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Introduction and Background 

The National Park Service Inventory and Monitoring (I&M) Program was designed to determine the 
status and monitor the conditions of park natural resources, providing park managers with a strong 
scientific foundation that informs resource management decisions. The Southern Colorado Plateau 
Network (SCPN) is monitoring vegetation and soils as overall indicators of upland ecosystem integ-
rity (Thomas et al. 2006). 

SCPN and park staff selected the Mesa Top Pinyon-Juniper ecological site for long-term monitor-
ing of upland vegetation and soils at Bandelier National Monument (BAND). An ecological site is a 
landscape division with characteristic soils, hydrology, plant communities, and disturbance regimes 
and responses, and its classification is based on soil survey data (Butler et al. 2003). The Mesa Top 
Pinyon-Juniper ecological site encompasses a large portion of the monument, and it faces a number 
of threats, including climate change, pinyon dieback, soil erosion, and invasion by nonnative species. 

The pinyon-juniper woodlands have been undergoing extensive restoration through the selective 
thinning of mature junipers. The objectives for this restoration are 1) to reduce the density of juni-
pers to reflect historical conditions, 2) to increase the herbaceous/shrub cover to reduce soil erosion 
so as to protect archeological sites and ecosystem functions, and 3) to restore historical fire regimes. 
Restoration thinning was conducted on the majority of the area occupied by the Mesa Top Pinyon- 
Juniper ecological site between 2007 and 2010.

In 2008 the Integrated Upland Monitoring program of SCPN began monitoring upland sites at 
BAND with the installation of 15 plots in the Mesa Top Pinyon-Juniper ecological site in areas that 
had not been thinned. In 2009 an additional 25 plots were installed. Fourteen plots were located in 
areas that had been thinned, and 11 plots were located in areas that had not been thinned. Some of 
the unthinned plots have subsequently been thinned. In this report, we document monitoring activi-
ties in the 2009 field season and compare these data with the data collected in 2008.

Methods 

Sampling frame 
The sampling frame is the area from which sites are randomly selected, and hence the area to which 
statistical inferences can be made. SCPN generally uses ecological sites developed by the U.S. Natu-
ral Resources Conservation Service (NRCS) to create their sampling frames. Although a recent soil 
survey update was completed for the monument (Hibner 2000), ecological site data was not updated. 
Rather than use old ecological site descriptions to create a sampling frame, we developed a version of 
the Mesa Top Pinyon-Juniper ecological site by identifying soil map units in the park that were domi-
nated by pinyon-juniper woodlands. The targeted soil types had more variability than we typically 
include within the same sampling frame, and they may include more than one NRCS ecological site. 
However, park staff requested that we use this liberal interpretation in order to maximize the extent 
of the sampling frame at the expense of encompassing greater heterogeneity and higher variation in 
vegetation and soil. For the sake of simplicity, the area represented by the sampling frame we created 
will be referred to as Mesa Top Pinyon-Juniper ecological site.

To create the sampling frame, we modified the map of the ecological site in GIS (Geographic Infor-
mation System) by removing the roads, areas where the slopes exceeded 20%, and other vegeta-
tion plots and study areas (fig. 1). The sampling frame was further modified by removing areas that 
required more than a two hour hike to the plot from headquarters, park roads, or Base Camp (see 
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Appendix A of DeCoster et al., in review). A set of spatially distributed sampling points was gener-
ated using the Generalized Random-Tessellation Stratified (GRTS) design (Stevens and Olsen 2004). 
Park staff reviewed the sampling points and had the opportunity to reject points that landed too 
close to archeological sites and other sensitive resources. Before establishing a plot, the integrated 
upland crew conducted an ecological site assessment for each sampling point, and rejected the site 
if it (1) did not possess the characteristics of the ecological site, (2) had a slope exceeding 20%, or 
(3) contained a major disturbance. They rejected thirteen points: six points required over two hours 

hiking time to access the point, two points were within 50 m of a trail, one point contained a large 
archeological site with altered vegetation, one point was within 100 meters of another plot, one point 
fell next to an elk exclosure, and two points were comprised of other ecological sites. 

