions in
the form of stumps, logs, snags, and old her-
itage trees. This work builds off an assess-
ment of historical forest structure conduct-
ed by the Uncompahgre Partnership and
Colorado Forest Restoration Institute in
2008 (Binkley and others 2008) and moni-
toring data collected in 2009 and 2010
(Keralis and others 2011).

Key findings from our assessment are as

follows:

e One of the most dramatic changes over
time is the reduction of small meadows
(i.e., openings). Today, the area covered
by mini-meadows is less than half of
what it was in 1875. Mini-meadows
used to cover a larger portion of the for-
est than trees.

e« We did not detect uniform spatial pat-
terns (i.e., even spacing between trees)
for historical forest conditions. All plots
in ponderosa pine and mixed-conifer
forests showed spatial clustering of

trees or random spatial patterns. Spatial
clustering means that a majority of
trees occur in groups of 2 or more. In
contrast, random spatial patterns are
characterized by several tree clumps as
well as many scattered, single trees.
Forest structure and composition on the
Uncompahgre Plateau were highly vari-
able in 1875 and are still highly variable
today.

Basal areas and tree densities ranged
widely across landscape units, but there
were no consistent differences among
areas.

Many forests of today contain 2-4 times
more trees than they did in 1875. The
largest increases are for small and me-
dium- diameter trees (<12” dbh), but
there are also a few more large-
diameter trees per acre.

Blue spruce (Picea pungens), Engelmann
spruce (Picea engelmanni), and subal-
pine fir (Abies lasiocarpa) are more
abundant today than they were in the
past, whereas ponderosas pine (Pinus
ponderosa) and Douglas-fir
(Pseudotsuga menziesii) are less abun-
dant in some forests.

The structural diversity that existed and
exists in forests across the Plateau
leaves room for creativity and flexibility
in ecological restoration. It is appropri-
ate to use a mix of approaches
(thinning, burning, thinning and burn-
ing) to create a range of post-treatment
basal areas and spatial patterns.

Forest restoration treatments recently
conducted on the Plateau have reduced
stand densities, increased variability
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within and between stands, and re-
created clumped spatial patterns in
many locations.

Several caveats accompany the information
presented in this report. Our data only
characterize trees with diameters 26". It
was too time consuming to collect data on
the density of small trees for current condi-
tions, and it is likely that many small trees
present in 1875 have died and decayed be-
yond recognition. In addition, we did not
characterize historical densities of aspen
(Populus tremuloides). This species has soft
wood that rapidly decays, resulting in the
disappearance of most aspen remnants
from 1875. The same might be true for me-
dium-diameter (6-12” dbh) subalpine fir.

We have more certainty in our estimates of
historical tree densities and spatial pat-
terns than our estimates of basal area. We
had to assume a constant relationship be-

tween tree age and size to “grow back” the
diameter of living trees and estimate the
diameter of snags, logs, and stumps in
1875. This assumption introduces some
error to our estimates of historical basal
area. However, we believe the trends and
overall distribution of basal areas are ro-
bust.

We hope that our data and interpretations
can be useful to natural resource managers
and their partners as they contemplate fu-
ture management directions on the Uncom-
pahgre Plateau. An enhanced understand-
ing and appreciation of forest change and
variability can provide a context for ecolog-
ical restoration. Restoring the past is nei-
ther desirable nor possible, but information
about historical forests can help us identify
undesirable current conditions—conditions
that we want to move forests away from
through collaborative land stewardship.

At left: Members of the Uncom-
pahgre Partnership prepare for a
community workday in July, 2013.
The purpose of the workday was to
estimate historical forest structure
and composition on the Plateau.
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Background

Changing forests across the West—Many
forests of the western United States bear a
legacy of extensive livestock grazing from
the early 1900s and a century of active fire
suppression. These changes are especially
apparent in ponderosa pine and dry mixed-
conifer forests (Covington and Moore 1994;
Fulé and others 1997; Reynolds and others
2013). Gone from these forests are fre-
quent, low-severity fires that kill understo-
ry vegetation but leave canopy trees un-
scathed. Many ponderosa pine and dry
mixed-conifer forests missed 2-3 fires over
the past century (Romme and other 2008).
However, some stands probably experi-
enced long fire-free periods in the past, and
several stands might have burned more of-
ten in the 20th century than previously.

Today, most wildland fires are suppressed.
Those that escape beyond control often
burn with high severity, causing high mor-
tality to trees of all sizes. Large, high-
severity wildfires are generally undesirable
to forest users, including recreationists and
some wildlife species. However, some mod-
erately-sized patches of tree mortality are
not unnatural or uncharacteristic of pon-
derosa pine and dry mixed-conifer forests.
Mixed-severity fires occasionally visited
these forests, killing patches of large trees
(Sherriff and Veblen 2006).

The disruption of natural fire regimes in
western forests has generally led to in-
creased stand densities. Some mixed coni-
fer forests on the Uncompahgre Plateau
have basal areas that are almost three
times greater than conditions in 1875

(Keralis and others 2011). There is a great-
er abundance of saplings and understory
shrubs, both of which can carry surface
fires into tree canopies. Dead pine needles,
branches, and coarse woody debris have
also accumulated on the forest floor
(Covington and Moore 1994; Fulé and oth-
ers 1997; Battaglia and Shepperd 2007).

These changes in forest structure increase
fire hazards and the risk of active crown
fires. Roccaforte and others (2008) mod-
eled fire behavior for a landscape dominat-
ed by ponderosa pine in northwestern Ari-
zona under severe weather conditions (ie.,
very high wind speeds and low humidity).
They found that the area capable of sup-
porting active crown fires increased from 0
-500 acres in the 1870s to 1,300-2,400
acres in the mid-2000s.

Above: Small ponderosa pine, Douglas-fir, and
subalpine fir trees have grown in the mini-
meadows that once surrounded this large, herit-
age ponderosa pine.
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Changes have also occurred in wet mixed-
conifer forests, although potentially not as
pronounced as in ponderosa pine or dry
mixed-conifer forests. High-grade logging
during the early 1900s probably resulted in
more substantial changes to wet mixed-
conifer forests than altered fire regimes.
These forests occur at slightly higher eleva-
tions and in areas with greater annual pre-
cipitation. Wet conditions in these forests
result in greater fuel moisture and lower
fire frequencies (e.g, many decades to cen-
turies). Fuels are abundant in these forests,
but fires can only build enough energy to
spread under severely dry weather condi-
tions. It is likely that wet mixed-conifer for-
ests would have carried at least one fire
over the past century if not for livestock
grazing and fire suppression (Romme and
others 2009).

