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INTRODUCTION

Iutroduction

he Grand Staircase-Escalante National
I Monument s vast and austere landscape
embraces a spectacular array of scientific
and historic resources. This high, rugged, and
remote region, where bold plateaus and multi-
hued cliffs run for distances that defy human
perspective, was the last place in the continental
United States to be mapped. Even today, this
unspoiled natural area remains a frontier, a
quality that greatly enhances the monument s
value for scientific study. The monument has a
long and dignified human history: it is a place
where one can see how nature shapes human
endeavors in the American West, where distance
and aridity have been pitted against our dreams
and courage. The monument presents exemplary
opportunities for geologists, paleontologists,
archeologists, historians, and biologists.
President Bill Clinton, September 18, 1996
Established by presidential proclamation
in 1996, Grand Staircase-Escalante National
Monument in southern Utah was created through
a dusty cloud of controversy. As the first national
monument to be managed by the Bureau of Land
Management (BLM) it came with new mandates
to manage for scientific and historic values, a
change in the traditional paradigm of BLM. At
the time of designation, Grand Staircase-Escalante
National Monument was not a well-known or
well-traveled region of the United States. In fact,
it had remained an unknown area. Maps of the
region created by the scientific Powell Expedition
in 1871-1872, presented the first documentation
of this bastion of untamed landscape. The epic
Mormon expedition that created the Hole-in-the-
Rock trail memorialized harsh realities of the Utah

LEARNING FROM THE LAND

desert. Isolation and solitude of this expansive
country was memorialized in the evocative

work of Everett Ruess who venerated its wild

and rugged nature. The Monument’s mysteries
were explored by scientists working in this vast,
virtually forsaken place. In 1997 the first Learning
from the Land Science Symposium was convened
at Southern Utah University with scientists invited
to share what they knew about this extreme
province and the secrets it had barely begun to
reveal.

In 2006, a decade after designation, a second
Learning from the Land Science Symposium
convened to celebrate the discoveries of a decade
and to validate purposes of the Monument.
Controversy about the designation still lingered,
but after the three day event, few could deny that
the array of research, the profound discovery,
and the coming together of diverse participants
was anything but a resounding success, as can be
seen from this eclectic collection of papers. From
the inventories that revealed 648 species of bees
in an extremely arid environment (46 of them
totally new to science and 22 only known from
GSENM), to the window opened into the late
Cretaceous world of 100 million years ago and its
newly discovered (and now extinct) inhabitants,
to the use of the Monument as an analogue to
understand Martian geology, to understanding
human interactions with this landscape from 1500
years ago to the recent past, it is undeniable that
this is a unique landscape with its own story to tell.
We still only remain a small part of that story, and
still only a small part of that story has been told.
Within these pages is a glimpse of discoveries that
await us and future generations.
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LEARNING FROM THE LAND ‘@ WELCOME

Marietta Eaton

Science Program Administrator
Grand Staircase-Escalante National Monument

elcome guests, dignitaries, colleagues,
partners, and friends. Many thanks
to the SUU conference center and to

Vickey Myers’ crew, as well as all the folks on the
Monument who have been working hard to pull all
of this together. So welcome, really welcome, I am
so excited to be here. Ten years ago, more or less,
we were doing something similar, so it’s really
fabulous to be standing up here and welcoming
you. [ am Marietta Eaton, the Grand Staircase-
Escalante National Monument Science Program
Administrator and the acting monument manager
until next Monday!

I want to mention that we are really proud;
we have partnered with Grand Staircase-Escalante
Partners and have offered scholarships to students
in the area and some of those students will be
attending some of our sessions. If any of you are
here yet please stand up; Megan McManus from
Page High School, and students from Kanab
High School - Leah Neumann, Sara Chapman, Ty
Bunting, Morgan Livingston, Justin Powell, and
Kelsey Barber. These students participated in an
essay that was looked at by a number of people
who decided on the best essay. They couldn’t
decide on just one so we thought it would be
appropriate to have them all come, thanks to
Grand Staircase-Escalante Partners.

Grand Staircase-Escalante National
Monument, in partnership with the United States
Geological Survey, Glen Canyon Natural History
Association, and Grand Staircase-Escalante
Partners, is proud to co-host the second Learning
from the Land symposium, here at the Hunter

Conference Center at Southern Utah University.
This symposium celebrates a decade of science
and discovery since the Monument’s designation.
Over the next three days, we are pleased to offer
an array of papers and posters that will cover a
broad range of past and ongoing research and
social sciences at the Monument.

It has been a fascinating and out of the
ordinary experience, from every perspective, for
anyone who is interested in this landscape. Not
just for the Bureau of Land Management, but for
those who live, work, play, or even dream of wild
places. So thank you very much for joining us in
what will, hopefully, be a bridge for scientists, the
public, and managers. This is an opportunity to
better understand the treasures of Grand Staircase-
Escalante National Monument and to attest to the
values for which it was set aside.

Now that we have a better sense of the
scientific potential, we must find the best ways
to adapt our management based on what we’ve
learned and to help us focus on what we still need
to know. We have a couple of special events: this
evening Grand Staircase-Escalante Partners are
hosting an open house at Cherished Memories
Bed and Breakfast at 400 W 175 N. Everyone is
invited to come.Of course, our keynote speaker,
Jayne Belnap, will be speaking at the end of this
morning’s session. And then Wednesday night
we have a plenary session open to the public. Dr.
Patricia Limerick and Craig Childs will be joining
us at 7 o’clock. So without further ado I would
like to introduce our associate state director, Gene
Terland.

Eaton
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Gene Terland

Associate State Director, BLM, Utah

Bisson, our current acting State Director for

Utah, is supposed to be here but something
came up late Friday and so you’re stuck with me.
Otherwise, he sends his greetings and apologies.

I’d like to welcome everyone on behalf of
Utah BLM to the second Learning from the Land
Science Symposium. I thank each of you for
attending. I’d also like to welcome our slate of
dignitaries. We have Dave Hunsaker, past monu-
ment manager and currently deputy director for
the bureau’s National Landscape Conservation
System. Seated next to him is Brad Exton who
will, on Monday, become the current monument
manager. Seated next to him is Jerry Meredith,
former monument manager and former associate
state director for BLM Montana.

Representing Utah’s congressional delegation:
Miss Marreen Casper, Director of Senator Hatch’s
southern offices; Mr. Bryan Thiriot, represent-
ing Senator Bennett; Michael Empey, represent-
ing Congressman Matheson. Seated next to him,
state of Utah science advisor, Dr. Gregory Jones.
Representing Kane County, Commissioner Mark
Habbeshaw. And representing Garfield County,
Brian Bremner. Down at the end, Jayne Belnap
is going to be our keynote speaker from USGS. |
thank each of you for taking time from your busy
schedule to join us.

I’m proud to be here to celebrate the 10th an-
niversary of Grand Staircase-Escalante National
Monument, BLM’s first national monument. We’d
like to consider it the flagship of BLM’s National
Landscape Conservation System. It’s managed for
multiple uses like grazing, fuelwood cutting, rec-
reation, including OHV use on nearly 600 miles of
open routes, and world class hiking opportunities,
as well as scientific research.

You will hear over the next couple of days
about the myriad of science efforts at the Monu-
ment. [ think you’ll be impressed with the world
class science taking place. Now, however, in the
words of Paul Harvey, I’d like to tell you the rest
of the story.

Ibelieve in your agenda it indicates that Henry

Terland

The staff at Grand Staircase works closely
with communities surrounding the Monument
in planning for trails, beautification efforts, and
rangeland restoration projects to improve the
health of the land. This cooperation not only helps
us in our efforts, but it helps support economic
development in these gateway communities. The
Monument counts among its many local partners:
Kane and Garfield Counties, State of Utah Divi-
sion of Wildlife Resources, Division of Water
Resources, Division of State History, Department
of Environmental Quality, and Utah Geologic
Survey. Dozens of universities including: Utah
State, Brigham Young, and Southern Utah Univer-
sity. Sportsman’s groups like Federation for North
American Wild Sheep and Mule Deer Foundation.
Volunteer organizations include Glen Canyon
Natural History Association and Grand Staircase-
Escalante Partners - more than 80 different organi-
zations.