Field methods 
In 2008, the SCPN upland monitoring crew installed 15 plots, and in 2009 they installed 25 plots. 
The plots were 0.50 ha in size, measuring 71 × 71 m. Shrub, herbaceous, tree seedling, and soil data 
were collected on three 50 m transects, spaced 25 meters apart within each plot. Tree data were col-
lected in a 20 × 50 m subplot located between two of the transects. In 2008 the crew collected data 

Figure 1. Sampling frame of Mesa Top Pinyon-Juniper ecological site at BAND with the 15 plots established in 
2008 and the 25 established in 2009
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from the plots in September; in 2009 they collected data in late August and September. Field meth-
odology is provided in detail in the SCPN Integrated Upland Protocol (DeCoster et al. in review). 

Shrub and herbaceous vegetation 

The crew sampled shrub and herbaceous vegetation within five sets of nested quadrats at 10 m in-
tervals along each transect. The largest quadrat size was 10 m2 (2  × 5 m), with four smaller quadrats 
nested inside (0.01 m2, 0.1 m2, 1 m2, 5 m2). For each nested sub-quadrat we recorded the presence of 
individual vascular species. For each 10 m2 quadrat we estimated percent foliar cover for herbaceous 
and shrub species and recorded it as one of 12 cover classes (e.g., 2%–5%, 5%–10%, etc.). We also 
estimated the percent foliar cover for functional groups (e.g., perennial grasses, forbs, shrubs) in the 
10 m2 quadrats, and recorded the cover class for each. 

Overstory trees, saplings, and seedlings 

We measured overstory trees, defined as having a diameter greater than or equal to 15 cm, within a 
20 × 50 m (0.1 ha) subplot between two of the transects. Due to their multi-stemmed growth form, 
Juniperus spp. were measured using diameter at root crown (DRC). All other species were measured 
in diameter at breast height (DBH). We recorded the species, diameter, and status (live or dead) for 
each individual tree. Saplings (≥2.5 and <15 cm diameter) were sampled in a 10 × 20 m subplot and 
then tallied by species and size class. Tree seedlings (<2.5 cm diameter) were sampled in the 10 m2 
quadrats, in conjunction with the herbaceous/shrub data, and then tallied by species and size class. 
Size classes of Juniperus spp. seedlings were based on DRC, while size classes of other species were 
based on height. Unfortunately, because of some inconsistencies in the way that seedling data were 
collected in 2008, these data will not be reported. 

Due to inherent problems associated with measuring multi-stemmed individuals of Juniperus spp., 
the crew also measured the tree canopy. In 2008 we used hemispherical densiometers to measure 
canopy closure at each quadrat. In 2009 we changed our methodology and measured tree canopy 
cover using line-intercept methods along the three transects. Canopy closure refers to the propor-
tion of the hemisphere of sky obscured by vegetation when viewed from a single point; canopy cover 
measures the proportion of the forest floor covered by the vertical projection of tree crowns (Jen-
nings et al. 1999). We felt canopy cover would provide more repeatable and less variable measure-
ments.

Soil stability and hydrologic function 

To measure the amount of bare soil, the crew recorded the length of basal gaps (the space between 
plant bases) along each transect. Percent cover of soil surface features (duff/litter, woody debris, 
gravel, biological soil crusts, bare soil, etc.) was estimated in the 1 m2 quadrats in conjunction with 
shrub and herbaceous data, and recorded in one of 12 cover classes. A soil aggregate stability test was 
conducted using 18 soil samples collected at random points along the transects. Locations with deep 
pumice were not measured.

Data summary 
The sample unit for summary and analysis is the plot; hence, we summarized data at the level of the 
plot. In order to calculate summary statistics for the ecological site, we calculated means and stan-
dard deviations from the plot means. 

For herbaceous and shrub vegetation, we calculated 
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•	 Species frequency for the 10 m2 quadrats (mean percentage of quadrats per plot where the spe-
cies occurs), and for plots (percentage of plots where the species occurs). 

•	 Cover for each species from the cover class midpoints, (e.g., using 7.5% for cover class 5%–
10%). The mean cover was calculated for each plot, and the mean and standard deviation (SD) 
were calculated for the ecological site from the plot means. 

•	 Mean cover and SD of functional groups. 

We also calculated four diversity measures for herbaceous and shrub species, first for all species and 
then for native species only (Magurran 1988). 

	 (1) Species richness (S) is the number of species at a given spatial scale, and it was calculated 	
	 at the level of the plot and at the level of the ecological site. 

