National Park Service
U.S. Department of the Interior

Natural Resource Stewardship and Science

Integrated Upland Vegetation and Soils Monitoring
for Grand Canyon National Park

2011 Summary Report
Natural Resource Data Series NPS/SCPN/NRDS—2013/518



ON THE COVER
Integrated upland monitoring in Grand Canyon National Park
Photography by:Jesse Mike/NPS



Integrated Upland Vegetation and Soils Monitoring
for Grand Canyon National Park

2011 Summary Report

Natural Resource Data Series NPS/SCPN/NRDS—2013/518

James K. DeCoster
Megan C. Swan

National Park Service

Southern Colorado Plateau Network
Northern Arizona University

P.O. Box 5765

Flagstaft, AZ 86011-5765

July 2013

U.S. Department of the Interior

National Park Service

Natural Resource Stewardship and Science
Fort Collins, Colorado




The National Park Service, Natural Resource Stewardship and Science office in Fort Collins, Colorado, publishes
arange of reports that address natural resource topics. These reports are of interest and applicability to a

broad audience in the National Park Service and others in natural resource management, including scientists,
conservation and environmental constituencies, and the public.

The Natural Resource Data Series is intended for the timely release of basic data sets and data summaries. Care
has been taken to assure accuracy of raw data values, but a thorough analysis and interpretation of the data

has not been completed. Consequently, the initial analyses of data in this report are provisional and subject to
change. Please direct any data requests to the SCPN Data Manager.

All manuscripts in the series receive the appropriate level of peer review to ensure that the information is
scientifically credible, technically accurate, appropriately written for the intended audience, and designed and
published in a professional manner.

Data in this report were collected and analyzed using methods based on established, peer-reviewed protocols
and were analyzed and interpreted within the guidelines of the protocols.

Views, statements, findings, conclusions, recommendations, and data in this report do not necessarily reflect
views and policies of the National Park Service, U.S. Department of the Interior. Mention of trade names or
commercial products does not constitute endorsement or recommendation for use by the U.S. Government.

Funding for this project was provided by the National Park Service to Northern Arizona University under
Colorado Plateau Cooperative Ecosystems Study Unit agreement H1200090005 (Task NAU-331).

The corresponding author and project manager for this project is Jim DeCoster (jim_decoster@nps.gov). Megan
Swan is the botanist and crew leader for the project. Other contributions were made by the SCPN staff. The 2011
field crew consisted of Teresa DeKoker, Sean Mahoney, Jesse Mike and Emily Palmquist.

This report is available from the Southern Colorado Plateau Network (http://science.nature.nps.gov/im/units/
scpn/), and the Natural Resource Publications Management Web site (http://www.nature.nps.gov/publications/
nrpm/) on the Internet. To receive this report in a format optimized for screen readers, please email irma@nps.
gov.

Please cite this publication as:
DeCoster, J. K., and M. C. Swan. 2013. Integrated upland vegetation and soils monitoring for Grand Canyon

National Park: 2011 summary report. Natural Resource Data Series NPS/SCPN/NRDS—2013/518. National
Park Service, Fort Collins, Colorado.

NPS 113/121695, July 2013

i Integrated Upland Vegetation and Soils Monitoring for Grand Canyon National Park: 2011 Summary Report


http://www.nature.nps.gov/publications/NRPM/index.cfm

Contents

o 10T iv
L 1 o (=T v
1 Introduction and background..........ccicn e ———————————————— 1
7V 11 3 Vo T 1
2.7 SAMPING TFAME L. ettt 1
2.2 FIEIA METNOUS ...ttt 3
2.2.1 Shrub and RerbaCeOUS VEGETATION. .............oue i 4
2.2.2 Overstory trees, saplings, aNd SEEAINGS .............c.oiiiieie e 4
2.2.3 Soil stability and hydrologic FUNCHION. .............c.ccooe oo 4
2.3 DATA SUMIMIY ...ttt e ettt ettt 4
2.3.1 Shrub and herbaceous species, functional groups and soil surface features...............cc.cceveeeeeceeieeeeieeeeieen 5
2.3.2 SPECIES IVEISILY ... et 5
2.3.3 TTBS ..o 6
2.3.4 Basal gaps @Nd SOl STADIITY .............ccoiieieee oo 6
0 =1 7
3.1 Limestone Upland @COI0GICAl SI ...t 7
3.7.7 Shrub and RErbaCeOUS VEGETATION..............oue i 7
3. T2 TTOES ... 9
3.1.3 Soil stability and hydrologic FUNCHION. ..............c.ccoieeeeeee oo 11
3.2 Mixed CoNIfer @COIOGICAl SITE ... ...iiiiii it 13
3.2.1 Shrub and RerbaCeOUS VEGETATION................e i 13
3.2.2 THOES ... 17
3.2.3 SOIl SUIACE TEATUIES...........c.eeoeeeeeee e e 23
3.3 Western Regional Climate Center precipitation data...........oc.oiiiiiiiiii i 24
0 T o1 T 25
4.1 Limestone Upland €C0l0GICal SITE .........uiiiiii e 25
4.2 MIXEA CONITEI oottt 26
o LT LT o =T 28
Appendix A: Complete species list for shrub and herbaceous species with mean foliar cover
and plot frequency for 10 plots in the Limestone Upland ecological site at GRCA in 2010 and 2011................... 29
Appendix B: Complete species list for plots sampled in the mixed conifer ecological site at GRCA..................... 32

Contents iii



Figures

Figure 1. Sampling frame of the Limestone Upland ecological site at GRCA with the 10 plots established in
2070 and reSamMPIEd I 20T 1. oo e 2

Figure 2. Sampling frame of the mixed conifer ecological site at GRCA with the 16 plots sampled in 2007-
2009, the 23 plots sampled in 2010, and the 7 plot sampled in 20T 1. ..o, 3

Figure 3. Mean percent foliar cover of functional groups for 2010 and 2011 in the Limestone Upland eco-
logical site at GRCA. Error bars represent 1 standard deviation. .............cooiiiiiiiiii e 7

Figure 4. Mean percent foliar cover of the 8 most abundant shrub and herbaceous species for 2011, com-
pared with cover of the same species for 2010 in the Limestone Upland ecological site at GRCA. Error bars
represent one StaNdard AEVIATION. ... ... i e 9

Figure 5. Mean density of tree seedlings in different size classes, by species, in 2010 and 2011 in the Lime-

stone Upland ecological site in GRCA. Error bars represent 1 standard deviation. The seedling category in-

cludes all trees <2.5 cm diameter. Juniperus osteosperma stems are measured at root crown (DRC); Pinus

edulis stems are measured at breast height (DBH). .......ooiiiiiii e 10

Figure 6. Mean percent canopy cover measured in 2010 and mean percent canopy closure measured in 2011
in the Limestone Upland ecological site. Error bars indicate 1 standard deviation.............cccooiiiiiiiiiiiii 11

Figure 7. Mean percent cover of soil surface features for 2010 and 2011 in the Limestone Upland ecological
ST AT GRO A . o 11

Figure 8. Mean percentage of transect by gap size class for 2010 and 2011 in the Limestone Upland ecologi-
cal site at GRCA. Error bars represent 1 standard deviation. .............cooiiiiiiiii e, 12

Figure 9. Mean percent foliar cover by functional group for plot group A, plot group B, plot group C, and all
plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent one standard deviation.... 14

Figure 10. Mean foliar cover of the 8 most abundant shrub and herbaceous species for all plots (ecological
site mean) compared with the mean foliar cover of the same species for plot group A, plot group B, and plot
group C in the mixed conifer ecological site at GRCA. Error bars represent one standard deviation................................. 16