In addition, we have partnerships with the
Museum of Northern Arizona, Northern Arizona
University, Yale University, Montana State Uni-
versity, Hopi and Paiute tribes, National Weather
Service, NASA, and the United States Department
of Agriculture - just to name a few. Projects range
from developing better predictive models for flash
floods to looking for tamarisk and invasive species
on digital satellite images, and from ethnographic
studies to pinion-juniper ecosystem work.

Education and outreach is another important
part of our efforts at the Monument. A curriculum-
based environmental education program was
developed for school children based on national
kindergarten through grade 12 education stan-
dards. These programs have been field tested with
elementary schools from surrounding communities
at Monument visitor centers and with high schools
nationwide. A paid intern program for local high
schools has provided opportunities for many
students to be exposed to programs and projects
in archeology, paleontology, wildlife, botany, and
visitor services. Our Monument staff judges local
science fairs.
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Volunteers play a big role on the Monument. the Monument each year. To help serve them,
Volunteers help staff our visitor centers. They help four visitor centers were built, each focusing on a
prepare paleontological specimens for exhibits. different scientific discipline. And that brings us
They help build and maintain trails, document back to science - the reason you all came here, our
rock art sites, and participate in National Public second Learning from the Land Science Sympo-
Lands Day and Earth Day events. sium. Again, welcome, and I hope you enjoy the

Another group important to the Monument symposium.
is the hundreds of thousands of guests who visit Thank you.

5 Terland
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Dave Hunsaker
Deputy Director

National Landscape Conservation System

BLM, Wahington D. C.

many of you today, some of you for the first

time, but many old friends are out there in the
audience. I’ll be around all week and I’ll be in
Kanab the next weekend as well. In fact, Friday I
think, we have something going on in the commu-
nity so I'’ll be there.

I’'m pleased and honored today to be here
with you. Having been gone from the manager’s
position for nearly six months now, it does my
soul good to return to this place. I came to the
Monument more than five years ago and was
immediately struck by the realization that Grand
Staircase-Escalante National Monument means
many different things to many different people.

A common thread is that all of us have an abiding
love for the land and that we all continue to learn
from that land every single day. Now that I'm in
DC I see what a critical place the Monument has
in the National Landscape Conservation System of
BLM.

It’s been ten years since the last symposium;
ten years since we’ve stepped back from what we
were doing, to see what we’ve accomplished and
discuss what myriad challenges lay before us. The
pace of new discoveries and scientific study in the
intervening ten years has been nothing short of
frenetic.

Gene went through a number of the things that
we’ve been doing over the last ten years, and in-
deed it didn’t start ten years ago. Science has been
ongoing in this area, including the Monument area,
for a very long time. But I’'ll go through a few of
the really major milestones:

» Completion of an order three soils survey.

* Discovering the Mars connection to iron con-
cretions found on the Monument and through-
out the region.

* Inventories and strategies for dealing with
invasive plant species.

It’s a distinct pleasure to be here. I have met
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* Human waste studies and impacts of human
use in this environment.

* Establishment of a comprehensive, integrated
real time system of weather stations and
stream gauges.

* The most comprehensive data in BLM today
on rangeland health.

» Completion of a three year comprehensive
study on visitor characteristics, expectations,
perceptions, and economic impacts to local
economies and the region — you’ll hear more
about that this week from Dr. Burr.

» Completion of the four visitor and interpre-
tive centers located in communities around the
Monument to support economic development
in those areas. That was nothing short of phe-
nomenal — four visitor centers in five years.
Ten million dollars of construction money on
the ground.

» The visitor center in Escalante, both that com-
munity and BLM can be proud, receiving a
Gold Leed rating. This is a rating for environ-
mentally friendly constuction and operations
of a building and is the highest rating in the
government and the first one in the BLM’s
system. So you talk about progress, we’ve got
it.

The Monument is an integral part of the
National Landscape Conservation System and is
acknowledged as a national leader in science. So
I want to talk a little science with you. Not as a
scientist, obviously, but as a public lands manager.
I want to talk about the National Landscape Con-
servation System, science priorities, and strategies
in the future. The conservation system itself is
composed of nine types of designations, of which
this national monument is one. The system is com-
prised of some 866 units nationwide. There are
national monuments; national conservation areas;
national recreation areas; wilderness study areas;
national, wild, and scenic rivers; national scenic
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and historic trails; cooperative management and
protection areas; a forest reserve; and outstanding
natural areas. All make up what we refer to as the
NLCS, America’s newest conservation system.

All NLCS units were established by either
presidential proclamation, or by legislation. The
mission of the NLCS is to conserve, protect, and
restore these nationally significant resources. Units
of the system are found in states where BLM has
a management presence. Ten states have a na-
tional monument or an NCA (National Conserva-
tion Area), or both. All states have a segment of
a National Scenic or National Historic Trail, and
wilderness and wilderness study areas are found
in most field offices. NLCS is an integral part of
the BLM, and science and research is alive and
well within the NLCS. Scientific importance is a
basic tenant for the proclamations and legislation
establishing the units. BLM remains committed
to science for applied and basic research, and for
inventory and monitoring.

In canvassing NCA and monument manag-
ers, and other BLM conservation areas, we found
that out of the 32 reporting units, 29 of those units
reported over 300 science projects. The total on
all BLM lands is much higher than that. Projects
cover subjects including wildlife, ecology, archae-
ology, recreation, botany, geology, hydrology, and
every other science subject under the sun. The
highest number of projects obviously is within
the wildlife, ecology, archaeology, and recreation
arenas.

One unit alone, this unit right here that we’re
talking about today, at any given time has over 40
researchers and some 25 institutions involved. Sci-
ence plays a pivotal role in helping us understand,
plan, monitor, and manage the nation’s natural
resources. Benefits from a vibrant science program
flow to the agency, to our partners, to the public.
Increased knowledge, effective networks, informa-
tion availability, and application to management
actions are critical to maintaining and managing
our public lands. Reliable, repeatable, peer re-
viewed, and defendable information is also critical
to our efforts.

Combining the scientific and research com-
munities enhances partnership opportunities with
the private sector and with academia, and builds
strong bridges. Increased trust from working
together helps lessen perceived biases on sensitive

issues and, frankly, raises our credibility. It builds
public support for the agency, the units, and the
system itself. It also raises awareness and increas-
es knowledge about these very special places that
lie on public lands.

So, what’s happening within BLM’s con-
servation units? Curricula have been developed
— not only here, but in many other units of the
NLCS. Programs range from elementary through
high school levels at Red Rock Canyon National
Conservation Area in Nevada, Santa Rosa and San
Jacinto Mountains National Monument in Califor-
nia, Canyons of the Ancients National Monument
in Colorado, and at the National Historic Oregon
Trail Interpretive Center at Flagstaff Hill in East-
ern Oregon.

BLM employees and volunteers at NLCS
units have been judges at science fairs at local
schools. Research on the unique grassland ecosys-
tem and the high concentration of sensitive plant
and animal species is occurring at Carrizo Plain
in California. Raptor research has been occurring
for more than 30 years at the Snake River Birds of
Prey National Conservation Area in Idaho.

Grand Staircase-Escalante National Monu-
ment here in Utah has a permanent full time
science program administrator on staff, coordinat-
ing an active science and research program. Of
particular interest is the discovery of dinosaurs
new to science.

The Forest Service’s Aldo Leopold Wilderness
Research Institute is the primary provider of wil-
derness-related research within the NLCS. Scores
of other science projects are occurring throughout
the system. We have scratched the surface, and [
will say just barely. We have recently identified
our science priorities in NLCS for 2006 and 2007.
These national priorities are in four emphasis
areas:

* Studies on resources referred to in each unit’s
enabling language.