	 (2) The Shannon Diversity Index (H´) provides a measure of species diversity that takes into 	
	 account the relative abundance of each species: 

			   H´= - ∑
=

n

i 1

 pi ln pi 

	 where pi is the abundance of each species. 

	 (3) Species evenness (E) is a measure of the degree to which all species are equal in                      	
	 abundance: 

			   E = H´/ ln(S) 

	 (4) Beta diversity (β w) is a measure of within-ecological site heterogeneity (diversity among 	
	 plots): 

	 	 	 β w = Se / (Sp – 1) 

	 where S e is the total number of species found in the ecological site, and Sp is the mean      	
	 number of species found per plot. 

We also calculated 

•	 tree basal area (the total cross-sectional area of the trees) for each overstory tree species in 
terms of m2/ha

•	 tree density for all species and size classes for overstory, sapling, and seedling layers in terms of 
stems/ha 

•	 mean diameter of overstory trees by species 

•	 mean canopy cover  

The mean soil aggregate stability index and its standard deviation were calculated. This index ranges 
between 1 and 6, where 1 indicates low aggregate stability and 6 indicates high aggregate stability. 
The index was also calculated separately for samples with vegetative cover and for samples without 
vegetative cover.
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We calculated mean and SD for the following basal gap measures: 

•	 median basal gap size 

•	 percentage of transects comprised by gaps and plant bases 

•	 percentage of transects comprised by each of four basal gap size classes

•	 total number of gaps 

Mean cover and SD of soil surface features were also calculated.

Data summaries present the 2008 (unthinned) data and the thinned and unthinned data of 2009. 

Results 

Shrub and herbaceous vegetation 
The vegetation of the Mesa Top Pinyon-Juniper ecological site at BAND is dominated by shrubs 
and perennial grasses, with less cover of forbs, cacti/succulents and annual grasses (table 1 and fig. 
2). Total foliar cover ranged from 11.72% to 16.88% in the three sets of plots (2008 unthinned, 2009 
thinned and 2009 unthinned). Shrub cover ranged from 3.17% to 7.32%, perennial grass cover 
ranged from 4.30% to 6.46%, and forb cover ranged from 2.09% to 2.78%. Cover of annual grasses 
and cacti/succulents comprised less than 1%. Total foliar cover was lowest in 2008, as was cover of 
perennial grasses and shrubs.

Dominant grasses included Bouteloua gracilis (blue grama), Elymus elymoides (squirreltail) and Poa 
fendleriana (muttongrass); dominant shrubs included Gutierrezia sarothrae (broom snakeweed), 
Quercus spp. (oak), Cercocarpus montanus (birchleaf mountain mahogany) and Rhus trilobata 
(skunkbush sumac) (table 2 and fig. 3). Many species had similar cover among the three sets of plots, 
while the cover of others were substantially different. For example, Gutierrezia sarothrae had the 
greatest cover in the 2009 thinned plots; Quercus spp. and Rhus trilobata had the greatest cover in 
the 2009 unthinned plots; the cover of Bouteloua gracilis was lowest in the 2008 plots. Quadrat and 

Table 1. Mean foliar cover of functional groups for 2008 (unthinned) and 2009 (thinned and unthinned) plots 
in the Mesa Top Pinyon-Juniper ecological site at BAND

Foliar Cover (%)

2008 Unthinned 2009 Thinned 2009 Unthinned

Functional Groups Mean SD Mean SD Mean SD

   Perennial grasses 4.30 2.83 5.90 3.78 6.46 4.70

   Annual grasses 0.38 1.21 0.07 0.13 0.12 0.23

   Forbs 2.43 2.42 2.78 1.88 2.09 1.29

   Shrubs 3.17 2.42 7.32 4.23 6.00 4.45

   Cacti and  succulents 0.48 0.62 1.02 1.49 1.12 1.43

Total live foliar cover 11.72 5.45 16.88 2.92 15.36 6.45

Standing dead herbaceous 1.42 0.72 1.43 0.58 1.64 0.95

Standing dead woody 0.57 0.54 1.07 0.91 0.92 0.68
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Figure 2. Mean foliar cover 
of all functional groups in 
2008 (unthinned) and 2009 
(thinned and unthinned) plots 
in the Mesa Top Pinyon-Juniper 
ecological site at BAND. Error 
bars represent one standard 
deviation.