Collaborative forest restoration—The Un-
compahgre Plateau Collaborative Forest

Landscape Restoration Project (CFLRP) is
one of several nationally-funded projects to

restore national forests through collabora-

tive, science-based management. The goals
of the Uncompahgre Plateau CFLRP are to
“enhance the resiliency, diversity, and
productivity of the native ecosystems on
the Uncompahgre Plateau using best availa-
ble science and collaboration.” The collabo-
rative group, referred to as the Uncom-
pahgre Partnership, proposes to restore
over 570,000 acres of the Uncompahgre
National Forest. The project builds on two
decades of collaboration among local citi-
zens, the U.S. Forest Service, Colorado Divi-
sion of Parks & Wildlife, Colorado Forest
Restoration Institute, Public Land Partner-
ship, Tri-State Generation & Transmission
Co., off-road vehicle groups, and environ-
mental organizations.

Most restoration activities of the Uncom-
pahgre Plateau CFLRP are occurring in pon-
derosa pine and dry mixed-conifer forests.
The Uncompahgre Plateau CFLRP seeks to
restore ponderosa pine and mixed-conifer
forests by addressing changes in forest
structure and disturbance regimes. Specific

At left: The Uncompahgre Part-
nership advances collaborative
forest restoration by learning
together, working together, and
adapting together. The U.S. For-
est Service recognized the Part-
nership’s exemplary work with
the 2012 Chief's Award for Sus-
taining Forests and Grasslands.
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goals for restoration in ponderosa pine and
dry mixed-conifer forests are to: (1) reduce
tree densities, especially in smaller size
classes; (2) reduce surface fuels with pre-
scribed burning or mechanical removal;
and (3) create open spaces (i.e., mini mead-
ows) between groups of trees. Linked to
these goals is the desire to enhance wildlife
habitat and to return low- and moderate-
severity fires to the landscape.

Effective forest restoration builds on a clear
understanding of historical and current for-
est conditions, as well as clear ideas about
undesirable risks and approaches to miti-
gate risks. Here we summarize ecological
knowledge accumulated by the Uncom-
pahgre Partnership on historical forest
structure and composition. This data, along
with the team spirit established through
citizen-science workdays, have helped the
Partnership develop consensus on how to
move ahead with forest restoration.

Taking snap shot of the past—Several cave-
ats accompany the information presented
in this report. Historical reconstructions
provide a snapshot of conditions existing at
one point in time. However, forest land-
scapes are dynamic and ever changing.
Widespread fires occurred in 1842 and
1879 across large swaths of the Plateau.
Therefore, our historical estimates of forest
structure and composition might reflect on-
going recovery from large wildfires. Man-

agers and community members should
keep this in mind when planning future res-
toration projects. Our estimates of histori-
cal structure and composition represent
conditions that existed on the Uncom-
pahgre Plateau, but they do not represent
all conditions that occurred in ponderosa
pine and mixed-conifer forests over the
past several centuries.

Our data only characterize trees with diam-
eters 26”. It was too time consuming to col-
lect data on small trees for current condi-
tions, and it is likely that many small trees
present in 1875 have died and decayed be-
yond recognition. In addition, we did not
characterize historical densities of aspen.
This species has soft wood that rapidly de-
cays, resulting in the disappearance of most
aspen remnants from 1875. The same
might be true for medium-diameter (6-12"
dbh) subalpine fir.

We have more certainty in our estimates of
historical tree densities and spatial pat-
terns than our estimates of basal area. We
had to assume a constant relationship be-
tween tree age and size to “grow back” the
diameter of living trees and estimate the
diameter of snags, logs, and stumps in
1875. This assumption introduces some
error to our estimates of historical basal
area. However, we believe the trends and
the overall distribution of basal areas are
robust.
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Approach

During summer 2012, we characterized
current and historical conditions in 14 plots
in ponderosa pine forests, 12 in dry mixed-
conifer, and 11 in wet mixed-conifer. Three
plots were on Kelso Mesa, and the rest
were in the Escalante project area (Fig. 1).
We characterized stand types based on the
abundance of ponderosa pine, Douglas-fir,
and Engelmann spruce (Table 1).

Our methods for characterizing historical
(circa 1875) forest structure closely fol-

lowed those of Binkley and others (2008).
We measured diameter at breast height
(dbh) and determined the location of live
heritage trees (=150 years old), snags,
stumps, and logs in 164 ft. x 164 ft. plots
(ie, 1/2-acre). We also estimated the time
since death for snags, stumps, and logs. As-
pen were excluded from the historical as-
sessment because we expect that aspen
logs may have decayed beyond recognition
over the past century. Trees of questionable
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Figure 1. Location of the 99 sample plots for forestry forensics work on the Uncompahgre Plateau.
Colored regions represent landscape units in the Escalante project area.
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Table 1. We categorized stands into three forest types (ponderosa pine, dry mixed-conifer, and wet

mixed-conifer) based on the abundance of ponderosa pine, Douglas-fir, and Engelmann spruce.

Ponderosa pine
Percentage of basal area in 1875

Douglas-fir Engelmann spruce

Stand type

Ponderosa pine >50 <25 <20
Dry mixed-conifer <75 >25 <50
Wet mixed-conifer <5 <50 >40

Table 2. Data collected from 2008-2013 on current, historical, and/or post-treatment conditions on the
Uncompahgre Plateau. Current conditions were collected in untreated stands and post-treatment condi-

tions from recently treated stands.

Sampling

Ponderosa Drymixed- Wetmixed-

Data collected pine conifer conifer

year(s)
Number of plots

2012 & 2013 Current and historical 14 12 11
2008 Historical only 14 12 0
2009 & 2010 Current only 9 3 6
2012 Post-treatment only 9 2 0
2013 Pre- and post- treatment 3 1

Total 49 32 18

ages were cored and aged in the lab so we
could determine if they were alive in 1875.
We also determined current forest struc-
ture and composition by conducting four
point- samples with a 20 basal-area-factor
prism.

This summary includes data collected in
2008 on historical conditions (Binkley and
others 2008) and in 2009 and 2010 on cur-
rent conditions (Keralis and others 2011).
In addition, we present data collected on
post-treatment conditions by the Colorado
Forest Restoration Institute and CSU stu-
dent Justin Zeigler in 2012-13 (Table 2).