* Studies that relate to BLM’s management
needs, especially monitoring and research, and
assessing the effectiveness of restoration and
mitigation efforts.

* Multi-disciplinary synthesis of research and
data has application for use in all stages of the
planning process, especially plan implementa-
tion.

Hunsaker
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» Efforts that link to other regional or national
science initiatives.

Some examples of these priorities:

* Agua Fria National Monument in Arizona for
archeological resources, primarily restoration
and stabilization of pueblos.

» Cascade-Siskiyou National Monument in
Oregon for reintroduction of fire in the ecosys-
tem, weed abatement, and documentation of
past ranching practices.

* Grand Canyon-Parashant National Monument
in Arizona where there is restoration of native
plant species in pinion-juniper woodlands to
pre-1870 conditions, and erosion reduction.

» Upper Missouri River Breaks National Monu-
ment in Montana where we are assessing long-
term effects of the vehicular road system on
big game species, especially on winter range,
and beginning restoration of native vegetation
Monument-wide.

» Wild and scenic rivers where research is
needed to support protection and enhancement
of the values for designation including recre-
ation, fish and wildlife, cultural resources, and
water quality and quantity.

* National trails where research is needed
including modeling of storage spring and
intermittent stream resource capacity, and
quantity and quality on the old Spanish Trail;
identifying risks to linear trail resources under
fluctuating rainfall regimes on the El Camino
Real de Tierra Adentro; and studying vegeta-

Hunsaker

tion and landscape using repeat photography

and satellite imagery.

So what are we going to do about these oppor-
tunities? We continue to support field-based and
coordinated efforts in our field offices. We are de-
veloping a long term science strategy that we will
release this year. It sets our objectives for promot-
ing natural and social science on NLCS units, for
implementing a standardized process for conduct-
ing scientific research on our national conservation
units, and for developing a process for sharing the
knowledge gained from scientific inquiry.

In addition, we’re working with the National
Park Service who will host a science portal for
BLM on the web to share research with scientists,
local communities, the BLM and other agencies.
This system will make it easier for us to accom-
modate and track research activities within the
National Landscape Conservation System.

Finally, there is no way we can do this alone.
That’s where you and our other partners come in.
Without you, we cannot hope to accomplish all of
our goals. This is especially important in what we
are currently doing in the field. It’s absolutely criti-
cal. There are many roads to the future but there’s
only one route. And that’s the route of partner-
ship and cooperation. BLM’s National Landscape
Conservation System is America’s newest collec-
tion of incredible places and these lands truly are
landscapes of the American spirit. Thank you very
much for inviting me to attend.



LEARNING FROM THE LAND @ WELCOME

Brad Exton

Monument Manager

Grand Staircase-Escalante National Monument

ell, I am in awe already. I should prob-
ably sit down and listen to everyone
else speak because | would learn a lot

more about the Monument than by standing up
here. As most of you know, I’m new; both to the
Monument and to the agency.

I would like to welcome all of you to Learning
from the Land 2006, the second science sympo-
sium since designation of the Monument. [ wish [
had had the opportunity to go to the first one. But
this is very special for me to be able to come into
this new position at the 10th anniversary.

I’d like to thank the co-hosts of the sympo-
sium: Grand Staircase-Escalante National Monu-
ment, USGS, Glen Canyon Natural History As-
sociation, and Grand Staircase Escalante Partners.
I’d like to give a special thanks to employees on
the Monument staff that worked hard at putting
this together.

When Marietta asked me to speak, I was on
my house hunting trip a few weeks ago. She said,
“I have a slot there for you.” My first reaction was
“...Why? I’m not even a part of the Monument
yet. In fact, I’'m not even a BLM employee yet.”
So then I thought “hmm, okay” because I realized
what we all have in common is love for that spe-
cial, extraordinary piece of ground out there.

I remember back to my first trip to the south-
west, back in the 70’s, when I went on a back-
packing trip in the Grand Canyon. That trip and
the desert and canyon country imprinted on me. I
continued to come back, year after year, to various
places on the Colorado Plateau. Even when I was
living in the Northwest and the Midwest I kept
coming back. It got to a point that was addictive. |
needed my red rock fix every year, so [ would find
an excuse to get back there.

And now, to be able to live and work in this,
it’s kind of a dream come true as far as my career.
I can’t even express in words, it’s that important
to me, and I’'m excited about being here working
with people on the Monument, and building rela-
tionships with local communities. I talked to Mark
this morning and told him that he was going to see
a lot of me. [ hope we’ll have a great relationship.
But as [ mentioned earlier, it’s one of those things
you dream about, you hope that will happen one
time in your career, and it did, so I’m very excited
about this opportunity.

I’m not going to stand up here and talk about
science because I’'m here to learn. I was amazed
as I was reading some of the information in our
report describing what has happened since des-
ignation of the Monument ten years ago. We’ve
had over 150 funded projects. That just blows my
mind. I come from the Forest Service and spent
about 29 years with them and a little bit with the
Park Service before that, and I have never heard of
that many funded research projects.

The opportunity to do science as a basis for
science, as opposed to support other resources is
just fantastic. To see resource people and scientists
working together, doing things that we can learn
from in the future is very exciting.

I’'m looking forward to the three days here. |
think it’s going to be very special and I hope I get
the chance to meet all of you. Again, I’'m honored
to be selected for this position.

Gene, [ appreciate your confidence in me. I’'m
looking forward to working with the folks on the
Monument, the people that visit the Monument,
and the communities around here.

Thank you.

Exton
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Jerry Meredith

First Monument Manager

Grand Staircase-Escalante National Monument

you are probably not aware, but I retired from

BLM about a year ago so when they called,
it kind of shocked me. I wasn’t sure if they were
after a token old guy or just wanted a perspective
from someone who was here on day one. After
all, since I’m retired, they don’t have to be nice to
me anymore. But I decided that I wasn’t going to
delve into the motivation. Maybe I didn’t want to
know. I was just going to accept the opportunity to
be here and enjoy the experience.

It’s a pleasure to see many of you that I’ve
known for a long time and to be here in Southern
Utah. It’s a wonderful place. Those of you who,
like me, have moved around a lot will recognize
that. Those of you who live here and always have
may not fully appreciate how spectacular Southern
Utah is. Anyway, I want to thank the monument
staff for inviting me. This is a wonderful event.

As you all know, this is the second Learning
from the Land Symposium that Marietta Eaton has
organized. More importantly, a lot of what Grand
Staircase-Escalante National Monument’s science
program has become is a result of her work. And, I
appreciate her very much.

I was in Escalante on the day after Grand
Staircase-Escalante was designated a National
Monument. I don’t know how, but the Washington
Office ran me down. Cell phone coverage wasn’t
great in those days but somehow they found me! |
was summoned back to the Potomac and starting
the next Monday spent an entire week in Wash-
ington meeting with more people than I can name.
The whole thing is kind of a blur to me as I think
back about it now.

A lot of people were surprised, and that
included me. When I first heard the area was go-
ing to become a national monument and rumors
started leaking out I began to wonder, since I was
district manager at the time, if [ was going to lose
half of my district to somebody else or what?

I love that area and I had lot of personal at-
tachment. When I was summoned back to Wash-
ington there were a lot of things they tried to

I’m very excited to be here, I really am. Most of
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clarify, but most of that is now fuzzy in my mind.
But one thing was made very clear. That one point
was not fuzzy, and has never been fuzzy. It was
very clear to my mind and in the minds of most
everyone that has served in the Monument. That
point is that one of the primary responsibilities at
Grand Staircase-Escalante is to foster a strong sci-
ence program. And I think the monument has done
a great job with that responsibility. The reports that
you have heard from Gene and from Dave, spoke
of not only what Grand Staircase has done, but
also about the impact the monuments program is
having throughout the National Landscape Con-
servation System.