Figure 11. Mean basal area for living overstory trees and snags, by species, for plot group A, plot group B,
plot group C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars
represent 1 standard AeVIATION. .......cciiiii e 18

Figure 12. Size structure of living overstory tree species for plot group A, plot group B, plot group C, and all
plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1 standard deviation........ 19

Figure 13. Mean density of saplings in different diameter size classes, by species, for plot group A, plot
group B, plot group C and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error
bars represent 1 standard AEVIATION. ... .ot 20

Figure 14. Mean density of seedlings in different size classes, by species, for plot group A, plot group B, plot

group C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars repre-

sent 1 standard deviation. Note the scales on the vertical axes of the graphs vary. The error bars for Pinus

ponderosa for plot group A and the ecological site extend to 15,445.9 and 9,359.5, respectively...............ccccooevienn. 21

Figure 15. Size class structure of living overstory trees and saplings for plot group A, plot group B, plot group
C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1
STANAAIA AEVIATION. ..o.eeiiece e 22

Figure 16. Mean canopy closure for plot group A, plot group B, plot group C, and all plots (ecological site
mean) in the mixed conifer ecological site at GRCA. Error bars indicate 1 standard deviation.................c.cccccoooeveiinn, 22

Figure 17. Mean percent cover of soil surface features for plot group A, plot group B, plot group C, and all
plots (ecological site mean) in the mixed conifer ecological site at GRCA. .........cc.ooiiiiiiieeeeeeee e 23

ivIntegrated Upland Vegetation and Soils Monitoring for Grand Canyon National Park: 2011 Summary Report



Figures (continued)

Figure 18. Total monthly precipitation for 2010 and 2011. Data from 2010 is from the Grand Canyon NP 2
(023586), AZ, station, and data from 2011 is from the Grand Canyon Airport (9135) AZ, station. The red line
long term average represents the mean monthly totals from 1948 through 2011, collected by the Western

REGIONAl ClIMAtE CONTEL. ..ottt 24
Tables
Table 1. Foliar cover of functional groups for 2010 and 2011 in the Limestone Upland ecological site at GRCA. ............... 7

Table 2. Mean foliar cover, standard deviation, and mean quadrat and plot frequencies of the 15 most abun-

dant shrub and herbaceous species for 2011 compared with the same species for 2010 in the Limestone

Upland ecological site at GRCA. All nonnative species are included for each year. The error bars represent 1

STANAAIA AEVIALION. ..o, 8

Table 3. Species diversity metrics for all species, and for native species only, for 2010 and 2011 in the Lime-
stone Upland ecological site at GRCA. ... .o e e 10

Table 4. Cover of soil surface features for 2010 and 2011 in the Limestone Upland ecological site at GRCA. .............. 12

Table 5. Number of basal gaps, median gap size and percentage of transect in different gap size classes for
2010 and 2011 in the Limestone Upland ecological site at GRCA. ..o 13

Table 6. Foliar cover of functional groups for plot group A, plot group B, plot group C, and all plots (ecologi-
cal site mean) in the mixed conifer ecological site at GRCA. ... ..o 14

Table 7. Mean foliar cover and standard deviation, and mean quadrat and plot frequencies of the15 most

abundant shrub and herbaceous species and all nonnative species for all plots (ecological site mean), com-

pared with the values for the same species for plot group A, plot group B and plot group C in the mixed

conifer ecological SIte @t GRCA. ... i e 15

Table 8. Species diversity metrics for all species and for native species only for plot group A, plot group B,
plot group C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. .............cccoooooiiiin, 16

Table 9. Mean density, mean basal area and mean diameter of trees for plot group A, plot group B, plot

group C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Species codes are

as follows: ABCO—Abies concolor, ABLA—Abies lasiocarpa, PIEN—Picea engelmannii, PIPU—Picea

pungens, PIPO—Pinus ponderosa, POTR—Populus tremuloides, PSME—Pseudotsuga menziesii. ........................ 17

Table 10. Cover of soil surface features for plot group A, plot group B, plot group C and all plots (ecological
site mean) in the mixed conifer ecological site at GRCA. ... ... ..o, 23

Table 11. The panel design we are currently planning to use for the revisit design at GRCA. “X" represents
15 plots, for a total of 45 plots across 3 panels for the ecological Site. ............ocoiiiiii e, 27

Contents v






1 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 scientific foundation
that informs resource management decisions. The Southern Colorado Plateau Network (SCPN) is monitoring
vegetation and soils as overall indicators of upland ecosystem integrity (Thomas et al. 2006).

SCPN and park staff selected 2 ecological sites for long-term monitoring of upland vegetation and soils at Grand
Canyon National Park (GRCA). The first is the Limestone Upland ecological site. For the sake of simplicity,

we refer to the second as the mixed conifer ecological site, although it is technically composed of 2 distinct
ecological sites: Loamy Hills, and Loamy Hills, Cold. 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 Limestone Upland ecological site is characterized as relatively intact pinyon-juniper woodland. It faces
numerous threats, including changing fire regimes, climate change, and invasion by nonnative species. The mixed
conifer forest is a unique ecosystem. There are few extensive areas of this system on the Colorado Plateau, and
climate change and altered fire regimes threaten its integrity.

In 2007 the SCPN integrated upland monitoring project began its work at GRCA with the installation of 16 plots
in the mixed conifer ecological site. We sampled vegetation in nested quadrats annually for 3 years to determine
the range of temporal variability for key metrics. In 2010 we established 23 additional plots, and in 2011 we
established 7 more plots. The total number of plots installed in the mixed conifer ecological site is 46. Our power
analysis suggests that this will be a sufficient sample size to detect trends in key metrics.

In 2010 we also established and sampled 10 plots in the Limestone Upland ecological site. In 2011 we resampled
the nested quadrat vegetation and measured basal gaps in these 10 plots.

In this report, we document monitoring activities during the 2011 field season and report these data. For the
Limestone Upland ecological site, we examine the 2011 data in the context of the data collected in 2010. For the
mixed conifer ecological site, we summarize the data collected between 2007 and 2011 as the baseline conditions
for the ecological site.

2 Methods

2.1 Sampling frame

We derived our base sampling frames (figs. 1 and 2) from maps of the ecological sites, which were developed by
the U.S. Natural Resources Conservation Service (see appendix A of DeCoster et al. 2012). The sampling frame is
the area from which we randomly select our sites, and hence the area to which statistical inferences can be made.
For the mixed conifer ecological site, we derived the sampling frame from the maps of its 2 component ecological
sites: Loamy Hills and Cold and Loamy Hills.

To make final adjustments to our sampling frames, we modified the map of the ecological site using Geographical
Information System (GIS) technology. These modifications were necessary to avoid areas that were

e outside of the target ecological site (roads, buildings and other infrastructure, and for the mixed conifer
ecological site, at elevations below 2500 m)

e expected to differ substantially from the norm, such as burned areas and mechanically treated areas in the
mixed conifer ecological site, because these areas would have increased ecological variation and made it
more difficult to detect trends

e potentially at risk for erosion as a result of sampling (slopes 230% for the mixed conifer ecological site and
slopes 220% for the Limestone Upland ecological site)
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Figure 1. Sampling frame of the Limestone Upland ecological site at GRCA with the 10 plots established in 2010 and resampled in
2011.

For each ecological site, we generated a set of spatially distributed sampling points using the Generalized
Random Tessellation Stratified (GRTS) design (Stevens and Olsen 2004). Park staff reviewed the sampling points
and rejected those points that landed too close to archeological sites and other sensitive resources. In each
ecological site, the integrated upland crew visited the points in consecutive order and conducted an ecological
site assessment, rejecting sites that deviated substantially from the ecological site, had a slope greater than 20%
(Limestone Upland) or 30% (mixed conifer), or contained a major disturbance.