Our reconstruction of historical structure
required estimation of tree sizes in 1875.

We improved on the relationships devel-
oped by Binkley and others (2008) by col-
lecting and aging many additional trees. We
determined the relationship between tree
size and age (Fig. 2) to estimate the size of
snags, stumps, and logs in 1875. We devel-
oped a relationship between dbh in 1875
and 2012 of large heritage trees (Fig. 3) to
grow back living trees.

Our estimates of historical basal area are
lower than those reported by Binkley and
others (2008). This earlier work had fewer
trees for estimating the relationship be-
tween tree sizes and ages. We re-estimated
basal areas from data collected by Binkley
and others (2008) using our relationship
between tree sizes and ages (Fig. 2).
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Figure 2. We used the relationship between tree diameter and age to estimate the diameter of stumps,
logs, and snags in 1875 (graph at left; n = 275 conifer trees) and the relationship between dbh in 2012
and 1875 to estimate the diameter of living trees (graph at right; n = 138 conifer trees 2150 years old).

We analyzed historical and current spatial
patterns for the plots where we mapped tree
locations to a precision of +/- 3 ft. We used
Ripley’s K function! to determine whether
conifer trees with dbh >6” were uniformly
spaced, randomly located within sample
plots, or clustered into groups (Fig. 3) . We
followed the approach of Lydersen and oth-
ers (2013) by (1) accounting for edge ef-
fects, (2) using the square root transfor-
mation (i.e., L-function), and (3) assessing
spatial patterns at distances <25% of the
shorted plot length (about 40 ft.).

We also used the methods of Lydersen and
others (2013) to determine the (1) number
of trees in groups, (2) size of mini-meadows
between tree groups, and (3) percent open-
ness (i.e., 100% - canopy cover). We defined
tree groups as consisting of two or more
trees <20 ft. apart, a reasonable estimate of
crown width for ponderosa pine trees
(Sanchez Meador and others 2011). Mini-
meadows were defined as areas not under

'Ripley’s K determines the number of trees occurring
within different distances of each other and then
compares this distribution to one arising from a ran-
dom scattering of trees across the plot.

tree crowns (ie, 210 ft. away from trees)
and at least 40 ft. in width. These specifica-
tions made mini-meadows at least as wide as
the crown of very large conifer trees
(Lydersen and others 2013). We could only
estimate the minimum size of mini-meadows
because about 90% of these open areas ex-
tended beyond the edge of our plots.

Uniform

Clustered Random

O O
o P, O
X

Lo 8°,°

Figure 3. An example of uniform, random, and
clustered spatial patterns. Trees are evenly
spaced under uniform spatial patterns. Spatial
clustering means that a majority of trees occur in
groups of 2 or more. In contrast, random spatial
patterns are characterized by several trees in
clumps as well as many scattered, single trees.
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Findings for ponderosa pine
forests

Spatial patterns—Trees were not uniformly
spaced in 1875 for any of our plots in pon-
derosa pine forests. Uniform spatial pat-
terns were only evident for one plot in
2010-13.

About 75% of our plots in ponderosa pine
(19 of 26 plots) had random spatial pat-
terns in 1875 (conifers with dbh 26”). Ran-
dom spatial patterns occur when some
trees are located in clumps, and others oc-
cur as single trees variably spaced across
the plot. Clustering was apparent at the
other 25% of ponderosa pine plots. Four of
these plots exhibited spatial clustering be-
tween 1 to 15 ft. (i.e, trees in groups were
located 1 to 15 ft. apart), and the other
three sites demonstrated clustering be-
tween 15 to 40 ft.

Random and clustered spatial patterns
were also evident for current conditions.
Two of four plots had clustered patterns,

O Historical (1875)
100% B Current (2010-13)

3
B

60% -

A40% -

Percentage of groups

S
B

0% . . =

2-4 trees 10+ trees

Num. trees/group

5-9 trees

Above: A clump of heritage ponderosa pine
trees and a mini-meadow in a ponderosa pine
forest on the Uncompahgre Plateau.

one showed random spatial patterns, and
one had a uniform pattern.

The percentage of single trees declined sub-
stantially between 1875 and 2010-13,
whereas the number of tree groups and the
size of these groups increased. Over half of
trees stood as isolated individuals in 1875
(average of 60%, range of 35-100% of
trees) compared to less than a third of trees
in 2010-13 (average of 30%, range of 10-
40% of trees). The remaining trees were
clustered into about 3 groups/acre in 1875
(range of 0-10 groups/acre) and about 10
groups/acre in 2010-13 (range of 7-13
groups/acre). The average size of groups
was about 3-4 trees/group for both time
periods, but there were more groups with
>5 trees in 2010-13 (Fig. 4).

Mini-meadows covered about 70% of the
area in ponderosa pine plots in 1875 (range
of 55-90%). We estimate that plots con-

Figure 4. Prevalence of tree groups by size
class across plots in ponderosa pine forests in
1875 (n=47 groups across 22 plots) and 2010
-13 (n= 25 groups across 4 plots).
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Figure 5. Arrangement of trees and mini-
meadows in 1875 and 2010-13 for a plotin pon-

derosa pine on Sawmill Mesa.

tained 2-5 meadows/acre, with openings
averaging at least a quarter of an acre in
size. These open areas were likely occupied
by grasses and forbs, Gambel oak (Quercus
gambelii), or aspen. Aspen groups usually
contain 2-4 trees (see pg. 24), which would
cover an area of about 0.01-0.03 acres, de-
pending on crown width. Therefore, it is
unlikely that aspen groups completely filled
these mini-meadows.

Forest openness and mini-meadows de-
clined over the century as tree densities
increased. By 2010-13, forest openness on-

950% ~

45% A

40% ~

-g 35% -

Figure 6. Distribution of -5 300,

conifer basal area for ‘g 250,

plots in ponderosa pine -} o]

forests in 1875 (n = 28 & 20% -

plots) and 2010-13 (n = § 15%

23 plots). Estimates only 2

include trees with dbh & 10% +

=6". 5% -
0%

20 40 80
EN N Fi

Conifer basal area (ft?/acre)

ly averaged 25% of plot area (range of 20-
45%). The number of mini-meadows in-
creased to 4-7/acre, but these meadows
were more fragmented and smaller (Fig.
5), averaging 20.06 acres in size.