Figure 3. Mean foliar cover of 
abundant shrub and herbaceous 
species in 2008 (unthinned) and 
2009 (thinned and unthinned) 
plots in the Mesa Top Pinyon-
Juniper ecological site at BAND. 
Species with foliar cover greater 
than 0.85% in any one of the 
three groups are included. Error 
bars represent one standard 
deviation.
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plot frequencies of the more abundant species did not reveal substantial differences among the three 
sets of plots, but there were substantial differences among the plots for the less abundant species. 
For example, there were 17 species that occurred in the 2008 plots but not the 2009 plots, 10 species 
that occurred in the 2009 thinned plots but not in the unthinned plots, and 9 species that occurred in 
the 2009 unthinned plots but not the other plots (excluding unknowns). Appendix A lists all species, 
along with common names, families, mean foliar covers, and plot frequencies by year.

We found nine nonnative species in the plots across all plot groups. Bromus tectorum (cheatgrass) 
and Verbascusm thapsus (common mullein) were the most abundant nonnative species. The cover of 
both species was low (< 0.4%), but plot frequency ranged from 53.33% to 71.43% and from 20.00% 
to 53.33%, respectively. The other seven species had mean covers of less than 0.10%, and most had 
plot frequencies of less than 30%. Four species occurred in only one or two of the plots. Three spe-
cies were found in the 2009 plots, but were not found in the 2008 plots: Salsola tragus (prickly Rus-
sian thistle), Erodium cicutarium (stork’s bill), Taraxacum officinale (common dandelion).

On the scale of the plot, the diversity indices were similar for the three sets of plots. Mean species 
richness ranged from 32.1 to 33.5 (table 3). Shannon diversity (which takes into account relative spe-
cies abundance, and generally ranges between 1.5 and 3.5) ranged between 2.089 and 2.196. Even-
ness (the degree to which all species are of equal abundance, ranging from 0 to 1 [Margalef 1972]) 
ranged from 0.599 to 0.630. On the scale of the ecological site, species richness ranged from 98 to 
101. Beta diversity (a measure of within-site heterogeneity, generally ranging between 1 and 5 [Mc-
Cune and Grace 2002]) ranged from 3.296 to 3.409. In all instances, the diversity indices were highest 
for the 2008 plots, except beta diversity which was highest for the 2009 unthinned plots. When these 
indices were recalculated using only native species, they did not change substantially.

Table 3. Species diversity metrics for all species, and for native species only, in 2008 (unthinned) and 2009 
(thinned and unthinned) plots in the Mesa Top Pinyon-Juniper ecological site at BAND

2008 Unthinned 2009 Thinned 2009 Unthinned

Mean SD Mean SD Mean SD

All species

Plot

   Plot richness 33.5 7.0 32.9 6.3 32.1 8.6

   Shannon diversity 2.197 0.330 2.089 0.499 2.118 0.485

   Evenness 0.630 0.089 0.599 0.131 0.617 0.138

Ecological site

   Ecological site richness 107 106 106

   Beta diversity 3.296 3.327 3.409

Native species

Plot

   Plot richness 31.3 5.6 30.6 5.5 30.0 6.8

   Shannon diversity 2.156 0.329 2.038 0.481 2.077 0.457

   Evenness 0.630 0.095 0.596 0.131 0.616 0.136

Ecological site

   Ecological site richness 101 99 98

   Beta diversity 3.330 3.340 3.379
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Trees 
Figures 4 and 5 and table 4 show the relative abundance of overstory trees by species and size class in 
terms of density and basal area. 

Juniperus monosperma (oneseed juniper) was the dominant overstory tree in all three sets of plots. Its 
overstory density in both of the unthinned sets of plots was similar: 156.7 stems/ha in the 2008 and 
177.3 stems/ha in 2009. However, its basal area was much lower in the 2008 than in the 2009 un-
thinned plots: 13.59 m2/ha in 2008 and 17.85 m2/ha in 2009.

Juniperus deppeana (alligator juniper), Pinus edulis (two-needle pinyon), and Pinus ponderosa (pon-
derosa pine) were of low abundance in all three sets of plots. Pinus edulis was sparse in the overstory 
with a basal area of 0.01 m2/ha and an overstory density of 0.7 stems/ha in the 2008 plots (1 indi-
vidual in 15 plots). There were no overstory individuals in the 2009 plots. Pinus ponderosa occurred 
in only one of the 2008 plots. Juniperus deppeana was the dominant tree in one of the 2008 plots, and 
only one individual occurred in one of the 2009 unthinned plots. 