In the Limestone Upland ecological site, we rejected 7 sites: 6 sites were in close proximity to an archeological
site, and 1 site deviated substantially from the ecological site. In the mixed conifer ecological site, we rejected a
total of 22 points for the following reasons: the sites had been moderately or severely burned, they had slopes
exceeding 30%, they deviated substantially from the ecological site, they were in proximity to an archeological
site, they were in proximity to a trail, they were inaccessible (>2 hours hiking time), or they were less than 200 m
from an established plot.
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Figure 2. Sampling frame of the mixed conifer ecological site at GRCA with the 16 plots sampled in 2007-2009, the 23 plots sampled
in 2010, and the 7 plot sampled in 2011.

2.2 Field methods

In the Limestone Upland ecological site, the SCPN integrated upland crew established 10 monitoring plots in
2010, and resampled them in 2011. In the mixed conifer ecological site, the crew established 16 monitoring plots
in 2007, and resampled these 16 plots in 2008 and 2009, but not in 2010 or 2011. New mixed conifer plots were
established in 2010 (23 plots) and 2011 (7 plots), and were only sampled once.

We conducted our work for the Limestone Upland ecological site in the first half of September, with the
exception of one plot in 2010 that was sampled in late October. In all years we conducted our field work for the
mixed conifer ecological site in late June through late July.

Integrated upland monitoring plots are 0.50 ha in size, measuring 71 x 71 m, and consist of 3 parallel 50 m
transects spaced 25 m apart. We collected data for shrub and herbaceous species composition, soil surface cover,
tree seedling density and tree canopy on all 3 transects within each plot. We also collected overstory tree and
sapling data in subplots located between 2 of the transects. We collected canopy closure one time for all plots
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in both sites. In the Limestone Upland ecological site, we also collected canopy cover in 2010. We collected soil
stability and basal gap data along the transects at the Limestone Upland ecological site. These data were not
collected for the mixed conifer ecological site, where high levels of litter and duff make soil erosion less of a
threat.

During plot establishment in 2007, 2010 and 2011 for mixed conifer, and 2010 in Limestone Upland, we collected
the full suite of data at each site. For plot revisits (2008 and 2009 in the mixed conifer ecological site and 2011 in
the Limestone Upland ecological site), we collected a subset of the data: species cover and frequency, functional
group cover, and soil surface features for both ecological sites and basal gaps for the Limestone Upland ecological
site. Field methodology is provided in detail in the SCPN integrated upland monitoring protocol (DeCoster et al.
2012).

2.2.1 Shrub and herbaceous vegetation

We sampled shrub and herbaceous vegetation within 5 sets of nested quadrats at 10 m intervals along each
transect. The largest quadrat size was 10 m? (2 x 5 m), with 4 smaller quadrats nested inside (0.01 m?, 0.1 m?, 1
m?, 5 m?). We recorded the presence of each herbaceous and shrub species within each nested sub-quadrat. We
estimated the percent cover of each species in the 10 m? quadrat and assigned it to 1 of 12 cover classes (e.g.,
2%-5%, 5%-10%, etc.). We also estimated the percent cover for functional groups (e.g., perennial grasses, forbs,
shrubs) in the 10 m? quadrats and recorded the cover class.

2.2.2 Overstory trees, saplings, and seedlings

In the mixed conifer ecological site, we measured living overstory tree and snag diameter at breast height (DBH)
ina 20 x 50 m (0.1 ha) plot located between 2 of the transects in the first year of sampling only. Within this
overstory tree plot, we tallied saplings by size class and species in a smaller, 10 x 25 m plot (0.025 ha). We tallied
seedlings by size class and species in the fifteen 10 m? quadrats along the 3 transects.

We collected tree data for the Limestone ecological site in 2010, but did not remeasure the overstory trees and
saplings in these plots in 2011. Tree seedlings were measured as described above.

We measured canopy using 2 methods. For the Limestone Upland ecological site, we measured tree canopy
cover using the line intercept method along transects when the plots were first established in 2010. For the mixed
conifer ecological site, we measured canopy closure using a spherical densiometer at 5 points along each transect,
once for each plot in 2008 only. We also used the canopy closure method for the Limestone Upland ecological
site in 2011.

2.2.3 Soil stability and hydrologic function
In both the Limestone Upland ecological site and the mixed conifer ecological site, we estimated the percent
cover of soil surface features in the 1 m? quadrats along transects, and recorded cover in 1 of 12 cover classes.

In the Limestone Upland ecological site, we also measured basal gaps as the length of bare ground between plant
bases along each transect. We collected soil aggregate stability data for these plots in 2010, but we did not repeat
these measurements in 2011.

2.3 Data summary

For the Limestone Upland ecological site, we compared all data collected in the 10 plots in 2011 with the data
collected in 2010.

For the mixed conifer ecological site, we summarized data for all 30 plots as the ecological site mean. These data
represent the baseline conditions for vegetation composition and structure in the mixed conifer ecological site.
We also compare the 3 plot groups to one another. It must be stressed that the differences between these 3 plot
groups do not represent change over time, but rather indicate differences in composition and structure resulting
largely from spatial variation. We refer to these 3 groups of plots as plot group A for the 16 plots established in
2007, plot group B for the 23 plots established in 2010, and plot group C for the 7 plots established in 2011.
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The sample unit for summary and analysis is the plot; hence, we summarized data at the level of the plot. For the
Limestone Upland ecological site, for each year we calculated the mean and standard deviation for most metrics
from the means of the 10 plots. For the mixed conifer ecological site, we calculated the mean and standard
deviation for plot groups and for the ecological site from the plot means. For plot group A, where there were

3 years of data, we calculated the mean value and standard deviation for the 16 plots for each year, and then
calculated the mean of the means and the mean of the standard deviations for the 3 years. Metrics with 3 years of
data include species cover and frequency, functional group cover and soil surface features. For plot group B and
plot group C, we calculated the mean and standard deviation based on a single year of data. The ecological site
means were calculated from all 46 plots, where the values for each of the 16 plots from plot group A are averaged
across all 3 years.

For both ecological sites, three metrics—plot frequency, ecological site richness and beta diversity—were
calculated across all plots and were therefore not calculated by averaging plot values. We discuss how we
summarized these data below in section 2.3.1 and 2.3.2.

2.3.1 Shrub and herbaceous species, functional groups and soil surface features

For herbaceous and shrub vegetation, percent foliar cover was estimated for each species from the cover class
midpoints, e.g., 7.5% for cover class 5%-10%. Mean percent foliar cover was calculated for each plot, and then
calculated for each year, plot group, or at the ecological site level, as appropriate. Mean cover and standard
deviation of functional groups and surface features were calculated in a similar fashion. Species frequency

was calculated for quadrats (mean percentage of 10 m* quadrats per plot where the species occurs) and for

plots (percentage of plots where the species occurs). For the mixed conifer ecological site, plot frequency was
calculated for each plot group. We calculated plot frequency for all 46 plots at the ecological site using a weighted
mean based on the 3-year mean value for the 16 plots in plot group A, and the single year values for the 23 plots
in plot group B and the 7 plots group C.

2.3.2 Species diversity
Four diversity measures were calculated for herbaceous and shrub species for each year (Magurran 1988), first
for all species and then for native species only:

(1) Species richness (S) is the number of species at a given spatial scale. This 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:

n

- z p,Inp,

i=1

where p, is the abundance of each species.

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

(4) Beta diversity (B, ) is a measure of within-ecological site heterogeneity:
S./(S,-1)

where S_is the total number of species found in the ecological site, and S, is the mean number of species
found per plot.
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For the Limestone Upland ecological site, we calculated the mean values for plot richness, Shannon diversity and
evenness, for each plot and year, and the mean and standard deviation were then calculated for the ecological site
for each year. Ecological site richness and beta diversity, which are not based on plot means, were calculated for
the ecological site.

