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It’s been a busy and exciting year at the Canyonlands Research Center!
With the retirement of Barry Baker as the Director in the Fall of 2014, there
was an opportunity to evaluate the management structure of the rapidly
growing CRC. Barry was instrumental in implementing the vision of the CRC
and his hard work and dedication are now paying off as we have seen a
significant increase in the number of projects located on CRC lands over
the past year. The CRC management team presented here, including Chris
Montague of The Nature Conservancy, are excited for continued growth in
both our research and education missions at the CRC. Over the winter we
will be working with our agency partners to discuss research needs both
on the private CRC lands and adjacent federal lands and how to better
facilitate research projects. We are continuing to build a collaborative
research community and strengthening ties to our agency partners. We
hope to welcome more researchers and educators to the CRC over the next
several years! Please feel free to reach out at any time to our management
team. We are always here to listen to your needs.

Field Station Manager

Philip Adams

First, I give my accolades to the past Director and Field Station Manager:
thank you Dr. Baker and Matt Van Scoyoc! Without their hard work this
productive year would not have been possible. It is a wonderful and busy
time to be a part of the CRC! A number of projects have been implemented
on private land this year - highlighted in this newsletter - as well as a diverse
range of research on public land. As the field season winds down, there will
be many behind-the-scenes efforts made to improve the long-term integrity
of the CRC. This includes documentation of potential research locations
on private land, better facilitation of research permits on public lands, a
compilation of research that has occurred in the area, and initial synthesis
of multi-decadal grazing patterns. The goal of the new organizational
structure, focused upon the collaboration CRC management team, is to
better facilitate dialogue between scientists and our partner organizations
to find real-world solutions to the challenges we face. All the best as we
conclude the 2015 field season!

CRC Project Manager

Portraits copyright of jamesqmartin
Cover photograph copyright Lee Gelatt Photography
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Matthew Redd

This year has been an exciting endeavor as I took the lead on running the
cattle operation for The Nature Conservancy. Unlike typical years, this one
was about as streamlined as we could get with our dedicated ranch hand,
Parker, and our full-time irrigator, Andres, pulling long hours to keep the
whole operation moving forward. Special thanks goes out to my wife Kristen
for handling the many intangible responsibilities that arose over the season,
as well as Heidi, who although in retirement, is still an active force in ensuring
that the busiest periods in the ranching operation are covered. In addition
to efforts to replant some of the lower pastures and reclaim the weedy
pasture near the CRC, I am helping spearhead a demonstration experiment
to rehabilitate some of the long-abandoned pastures along Indian Creek.
After this project is monitored throughout the upcoming year and analyzed
for indicators of success I hope to further explore restoration practices along
this scenic corridor.

Collaborative effort

June 6th, 2015

The Canyonlands Research Center made
great strides assisting in the establishment of
a National Science Foundation grant awarded
to Northern Arizona University’s Dr. Kevin
Grady. After a week long effort to prepare the
site for planting and installing irrigation, we
concluded the herculean task of getting over
4,000 cottonwood saplings of wide genetic
variety planted.
Riparian zones in the southwestern United
States are often dominated by genetically
diverse stands of Fremont cottonwood trees
(Populas fremontii).
Cottonwood stands
stabilize riparian corridors, provide important
wildlife habitat, and promote nutrient cycling
and carbon sequestration. Each individual
plant has a unique genotype specific to
its climate imprint, which is expressed in
differences in leaf size, leaf chemistry,
aridity tolerance, and growth rates. Novel
environmental conditions imposed by the
combination of climate change and exotic
plant invasions, such as tamarisk, may
adversely affect certain genotypes, potentially
leading to localized extinction.
In this experiment, the goal is to assess the
physiological attributes of genetically diverse
populations. The study at the Canyonlands
Research Center is one of three common
gardens across different climatic zones within
the species native range, extending from
the cold desert in southern Utah, the warm
desert in central Arizona (Agua Fria National
Monument) to the hot desert of southern
Arizona (Yuma). The common garden at
the CRC focuses on the northern boundary
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Northern Arizona University’s Fremont cottonwood restoration project
of three gardens located within the species
range.
By planting 192 different genotypes
collected across a climatic gradient of 16
sites into common gardens, variations in
growth responses can be assessed over a
number of years. The expectation is that
genotypes from cooler locations will do
better with current temperatures, but as the
climate warms, as simulated by transporting
genotypes to warmer common gardens,
those from warmer locales will likely perform
better.
As temperatures rise above 100 °F, trees
become stressed resulting in reductions in
photosynthesis. Reproductive success may
also be reduced by asynchrony between
flowering time and changing environmental
conditions appropriate for successful seed
germination. Climate change will likely alter
cottonwood genetics and the ecological
communities they support. Finding resilient
genotypes for restoration purposes will help
adapt to these threats.