Figure 4. Mean basal area for living trees, snags, and cut trees in 2008 (unthinned) and 2009 (thinned and 
unthinned) plots in the Mesa Top Pinyon-Juniper ecological site at BAND, by species. Note that the scale of the 
graph of Juniperus monosperma differs from the other three.
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Table 4. Mean density, basal area, and diameter of trees in 2008 (unthinned) and 2009 (thinned and un-
thinned) plots in the Mesa Top Pinyon-Juniper ecological site at BAND, by species and size classa

                                          
Metric

                      
Plot Group

Juniperus 
deppeana

Juniperus 
monosperma

Pinus 
edulis

Pinus      
ponderosa

        
Total

Seedling densityb (stems/ha)

2009 Thinned 0 171.4 104.8 0 276.2

2009 Unthinned 0 248.5 218.2 0 466.7

Sapling density             
(stems/ha)

2008 Unthinned 10.7 144.0 50.7 0 205.3

2009 Thinned 0 20.0 20.0 0 40.0

2009 Unthinned 0 127.3 10.9 0 138.2

Overstory density       
(stems/ha)

2008 Unthinned 12.7 156.7 0.7 2.0 172.0

2009 Thinned 0 94.3 0 0 94.3

2009 Unthinned 0.9 177.3 0 0 178.2

2009 Cut 0 96.4 7.8 0 0

Snag density (stems/ha)

2008 Unthinned 4.7 24.0 24.0 2.7 55.3

2009 Thinned 0 12.1 12.9 0 25.0

2009 Unthinned 0 24.5 10.9 0 35.5

Overstory basal area       
(m2/ha)

2008 Unthinned 1.92 13.59 0.01 0.20 15.72

2009 Thinned 0 16.78 0 0 16.78

2009 Unthinned 0.26 17.85 0 0 18.11

2009 Cut 0 5.00 0.28 0 5.28

Snag basal area (m2/ha)

2008 Unthinned 0.45 1.74 0.86 0.22 3.25

2009 Thinned 0 1.67 0.50 0 2.17

2009 Unthinned 0 2.47 0.35 0 2.82

Overstory diameterc (cm) 

2008 Unthinned 41.6 29.5 15.0 34.7 29.6

2009 Thinned 0 45.6 0 0 45.6

2009 Unthinned 60 38.8 0 0 38.9
aSize classes: seedlings are <2.5 cm diameter, saplings are 2.5–14.9 cm diameter, overstory trees are ≥15 cm diameter, and 
snags are standing dead stems ≥15 cm diameter.
bSeedlings were not consistently measured in 2008, and hence are not shown here.
cMean diameter of trees is provided as DBH for Pinus spp. and as DRC for Juniperus spp. Total values reflect the mean 
diameter, not the cumulative total, as for basal area and density above.
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The snag density and basal area of Pinus edulis greatly exceeded the density and basal area of the live 
trees in the 2008 plots (fig. 4). Snag density and basal area of Juniperus monosperma were higher than 
P. edulis, but much lower than the living stems of J. monosperma. 

The objective of the thinning treatment was to reduce the density of small stems of Juniperus mono-
sperma. This was evident in its lower density in the 2009 thinned plots compared to the 2009 un-
thinned plots: 94.3 stems/ha compared with 177.3 stems/ha, respectively. The basal area of the 2009 
thinned plots was only somewhat lower than the 2009 unthinned plots: 16.78 m2/ha compared to 
17.85 m2/ha. We measured the diameter of cut stumps in the thinned plots: their density was 96.4 
stems/ha, and their basal area was 5.00 m2/ha. Basal area of J. monosperma was reduced by 23% and 
its density was reduced by 50% by the thinning treatment. Cut overstory stems of Pinus edulis were 
also present in the 2009 thinned plots, but these were likely to be individuals that were dead at the 
time of the thinning, as the thinning prescription was to cut only individuals of J. monosperma.  