For the mixed conifer ecological site, the mean values were calculated for plot richness, Shannon diversity,
and evenness, for each plot, and then were calculated for each plot group and the ecological site. To calculate
2 metrics for the ecological site, richness and beta diversity, we combined plot values from 1 of the 3 years of
available data from plot group A (the year with the median value for Shannon diversity) with data from plot
groups B and C.

2.3.3 Trees

In the mixed conifer ecological site, tree basal area (the total area of the tree cross-sections at breast height) for
living trees and snags was calculated for each overstory tree species in terms of m?* ha. Mean diameter of living
overstory trees was also calculated for each species. Tree density was calculated for all species and all size classes
for overstory living trees, snags, saplings and seedlings in terms of stems/ha. Each metric was calculated for each
plot, and the mean and standard deviation were then calculated for the ecological site, and for each plot group
(for the mixed conifer ecological site).

Canopy cover and canopy closure values were calculated by first deriving the mean value for each plot, and then
the mean and standard deviation were calculated for the year, the plot group, or for the entire ecological site, as
appropriate.

2.3.4 Basal gaps

For the Limestone Upland ecological site, we calculated 5 metrics for each year of basal gap data: median basal
gap size, percentage of transects comprised by gaps and plant bases, percentage of transects comprised by each
gap size class, and total number of gaps.
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3 Results

3.1 Limestone Upland ecological site
3.1.1 Shrub and herbaceous vegetation

Perennial grasses and shrubs co-dominated the Limestone Upland ecological site. In 2011, the mean total live
foliar cover was 9.60%, and the mean foliar covers of perennial grasses and shrubs were 3.81% and 4.41%,
respectively (table 1 and fig. 3). The mean covers for these 2 functional groups in 2010 were somewhat smaller.
The other live functional groups had less than 1% mean cover. Standing dead herbaceous and standing dead
woody had mean covers of 1.13% and 0.85%, respectively. The mean covers of these 2 groups were higher in
2010. The differences were offset by large standard deviations, which indicated large among-plot variation.

Table 1. Foliar cover of functional groups for 2010 and 2011 in the Limestone Upland ecological site at GRCA.

2010 2011
(n=10) (n=10)

Functional groups Mean (%) SD Mean (%) SD
Total live foliar cover 7.02 2.35 9.60 3.49

Perennial grasses 3.23 2.57 3.81 2.45

Annual grasses 0.05 0.13 0.71 2.13

Forbs 0.38 0.26 0.56 0.32

Shrubs 3.31 1.86 4.41 2.15

Cacti/succulents 0.12 0.17 0.21 0.21
Standing dead herbaceous 1.43 1.46 1.13 0.74
Standing dead woody 1.02 0.59 0.85 0.62

Note: The live functional groups do not add up to the total live foliar cover because the calculations were made from cover class

midpoints, the components may overlap, and the estimations have observer error.

Figure 3. Mean percent foliar cover of
functional groups for 2010 and 2011 in the
Limestone Upland ecological site at GRCA.
Error bars represent 1 standard deviation.
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We examine species-level data for the most abundant herbaceous and shrub species from the 2011 sampling year,
compared with 2010 results (table 2 and fig. 4). Bouteloua gracilis (blue grama) and Poa fendleriana (muttongrass)
were the dominant perennial grasses. Dominant shrubs included Purshia stansburiana (Stansbury cliffrose),
Artemisia tridentata (basin big sagebrush), Gutierrezia sarothrae (broom snakeweed), and Mahonia fremontii
(Freemont mahonia). Common forbs included Phlox austromontana, (mountain phlox) and Cordylanthus
parviflorus (purple bird’s-beak). Opuntia spp. (prickly pear) was the most abundant cactus/succulent. Most of
the dominant species showed higher foliar cover in 2011 than in 2010. The large standard deviations, however,
suggest that such differences are nominal. Most of the species with high mean foliar cover also had high plot
frequency. Mahonia fremontii was the only species with a mean foliar cover greater than 0.1% that did not occur
in 90-100% of the plots—it only occurred in 20% of the plots, but had high foliar cover where it occurred.
Appendix A lists all species that occurred in the ecological site, along with their common names, families, mean
foliar cover and plot frequencies, by year.

We encountered 3 nonnative species in the plots. The annual grass Bromus tectorum (cheatgrass) had a mean
foliar cover of 0.043% and occurred in 40% of the plots in 2010; it had a mean foliar cover of 0.683% and
occurred in 70% of the plots in 2011. Portulaca oleraceae (little hogweed) occurred in 30% of the plots in 2010
with a mean foliar cover of 0.001%, and did not occur in any plot in 2011. In contrast, Ceratocephala testiculata
(curveseed butterwort) occurred in 50% of the plots in 2011 with a mean foliar cover of 0.027%, but did not
occur in any plot in 2010.

Table 2. Mean foliar cover, standard deviation, and mean quadrat and plot frequencies of the 15 most abundant
shrub and herbaceous species for 2011 compared with the same species for 2010 in the Limestone Upland
ecological site at GRCA. All nonnative species are included for each year.

2010 2011
(n=10) (n=10)
Foliar Quadrat Plot freq. Foliar Quadrat  Plot freq.

Species cover (%) SD freq. (%) (%) cover (%) SD freq. (%) (%)
Purshia stansburiana 1.661 1.184 38.67 100.00 2.301 1.804 36.67 100.00
Bouteloua gracilis 2.126 2.628 64.00 90.00 2.147 2.360 66.00 90.00
Poa fendleriana 0.813 0.520 92.00 100.00 1.814 0.622 97.33 100.00
Artemisia tridentata 0.999 0.915 49.33 100.00 1.405 1.017 50.67 100.00
Bromus tectorum? 0.043 0.131 7.33 40.00 0.683 2.140 20.67 70.00
Gutierrezia sarothrae 0.179 0.161 43.33 100.00 0.283 0.340 45.33 100.00
Opuntia spp. 0.115 0.168 22.67 100.00 0.189 0.211 26.00 100.00
Mahonia fremontii 0.179 0.377 2.67 20.00 0.153 0.333 2.67 20.00
Ephedra viridis 0.066 0.161 4.00 30.00 0.091 0.229 5.33 40.00
Draba cunefolia 0.002 0.004 3.33 20.00 0.086 0.068 71.33 100.00
Phlox austromontana 0.068 0.149 533 20.00 0.079 0.171 533 20.00
Eriogonum racemosum 0.043 0.120 12.00 30.00 0.060 0.185 12.67 30.00
Gilia spp. 0.007 0.015 11.33 30.00 0.055 0.038 60.67 100.00
Elymus elymoides 0.028 0.047 16.00 70.00 0.052 0.055 26.00 80.00
Quercus gambelii 0.010 0.032 0.67 10.00 0.050 0.158 0.67 10.00
Ceratocephala testiculata?® 0 0 0 0 0.027 0.073 8.67 50.00
Portulaca oleracea® 0.001 0.002 2.67 30.00 0 0 0 0

Note: Species are arranged in descending order by their mean foliar cover for 2011.
dNonnative species.
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Figure 4. Mean percent foliar cover of the 8 most abundant shrub and herbaceous species for 2011, compared with cover of the
same species for 2010 in the Limestone Upland ecological site at GRCA. Error bars represent one standard deviation.