I think it’s critical to know that without des-
ignation of Grand Staircase, the NLCS system
would have never had a chance to come together.
Certainly, Grand Staircase is the cornerstone for
that entire system.

I had an opportunity to talk to some people in
senior leadership positions in the bureau as well as
the Secretary and some of his staff when this sys-
tem was being contemplated. I know the progress
that the staff at Grand Staircase made in the first
few years of its existence were essential for the
rest of that system to come into place.

During my first visit back to DC after designa-
tion of the monument, it was made crystal clear
there was to be a major emphasis on science. | was
given a number of contacts of people who could
help us implement that program, people in many
fields from both state and federal agencies. Some
of those people are here today, including Jayne
Belnap. Another individual, who is not here today,
was also critical to our program. That person is
Tom Cassidovol who is currently the director of
USGS. He and I were told in no uncertain terms
that these two agencies needed to get our act to-
gether and become friends. Back in those days, as
many of you know, USGS had a great relationship
with the national park service, particularly after
the park service science program was absorbed by
USGS. The Fish and Wildlife Service and even
the Forest Service were more closely tied to USGS
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than BLM. Frankly, there wasn’t a lot of joint
work going on between BLM and USGS. Tom
and [ were told that we were to change that.

So we got together and talked. We agreed that
we needed to bring him and some of his staff up
to speed on what resources were located within
Grand Staircase-Escalante National Monument,
what was going on, and what the place looked like.
So we set up a field trip.

And this field trip, I have to tell you, turned
out to be the best field trip | have ever been on in
a 35 year career with the federal government. |
had a ball. When you combine a group of USGS
scientists with my senior staff and spend a week
bumming around Grand Staircase-Escalante, it’s
like taking a group of kindergarteners to the park.
They want to look at every stick and every rock
and play with every bug!

It was just a great time for me. | had worked
in Southern Utah before my assignment as District
Manager. In fact, I started my career back in the
70’s here in Southern Utah and worked for eight
years as Public Affairs Officer for the Cedar City
District. I had been back as District Manager for
about a year and a half. But it brought a whole
new insight to spend this week out in the field with
these scientists. It opened a whole new view of
what was out there and the potential. Then, shortly
after that, the first Learning from the Land Sympo-
sium took place, right here in this room and the ad-
joining conference rooms. I spent a week listening
to people report on research done in and around
the monument. Talk about opportunities! If that
first field trip opened the door to my appreciation
for the opportunities; the first symposium turned
the lights on behind that door.

That is why I am delighted to be here and
see that there is a second Learning from the Land
Symposium where you can report on much of
what has been learned since then, and have an op-
portunity to share those results with each other.

There was so much enthusiasm on that first
field trip. I referred to it like taking a bunch of
kindergarteners to the park, and it really did feel
that way. That’s a good thing in my opinion. I
love enthusiastic responses to any assignment.
Enthusiasm wanes from time to time, but it can
be rekindled. I hope that each of you will take the
opportunity to rekindle your excitement during
this symposium.

I’d like to talk about one aspect of the monu-
ment’s designation, and its science program, that |
think is even more important than the monument
itself — even more important than the creation of
the NLCS program within BLM.

In my opinion the creation of Grand Staircase-
Escalante National Monument and the science
program that it started created a renewed interest
and reinvigorated the BLM’s interest in science
throughout the agency. Not just in NLCS units
and certainly not in just Grand Staircase. I don’t
know how many of you are aware that shortly after
Grand Staircase was created the Bureau started
looking at the science program in many areas. In
2000, the old National Applied Resource Center,
which almost nobody in BLM knew even existed
at the Denver Service Center, was abolished and
instead what is know today as BLM’s Science
Center was created.

It has grown to the point where there are now
a hundred permanent employees dedicated to the
sciences within BLM. They are not just working
to gain scientific knowledge but they also focus on
transferring that information to field units through-
out the BLM.

Scientific knowledge is wonderful. But one
of the things many scientists, if you’ll forgive me,
have not conquered, is how to get back to other
people and how to share information. How to
make sure that as many people as possible know
about that information and understand the implica-
tions. I’'m proud to say that is one of the purposes
of BLM’s science program.

Before I retired I was serving in the Montana/
Dakota’s BLM State Office. I was also chair of
the BLM’s National Field Committee. The Field
Committee is an organization made up of all the
state office Associate State Directors, and all the
Washington Deputy Assistant Directors. These are
the people responsible for day to day operations
within BLM, and with making sure that the Bureau
gets its business done.

Anyway, I bring that up to point out that the
director of the Science Center also meets with
BLM’s Field Committee. During those meetings,
the Field Committee receives regular reports on
what the Science Center is up to so that they can
filter that information throughout BLM. Perhaps
just as important they talk about how BLM is
going to integrate work at the Science Center into

Meredith
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dealing with day to day problems. The Science
Center director and staff are available to partici-
pate in management decisions recommended to the
BLM Executive Committee.

I think these are critical changes. They change
the entire complexion of how BLM does business
and influences day to day operations throughout
the entire agency. I’'m also happy to report that
over the ten years since Grand Staircase Escalante
was designated, USGS and BLM have continued
to improve the relationship between those agen-
cies.

A few years ago, BLM and USGS started
holding joint executive sessions about once every
two years. The most recent one was hosted by Tom
Cassidovol in Denver, Colorado. Senior execu-
tives from USGS and BLM get together and spend
time talking about how to continue to improve the
relationship between those two agencies and how
to continue to emphasize the need for scientific
information in the day to day operation of business
by BLM.

In addition, the central region of USGS meets
with one BLM state within its region each year
and spends time in the field talking about criti-
cal scientific needs and research opportunities for
partnerships not only between BLM and USGS,
but many other partners that both agencies have in
academia: universities and special organizations.
It’s a wonderful thing that takes place.

Just three years ago, that meeting took place
in Colorado where they toured the west slope and
then talked about the oil and gas boom in that area.
They focused on how research could help. Then
two years ago the BLM state office in Wyoming
met with the regional office of USGS and toured
some of their oil and gas development areas along
with some coal mining areas of the state. During
these trips they discussed the need for scientific
information to improve decision making.

I am happy to report that one of the last of-
ficial duties I performed with BLM was to set up

Meredith
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a field trip in the Upper Missouri River Breaks
National Monument for Tom and his senior staff
to meet with BLM Montana/Dakota senior staff to
talk about work going on there. I think BLM has
made critical strides forward. They’re incremen-
tal certainly and not any one can be considered a
landmark, but it’s important progress — progress
started by Grand Staircase-Escalante National
Monument and by the science program developed
here at this Monument.

There’s so much going on in each of your ar-
eas of expertise that enthusiasm is pretty high right
now. But kindergarten students at the park eventu-
ally get tired. They eventually want their blanket,
milk and cookies, and nap time. No matter what
we undertake, or how high the enthusiasm, every-
one needs an opportunity to rest, step back, and
restart the enthusiasm before we can go on again.

I think it’s critical that you’re here today at the
second Learning from the Land symposium so you
can reinitiate that enthusiasm here in this monu-
ment. You are not just here as leaders locally,
you’re looked at as leaders in the NLCS system,
as leaders throughout BLM. In fact, I believe the
science program here at Grand Staircase is looked
at throughout federal land management agencies.

What we don’t know can hurt us. You all know
that. Not everybody does, but you do. You’re here
in this room today to reinvigorate yourselves, to
share information and to get going again on learn-
ing what we need to know. On reducing that gap
between what we should know, and what we don’t
know. And to figure out ways to apply what we do
know on the ground, in day to day management. |
hope that you’ll take this opportunity to rekindle
your enthusiasm and rededicate yourselves to be-
ing leaders in the science program, not only in the
Bureau of Land Management but in the realm of
public land management in general. And I hope
that you enjoy this week as much as I’m sure I
will. Thank you very much for inviting me.
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Marreen Casper
Director

Southern Utah Offices, Senator Hatch

It’s good to see Dave again. We’ve been able

to work together on a couple of things and I’'m
looking forward to working with you. I did let the
senator know that I was going to be here today
and asked him what he would like me to say. He
emailed me a little letter and I would like to read it
to you:

“Dear participants, I am very pleased to know
that you are holding this Learning from the Land
symposium. Congress spends hundreds of millions
of dollars each year towards university research on
agriculture and natural resource issues which, for
all intents and purposes, is a very expensive effort
to learn from the land.