Figure 5. Size structure of overstory tree species in 2008 (unthinned) and 2009 (thinned and unthinned) plots 
in the Mesa Top Pinyon-Juniper ecological site at BAND. Error bars represent 1 standard deviation. Note that the 
scale of the graph of Juniperus monosperma differs from the other three.
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In both the 2008 and 2009 unthinned plots, most Juniperus monosperma individuals were of the 
smaller diameter classes and progressively fewer occurred in the larger diameter classes (fig. 5). As 
expected, the size structure of the 2009 thinned plots demonstrates a much lower density in the 
smallest overstory size class (15–25 cm), and a slightly lower density in the second lowest size class 
(35–45 cm). It is difficult to make generalizations about the size structure of the other species due to 
the small sample sizes.

Sapling and seedling densities provide insight into the structure and dynamics of the forest. Saplings 
of Juniperus monosperma, Pinus edulis, and Juniperus deppeana occurred in all three sapling size 
classes in the 2008 plots, with Juniperus monosperma having the highest densities in the two largest 
size classes, and Pinus edulis having the highest density in the smallest size class (fig. 6). In the 2009 
unthinned plots, the sapling size classes of Juniperus monosperma were more evenly distributed, but 
the total sapling density was comparable to the 2008 density: 144.0 stems/ha in 2008 and 127.3 stems/
ha in 2009. In the 2009 thinned plots, Juniperus monosperma sapling density was much lower, 20.0 
stems/ha (table 4). In both the 2009 thinned and unthinned plots, Pinus edulis only occurred in the 

Figure 6. Mean density of saplings in different diameter size classes in 2008 (unthinned) and 2009 (thinned 
and unthinned) plots in the Mesa Top Pinyon-Juniper ecological site at BAND.  Error bars represent 1 standard 
deviation. Note that the scales of the three graphs differ.
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smaller two size classes in low densities. No Juniperus deppeana saplings occurred in any of the 2009 
plots. Large standard deviations in the figures indicate high variability in sapling densities among 
plots.

Seedling data was not collected consistently in 2008, so only data from 2009 is presented (table 4 
and fig. 7). Only Juniperus monosperma and Pinus edulis were represented in the seedling layer; both 
occurred in moderately low densities. There were no P. edulis seedlings of the largest size class in the 
thinned plots. Densities for both species were lower in the thinned plots than in the unthinned plots. 
Large standard deviations indicate high variability in seedling densities among plots.

Figure 8 shows the density of both overstory and sapling trees by diameter size class for all species 
combined. Tree density in the overstory size classes for the 2008 plots demonstrates a typical decline 
with increasing tree diameter. Density in the two sapling size classes does not conform to this trend, 
being lower than expected. This flattening of the curve is more pronounced in the 2009 thinned and 
unthinned plots. In the 2009 unthinned plots, the 15–25 cm size class has the highest density. The size 
class distribution in the 2009 thinned plots is fairly flat, showing lower tree densities than both the 
2008 plots and the 2009 unthinned plots in all size classes but the largest three.

Figure 9 shows canopy cover results for 2009, since the 2008 collection of canopy closure (the pro-
portion of the hemisphere of sky obscured by vegetation when viewed from a single point) was aban-
doned in favor of collecting canopy cover (the proportion of the forest floor covered by the vertical 
projection of tree crowns) in 2009. Mean canopy cover was 17.6% in the 2009 unthinned plots and 
11.5% in the 2009 thinned plots. 

Soil stability and hydrologic function 
The crew monitored the amount of exposed soil in two ways: 1) cover estimates of soil surface fea-

Figure 7.  Mean density of seedlings in different size classes in 2009 (thinned and unthinned) plots in the 
Mesa Top Pinyon-Juniper ecological site at BAND. Error bars represent 1 standard deviation. Seedlings were not 
consistently measured in 2008, hence are not shown here. Note that seedling size classes differ for the two 
species because of the difference in how the two species were measured, however, all seedlings were defined as 
those with stems <2.5 cm diameter.
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Figure 9. Mean canopy cover comparing 2009 thinned and unthinned plots in the Mesa Top Pinyon-Juniper 
ecological site at BAND. Error bars indicate 1 standard deviation.