Species diversity in this ecological site was moderately low on the scale of the plot, and moderate on the scale

of the ecological site. At both scales, species richness was higher in 2011 than in 2010. On the scale of the

plot, richness was 21.7 species in 2010 and 29.6 in 2011 (table 3). Shannon diversity (which takes the relative
abundance of each species into account, and generally ranges between 1.5 and 3.5) was 1.596 in 2010 and 1.775
in 2011. Evenness (the degree to which all species are of equal abundance, ranging from 0 to 1) was similar for the
2years: 0.5251n 2010 and 0.524 in 2011. On the scale of the ecological site, species richness was 70 in 2010 and
80in 2011. Beta diversity (a measure of within-ecological site heterogeneity, generally ranging between 1 and 5)
was lower in 2011 than 2010, at 2.797 and 3.382, respectively. When we calculated the metrics using only native
species, evenness and beta diversity increased slightly and the other metrics decreased slightly.

3.1.2 Trees

Trees were originally sampled in 2010 and not remeasured in 2011, with the exception of seedlings and canopy
closure. In the seedling layer, 2 tree species occurred in the plots: Juniperus osteosperma (Utah juniper) and
Pinus edulis (twoneedle pinyon). Seedling density for Juniperus osteosperma was 313.3 stems/ha in 2010 and
213.3 stems/ha in 2011. Seedling density for Pinus edulis was 1653.3 in 2010 and 1713.3 in 2011. The size class
distribution of the seedlings showed lower densities with the larger size classes for each species, particularly for
the largest size class of Pinus edulis (fig. 5). The standard deviations were moderately large, indicating large among
plot variation.
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Table 3. Species diversity metrics for all species, and for native species only, for 2010 and 2011 in the Limestone
Upland ecological site at GRCA.

2010 2011
(n=10) (n=10)
Mean SD Mean SD

All species
Plot

Plot richness 21.7 6.3 29.6 5.9

Shannon diversity 1.596 0.415 1.775 0.291

Evenness 0.525 0.121 0.524 0.067
Ecological site

Ecological site richness? 70 80

Beta diversity? 3.382 2.797
Native species
Plot

Plot richness 21.0 6.0 284 5.7

Shannon diversity 1.585 0.405 1.762 0.293

Evenness 0.526 0.117 0.527 0.066
Ecological site

Ecological site richness? 68 78

Beta diversity? 3.400 2.847

?Ecological site richness and beta diversity values are not means.

Figure 5. Mean density of tree seedlings in different size classes, by species, in 2010 and 2011 in the Limestone Upland ecological site
in GRCA. Error bars represent 1 standard deviation. The seedling category includes all trees <2.5 cm diameter. Juniperus osteosperma
stems are measured at root crown (DRC); Pinus edulis stems are measured at breast height (DBH).
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Canopy cover measurements between the 2 years were similar, despite the use of different methods. In 2010

we measured canopy cover using line intercept methods, and in 2011 we used canopy closure using a spherical
densiometer. Canopy closure refers to the proportion 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 (Jennings et al. 1999). Canopy cover measured in 2010 was 37.8%, and canopy closure
measured in 2011 was 38.3% (fig. 6).

Figure 6. Mean percent canopy cover
measured in 2010 and mean percent canopy
closure measured in 2011 in the Limestone
Upland ecological site. Error bars indicate 1
standard deviation.

3.1.3 Soil stability and hydrologic function

We measured the amount of soil surface potentially subject to erosion in 2 ways: cover estimates of soil surface
features in quadrats and measurements of basal gaps along transects. Duff/litter was the soil surface feature
with the greatest mean cover: 46.30% in 2010 and 48.45% in 2011 (fig. 7 and table 4). Other important features
included fine gravel, undifferentiated crust, bare soil and coarse gravel, all having between 4% and 15% mean
cover. There was moderate variation in the cover of many of the features between the 2 years.

2010 2011 Figure 7. Mean percent cover of soil surface
features for 2010 and 2011 in the Limestone
Upland ecological site at GRCA.

EEE Duff/litter

EES Undifferentiated crust

(ITTTT Fine gravel

B Bare soil

B Coarse gravel

B Moss, lichen and cyanobacteria
Il Cobble and stone/bedrock

Live and dead plant base
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Table 4. Cover of soil surface features for 2010 and 2011 in the Limestone Upland ecological site at GRCA.

2010 2011
(n=10) (n=10)

Soil surface feature Mean (%) SD Mean (%) SD

Live plant base 0.93 0.44 2.06 0.83
Dead woody base 0.20 0.19 0.24 0.33
Dead herbaceous base 0.64 0.57 0.93 0.66
Bare soil 6.71 4.39 11.13 6.74
Duff/litter 46.30 11.23 48.45 11.28
Undifferentiated crust 15.36 11.17 6.74 493
Moss 0.62 0.52 2.24 1.97
Lichen 0.08 0.16 0.61 1.83
Cyanobacteria® 3.42 4.72 1.10 1.66
Fine gravel (0.2 to <2 cm) 11.02 12.66 12.79 14.46
Coarse gravel (2 to <7.5 cm) 6.69 6.90 4.15 5.68
Cobble (7.5 to <25 cm) 2.16 2.92 2.12 2.94
Stone, bedrock (>25 c¢m) 1.14 2.54 0.93 2.27
Woody debris 2.43 1.47 1.90 1.44

Note: The soil surface features do not add up to 100% because the calculations were made from cover class midpoints, and the
estimations have observer error.
3In 2010 we used a different method for classifying cyanobacteria.

The basal gap data showed large distances between the plant bases. The majority of the transects were comprised
of gaps of 100 cm or greater, 81.1% in 2010 and 84.2% in 2011 (fig. 8 and table 5). Gaps less than 20 cm
comprised only 2.0% and 1.2% of the transects in 2010 and 2011, respectively. The median gap size was 84.2 cm
in 2010 and 81.4 cm in 2011.

Figure 8. Mean percentage of
transect by gap size class for
2010 and 2011 in the Limestone
Upland ecological site at GRCA.
Error bars represent 1 standard
deviation.
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Table 5. Number of basal gaps, median gap size and percentage of transect in different gap size classes for 2010
and 2011 in the Limestone Upland ecological site at GRCA.

2010 2011
(n=10) (n=10)
Metric Mean SD Mean SD
Number of gaps 106.9 51.5 84.0 36.5
Median gap size (cm) 84.2 90.6 81.4 35.1
Percentage of transect in gaps 97.2 1.6 97.4 1.4
Percentage of transect in gaps 0 to <20 cm 2.0 1.3 1.2 0.8
Percentage of transect in gaps 20 to <50 cm 4.8 3.5 4.1 2.6
Percentage of transect in gaps 50 to <100 cm 9.3 5.2 7.9 5.9
Percentage of transect in gaps >100 cm 81.1 10.7 84.2 10.1
Percentage of transect in plant bases 2.8 1.6 2.6 1.4

3.2 Mixed conifer ecological site

We describe results generally for the ecological site mean, based on all plots, but specify whenever data comes
from only one of the plot groups.

3.2.1 Shrub and herbaceous vegetation

Opverall the shrub and herbaceous vegetation of the mixed conifer ecological site was sparse, with a mean foliar
cover of 6.47% (table 6 and fig. 9). The functional groups with the greatest mean covers were shrubs (2.21%),
forbs (1.74%) and perennial grasses/graminoids (1.25%). There were no annual grasses or cacti/succulents.
Standing dead herbaceous and standing dead woody covers were 0.68% and 0.20%, respectively. (Standing dead
woody only included shrubs; it did not include trees.) There was some variation in the mean cover of functional
groups among the plots groups, but these differences were offset by the moderately large standard deviations
which indicate large among-plot variation.