Conifer basal area—Ponderosa pine forests

we sampled had an average basal area of 35
ft2/acre (range of 10-70 ft2/acre) in 1875
for conifer trees with dbh >6”". These esti-
mates are at the lower end of historical ba-
sal areas reported for ponderosa pine for-
ests in the southwest (50% of estimates fall
between 40-70 ft2/acre; Reynolds and oth-
ers 2013).

The average conifer basal area more than
doubled to 90 ft2/acre by 2010-2013
(range of 35-180 ft2/acre) (Fig. 6). Current
conditions in 7 of 23 plots fall within the
historical range of basal area, whereas the
other 16 are well outside that range.

Tree density and distribution of size classes
The average density of conifer trees (dbh
>6") increased from 20 trees/acre in 1875

01875 m2010-13

<20 20-<40 40-<60 60-<80 80-<100 100- >120

<120
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Above: Ponderosa pine forest with several her-
itage trees and numerous younger, small pon-
derosa pines.

Figure 7. Distribution of conifer tree density by
size class for plots in ponderosa pine forests in
1875 and 2010-13.

(range of 5-50 trees/acre) to 70 trees/acre
in 2010-2013 (range of 10-200 trees/acre).
Historical tree densities on the Uncom-
pahgre Plateau are also on the lower end of
historical values reported for ponderosa
pine forests in the southwest (50% of esti-
mates fall between 25-55 trees/acre; Reyn-
olds and others 2013).

Conifer density was relatively the same in
1875 and 2010-2013 in three of the 14
plots where we measured both historical
and current conditions. Conifer density in-
creased by about 10 trees/acre in two of
these plots, and increased between 30-60
trees/acre in nine plots. Increases in aver-
age tree density from 1875 to 2010-2013
occurred for every diameter class <30” and
remained relatively unchanged for trees
with dbh 230” (Fig. 7).

Variation among treatment units—
Variation in historical basal area and tree
density were high across landscape units

(Fig. 8). However, there were no consistent

and significant differences among land-
scape units in basal area or tree density.
Both historical tree density and basal area
showed no trends with elevation, latitude,
or longitude.

Species composition—Average species com-
position in ponderosa pine plots was simi-
lar in 1875 and 2010-2013 (Fig. 9). More
than 70% of conifer basal area was ponder-
osa pine for both time periods, with minor
components of subalpine fire, Engelmann
spruce, blue spruce, and Douglas-fir. How-
ever, 50% of plots (7 of 14) experienced
declines in the abundance of ponderosa
pine and increases in Douglas-fir, blue
spruce, Engelmann spruce, and/or subal-
pine fir. The average percentage of basal
area represented by conifer species other
than ponderosa pine increased from about
10% in 1875 (range of 0 to 50%) to about
25% in 2012 (range of 0 to 80%).
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Figure 9. Average (+/-
minimum and maximum)
percent of basal area (BA)
for plots in ponderosa
pine forests represented
by different conifer spe-
cies in 1875 and 2010-13.
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Figure 8: Historical trees per
acre and basal area for individ-
ual plots in ponderosa pine for-
ests across five landscape units
in the Escalante Project Area
(see Fig. 1 for location of units).
Plots are ordered by increasing
elevation.
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Findings for dry mixed-conifer
forests

Spatial patterns—No plots in dry mixed-
conifer showed a uniform distribution of
trees for historical conditions. This was also
true for current forest conditions.

Clustering of conifer trees (dbh 26") was
more common in 1875 on dry mixed-
conifer plots than on ponderosa pine plots.
Almost half of dry-mixed conifer plots (11
of 24) had trees clustered between 1 to 40
ft. Small-scale clustering (<15 ft.) was ob-
served at one-fifth of plots. The other 55%
of plots (13 of 24) showed random spatial
patterns, meaning there were many scat-
tered singled trees, along with several tree
groups.

Clustering was evident at 40% of plots (2 of
5) that we stem mapped for current condi-
tions. Trees were randomly scattered
across the other three plots.

The percentage of single trees declined sub-

stantially between 1875 and 2010-13.

O Historical {1875}
Bl Current (2010-13)

3

&
R

B60% -

A0%

N m_m

2-4 trees 5-9 trees 10+ trees

Num. trees/group

Percentage of groups

S
R

Above A clump of heritage ponderosa pine and
Douglas-fir trees in a dry mixed-conifer forests
on the Uncompahgre Plateau.

However, the number of tree groups and
the size of these groups increased. Half of
the trees stood as isolated individuals in
1875 (average of 50%, range of 20-100%
of trees) compared to less than a fifth of
trees in 2010-13 (average of 15%, range of
5-45% of trees). The remaining trees were
clustered into about 5 groups/acre in 1875
(range of 0-13 groups/acre) and about 12
groups/acre in 2010-13 (range of 7 to 16
groups/acre). The average size of groups
was smaller in 1875 (about 3 trees/group)
than in 2010-13 (about 7 trees/group) (Fig.
10).

Mini-meadows covered about 65% of the
area in dry mixed-conifer plots in 1875
(range of 45-80%). These open areas were
likely occupied by grasses and forbs, Gam-
bel oak, or aspen. We estimate that stands
contained 2-7 meadows/acre, with open-

Figure 10. Prevalence of tree groups by size
class across plots in dry mixed-conifer forests
in 1875 (n=62 groups across 22 plots) and
2010-13 (n= 36 groups across 5 plots).
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ings averaging at least a fifth of an acre in
size.

Stand openness and mini-meadows de-
clined over the century as tree densities
increased. By 2010-13, stand openness av-
eraged only 25% (range of 5-70%). The
number of mini-meadows decreased to 2/
acre, and these meadows were more frag-
mented and slightly smaller, averaging
2(0.15 acres in size.

Conifer basal area—The average basal area
of conifers in dry mixed-conifer forests in-
creased from about 40 ft2/acre in 1875 to
about 80 ft2/acre in 2010-13 (Fig. 11). Our
historical estimates of basal area are on the
lower end of values reported for dry mixed-
conifer forests in the southwest (50% of
estimates fall between 55-90 ft2/acre;
Reynolds and others 2013). Low basal area
of conifers might reflect an on-going recov-
ery from widespread fires that occurred in
1842 and 1879, underscoring the limitation
of any single snap-shot year for characteriz-
ing landscape patterns.