Figure 8. Size structure of overstory trees and saplings in 2008 (unthinned)and 2009 (thinned and unthinned) 
plots in the Mesa Top Pinyon-Juniper ecological site at BAND. Error bars represent 1 standard deviation.
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tures in quadrats and 2) measurements of basal gaps along transects. The most abundant soil surface 
features across all plot groups were duff/litter (32.55%–37.60%), fine gravel (30.73%–33.19% ) and 
undifferentiated crust (13.97%–16.49%) (table 5 and fig. 10). There were small differences in surface 
features among the three sets of plots. The basal gap data in table 6 and figure 11 indicate that gaps 
greater than 100 cm occupied 76.9% –81.0% of the transects. While there were noticeable differ-
ences in the number of basal gaps and the mean basal gap size between the 2008 and 2009 plots, the 
percentage of transect occupied by the different basal gap sizes was not substantially different. 

Table 5. Mean cover of soil surface features in 2008 (thinned) and 2009 (thinned and unthinned) plots in the 
Mesa Top Pinyon-Juniper ecological site at BAND

2008 Unthinned 2009 Thinned 2009 Unthinned

Surface feature Mean (%) SD Mean (%) SD Mean (%) SD

Live plant base 3.32 3.00 3.06 1.58 2.49 1.51

Dead woody base 0.23 0.28 0.38 0.49 0.32 0.45

Dead herbaceous base 0.99 0.64 0.83 0.56 0.78 0.62

Bare soil 4.24 4.37 4.47 7.43 2.70 2.59

Duff and litter 32.55 12.08 34.89 13.46 37.60 14.34

Undifferentiated crust 14.11 9.29 16.49 12.18 13.97 10.72

Moss 0.25 0.59 0.12 0.28 0.13 0.18

Lichen 0.01 0.01 0.02 0.05 0.00 0.01

Cyanobacteria 0.69 1.72 0.23 0.43 1.86 2.77

Fine gravel (0.2–2 cm) 33.19 18.51 31.86 17.48 30.73 19.21

Coarse gravel (2–7.5 cm) 2.24 2.01 2.01 2.59 2.21 2.48

Cobble (7.5–25 cm) 1.98 3.72 0.61 0.70 1.25 2.22

Stone, bedrock (>25 cm) 2.40 3.21 1.50 2.43 1.69 3.01

Woody debris 2.08 1.61 2.26 0.86 2.29 2.59

Note: The surface feature components do not add up to 100% because the calculations were made from cover 
class midpoints, and the estimations have observer error.

Table 6. Number of basal gaps, median gap size, and percentage of transect in different gap size classes in 
2008 (unthinned) and in 2009 (thinned and unthinned) plots in the Mesa Top Pinyon-Juniper ecological site at 
BAND 

2008 Unthinned 2009 Thinned 2009 Unthinned

Metric Mean SD Mean SD Mean SD

Number of gaps 125.2 48.2 99.0 50.9 106.6 48.4

Median gap size (cm) 67.5 38.5 95.5 52.6 78.0 41.4

Percent of transect in gaps 0–19 cm 2.1 4.2 1.5 1.5 1.8 1.5

Percent of transect in gaps 20–49 cm 5.7 3.0 4.4 3.7 4.3 3.4

Percent of transect in gaps 50–99 cm 10.9 5.9 8.4 5.5 8.8 4.6

Percent of transect in gaps ≥100 cm 76.9 11.5 81.0 13.0 80.3 11.6

Percent of transect in gaps 95.5 2.3 95.3 3.0 95.3 2.6

Percent of transect in plant bases 4.5 2.3 4.7 3.0 4.7 2.6
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Figure 11. Mean percentage of transect in different gap sizes in 2008 (unthinned) and 2009 (thinned and 
unthinned) plots in the Mesa Top Pinyon-Juniper ecological site at BAND. Error bars represent 1 standard 
deviation.

Figure 10. Mean cover of soil surface features for 2008 (unthinned) and 2009 (thinned and unthinned) plots in 
the Mesa Top Pinyon-Juniper ecological site at BAND
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The mean soil stability rating ranged between 3.28 and 4.00, which is moderate (table 7). Soil under 
vegetative cover invariably had a higher rating than soil without vegetative cover. The 2009 thinned 
plot values were intermediate between the 2008 and 2009 unthinned plot values.

Discussion 

The data collected in 2009 augment the data collected in 2008 to provide a more complete represen-
tation of the vegetation of the Mesa Top Pinyon-Juniper ecological site at BAND. Compositional dif-
ferences among the three plot groups most likely reflect spatial variability within the ecological site. 