We present species-level data for the most abundant herbaceous and shrub species in the ecological site in

Table 7 (foliar cover and frequency) and Figure 10 (foliar cover). The dominant shrubs were Juniperus communis
(common juniper), Robinia neomexicana (New Mexico locust) and Mahonia repens (creeping barberry). The
most abundant forbs (including ferns) were Pteridium aquilinum (western bracken fern), Fragaria virginiana,
(Virginia strawberry), Pedicularis centrathera (dwarf lousewort), and Pseudostellaria jamesiana (tuber starwort).
The most abundant perennial grasses and graminoids were Carex siccata (dry-spike sedge), Carex rossii (Ross’
sedge), Poa fendleriana (mutton grass), and Bromus ciliatus (fringed brome). The species with the highest
frequency was Carex rossii, which occurred in all of the plots, and 68.94% of the quadrats. Most of the dominant
species had plot frequencies greater than 50%. Robinia neomexicana, Pteridium aquilinum, and Pseudostellaria
jamesiana had low frequencies, indicating patchy distributions but had relatively high foliar cover where they
occurred. There was moderate variation in the mean foliar covers for many species among the plot groups, and
the standard deviations indicate high among-plot variability. However, there was lower variation in the quadrat
and plot frequencies among the plot groups. Appendix B lists all species, along with their common names,
families, mean foliar covers and plot frequencies.

Only one nonnative species was found in the plots. Taraxacum officinale (common dandelion) occurred in
11.59% of the plots, with a mean foliar cover of 0.007%. It was most abundant in plot group C.

Species diversity in this ecological site was moderately low on the scale of the plot, and high on the scale of the
ecological site (table 8). On the scale of the plot, species richness was 22.4 species. Shannon diversity (which takes
relative species abundance into account, and generally ranges between 1.5 and 3.5) was 1.736. Evenness (the
degree to which all species are of equal abundance, ranging from 0 to 1) was 0.560. On the scale of the ecological
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Table 6. Foliar cover of functional groups for plot group A, plot group B, plot group C, and all plots (ecological site

mean) in the mixed conifer ecological site at GRCA.

Plot group A Plot group B Plot group C
2007-2009 2010 2011 Ecological site
(n=16) (n=23) (n=7) (n = 46)
Functional groups Mean (%) SD Mean (%) SD Mean (%) SD Mean (%) SD
Total live foliar cover 8.30 4.56 5.27 3.91 6.23 3.80 6.47 3.85
Perennial grasses/graminoids 1.73 1.45 0.99 1.62 1.03 0.85 1.25 1.42
Annual grasses 0 0 0 0 0 0 0 0
Forbs 1.58 1.55 1.55 1.95 2.72 2.78 1.74 1.94
Shrubs 1.60 2.12 2.70 3.35 2.00 1.90 2.21 2.76
Cacti/succulents 0 0 0 0 0 0 0 0
Standing dead herbaceous 0.80 0.85 0.59 1.73 0.73 1.15 0.68 1.33
Standing dead woody 0.21 0.14 0.22 0.32 0.07 0.11 0.20 0.24

Note: The live functional groups do not add up to the total live foliar cover because the calculations were made from cover class
midpoints, components may overlap, and the estimations have observer error.

Figure 9. Mean percent foliar cover by functional group for plot group A, plot group B, plot group C, and all plots (ecological site

mean) in the mixed conifer ecological site at GRCA. Error bars represent one standard deviation.
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Figure 10. Mean foliar
cover of the 8 most
abundant shrub and
herbaceous species for

all plots (ecological site
mean) compared with

the mean foliar cover of
the same species for plot
group A, plot group B, and
plot group C in the mixed
conifer ecological site at
GRCA. Error bars represent
one standard deviation.

Table 8. Species diversity metrics for all species and for native species only for plot group A, plot group B, plot
group C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA.

Plot group A Plot group B Plot group C
2007-2009 2010 2011 Ecological site
(n=16) (n=23) (n=7) (n=46)
Mean SD Mean SD Mean SD Mean SD
All species
Plot
Plot richness 23.0 5.8 22.3 6.3 21.7 7.5 224 6.2
Shannon diversity 1.908 0.441 1.579 0.576 1.859 0.457 1.736 0.519
Evenness 0.611 0.123 0.510 0.166 0.609 0.118 0.560 0.148
Ecological site
Ecological site richness? 86.0 84 66 111
Beta diversity? 3.910 3.951 3.186 5.121
Native species
Plot
Plot richness 22.9 5.7 22.2 6.2 21.6 7.2 223 6.1
Shannon diversity 1.905 0.439 1.579 0.576 1.852 0.445 1.734 0.517
Evenness 0.611 0.123 0.510 0.166 0.608 0.117 0.560 0.148
Ecological site
Ecological site richness? 85.0 83 65 110
Beta diversity? 3.890 3.920 3.160 5.106

3Ecological site richness and beta diversity values are not means, except for the plot group A values which were derived from
averaging across all 3 years.
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site, species richness was 111, and beta diversity (a measure of within-ecological site heterogeneity, generally
ranging between 1 and 5) was 5.121. The diversity metrics among plot groups were similar, but plot group C

had lower values for the ecological site level metrics. This was probably a result of a smaller sample size—7 plots
compared to 16 in plot group A and 23 in plot group B. When we calculated the metrics using only native species,
all the metrics decreased slightly with the exception of evenness, which increased slightly.

3.2.2 Trees
We report tree density (stems/ha) by species for seedlings, saplings and overstory trees. We also report basal area
for overstory trees by species, grouped as living trees or snags (dead trees) (table 9).

Table 9. Mean density, mean basal area and mean diameter of trees for plot group A, plot group B, plot group
C, and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Species codes are as follows:
ABCO—ADbies concolor, ABLA—Abies lasiocarpa, PIEN—Picea engelmannii, PIPU—Picea pungens, PIPO—Pinus
ponderosa, POTR—Populus tremuloides, PSME—Pseudotsuga menziesii.

Individual species

Plot Al
group ABCO ABLA PIEN PIPU  PIPO POTR PSME species?

Seedling® density (stems/ha) A: 2007 24833 1283.3 44538 162.5 36125 46959 1292 12812.6
B: 2010 24812 605.8 446.4 34.8 150.7 3794.2 142.0 7,655.1
C:2011 27905  666.7 161.9 95.2 66.7 5485.7  200.0 9466.7
Allplots  2529.0  850.7 402.9 88.4 1342.0  4365.2 146.4 9724.6

Sapling® density (stems/ha) A: 2007 3275 85.0 2325 82.5 7.5 167.5 67.5 970.0
B: 2010 205.2 57.4 173.9 8.7 435 231.3 33.0 753.0
C: 2011 5257 40.0 97.1 34.3 1.4 125.7 514 885.7
All plots  296.5 64.3 182.6 38.3 26.1 193.0 47.8 848.7
Overstory® density (stems/ha) A: 2007 61.3 23.8 38.1 14.4 431 475 31.3 259.4
B: 2010  74.3 1.3 70.9 8.7 54.8 443 37.0 301.3
C: 2011 94.3 30.0 54.3 171 271 91.4 21.4 335.7
All plots ~ 72.8 18.5 57.0 12.0 46.5 52.6 32.6 392.0
SnagP density (stems/ha) A: 2007 44 4 1.9 8.1 0.6 10.6 30.6 6.3 112.5
B: 2010 435 15.2 10.4 2.6 8.3 58.3 13.5 151.8
C: 2011 31.4 1.4 18.6 1.4 2.9 34.3 5.7 95.7
All plots ~ 42.0 12.0 10.9 1.7 8.3 45.0 9.8 129.6
Overstory basal area (m%ha) A: 2007 5.82 1.25 3.38 2.06 9.44 3.41 2.87 28.24
B: 2010 5.71 0.51 5.22 0.66 9.78 2.91 2.57 27.37
C: 2011 7.74 1.61 4.03 3.14 6.94 6.63 2.68 32.77
All plots 6.06 0.94 4.40 1.52 9.24 3.65 2.69 28.49
Snag basal area (m#ha) A: 2007 7.23 0.47 0.99 0.03 2.33 1.92 1.20 14.17
B: 2010 6.03 0.93 0.59 0.20 0.57 2.80 1.62 12.75
C: 2011 3.48 0.07 1.19 0.60 0.64 2.13 1.54 9.65
All plots 6.06 0.64 0.82 0.20 1.19 2.39 1.46 12.77
Mean overstory diameter (cm)c  A: 2007  32.1 22.7 32.1 30.0 51.8 29.4 29.4 33.7
B: 2010 29.0 23.8 27.8 32.5 457 29.1 299 31.6
C:2011  28.0 24.7 28.4 30.7 56.3 31.3 42.8 323
All plots 29.7 23.4 29.1 31.5 494 29.6 32.1 32.5