35% -

30% -

no
(43}
x

20%

Percentage of plots

01875 ®2010-13

Current basal areas at 60% of our plots fall
within the historical range, but the basal
areas at the other 40% of plots are well
outside that range. Stand basal areas were
also much more variable in 2010-13. The
range increased by about 130% between
1875 (range of 10 to 100 ft2/acre) and
2010-13 (range of 0 to 210 ft2/acre). From
1875 to 2010-13, basal area of conifers
more than doubled in 5 of 12 plots where
we measured both historic and current
conditions. Basal areas in three plots de-
clined by a third or more between 1875
and 2010-13.

Two of the plots experiencing declines in
conifer basal area also showed evidence of
logging. These harvests occurred about 75
years ago and removed large diameter
Douglas-fir and ponderosa pine trees. As-
pen nearly dominated one of these stands
by 2012, likely due to reduced conifer com-
petition after logging.

Tree density and distribution of size clas-
ses— The average density of conifer trees
(dbh 26”) increased from 30 trees/acre in

Figure 11. Distribution of
conifer basal area for plots
in dry mixed- conifer for-

L T Ll

15% ests in 1875 (n = 24 plots)
and 2010-13 (n = 18

10% A plots). Estimates only in-
clude trees with dbh 26"

5% A

OQA) Ll L] T
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Conifer basal area (ft?/acre)
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Figure 12. Distribution of conifer tree density by
size class for plots in dry mixed-conifer forests in

1875 and 2010-13.

1875 (range of 10-60 trees/acre) to 75
trees/acre in 2010-13 (range of 0-210
trees/acre). Our historical estimates of tree
density are also on the lower end of the
range reported for dry mixed-conifer for-
ests in the southwest (50% of estimates fall
between 40-65 trees/acre; Reynolds and
others 2013).

Between 1875 and 2010-13, conifer density
(dbh >6") increased by more than 50 trees/
acre in 4 of 12 plots where we measured
both historic and current conditions. Coni-
fer density increased by 15-45 trees/acre
in five plots, was unchanged in one plot,
and declined by about 15 trees/acre in two
plots. The average number of conifer
trees/acre increased between 1875 and
2010-13 for all diameter classes <24”, but
densities of larger trees were relatively un-
changed (Fig. 12).

Above: Dry mixed-conifer forests contain a
variety of conifer species, with ponderosa pine
and Douglas-fir being the most common.

Variation __among _ treatment _ units—
Variation in historical basal area and tree
density were high within landscape units
(Fig. 13). However, there were no con-
sistent and significant differences among
landscape units in basal area or tree densi-
ty. Both historical tree density and basal
area showed no trends with elevation, lati-
tude, or longitude.

Species composition—The average species
composition in dry mixed-conifer stands
became more diverse between 1875 and
2010-13 (Fig. 14). Ponderosa pine and
Douglas-fir comprised over 95% of conifer
basal area in 1875 (range of 80 to 100%)
but just under 60% in 2010- 2013 (range of
0 to 100%).

In contrast, subalpine fir and Engelmann
spruce increased in relative abundance,
from an average of 5% (range of 0 to 20%)
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in 1875 to 40% (range of 0 to 100%). The fire regimes, and/or forest management. At

large increase in abundance of these spe- the same time, we might have slightly un-
cies might be attributable to reduced com- der-estimated the abundance of subalpine
petition from Douglas-fir and ponderosa fir in 1875 if some remnants already de-
pine following changes in livestock grazing, cayed by the time of our sampling.
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50
o
G
© 40
v
=N
¢ 30
N
T 20
10 Figure 13: Historical trees per

acre and basal area for individual

0 plots in dry mixed-conifer forests
100 across five landscape areas in the
Escalante Project Area (see Fig. 1

v 80 for location of units). Plots are
‘E ordered by increasing elevation.
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Findings for wet mixed-

conifer forests

Spatial patterns—]Just as with the other for-
est types, no plots in wet mixed-conifer
showed a uniform distribution of trees.
This was true for historical and current for-
est conditions.

About 70% of plots (5 of 7) in wet mixed-
conifer forests had random spatial patterns
in 1875 (conifers with dbh 26”). Random
spatial patterns occur when some trees are
in clumps and others stand as isolated indi-
viduals, with variable distances between
them. Clustering was apparent at the other
2 plots in wet mixed-conifer forests. One of
these plots exhibited tree clustering at
short distances (i.e., trees in groups were
located 1 to 15 ft. apart) and the other plot
showed clustering at moderate distances
(30-45 ft.).

Clustering was evident at 2 of the 3 plots
we stem mapped for current conditions.
Tree clustering on these sites occurred be-

O Historical (1875)
100% -

B Current (2010-13)
w 80% -
o
3
-
o 60% -
o
o
[11s]
m
£ 40% -
g
LY
o
e 20% -
o | -

2-4 trees 5-9 trees 10+ trees

Num. trees/group

Above: Wet mixed-conifer forests are character-
ized by the presence of Engelmann spruce.
Douglas-fir and subalpine fir are also common
occupants.

tween 15 to 45 ft. A random spatial pattern
was evident at the other wet mixed-conifer
site.

The percentage of single trees declined sub-
stantially between 1875 and 2010-13,
whereas the number of tree groups and the
size of these groups increased (Fig. 15).
Over half of trees stood as isolated individ-
uals in 1875 (average of 70%, range of 15-
100% of trees) compared to only a tenth of
trees in 2010-13 (average of 10%, range of
5-15% of trees). The remaining trees were
clustered into about 4 groups/acre in 1875
(range of 0 to 13 groups/acre) and about
16 groups/acre in 2010-13 (range of 13-20
groups/acre). The average size of groups
was smaller in 1875 (about 3 trees/group)
than in 2010-13 (about 5 trees/group), and

Figure 15. Prevalence of tree groups by size
class across plots on wet mixed-conifer forests
in 1875 (n=24 groups across 11 plots) and 2010
-13 (n= 30 groups across 3 plots).
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larger clumps were more abundant in 2010
-13 (Fig. 13).

Mini-meadows covered about 70% of the
area in wet mixed-conifer plots in 1875
(range of 25-85%). These open areas were
likely occupied by grasses and forbs, Gam-
bel oak, or aspen. We estimate that plots
contained 2-5 meadows/acre, averaging at
least a quarter of an acre in size.