CRC staff and NAU assemble 4,000 water emitter lines.

Heidi Redd helps out on planting day.

Why plant 4,000 cottonwoods in a grid?
As the trees mature, the dense grid in which
they are planted will increase competition,
acting as a surrogate for real world resource
limitations created by invasive species in
riparian corridors. Some genotypes will be
more competitive over the long term and
having genotypes randomly distributed
across the garden sets the stage for a
survival-of-the-fittest competition.

Cleaning up after a late-day storm soaked the planting site.
Photos above copyright Lee Gelatt Photography

Project highlight

Northern Arizona University’s biological soil crust restoration
Dr. Anita Antoninka and Dr. Matthew Bowker

Biological soil crusts (biocrusts) are like a
photosynthetic living skin on the soil surface,
composed of cyanobacteria, mosses, lichens,
and a wide variety of soil microorganisms.
These biota weave together soil particles into
a thin layer, making the soil surface much
more resistant to erosion. Biocrusts can be
found in dry environments around the world.
On the Colorado Plateau, biocrusts can
often be recognized by their bumpy, dark
appearance; they can also quite colorful
due to the presence of various mosses and
lichens. In addition to photosynthesis and
reducing wind and water erosion, biocrusts
also make the soil more fertile. Some biocrust
organisms have a special capability – called
“fixation” – that allows them to take nitrogen,
a crucial nutrient, directly from the air and add
it to the soil.
Environmental changes, such as climate and
land use change, changes to air quality, and
rising atmospheric CO2 concentrations, will
affect biocrust community composition and the
important services the community provides. A
variety of research shows that biocrusts can
be very sensitive to environmental change
and it is important to understand how the
types of crust growing in our area will change,
as well as to figure out why some crusts may
prosper while others will disappear. The
consequences are that these changes will
affect the important services we’ve come to
depend upon, such as soil stability that limit
dust storm event and soil fertility.
Dr. Antoninka (pictured) and Dr. Bowker,
from Northern Arizona University, are testing
the effects of a changing climate on soil
crusts by transporting biocrust samples
from three different elevations, ranging from
6,000 to 4,000 feet, into common gardens:
the Canyonlands Research Center acts
as the mid-elevation site. The reciprocally
transplanted garden will help determine if
biocrust organisms are locally adapted to their
home environments, or if they will survive (or
thrive) in novel environments. This will assist
in future restoration efforts by testing whether
there is an advantage to using local biocrusts
in restoration.

Can we restore biocrust in degraded
landscapes?
The second experiment occuring only
at the Canyonlands Research Center is
testing whether it is possible to harvest
biocrust organisms, mass produce them in a
greenhouse utilizing hydration methods, and
effectively repatriate them across a broad
landscape. The primary research goal is
to develop methods to effectively restore
ecosystems by reintroducing biocrusts.
Using 50cm square biocrust re-establishment
plots, NAU team added equal amounts of
biocrust inoculum that they collected from
the CRC and cultivated in the greenhouse.
They are testing approaches to accelerate
recovery and maximize establishment with
methods that act to “soften” the environment,
such as hydration and shade. This study
utilizes soaker hoses, jute cloth and straw as
environmental “softening” agents. They hope
to develop technologies that can be scaled
to the size of the problem, and adapted to
the locality depending upon availability of
various resources and infrastructure. Biocrust
organisms become active when wet, thus the
seasonal timing of restoration practices can be
an important component for success.

Top right: Dr. Antoninka planting biocrust common garden.
Middle right: common garden biocrust sample.
Bottom right: precisely situating samples.
Below: overview of the biocrust site during the
installation of the crust restoration phase in October 2015, including the common garden (back
right), the repatriated soil crust plots (left), and
preparations for using straw as a repatriation
tool (foreground right).