Usually the money is well directed and it pro-
vides us with a better understanding of our natural
world.

In my heart though, I’ve always considered
the true experts in this field to be the generation of
farmers, ranchers, miners and citizens who have
carved out a basic existence on the land. When
your life depends on your natural world, you don’t

I’m excited to be here today to see old friends.

Bryan Thiriot
Field Representative
Office of Senator Bennett

need an outside influence to teach you to respect
and understand it.

Over the last decade, I have become troubled
by a trend among public land managers who too
often feel that they must make excuses for allow-
ing rural economic activity to continue. Manag-
ers have so much to protect - watershed, wildlife
habitat, special soils, viewsheds. Sometimes they
attempt to protect natural quiet and even the air
space. That’s a lot for land managers to have to
deal with.

But I want to reiterate to you that the most im-
portant thing that you are managing or that you are
helping to manage is the future of our rural way of
life. It is in your hands.”

And then he closes with “I plead with you, our
public land managers, to consider the rural way of
life a value that must be protected as well. I con-
gratulate the organizers of this symposium and [
hope that the land managers and the resource users
can learn from each other as they learn from the
land. Thank you and best wishes for today.”

ryan Thiriot spoke on Senator Robert
F. Bennet’s behalf at the Learning from

the Land: Grand Staircase-Escalante

National Monument Science Symposium 2006.
His comments are not included here per Senator
Bennet’s request.

Casper and Thiriot
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Michael Empey

Field Representative

Representative Jim Matheson

He sends his greetings. He very much appreci-

ates that fact that people are getting together
to talk about science on the monument. He would
like to be here but Congress is in session, which
means the boss is doing what we’ve elected him to
do. He is on the house floor this morning dealing
with issues.

Congressman Matheson is particularly inter-
ested in the science symposium because he serves
on the House Science Committee. He asked me to
cover some of the things that the science commit-
tee has jurisdiction over. They actually have 13
areas, all related to non-defense federal scientific
development - scientific research development,
demonstration projects, science scholarships,
National Weather Service, and National Science
Foundation, which I know is important to many of
us. Also science research related to environmental
research and development, and then all energy
research and development projects related to non-
military energy development.

So he’s very involved in science policy. He
sits in committees and committee hearings related
to science issues all the time. He is not a scientist
and my background is in social science and that
may even be a step down from political science.
The congressman shares your interest in the sci-
ences and the ground-breaking discoveries that
happened during the time of the Monument.

Looking back over the history of the Monu-
ment and history of the land, we should first
recognize native peoples who made discover-
ies that allowed them to survive there. Scientific
investigation of the land to become the Monument
probably began in the modern era when John
Wesley Powell, during his second expedition down
the Colorado River, made the decision to exit the
river at Lee’s Ferry, Arizona, and began mapping
and exploration of the area north of the Colorado
River, north of the Grand Canyon, the first real
intent to scientifically document what was there.

I’rn here representing Representative Matheson.
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Most of you know and are familiar with a
famous geologist by the name of Clarence Dut-
ton. He described the Grand Staircase as a huge
stairway ascending out of the bottom of the Grand
Canyon northward with a cliff ledge of each layer
forming giant steps. [ suppose if we had a test,
many of you would be able to name those steps
from the limestone of the Kaibab Plateau to the
Claron Formation of Bryce Canyon. We are here
to discuss and learn about the magnificent scenery
and the discoveries and exciting things to be found
in between. Those discoveries are of interest to
this group and of interest to the congressman.

Grand Staircase-Escalante is of special interest
in the areas of geology and paleontology. I know
that those of you particularly interested in pale-
ontology are recognizing that school textbooks
are actually being rewritten because of discover-
ies happening on the Monument and by scientists
working those areas in the monument. Other areas
of scientific inquiry include archeology, history,
botany, wildlife - [ remember seeing the visitor
center video out at Escalante with the excited
person talking about a new bee species discovered
and how significant that is in terms of both botany
and wildlife on the Monument.

Of current interest is the story of how mod-
ern people interact with the land, the hydrology,
climate, soil, and also social science - that is how
we as people interact with the land. As the news
people like to say, this is a developing story. That
is part of the excitement of this conference. The
congressman congratulates you for being here and
for your participation in educational opportunities
the Monument is providing. The ongoing develop-
ing story in science really is exciting and I appreci-
ate the chance to be a part of it and to hear some of
the discoveries and things that are happening.

Thank you.
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o start out let me tell you that I’'m from
I New Mexico. [ spent my undergraduate and
doctoral years in New Mexico, and [ was
born there - and no one called me and told me I
could wear my bolo and boots. I'm a little disap-
pointed I didn’t get to come fashion appropriate.
It is horrible as a scientist, wearing the suit and
tie nonsense all the time, especially when I could
have sported a bolo.

First, thank you so much for letting me share a
few thoughts at this symposium. I did something
when [ said “yes” to giving a two or three minute,
or twenty minute talk here. I did something really
uncharacteristic for myself. I decided to dive in
and find out what [ was actually addressing, what I
was speaking about - which is novel for me.

In doing this research, one morning I spent
a couple hours on my laptop in the dining room
looking up the work that has been done at Grand
Staircase-Escalante National Monument, through
the program and the talks coming up. I was there
for about two or three hours, because there’s re-
ally a lot of work out here. My son came into the
dining room - he’s about 10 years old just started
playing football. He picked his helmet up while I
was on the computer, and put it on backwards and
said, “Hey dad, look.” I looked over and thought,
“boy what a knucklehead.” And then it dawned
on me - what do you expect from a 10 year old?
Right? He hasn’t been around long. He hasn’t been
in school long. He doesn’t know much. Then it
dawned on me that your effort here at the Monu-
ment is about 10 years old.

Now, if you scope the work that you’ve done,
and the community you’ve built in those 10 years,
it’s really, really significant. Of course you know,
science is collaborative and competitive. So I have
to remind myself, my University of Utah lab was
about 30,000 square feet, and you guys have two
million acres, right? So if I normalize on space and
lab furnishings, I think you guys could do some
more work.
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But more seriously, during my career, | have
had the opportunity to work at some scientific
powerhouses, both national and large founda-
tion laboratories. And there’s great lab equipment
at these places, great buildings. I was in Japan a
couple years ago and was introduced to a several
million-dollar electron microscope that was just
beautiful. And I asked the director of that mi-
croscope, which was about a year and a half old,
“How many publications have come out of this
microscope?” And he said, “Two.” And that was
probably eight million dollars worth of equip-
ment and a beautiful lab. Two publications. And
I thought “What does this lab have or not have,
relative to other places I have been?” like Scripps
and Los Alamos laboratories; and they certainly
have great equipment. But more importantly they
had community. So these scientific hot spots were
all about community.

So, to look at value and work and what has
been accomplished and the information produced;
it’s all about community. It is not about buildings,
it is not even about the land. It is about commu-
nity, and in ten years you have built a community
that is extremely significant. So as I appreciate the
land and the Monument and the Antiquities Act
and all that goes into the research here, it really
has been the foundation that is most notable. And
what I think you should remember to celebrate
during these three days is the community you have
built.

There is over one hundred, maybe a couple
hundred people here, all focused on science dis-
covery at this national monument. And discovery
happens in communities. That is the essence of
science - the community you put around research.
So mostly what I wanted to offer today is con-
gratulations for the community you have built.
Congratulations to that, and celebrate heartily for
this ten-year anniversary.