Forest openness and mini-meadows de-
clined over the century as tree densities
increased. By 2010-13, forest openness av-
eraged only 20% of plot area (range of 15-
30%). The number of mini-meadows slight-
ly increased to 3-5/acre, but these mead-
ows were more fragmented and smaller,
averaging 20.05 acres in size.

Conifer basal area—Average conifer basal
area on wet mixed-conifer forests more
than quadrupled from 20 ftz/acre in 1875
to 90 ftZ/acre in 2010-13 (Fig. 16). The
range of conifer basal areas was highly var-
iable in both 1875 (range of 1 to 90 ft2/

90% -
80% A
70% A
60% -
50% A
40% A
30%

20% A
10% A .
0% . — B

Percentage of plots

01875 wm2010-13

acre) and 2010-13 (30 to 225 ftz/acre). The
mean estimate of basal area for 1875 is sur-
prisingly low for the wet mixed-conifer for-
est type, but it is important to remember
that this estimate excludes aspen. Low ba-
sal area of conifers might also reflect an on-
going recovery from widespread fires that
occurred in 1842 and 1879, underscoring
the limitation of any single snap-shot year
for characterizing landscape patterns.

Between 1875 and 2010-13, basal area of
conifers more than doubled in 9 of the 11
plots where we measured both historical
and current conditions. Basal area de-
creased 25-50% in the other two plots. The
plots with lower conifer basal area in 2010-
13 showed evidence of logging about 75
years ago. The harvests targeted large di-
ameter Douglas-fir and Engelmann spruce
trees.

Tree density and distribution of size clas-
ses—The average density of conifer trees
(dbh =6") increased from 20 trees/acre in
1875 (range of 5-55 trees/acre) to 90

Figure 16. Distribution
of conifer basal area for
plots in wet mixed- coni-
fer forests in 1875 (n =
11 plots) and 2010-13
(n = 18 plots). Estimates
only include trees with
dbh 26"

=20 20-=40 40=60 60-<80 80-<100 100-<120 =120

Conifer basal area (ft2/acre)
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trees/acre in 2010-13 (range of 10-160
trees/acre). Conifer density (dbh >6") did
not decline in any wet mixed-conifer plots
from 1875 to 2010-13. Conifer density in-
creased by more than 50 trees/acre in 7 of
11 plots, and it increased by about 30
trees/acre in three plots. Conifer density
was unchanged on the remaining plot. All
diameter classes <30” dbh increased in
density between 1875 and 2010-13, but
densities of the largest trees were relatively
unchanged (Fig. 17).

Variation _among _ treatment _ units—
Variation in historical basal area and tree
density were high within landscape units
(Fig. 18). However, there were no con-
sistent and significant differences among
landscape units in basal area or tree densi-
ty. Both historical tree density and basal
area showed no trends with elevation, lati-

tude, or longitude.

Species _composition—Forest composition
was highly variable in both 1875 and 2010-
13 (Fig. 19). Engelmann spruce remained
the dominant conifer species on many
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plots. Engelmann spruce was the only coni-
fer species on three plots in 1875 and one
plot in 2010-13. Blue spruce was the only
conifer species on two plots in 1875, and
subalpine fir was the only conifer species
on one plot in 2010-13. The other plots had
various mixtures of several conifer species.

Blue spruce and Douglas-fir became less
abundant between 1875 and 2010-13, each
declining from an average abundance of
25% in 1875 to 15% in 2010-13. Several
sites showed evidence of logging over a
century ago that selectively removed large
Douglas-fir trees.

In contrast, the relative abundance of sub-
alpine fir increased over time. The average
abundance was 1% of basal area in 1875,
rising to about 20% in 2010-13. Subalpine
fir may have become more abundant over
time because selective logging reduced
competition from other conifer species. In
addition, we might have slightly under-
estimated the abundance of subalpine fir in
1875 if some remnants already decayed by
the time of our sampling.

Figure 17. Distribution of conifer tree density by

size class for plots in wet mixed-conifer forests
in 1875 and 2010-13.
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Figure 18: Historical trees per acre and basal area for
individual plots in wet mixed-conifer forests across
three landscape areas in the Escalante Project Area (see
Fig. 1 for location of units). Plots are ordered by in-
creasing elevation.
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Findings for aspen

We can only report on current conditions of
aspen in forests on the Uncompahgre Plat-
eau. Historical signs of aspen likely decayed
over the past century. Twenty of 22 living
aspen trees that we cored were <130 years,
indicating that they were not above breast
height in 1875. It is possible that wide-
spread fires in 1842 and 1879 killed most
of the large aspens (Binkley and Romme
2012).

Spatial patterns—Aspen were randomly
distributed across 70% of the plots in un-
treated stands (7 of 10) sampled in 2010-
13. A random distribution of aspen means
that some trees are located in clumps, and
others occur as single trees variably spaced
across the plot. Spatial clustering at the re-

maining three sites occurred between both
1to 15 ft.and 15 to 40 ft.
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Above: Aspen is a sun-loving species that often
benefits from logging and high-severity fires that
result in reduced competition from conifers.

Random spatial patterns were still common
after restoration treatments, occurring in
65% of plots (7 of 11). Aspen clustering be-
tween 1 to 15 ft. and 15 to 40 ft. was evi-
dent at 4 of 11 plots after treatment.

Aspen occurred primarily in groups of 2 or
more, with only 40% standing as single
trees (range of 20-65%). Plots had an aver-
age of 5 aspen groups/acre (range of 2-10
groups/acre). A vast majority of aspen
groups contained 2-4 trees (85% of aspen
groups across forest types), and the other
15% of groups contained 5-9 trees.

Aspen basal area—In 2010-13, average ba-
sal area of aspen trees (dbh 26”) was very
similar in wet mixed-conifer plots and dry
mixed-conifer plots at about 30 ftz/acre
(range of 0 to 120 ft2/acre). The average
basal area of aspen was much lower in pon-

derosa pine plots at 15 ft2/acre (range of 0
to 60 ftz/acre).

Figure 20. Basal area (BA) of aspen (dbh 26”) de-
clined with conifer basal area in 2010-13. Data
are from ponderosa pine, dry mixed-conifer, and

wet mixed-conifer stands combined (n=59 plots). Basal area of aspen had a negative relation-

ship with basal area of conifer trees in 2010
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-13 (Fig. 20). It is possible that plots with
high conifer basal area in 1875 had low as-
pen basal area. Similarly, another study on
the Uncompahgre Plateau observed inverse
relationships between conifer and aspen
abundance. Smith and Smith (2005) found
that the relative abundance of aspen trees
(dbh > 8 inches) declined from 70% to 45%
between 1979 and 2001. At the same time,
the relative abundance of conifer trees in-
creased from 30% to 55%.