The common garden acts as a surrogate
for warming conditions as organisms are
brought to lower elevations, but also tests the
plasticity of the organisms across a gradient of
changing environmental conditions. Biocrusts
will be monitored over time to detect changes
in species composition and cover.
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Internship:
Scientific Illustrator
Brooke Weiland - California State University, Monterey
Brooke Weiland

The Scientific Illustration Program at California State University, Monterey Bay, requires students
to complete an internship as part of the graduate-level certificate program. Brooke Weiland
contacted staff at the CRC before we had even identified a need for such collaboration. It did
not take long, however, for staff and our affiliated researchers to realize the potential services
she could provide, as well as the mutual benefit she could receive by communicating with our
expert researchers in climate change and restoration.
The final outputs resulted in the completion of three interpretive panels, ranging from illustrations
to the final digital layout of each, which incorporated the diversity of research projects occurring
on private land at the CRC. During the six week internship, Brooke made great efforts to
interpret ongoing science at the CRC and illustrate diverse scientific projects.
In order to properly illustrate with the many complexities
of biological soil crust, Brooke met with Ph.D candidate
Cheryl McIntyre (University of Arizona), Dr. Sasha Reed
(USGS - Moab), and Dr. Anita Antoninka (Northern Arizona
University) to discuss differences in native and invasive
seed establishment, many human activities impacting
biological soil crust communities, and the potential for active
restoration techniques in disturbed landscapes. In addition,
she illustrated the possible effects of changing monsoon
gradients on the prominent warm season James’ galleta
grass, and the potential of using resilient genetic strains of
Fremont cottonwood trees for riparian restoration purposes
in anticipation to climate change and weed invasion.
The photo, blueprint, and illustration on this page showcase the
transformative process of investigating soil crust organisms,
including the initial sketching process prior to line drawing
and watercoloring a landscape-level continuum of degrading
environmental conditions, and the merging of
text and illustration into a visually stimulating
experience.
The final interpretive panel
to the right is one of three interpretive
panels that will be manufactured for the
Canyonlands Research Center’s diverse
on-site projects that began in the last year.
The Canyonlands Research Center thanks
Brooke for her dedication, positive attitude,
and expert skills in illustrating complex
topics in such a beautiful, scientific manner.
We wish her all the best in her future career!

Top right: assortment of various Colorado Plateau
soil lichens. Middle right: initial sketch of biocrust
panel. Bottom right: final layout of the 2’ x 3’
biocrust interpretive panel.
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Projects in brief
USGS Moab - Dr. David Hoover
The primary climate-related threats to grasslands of the Colorado Plateau
are changes in the total amount and seasonality of precipitation. Currently,
the ratio of spring precipitation (March-May) to summer monsoon precipitation
(July-September), ranging from western Utah to southern New Mexico is quite
different. Lower latitudes have a distinct summer monsoon while northern
latitudes have a lower summer precipitation. James’ galleta grass (Pleuraphis
jamesii) is an important species found throughout this precipitation gradient,
but it is unknown how specific populations will respond to different precipitation
regimes. The research here at the Canyonlands Research Center is a joint
collaboration between the US Geological Survey and the Colorado Plateau
Native Plant Program and aims to inform strategies to develop seed lines
adapted to the diverse environmental settings of the Colorado Plateau in need
of ecosystem restoration as well as provide fundamental ecological information
about this key species.

Photo by Philip Adams

At the CRC, the USGS team is examining if populations spanning a monsoon
gradient are adapted to their local precipitation regime or if they have plastic
responses to a wide range in precipitation patterns. Four populations along the
monsoon gradient were collected and transplanted into this common garden.
By constructing rain-exclusion shelters, grasses will be subjected to one of three
precipitation regimes: spring dominated, monsoon dominated or intermediate,
with all three treatments receiving the same total amount of water. They will
compare the phenological, ecophysiological, and morphological responses of
the four populations to assess the plasticity (or lack therof) of galleta grass to

Cheryl McIntyre - University of Arizona
The establishment of cheatgrass (Bromus tectorum), red brome (Bromus rubens)
and buffelgrass (Pennisetum ciliare), and other non-native invasive plants is a
serious and long-term threat to the rangelands of the Southwest. These non-native
plants reduce ecosystem biodiversity and increase fire frequency and intensity.
Efforts to contain the spread and reduce the abundance of such plants are typically
costly and short-lived. Proactive land management therefore requires a better
understanding of what causes invasion and of what makes landscapes resistant
to invasion. Cheryl McIntyre, of the University of Arizona, hopes to determine
the conditions under which biocrusts might make ecosystems more resistant to
exotic grass invasion, both initially and in restored settings, and thereby serve as
a potential tool in an integrated invasive plant management system. Knowledge
of how biocrust properties and seed morphologies interact to influence invasive
species establishment will provide a robust basis for predicting invasion potential
across a range of bioclimatic settings. Furthermore, if biocrusts limit invasive plant
establishment, management of rangelands to resist invasion could incorporate
strategies for retaining or re-establishing biocrusts.
Her objectives are to: 1) Quantify biocrust morphology influence on exotic plant
germination and establishment; 2) determine if grass seed morphology affects
germination and establishment on biocrusts; and 3) quantify the effect of biocrust
restoration on reinvasion of exotic plants and establishment of native plants.
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Conference -