Thank you.

Jones
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The GSENM and Kane County: An Evolving Relationship

(PowerPoint Presentation)

ood morning. I want to thank Marietta
Gfor including a local perspective in this

seminar. | think that’s important and I ap-
preciate that. And I appreciate your suggestion to
not be afraid to talk about issues too. And I want
to welcome Brad, and what [’'m going to say to
Brad this morning is a pledge of cooperation as
we move forward. [ want to welcome you to Kane
County if you’re able to participate in field trips on
the Grand Staircase. You’ll be going through Kane
County. I’'m obviously not going to talk about sci-
ence, but [ would suggest that you consider your
science in the context of both history and politics.

What [ want to talk about is an evolving rela-
tionship. A little bit of the demographics of Kane
County: we’re a small county, and the important
thing is that the Grand Staircase takes up about
one half of Kane County. We’re left to deal with
4.4% of private property to eke out an economy.

That graphically illustrates the impact of
Grand Staircase. Kane County is the lowest box,
and Garfield is right above it. I think its 68% of
the Grand Staircase that’s within Kane County. To
understand some of our economic issues, histori-
cally local residents relied on natural resources,
mining, timber, and grazing. We have abundant
coal and gas reserves. Most importantly are these
significant coal reserves now locked up in what’s
called the Kaiparowits Coal Reserve.

We have no interstate, we have no natural
gas, we have no scheduled air service, and we’re
in a remote location. Developing a sustainable
economy is difficult. We want to rely on a diversi-
fied economy rather than tourism alone. There’s an
ugly picture of coal. I think that’s the reason Grand
Staircase was designated.

It was designated in 96 with a great deal of
controversy. It withdrew almost 2 million acres
from Southern Utah. The Utah delegation that’s
been mentioned wasn’t included. And that process
of designation, it was an event designated at the
Grand Canyon in Arizona, not in Utah. And there
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was a congressional report titled “Behind Closed
Doors: The Abuse in Trust in the Establishment of
the GSENM.”

There were subsequent legal challenges to
the Monument by the Mountain States Legal
Foundation and the Utah Association of Counties.
After the Tenth Circuit decision against those two
groups, Judge D. Benson, the newest district court
judge, summarized the position best that presidents
had virtually unlimited discretion to designate
Monuments. There was no purpose in proceeding
forward legally; we accept the designation of the
Monument today.

When the Monument plan came out, it further
created some local controversy beyond the desig-
nation. The primary areas in controversy are roads,
grazing, water, and the primitive zone which is
over half of the Monument and is managed very
close to wilderness. This sign demonstrates a great
deal of local attitude about some of the manage-
ment, “The road may be impassable due to BLM
and wilderness group’s restrictions.” That’s not an
official sign.

Regarding roads: management and historic
uses of a road are all important. The Tenth Circuit
recognized the road issue is one of the conten-
tious land issues in the west. It’s not just an issue
between Kane County, Garfield County, and
GSENM. The Monument’s position, and I took the
liberty of bringing this from the Monument plan,
was basically that routes not considered neces-
sary or desirable for resource protection purposes
would be closed.

The county’s position on the other hand was
a reliance upon FLPMA and the proclamation
itself which spoke of recognition of valid existing
rights and that our county plan bases our county
transportation system upon grants under Revised
Statute 2477. There’s current litigation to consider.
SUWA v. BLM was recently dismissed. It ran from
1996 to 2006. It resulted in a Tenth Circuit deci-
sion that was very well reasoned and balanced use
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with protection needs and provides a great deal
of guidance. Secretary Norton developed a policy
based on this decision and it now applies nation-
ally. The Wilderness Society filed a suit against
Kane County; that case is pending. Kane County
filed a lawsuit against Grand Staircase along with
Garfield and Kane County Water Conservancy
Districts. That case is pending. If we had not filed
the case, we would have lost the ability to do so
through statute of limitations. We filed it right at
the end of the six year period.

We’re currently in road negotiations with the
Department of the Interior and BLM, Kane and
Garfield counties. The county’s goal is to resolve
the controversy and develop a process recogniz-
ing existing rights, and of course road rights.
Negotiations involve complicated legal issues. The
main stumbling block is whether or not BLM can
restrict traditional uses of roads established prior
to revocation of RS2477 in 1976. We may require
further legal resolution before we solve the roads
issue.

The main issue is, “Can environmental orga-
nizations close allotments created under the Taylor
Grazing Act through a mechanism of buy-outs, re-
linquishments and plan amendment action to retire
the grazing allotment from grazing use?” This case
is in court right now, and the ultimate decision will
determine whether this practice of retiring allot-
ments will continue or not.

Water appropriations, that’s also subject to a
lawsuit against the Monument plan by the Kane
County Water Conservancy District. The general
plan contends that diversions of water off the
Monument will not be permitted and new develop-
ments have to provide some beneficial effect to the
Monument. Of course that conflicts with state law
beneficial use previsions.

The main evidence of why I’m here today is
this right here: cooperation. And I want to thank
Larry Crutchfield for his efforts in working to-
wards cooperation. He kind of broke the ice and
said let’s quit fighting with each other and let’s
start talking. [ want to thank him.

These are some of the areas where we have
developed cooperation that the public is not aware
of. The Commission’s goal is to obtain economic
and life quality benefits and I appreciate comments
by the staff of the senators because it’s right on the
money with this goal. Benefiting from allowing

multiple use of the Monument’s resources is con-
sistent with the proclamation. And our approach
here is to cooperate fully regarding Monument
management but we also have a judiciary respon-
sibility to protect the county’s property rights and
interests under the law.

We respect the great discretion the congress
delegated to land management agencies. They
are our public lands managers. We are not. We
do review planning actions for their compliance
with federal authority and other lawful require-
ments. Commissioner Spencer sits on the Monu-
ment’s Resource Advisory Committee and I’m the
county’s public land liaison representative.

The sherift’s department offers general law
enforcement service, search and rescue respon-
sibility, and assistance at anytime to both public
land law enforcement and managers. And right
now BLM and the sheriff are talking about a pos-
sible law enforcement cooperative agreement. The
county travel council has a good working rela-
tionship with the Monument and we need to rely
on destination tourism. Multiple day visits leave
money in Kane County, whereas windshield tour-
ists are in another part of Utah or in another state
the next day. We also need diversified tourism and
recreation for a stable economy.

The road department obviously performs road
maintenance and repair within the Monument but
most importantly, we’ve provided non-road project
assistance. Just two examples: there was a seeding
project and the forest service had to pull its equip-
ment. We sent our road crew out and pulled the
seeding equipment around for two or three days to
finish the seeding project. The Paria movie set was
just burned down, either by arson or by accident
we don’t know. We got a call from the Monument
asking if our road crew could assist with clean up
and we didn’t hesitate to send them out. We also
coordinate and support the Great Western Trail
along county roads.

There’s optimism for the future and I want
to touch on that regarding road planning. Non-
binding determination, they’re called NBDs, are
basically recognitions of claims for land use plan-
ning. That’s really all we need. We can’t afford to
go to court to resolve every road throughout the
west. But the agency can look at our rights of way
claims. If they administratively agree there’s an es-
tablished right of way, it’s in effect for all land use
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planning. That would resolve the issue as a brand
new policy; no roads have been recognized today.
Several have been submitted, in fact several from
Kane County, about eight, I believe. Another ex-
ample is Hole-in-the Rock road. It’s a two million
dollar federal highways project the engineer from
Garfield County got for us. It’s been delayed for a
couple of years now over the right of way issue. I
think we could resolve that and move forward with
an NBD solution.

Regarding grazing, the Grazing Rangeland
EIS is about to come out any day. We don’t know
what the conditions are going to be. I understand
you don’t either. It’s back in DC being reviewed;
we’re optimistic that it’s going to sustain reason-
able levels of grazing in the Grand Staircase.