%Values in the “All species” column represent all species combined. “All species” density and basal area metrics are the sum of the
individual species mean values. “All species” overstory diameter is the mean diameter across all tree species.

bSize classes: seedlings are <2.5 cm diameter, saplings are 2.5 to <15 cm diameter, overstory trees are >15 ¢cm diameter, and snags are
standing dead stems >15 ¢cm diameter.

‘Mean diameter of tree is provided as DBH.
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We found a total of 7 tree species in the plots of the mixed conifer ecological site. Pinus ponderosa (ponderosa
pine, PIPO) had the greatest mean basal area, with 9.24 m?/ha., followed by Abies concolor (white fir, ABCO),
Picea engelmannii (Engelmann spruce, PIEN) and Populus tremuloides (quaking aspen, POTR) (fig. 11). Abies
concolor was the species with the greatest mean snag basal area, with 6.06 m?/ha, followed by Populus tremuloides.
In terms of living overstory density, Abies concolor had the greatest mean density with 72.8 stems/ ha, followed
by Picea engelmannii and Populus tremuloides. The size class distributions for the individual species demonstrate
that while most species showed an inverse relationship between density and size class, Pinus ponderosa and Picea
pungens (Colorado blue spruce, PIPU) had fairly even distributions, and Populus tremuloides only had individuals
in the smaller size classes—the highest density being in the 25-35 cm size class (fig. 12). Populus tremuloides

had the highest mean snag density, followed by Abies concolor. Pseudotsuga menziesii (Douglas fir, PSME) had
intermediate values for basal area and density. Abies lasiocarpa (subalpine fir, ABLA) and Picea pungens were
minor components of the overstory, with low values for both basal area and density. There were small differences
in overstory basal area and density among the plot groups. The high standard deviations for basal area and
density of both living trees and snags indicate large among-plot variation.

Sapling and seedling densities provide measures of forest regeneration, and indicate the potential for change

in species composition. The sapling layer was dominated by Abies concolor, Picea engelmannii and Populus
tremuloides (fig. 13). Most species showed fairly even size class distributions, however Populus tremuloides had an
inverse distribution, with the highest mean density in the smallest size class.

Populus tremuloides had the highest mean seedling density, followed by Abies concolor and Pinus ponderosa

(fig. 14). Most species had the highest densities in the intermediate size class (15 to <137 cm). The exception was
Pinus ponderosa, which had the highest density in the smallest size class (<15 cm). Differences among plot groups
in species densities for saplings and seedlings were generally small and the standard deviations were moderately
large, indicating large among-plot differences.

Figure 11. Mean basal area for living overstory trees and snags, by species, for plot group A, plot group B, plot group C, and all plots
(ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1 standard deviation.
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Figure 12. Size structure of living overstory tree species for plot group A, plot group B, plot group C, and all plots
(ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1 standard deviation.
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Figure 13. Mean density of saplings in different diameter size classes, by species, for plot group A, plot group B, plot group C
and all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1 standard deviation.
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Figure 14. Mean density of seedlings in different size classes, by species, for plot group A, plot group B, plot group C, and
all plots (ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1 standard deviation.
Note the scales on the vertical axes of the graphs vary. The error bars for Pinus ponderosa for plot group A and the

ecological site extend to 15,445.9 and 9,359.5, respectively.
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The overall size class structure of overstory and saplings combined shows a fairly typical inverse distribution,
with density decreasing as size class increases (fig. 15). The distribution is not smooth, however. The density
of the size class, 5-10 cm, was larger than expected. Standard deviations were large, particularly for the sapling
size classes, indicating large among-plot variation. Variation among plot groups was moderately small, with the

exception of the smallest size class.

The mean canopy closure for trees in the mixed conifer ecological site was 62.5% (fig. 16). Standard deviations
(indicating among-plot differences) for canopy closure were moderate.

Figure 15. Size class structure of living overstory trees and saplings for plot group A, plot group B, plot group C, and all plots
(ecological site mean) in the mixed conifer ecological site at GRCA. Error bars represent 1 standard deviation.

Figure 16. Mean canopy closure for plot
group A, plot group B, plot group C, and
all plots (ecological site mean) in the mixed
conifer ecological site at GRCA. Error bars
indicate 1 standard deviation.
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3.2.3 Soil surface features
Duft/litter dominated the soil surface in the mixed conifer ecological site, with a mean cover of 81.16% (table 10
and fig. 17). The second most common soil surface feature was woody debris, with a mean cover of 9.76%. Live

plant base had a mean cover of 1.47%. All other features had mean covers of less than 1%.

Table 10. Cover of soil surface features for plot group A, plot group B, plot group C and all plots (ecological site

mean) in the mixed conifer ecological site at GRCA.

Plot group A Plot group B Plot group C
2007-2009 2010 2011 Ecological site
(n=16) (n=23) (n=7) (n = 46)

Soil surface feature Mean (%) SD Mean (%) SD Mean (%) SD Mean (%) SD
Live plant base 1.74 1.58 1.16 1.32 1.88 2.29 1.47 1.51
Dead woody base 0.47 0.75 0.24 0.51 0.09 0.09 0.30 0.51
Dead herbaceous base 0.14 0.18 0.09 0.12 0.11 0.10 0.11 0.12
Bare soil 1.15 1.60 0.84 1.11 0.32 0.68 0.87 1.15
Duff/litter 80.43 5.01 81.90 4.05 80.40 5.99 81.16 4.36
Undifferentiated crust 0.13 0.50 0 0 0.53 0.76 0.13 0.40
Moss 0.34 0.31 0.45 0.55 0.13 0.14 0.36 0.43
Lichen 0.09 0.15 0.25 0.65 0.11 0.22 0.17 0.47
Cyanobacteria 0 0 <0.01 <0.01 0 0 0 0
Fine gravel (0.2 to <2 cm) 0.19 0.29 0.20 0.31 0.14 0.18 0.19 0.27
Coarse gravel (2 to <7.5 cm) 0.46 0.73 0.41 0.44 0.33 0.42 0.41 0.54
Cobble (7.5 to <25 cm) 0.34 0.70 0.21 0.25 0.34 0.81 0.27 0.53
Stone, bedrock (>25 c¢m) 0.46 1.24 0.02 0.06 0.07 0.19 0.18 0.70
Woody debris 9.04 4.59 9.87 4.05 11.07 3.61 9.76 3.95

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

Plot group A
2007-2009

Plot group B
2010

Ecological site mean

Plot group C
2011

EEE Duff/litter

E== Woody debris
[TTIT] Live plant base
B Bare soil

B All other features

Figure 17. Mean percent cover of soil
surface features for plot group A, plot
group B, plot group C, and all plots
(ecological site mean) in the mixed
conifer ecological site at GRCA.
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3.3 Western Regional Climate Center precipitation data

Precipitation records for GRCA are available from the Western Regional Climate Center (2012a, 2012b).
Figure 18 shows the total monthly precipitation for 2010 and for 2011, compared with the long term average
precipitation by month for the period 1948-2011.