Tree density and distribution of size clas-
ses— Aspen were present in 95% of wet
mixed-conifer and dry mixed-conifer plots
(34 of 36 plots), but only present in 80% of
ponderosa pine plots (18 of 23 plots). Av-
erage stem densities of aspen (dbh = 6”)
was about 55 trees/acre (range of 0 to 190
trees/acre) in both types of mixed-conifer
forests. Average densities were lower in
ponderosa pine forests at 35 trees/acre
(range of 0-120 trees/acre).

Across all forest types, the average density
of aspen stems was 45 trees/acre, with

density declining rapidly with diameter
(Fig. 21). Medium-sized aspen (6-12” dbh)
were present in 80% of plots, with an aver-
age density of 40 trees/acre. Aspens with
dbh <6” were only present in 40% of plots.

Binkley and Romme (2012) also observed
the absence of young aspen from many
stands on the Plateau. Intense grazing by
livestock, deer, and elk is partially to blame.
Aspen is a sun loving species, so increases
in stand density over the past century also
suppress aspen regeneration.

Larger aspen (dbh of 24-30"”) were even
less common, being present in only 2% of
plots (1 of 59). The average density of large
aspen was 0 trees/acre, and the maximum
observed density was 2 trees/acre. Over
the coming decades, we can expect substan-
tial declines in large aspen on the Plateau
as old trees die and there are fewer young
aspen moving into larger cohorts (Binkley
and Romme 2012).
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Impacts of restoration
treatments

The Uncompahgre National Forest began
restoration treatments on 25 Mesas in
2009 and on Monitor Mesa in 2012 (Fig. 1).
Treatments are occurring within ponderosa
pine, dry mixed-conifer, and wet mixed-
conifer stands. We analyzed all three forest
types together since there were too few ob-
servations to assess each individually. We
also compared post-treatment conditions
to historical and untreated, current condi-
tions for all three forests types together.

Spatial patterns—Trees were uniformly
spaced in only one plot in post-treatment
forests. About 60% of restored forests ex-
hibited spatial clustering of conifer trees
(dbh = 6”). Tree clumping at short distances
(1-15 ft.) occurred on all but one of these
plots. This means that treatments resulted
in a larger percentage of trees located <40
ft. apart than would occur if trees were ran-
domly scattered across the plot. Clustering

¢ Ponderosa pine A Blue spruce

{ Tree group

Above: Arestoration treatment on 25 Mesas re-
duced basal area and tree density. The treat-
ment increased spatial variability by retaining
groups of large diameter trees, such as that pic-
tured in the foreground.

was more abundant on plots in post-
treatment stands than under untreated,
current conditions (50%, 6 of 12 plots) or
historical conditions (35%, 20 of 57 plots).

Plots in restored forests had more single
trees than in unrestored forests (average of

@ 50 100 150
N

. Mini-meadow

Figure 22. Trees were spatially clustered at distances of 1-40 ft. before and after treatment on UncMe-
sas Unit 1 (within the 25 Mesas project area). However, mini-meadows covered three times as much
area in the restored stand. Data courtesy of Colorado State University student Justin Ziegler.
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Figure 23. Distribution of
conifer basal area in 1875
(n = 63 plots) and in re-
stored forests in 2010-13
(n 18 plots). Estimates
are for all forest types com-
bined, and only include
trees with dbh 26”.
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40% versus 20% of trees), but fewer than
under historical conditions (average of
60% of trees). There were two times as
many tree groups/acre on plots in restored
forests (average of 8 groups/acre) com-
pared to historical conditions (average of 4
groups/acre). Untreated forests had an av-
erage of 12 groups/acre in 2010-13. Groups
on restored forests contained a similar
number of trees as historical conditions
(average of 4 trees/group versus 3 trees/

group).

Mini-meadows covered about 45% (range
of 20-80%) of the area in restored plots
(Fig. 22), a value lower than current condi-
tions (average of 25%, range of 5-70%).
However, the coverage of mini-meadows
was still lower than historical conditions
(average of 70%, range of 25-90% across
forest types). The abundance of mini-
meadows on plots in restored stands was
similar to historical conditions (3 mead-
ows/acre), and they were of similar sizes
(20.25 acres). The overall openness of plots
in restored stands was lower than histori-
cal conditions due to smaller distances be-

tween tree groups and single trees. This
rendered more area unsuitable for mini-
meadows due to shading from surrounding
trees (Fig. 22). Restored forests also had a
greater abundance of large groups with 210
trees (5% of groups in restored stands vs.
<1% of groups in 1875).

Conifer basal area—Restoration treatments
on the Plateau have greatly reduced conifer
basal area. Conifer basal area declined by
an average of 70 ft2/acre (range of 50 to
100 ftz/acre) on the seven plots where we
measured both pre- and post-treatment
conditions. This amounted to an average
reduction in basal area of 60% (range of 40
to 90%).

Post-treatment basal areas in all but one of
18 plots were within the historical range of
variation (Fig. 23). The one plot with coni-
fer basal area >120 ft2/acre is probably not
representative of the entire treatment area.

The average post-treatment basal area was
still higher than historical
Across all 18 areas we sampled, the average
post-treatment basal area was 55 ftz/acre.

conditions.
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This is almost two times greater than the
average basal area in 1875 (30 ftZ/acre
across forest types). Aspen retained on the
plots contributed an additional 7 ft2/acre of
basal area (range of 0 to 23 ftz/acre).

Tree density and distribution of size clas-
ses—The average reduction in conifer den-
sity (dbh = 6”) from pre- to post-treatment
was 80 trees/acre (range of 25 to 145
trees/acre). This represented a 70% reduc-
tion in conifer density (range of 45 to 90%).

The average post-treatment conifer density
across all 18 sites was 30 trees / acre
(range of 10 to 70 trees/acre), which is
well within the historical range of variation
for the three forest types combined
(average of 25 trees/acre, range of 5 to 60
trees/acre). Aspen trees (26” dbh) remain-
ing after treatment contributed an addi-
tional 14 trees/acre on average (range of 2
to 50 trees/acre).