The shrub/herbaceous data indicate a diverse mixture of grasses, shrubs, and succulents. Common 
shrubs included Gutierrezia sarothrae, Quercus spp., Cercocarpus montanus and Rhus trilobata; 
common grasses included Bouteloua gracilis, Elymus elymoides, and Poa fendleriana; common forbs 
included Artemisia spp. and Verbascum thapsus. Foliar cover and cover of perennial grasses and 
shrubs were lower in 2008 than in the 2009 thinned and unthinned plots. The cover and frequencies 
of the dominant species varied among the three sets of plots. Species diversity was generally higher in 
the 2008 plots than in either set of the 2009 plots. This may have been an artifact of the slightly larger 
sample size for the 2008 plots. Of the nine nonnative species found in the plots, two were abundant: 
Bromus tectorum and Verbascum thapsus. Bromus tectorum was most abundant in the 2008 plots and 
Verbascum thapsus was most abundant in the 2009 thinned plots. It is possible that there could have 
been some immediate post-thinning response in the herbaceous and shrub layers. Most of the differ-
ences, however, were likely due to random spatial variation. 

The overstory trees were dominated by Juniperus monosperma, with Pinus edulis, Juniperus deppeana 
and Pinus ponderosa in low abundance. The effect of the mechanical thinning was evident when 
comparing the overstory tree data of the thinned and unthinned plots of 2009. The thinned plots had 
a much lower density of Juniperus monosperma, and slightly lower basal area. This was expected as 
the thinning was directed at the smaller stems, which would produce a much larger effect on density 
than it would on basal areas. The effect of the thinning was also seen in the size class distribution, 
which showed a reduced density in the smaller size classes in the thinned plots, and a reduction in 
canopy cover. The sapling and seedling layers were composed of Juniperus monosperma and Pinus 
edulis, in moderately low densities, although saplings of Juniperus deppeana also occurred in low 
abundance in the 2008 plots. The 2009 thinned plots showed lower densities of Juniperus monosper-
ma saplings. The seedling densities of thinned plots were also lower than those of unthinned plots. 

Table 7. Mean soil stability rating by cover in 2008 (unthinned) and 2009 (thinned and unthinned) plots in the 
Mesa Top Pinyon-Juniper ecological site at BAND

Soil Stability Rating

2008 Unthinned 2009 Thinned 2009 Unthinned

 Ratinga SD Ratinga SD  Ratinga SD

Cover 4.35 0.96 4.21 0.93 3.64 1.40

No cover 3.60 0.99 3.30 0.75 2.86 1.43

Total 4.00 0.68 3.76 0.74 3.28 1.16

Note: We measured up to 18 points per plot in each of the 3 plot groups. However, because this is a soil surface measure-
ment, locations with deep pumice were not measured, resulting in fewer than 18 points in some plots.
aRatings ranged from 1-6, with 1 being the lowest stability and 6 being the highest.
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With respect to soil attributes, the 2009 data was similar to the 2008 data. The soil surface features 
were dominated by duff/litter, undifferentiated crust and fine gravel (pumice). The basal gap data 
showed a predominance of gaps over 100 cm. The soil aggregate stability showed moderate values, 
indicating that the soils are not overly susceptible to erosion. The large amount of bare ground is un-
doubtedly moderated by the large amount of litter. The largest differences between the thinned and 
unthinned plots were seen in the soil aggregate stability data; the 2009 thinned data had higher values 
than the 2009 unthinned plots, but the 2008 plots had even higher values. 

In summary, the primary differences between the thinned and unthinned plots were in the trees. 
The thinned plots showed lower densities of Juniperus monosperma. This was particularly evident in 
the saplings and smaller overstory size classes. The thinned plots also showed lower seedling densi-
ties of both J. monosperma and Pinus edulis, and lower canopy cover as well. The soil attributes of 
the thinned and unthinned plots showed little difference. While functional group cover was similar 
among the three sets of the plots, some of the species’ cover and frequency values differed. 

We plan to install an additional six plots in 2010. We will conduct power analysis on key metrics to 
determine the final number of plots necessary to detect a reasonable level of change. We are cur-
rently estimating that we will need approximately 45 plots. A temporal sampling design will then be 
implemented, where a certain number of plots will be visited each year. 
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