Figure 18. Total monthly precipitation for
2010 and 2011. Data from 2010 is from the
Grand Canyon NP 2 (023586), AZ, station, and
data from 2011 is from the Grand Canyon
Airport (9135) AZ, station. The red line long
term average represents the mean monthly
totals from 1948 through 2011, collected by
the Western Regional Climate Center.
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4 Discussion

4.1 Limestone Upland ecological site

We present 2 years of data from the 10 plots established in the Limestone Upland ecological site at GRCA to gain
a better understanding of the temporal variability in the data.

The shrub/herbaceous vegetation was co-dominated by shrubs and perennial grasses. Dominant shrubs included
Purshia stansburiana, Artemisia tridentata, Gutierrezia sarothrae and Mahonia fremontii. Dominant perennial
grasses included Bouteloua gracilis and Poa fendleriana. Three nonnative species were found in the plots. Bromus
tectorum had moderate foliar cover in 2011, and low cover in 2010. Portulaca oleracea and Ceratocephala
testiculata occurred in lower abundance. Species diversity was moderately low on the scale of the plot, and
moderate on the scale of the ecological site.

The soils data indicated that there is not a large potential for erosion. While the basal gap data showed that there
were large distances between plant bases, the majority of the area was mostly composed of duft and litter.

There were moderate differences in species composition between the 2 years of sampling. Foliar covers of the
living functional groups were invariably higher in 2011. Similarly, foliar cover of the majority of the dominant
perennial grass and shrub species was higher for 2011. While there were some species that were present in 2010
that were not present in 2011, there were many more species present only in 2011. As a result, ecological site
species richness was higher in 2011, at 80 species, compared with 70 species in 2010. Plot species richness and
Shannon diversity were also higher in 2011, but beta diversity was lower, suggesting that the plots were more
similar to each other in composition in 2011. There were also some differences in the mean cover of some of
the soil surface features between the 2 years, particularly with the cover of undifferentiated crust, bare soil and
cyanobacteria. Basal gaps metrics and seedling densities were comparable.

The differences in the vegetation and soil data between 2010 and 2011 are likely the result of differences in
precipitation. Variation in precipitation has been associated with changes in cover and frequency of herbaceous
plants, particularly for annual species and forbs. The higher richness at both the plot and ecological site level
suggests such an effect. The moderate differences in foliar cover of perennial grasses and shrubs are somewhat
surprising, however, particularly considering that the majority of the abundant forbs showed nominal differences
in foliar cover between the 2 years.

Precipitation records for GRCA gathered by the Western Regional Climate Center showed some variation in the
precipitation regimes between the 2 years, although the differences were not large. The largest difference was in
September, which had much more precipitation in 2011 than 2010. As this was the month that sampling occurred
in both years, it is likely that the 2011 sampling captured more species and biomass as a result of germination and
growth of herbaceous plants following precipitation events.

Variability may also be attributable to sampling error. Although we strive to reduce sampling error through
training and diligence while collecting data, sampling error is inevitable. Cover estimation may vary among
individuals (and crews), species may be misidentified, slight differences among observers in applying sampling
methods may go unnoticed, and the location of transects and quadrats vary slightly from year to year. We
minimize this source of error by ensuring that transect lines are as straight as possible, quadrats are placed
correctly, and field crews are thoroughly trained on methods and species identification and remain calibrated on
cover estimation.

In 2012 we resampled the 10 plots to provide a third year of data so that we can better understand the range of
variability in the data, and established 10 additional plots in this ecological site. We will report these data once
they are summarized. We plan to install a total of 30 plots. Our power analysis indicates that a sample size of 30
plots should provide a large enough sample size to detect trends in key metrics. Data from these plots will be
used to describe the baseline conditions of the vegetation and soils of this ecological site and to monitor long-
term changes.
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4.2 Mixed conifer

The data summarized in this report represent baseline conditions for monitoring vegetation and soils for the
mixed conifer ecological site at GRCA.

The tree overstory was comprised of 7 species. The dominant species included Pinus ponderosa, Abies concolor,
Picea engelmannii, and Populus tremuloides. Pinus ponderosa had the largest basal area, and Abies concolor had
the greatest overstory density. Pseudotsuga mengziesii was intermediate in density and basal area. Picea pungens
and Abies lasiocarpa were minor components of the overstory. The species composition of the seedling and
sapling layers were comparable to the overstory, with the exception of Pinus ponderosa. All size classes of Pinus
ponderosa seedlings and saplings had low density, with the exception of the smallest seedling size class. These
seedlings were generally first year seedlings and had low chances for survival. This suggests that Pinus ponderosa
may be limited in its potential to regenerate.

The herbaceous/shrub vegetation was comprised of a mixture of shrubs, forbs and perennial grasses/graminoids.
Dominant shrubs included Juniperus communis, Robinia neomexicana and Mahonia repens. Dominant perennial
grass/graminoids included Carex siccata, Carex rossii and Bromus ciliatus. Dominant forbs included Pteridium
aquilinum, Fragaria virginiana, Pedicularis centrathera and Pseudostellaria jamesii. Only one nonnative species
was found in the plots—Taraxacum officinale—and it occurred in low abundance. This indicates that nonnatives
appear not to be a threat to this ecosystem. However, our sampling frame eliminated areas of human disturbance
and moderate to high burn severity. Nonnative species may be more abundant in these disturbed areas, which
we did not sample. Species diversity was moderately low on the scale of the plot, but moderately high on the
landscape scale. The primary soil surface feature was duff/litter, which indicates soil erosion is not a threat to this
ecosystem.

The plot groups varied in species composition and structure. We would expect such differences as a result of
random spatial variation, especially for the sample sizes. The plot groups represent different plots in different
locations. Due to endogenous factors such as soils and topography, and exogenous factors such as climate

and disturbance, species composition and structure naturally vary. Spatial variability accounts for the majority

of the differences among the plot groups, but additional variation may result from annual climatic variation,
particularly for the herbaceous/shrub layer. Variation in precipitation has been associated with changes in cover
and frequency of herbaceous plants, particularly for annual species and forbs. Given that 2 of the plot groups
were sampled only once, their species composition may have been influenced by that year’s precipitation regime.
Unfortunately there is no weather station near the study site, so we are not able to correlate species composition
of the plot groups with the annual rainfall.

Now that we have completed our baseline monitoring for this ecological site, we will begin to implement
the revisit design. Our power analysis indicates that a sample size of 45 plots (we have established 46 in this
ecological site) should provide a large enough sample size to detect trends in key metrics.

We will implement the revisit design using a panel design. Panel designs describe the temporal plan for revisiting
monitoring plots through time. Between the extremes of monitoring the same set of plots with each re-visit, and
monitoring a new set of sites with each revisit, there are designs that provide some balance between repeated visit
to individual plots and the total number of site visited. Our general revisit design is a connected design in both
spatial and temporal aspects that balances the allocation of effort between addressing temporal (year to year)
variability and spatial variability within the ecological site. We will split the plots into 3 panels, and sample 2 of the
panels every other year (table 11).
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Table 11. The panel design we are currently planning to use for the revisit design at GRCA. “X" represents 15 plots,
for a total of 45 plots across 3 panels for the ecological site.

Year
Panel 1 2 3 4 5 6 7 8 9 10 11 12
1 X X X X
2 X X X X
3 X X X X
Sum/yr 2X 0 2X 0 2X 0 2X 0 2X 0 2X 0
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