Rangeland improvement projects: an example
is the Five Mile Sagebrush Restoration EA and
there are others. It’s a proactive effort to restore
failed seedings and decadent sage and I applaud
BLM and I want to thank Karen Weiss for leading
that. The concept of community-based ecosystem
management is important. Two quick examples
are cooperative agency status, primarily within
the Grand Staircase Grazing EIS, and our Kane
County Resource Development Committee which
represents multiple interests throughout the com-
munity from geologists to environmentalists,
which meets often with federal agencies.

Some principals: these are the lessons I’ve
personally learned, and it is that we need to rely
on early communications. If we have a problem,
we need to talk to each other up front, and not let
it fester and get involved in eleventh hour contro-
versies. We need to develop interpersonal relation-
ships and trust. If you have trust, then the issues
you disagree on don’t become controversial. We
need to avoid creating media conflicts. And Brad,
a little insight to you, be careful what you say to
Mark Havnes. You’ll read about it in the Tribune.

Habbeshaw
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We also need to consider the other’s needs.
Often we come to the table to argue for our own
position. We very seldom say, “What does the
BLM,” or conversely, “What does the county re-
ally need? How can I satisfy the other’s needs in
finding the solution?”

I enjoy field trips. We just did one with Karen,
and I think they’re absolutely magical. [ can’t
tell you how many field trips I’ve gone on where
we’ve argued up front, gone in the field and ended
up agreeing. Again, THE TRUST, I’ve got it in
yelling, capitalized, because it’s that important to
me. If we could trust each other, we won’t have
issues.

We need to first negotiate if we have differ-
ences, we need to second, litigate, but we need to
avoid conflict and public controversy and I can
speak to both of those two from personal experi-
ence. Again, we need to look at the other’s needs
and focus on what we agree on. We’ve talked a lot
about, in this presentation and today, we disagree
in areas, we agree in other areas, like the seed-
ing program. Let’s focus on that. Karen’s made
an effort not to focus on the roads rights of way
issue and I think that’s all beneficial. Tenth Circuit
says we all need to be responsible for the common
good. That’s another really important point to me.

And last, the future, I don’t know for sure. But
this is probably my strongest message for today:
We may strongly disagree on specific issues, but
that does not mean we can’t develop effective
relationships. Effective relationships will depend
on how hard we work at building cooperation; you
have to work at building cooperation. It doesn’t
come by itself. And finally, the public deserves it
for the common good. And I would submit that
that common good is that special place called the
Grand Staircase.

Thank you.
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arietta’s never going to ask me to do
Manything ever again. First of all, I got

the date wrong. Then I got the time
wrong. And it looks like I got the attire wrong.
It’s interesting that I follow Mark because Mark is
generally the calmer, wiser, and more timid of us.

With that said, I hope to lay a great burden on
all of you in this room. First of all, I’'m surprised at
the number of faces I recognize. And as I lay that
burden on, I hope you take it willingly. It is inter-
esting to me the kinds of different tones you have
heard from different people. Interestingly enough
in my mind, you are the people that solve the con-
flicts. I believe in several things. I believe science
and truth are inseparably connected. Either one
you can define as the knowledge of things as they
are, and as they were, and as they are to come. It is
truth. It is also science.

I said to my boy as he asked something about
science today, “Well you know, for a thousand
years all the scientists thought the world was flat.
You know, things change. We learn more. We
don’t know everything.” Undoubtedly, with des-
ignation of the Monument, a change came. Rather
than an extraction-based area, or a place where
natural resources were taken off the land and used
for the benefit of man and for the benefit of others,
that changed. A lot of that was politically and not
scientifically done.

The overwhelming thing I see as I attend RMP
meetings and planning meetings is the lack of truth
or science or knowledge that is available to make
resource-based decisions. They just don’t have it
- don’t have the time, don’t have the money, don’t
have the data. You people in this room carry the
burden of providing for the future, whether you
want it or not. If we don’t have good data, if we
don’t have good science, if we don’t have the truth
about what happens, we are subject to political
whims. We are subject to plans that are poorly
done. And we are subject to guessing. So I lay the
burden upon you.

Number one: Make sure we have good sci-
ence. Make sure we have the data we need so
that as the land managers make their decisions,

they are good decisions. Those of you that are

my acquaintances, and I would like to believe my
friends, have heard me say over and over, “95%
of the time, what’s good for the land is good for
the road.” I’'m a county engineer, I deal with roads
and 95% of the time, what’s good for one is good
for both. Not just roads and land, but one side of
an issue, the other side of an issue, the nature, the
people, the growth, the preservation.

And those few times that they’re not compat-
ible, we have the technology and the ability - if we
can step beyond the politics, and actually use sci-
ence and truth and cooperation - to find an answer.
We don’t do that all too often.

I have another burden I want to lay upon you.
Personally, I want to thank the Monument staff, es-
pecially Marietta Eaton. Three days a year, Mariet-
ta Eaton is my wife’s favorite person in the world
because my wife helps organize a science fair.

My wife cannot always find judges, and Marietta
always comes through to help. To those judges,
I’m going to lay a little burden on you. You’re not
there just to look at science projects. And you’re
not there just to support the community. You are
there to take the spark that’s in those kids and turn
it into a flame.

If you have walked away from that experi-
ence without at least one kid changing sparks into
a flame, you have missed your opportunity. They
have little interest in science at that point. It is
your job at that point to fan their interest.

I’ve got a story that I want to relate real quick-
ly. Every time I come in this room, I’m irritated
because they just have the pictures (motioning to
the pictures around the room). They don’t tell what
they did to get there. It drives me nuts! I look at
this gal in the red coat, and I thought, “I bet she
was raised in Beaver or Cedar or Parowan and she
was a cheerleader and she played on the volleyball
team, and in the summer she changed sprinklers
for her dad on their farm. And you don’t want to
wrestle with her because she’s gonna win.”

But that isn’t why she’s up there. Someone
took that rural gal, and I’'m making this up, but I
know somewhere up there, these are people and

Bremner
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somebody gave them an opportunity. The extrac-
tion industry we now have on the Monument

is science. You’re not going to get coal, you’re
not going to get oil, unless there are some major
changes; we’re not going to go back to those old
days. It’s science.

The best scientists in the world should be
the people that live in Garfield and Kane County.

I was amazed, and our reporter over there can
remember it, weren’t you amazed at what those
Escalante kids knew when they announced the
Hagryphus giganteus! They knew more about
dinosaurs than I did! They knew it backwards and
forwards!

My commissioners walked out of the first
meeting and [ said, “What did you think?”” And
they said, “Amazing, amazing, fantastic!” They
were thrilled! The people in those counties need to
be the best scientists in the world. You carry that
burden, which means you don’t take your data and
run back to your lab or publish it in a magazine
that we’ve never heard of, couldn’t get, or couldn’t
understand even if we wanted to.

It means you’ve got to somehow communicate
that information and data to the people that live
here. And Senator Hatch said to consider those.
I’ve kind of looked and as far as I can tell, there’s
five slots left on these walls. There are three over
there and two there. I think those belong to Gar-
field and Kane County kids.

And as you deal with adults, parents, kids,
schools, science, roads, conflicts, politicians, and
everything, I hope you look at them and say, “Is
that the kid that goes on the wall?” That’s the
burden we have.

It is amazing to me how much the political
process makes poor decisions. I can tell you what
will happen if we change administrations. Now,
I’m not going to judge whether that’s right or
wrong. But I can tell you what will happen. And
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when we change back. I say there’s a pendulum
and when a Republican administration is in, it is
on the right. And when a Democrat administra-
tion is in it is on the left. And the best decision is
somewhere in the middle. Unfortunately it’s the
voting public that moves the pendulum across the
top, and it never even swings through the good
judgment in the middle.