Restoration treatments resulted in lower
tree densities across diameter classes, but
the largest reductions were for trees with
dbh <18” (Fig. 22). These smaller trees
represent ladder fuels, so their removal re-
duces hazards associated with crown fires.

Above A restoration treatment on Monitor Mesa
reduced conifer density by 70% (from 115 to 35
trees/acre). This created room for mini-
meadows and aspen saplings to establish, both
of which provide quality forage for wildlife.
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Management implications

Undesirable conditions—We encourage col-
laborative groups to define forest condi-
tions they find undesirable. Managers, re-
searchers, and interested citizens can iden-
tify and experiment with actions that push
forests away from undesirable conditions.
The overall goal is to reduce the likelihood
of undesirable outcomes, such as large, high
-severity crown fires, and the unacceptable
loss of important parts of the landscape. On
the Uncompahgre Plateau, this would in-
clude the continued disappearance of mini-
meadows in ponderosa pine forests.

Undesirable conditions also help collabora-
tors acknowledge that Nature puts finishing
touches on even the most well-crafted
plans. This approach encourages creative
and flexible management to provide for a

variety of future landscapes. In contrast,
desired future conditions aim at a few lim-
ited, and potentially unachievable, forest
structures and compositions.

Here we suggest undesirable conditions for
ponderosa pine, dry mixed-conifer, and wet
mixed-conifer forests (Table 3). It is excit-
ing to report that restoration treatments on
the Plateau are largely moving forests away
from these conditions!

Additional considerations—A key message
from this analysis is that historical forest
structure and composition was highly vari-
able on the Plateau. Forests are still diverse
today, they are just consistently more
dense and less open than historical forests.
The great diversity that existed and exists

Above: Mini-meadows, such as that pictured above, were abundant in
ponderosa pine and dry mixed-conifer forests in 1875. Abundant regen-
eration and high survivorship of trees over the past century have turned
mini-meadows into dense forests across much of the Plateau.
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Table 3. Uncharacteristic conditions for ponderosa pine, dry mixed-conifer, and wet mixed-conifer for-
ests on the Uncompahgre Plateau based on historical conditions summarized in this report. Forest con-
ditions that were uncommon in the past can inform undesirable conditions (i.e., conditions to avoid or

“push” forests away).

Ponderosa pine

Forest characteristic for
conifer trees with dbh = 6”

All three
forest types

Dry mixed- Wet mixed-
conifer conifer
Conditions to manage away from:

Clustering of trees at 0-40 ft. < 20% of stands

Abundance of single trees
. u ) 5 <40% of trees
(ie, trees not in groups)

Density of tree groups

Abundance of groups with
> 5 trees/groups

Aerial cover of mini-

<50%
meadows/aspen clumps

Ave. size of mini-meadows/

<0.25 acre
aspen clumps

Basal area > 70 ft2/acre

Tree density > 40 trees/acre

<50% BAis

Species composition .
p. pine

>15% of groups > 25% of groups > 15% of groups

Uniform tree

< 40% of stands spacing

< 15% of stands

< 30% of trees < 40% of trees —_—

> 8 groups/acre > 10 groups/acre > 10 groups/acre < 2 groups/acre

< 5% of groups

<40% <30% >90%

All openings are

<025 acre similarly sized

<0.20 acre

> 100 ft2/acre > 100 ft2/acre <10 ft2/acre

> 30 trees/acre

dbh <12”
> 60 trees/acre > 60 trees/acre
< 3 trees/acre
dbh >24”
<75%BAis fa‘foi?slsgir;tly > 25% BA is sub-
p.pine and D. fir § ON€ SPp- alpine fir
or spp. mix

BA = basal area; p. pine = ponderosa pine; D.fir = Douglas-fir; spp. = species

in forests across the Plateau leaves room
for creativity and flexibility in ecological
restoration. It is appropriate to use a mix of
approaches (thinning, burning, thinning
and burning) and to create a range of post-
treatment basal areas and spatial patterns.

In some cases, fire may be a good enough
tool for restoration goals, if applied careful-
ly during the right weather conditions. In
most cases, however, mechanical treat-
ments are necessary to change the fuel
structure and protect large heritage trees

(i.e, 2150 years old) before returning fire
to the Plateau.

We provide some additional considerations
for restoration treatments on the Plateau:

e Mini-meadows are the most scarce
characteristic in current forests relative
to historical forests. Restoration treat-
ments should explicitly consider how
marking patterns will affect the size,
shape, of mini-
meadows. Treatments that focus exclu-

and arrangement
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sively on tree spatial patterns can result
in narrow and sinuous mini-meadows
that do not provide ideal conditions for
the establishment of grasses, forbs, and
aspen (e.g., Fig. 22).

e Trees were not arranged in uniform
spatial patterns under historical condi-
tions. All of the remaining plots showed
random or clustered spatial patterns.
This finding suggests that restoration
treatments should not result in evenly
spaced trees. Uniform spatial patterns
might be ideal for increasing wood pro-
duction or reducing the risk of crown
fires (Hoffman and others 2013), but
historical forests did not have trees ar-
ranged in this manner.

e There is no need for different types and
patterns of restoration treatments on
each mesa or in each sale unit (i.e., 1000
-acre scale). Variation among plots
within landscape units was high in 1875
and in 2010-13, but variation among
landscape units was low. This means
the focus of landscape restoration
should emphasize variation within sale
units, rather than taking different ap-
proaches in different treatment units.

e Forest conditions result from many fac-
tors and processes that forest manage-
ment cannot control. These include
competition among tree species and in-
dividual trees, environmental condi-
tions in a stand (e.g., soil moisture con-

At right: Large heritage trees provide important
wildlife habitat, serve as seed sources, and repre-
sent a unique part of the Uncompahgre Plateau’s
natural history.

tent), and weather patterns over centu-
ries. We should not expect (or desire)
consistent results from restoration
treatments.

Returning wildfire to the Uncompahgre
Plateau is an important step towards
reducing the need for management in-
tervention. Fires create unique patterns
across far larger areas than we could
hope to treat mechanically.

Heritage trees have survived centuries
of change on the Plateau. Large, old
trees are a living legacy of the past, and
they have substantial social and ecologi-
cal value. The abundance of large trees
has not substantially increased over the
past century. Clear and strong evidence
of an economic need of benefit should
accompany their removal.
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