Oct. 2015

13th Biennial Conference of Science &
Management on the Colorado Plateau
Many researchers affiliated with the Canyonlands Research Center presented at the 13th Biennial Conference of Science & Management in Flagstaff, Arizona over October 5th - 8th. Focusing on the theme,
“multidisciplinary approaches to assess and respond to climatic, social, and technological changes”, the
conference was the hub of a diverse range of research occurring on the Colorado Plateau over the
last two years. Special sessions were dedicated to fire and adaptive management, ecological insights
and management solutions for biological soil crust, genetic approaches for mitigating impacts of climate
change, landscape-scale monitoring of dryland vegetation for science and management, and many more.
More information about the conference, including links to research abstracts, can be found at:
http://nau.edu/Merriam-Powell/Biennial-Conference/

Cheryl McIntyre presents on
seed germination in biocrust.

Selection of poster topics:
Restoring the living skin of the earth: progress in biocrust restoration
in the Great Basin and Chihuahuan Desert
ANTONINKA, A.1, M.A. Bowker1, N. Barger2, S. Reed3, J. Belnap3 and K. Doherty4
1
School of Forestry, Northern Arizona University, Flagstaff, Arizona 86011, USA,
2
Department of Ecology and Evolution, University of Colorado Boulder;
3
U.S. Geological Survey, Colorado Plateau Research Station, Moab, UT 84532;
4

anita.antoninka@nau.edu;

U.S. Geological Survey, Southwest Biological Science Center, Flagstaff, AZ 86001

Enhancing ecosystem services through collaborative restoration: processes and outcomes
BRUNSON, M.W.1
1

Department of Environment and Society, Utah State University, Logan, Utah 84322, USA, Mark.Brunson@usu.edu

Incorporating the evolutionary outcomes of plant interactions into
restoration during exotic invasion and climate change

The tireless organizers of the biocrust session.

GRADY, K.C.1, 2
1
School
2

of Forestry, Northern Arizona University, Flagstaff, AZ 86011, USA, Kevin.Grady@nau.edu;
Merriam-Powell Center for Environmental Research, Northern Arizona University, Flagstaff, AZ 86011

Sensitivities of dominant plants to chronic drought in the Colorado
Plateau
HOOVER, D.1, M. Duniway1 and J. Belnap1
1

US Geological Survey, Southwest Biological Center, Canyonlands Research Station, Moab, UT, United States,
DLHoover@usgs.gov

Do biocrusts differentially influence native and non-native grass
establishment?
MCINTYRE, C.L.1,2, S. Archer1 and J. Belnap3
1
2
3

School of Natural Resources and the Environment, University of Arizona, Tucson, Arizona 85721, USA,
clmcintyre@email.arizona.edu;
Chihuahuan Desert Network, National Park Service, Las Cruces, New Mexico 88003, USA;
Southwest Biological Science Center,U.S. Geological Survey, Moab, Utah 84532, USA

Incorporating global change effects on biological soil crusts into
modeling efforts

Dr. Antoninka (center right) and company at the
CRC social.

REED, S.C.1, C. Tucker1 and S. Ferrenberg1
1

U.S. Geological Survey, Southwest Biological Science Center, Canyonlands Research Station, Moab, Utah
84532, USA, screed@usgs.gov

Sagebrush decline on the Colorado Plateau: a look at sagebrush
and soils
SCHUPP, E.W.1,2 and A.M. Darger 1,2
1
2

Ecology Center, Utah State University, Logan, Utah 84321, USA, eugene.schupp@usu.edu
Wildland Resources, Utah State University, Logan, Utah 84321, USA

Stasis and change in Holocene small mammal diversity during a
period of aridification in southeastern Utah
STEGNER, M.A.1
1

Department of Integrative Biology, Museum of Paleontology, and Museum of Vertebrate Zoology, University of
California, Berkeley 94720, USA, astegner@berkeley.edu
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Drs. Hoover, Bowker, and Grady at the CRC social.
Photos by Dr. Nichole Barger

Photos from the ranch

Clockwise from top left: planting effort in the Horse Pasture; ranch dog Syd looking after the grounds; heavy rains discharge across the landscaping;
Photos by Philip Adams and *jamesqmartin
early morning at the CRC; nighttime under the sundial*; rounding up cattle*.
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