And those of you who think about it and ex-
perience some of those things will recognize that’s
right. It is the science that we have to have, that we
can go to those politicians and say no, this is the
way it works. This is the science. This is the truth,
and that’s why we’ve got to cooperate. That’s why
we’ve got to work together. That’s why we have
to take it out of a voting situation and put it into a
real live science situation.

That’s a huge burden. Do you know what? You
guys are capable. You can do it. Don’t get discour-
aged. You’re going to run into some obstacles that
will make you think it will never be done. And if
you give up your right, it won’t be. You need to
step forward and do what it takes to provide those
opportunities for these counties and for the world
to show how cooperation and science can make
things right. I have confidence in you.

I won’t read the story about Philo Farnsworth.
Do you know who he was? He invented the TV,

a farm boy of about 14 driving down, plowing
the field. He must have been bored at the time.
And he thought, “Gee whiz, | wonder if you can’t
communicate light as waves?” Born and raised in
Beaver, he sold his patent to RCA in 1939. And
that’s why you guys have T.V.s.

That’s the kind of people we have in these
counties. You can help them; you can enlighten
them; you can strengthen them. And I pray with
all my soul that you and I do it.

Thank you.
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Dr. Jayne Belnap has been a scientist with the Department of Interior

The Interplay since 1987, and is currently with the US Geological Survey, Biological
Of Science and Resources Division in Moab, UT. She received two undergraduate
degrees (Biology and Natural History) from the University of

Management California, Santa Cruz in 1980; a Masters of Science (Ecology) from

Stanford University in 1983, and a PhD (Botany and Range) from
Brigham Young University in 1991.

Since then, she has worked for the US Geological Survey, focusing
on how different land uses (such as hiking, biking, military training,
livestock grazing, and energy exploration) affects the fertility and
stability of desert soils and how these lands can be maintained in a
sustainable fashion. She has also been researching linkages between
soil organisms, soil nutrients and the composition of desert vegetative
communities. This has led to the study of what factors make some
desert communities susceptible to invasion by exotic plants, while
others remain uninvaded. Dr. Belnap’s studies have taken her around
the world, including South and East Africa, central Asia, Siberia,
Australia, and Iceland, advising scientists and managers on how to
maintain soil fertility and stability in their regions while maintaining
traditional land uses.

She alsotravels extensively throughout the United States, interacting
with and training federal, state, and private land managers on best
management practices for dryland ecosystems. She is the past Chair
for the Soil Ecology section of the Ecological Society of America,
President of the international Soil Ecology Society, is on the governing
board of the Ecological Society of America, is a subject editor for the
journals Ecological Applications and Ecohydrology, and participates in
many other professional functions as well.

he two previous talks have me really think- so strongly to me. I was really surprised as I didn’t
I ing about roots and what they mean to me. even know the pull to this region was in my heart.

My entire family spent all of their lives Before I delve into the science reasons for
in Springdale, Hurricane, Rockville, and Cedar which the monument was created, I wanted to
City. My great-great-grandfather founded Spring- take this opportunity to talk about that pull of the
dale, Utah, and my grandmother gave it the name landscape and how much it means to all of us. |
Springdale because of all the springs there. My have talked to many people here already, and as
grandfather owned the general store, the movie divergent as their backgrounds might be, there is
theater, and the switchboard in Cedar City. So, a bond based on the love of this landscape. This
when a National Monument was created in this gives us commonality that can allow us to work
area, it really tugged at these roots of mine, and | together. Certainly, everyone has different ideas

wanted to become involved because the area called  about how to use this landscape and how it should
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be managed. But, I believe if we keep rallying
around our common purpose, we will, in fact, find
ways to move forward, despite conflicts over par-
ticular issues. Even the conflict, I think, is good.
As long as we don’t take the conflict personally, it
gives us a huge opportunity to begin to understand
other positions and grow and develop through that
understanding. Thus, I encourage us all to keep the
idea of this common bond in the back of our minds
throughout this conference and to keep asking
ourselves how we can use it to move forward.

I used to be a resource manager and am now
a scientist, and thus I have a view of the issues
that face both parties. When asked to give this
talk, I was asked to discuss how to bring managers
and scientists together. But, I think it is impor-
tant to first back up a bit and discuss the mission
of the BLM, the National Landscape Conserva-
tion System, and the Monument itself, including
what the purpose of this resource is, how we are
to manage it, what science we are supposed to be
doing here, and what changes are needed so that
scientists and managers can really communicate
and work together effectively. One thing I want
to point out immediately is that not all things that
we call science fit under the missions of the BLM,
National Landscape Conservation System, or the
Monument.

BLM’s mission is to sustain the health, diver-
sity, and productivity of the resource. That sounds
pretty straightforward, but you can fit many
things under that mission. For instance, diversity
is not just the number of species and subspecies
one finds in a place, but also includes the genetic
diversity found there. We need genetic diversity in
populations because that confers species resistance
and resilience to different types of disturbance.
Diversity also encompasses diversity of ecosystem
processes, such as nitrogen cycling, carbon cy-
cling, fire cycles, speciation processes, and many
other types of processes. Diversity can also occur
at the landscape level. Landscapes, obviously, are
a mix of different components but there’s a diver-
sity of smaller landscapes nested within the larger
landscape, and those nested within even larger
landscapes.

So what is “productivity?” Productivity is
a very difficult term to define, and agreement
on the definition is often difficult as it depends
on one’s point of view. To define productivity,
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we need to answer the question “Productive for
what?” If you’re a rabbit, you’re going to see
productivity in a very different way than if you’re
an eagle, a mouse, a cow, or a rancher. Thus, to
consider and integrate all these points of view is

a very hard job. What we do know is that pro-
ductivity is not just how much grass is growing;

it also includes the health and productivity of the
conditions and processes critical for that grass to
grow. This means concerning ourselves with the
rates of the processes and the interaction among
different processes. Part of productivity is also
landscapes—their size, their shape, and how they
connect with, and influence, each other. Productiv-
ity, therefore, is not just the amount of something
but is a product of diversity and health that results
in amounts of things. Also, having a high biomass
of one or many species is not necessarily the most
productive landscape. We need to consider the
productivity of the entire system. Thus, productiv-
ity includes all the pieces of a system, including
species mixtures, habitats and food for animals,
and those processes that sustain those habitats and
animals. It also includes the resilience of ecosys-
tems to disturbance. For example, carbon storage,
which is an important issue these days, depends
on all sorts of processes. Examples include plant
production, which depends on water and nutrient
availability, which depends on climate, soil struc-
ture, stability, and fertility; decomposition of plant
material, which depends on soil water, nutrients,
temperature, and microbial and faunal community
abundance, richness, and activity rates; and fire,
which depends on ignition sources, the amount of
fuel present, and climate.

Now we need to consider the National Land-
scape Conservation System Strategy. It says we
need to know about resource condition, resource
dynamics, and the mechanisms underlying those
dynamics. This gets us to the meat of things, for
to satisfy this strategy we need to know more
than whether the ecosystems are productive and
diverse: we need to understand why and how.
This is a big mission, as there are many differ-
ent ecosystems and landscapes out there. This is
where science comes in, because you have got to
have the science in order to understand the whys
and hows of ecosystems. There’s no way to do it
without science.
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And lastly, we get to the level of the Monu-
ment mission. The Monument is unique in that it
has a proclamation that spells out in great detail
what the Monument is about and lists the protected
objects and foci for study. So let’s talk about what
science is needed in order to understand and pro-
tect these various objects. First are listed geologi-
cal and paleontological resources. There is much
we don’t understand about these resources. For
instance, weathering rates: what influences them
and how do we conserve that process? Are there
activities that alter the natural rates? The need to
study the paleontological resources is obvious:
what species existed here, what environments
were present at the time they were living, what did
they eat, etc. Then there are human prehistoric and
historic sites; there is much to learn there about
how those people lived and how we protect those
resources.

The proclamation then goes on to list bio-
logical resources, in which there is a long list of
objects identified. For example, the Monument has
stunning elevational gradients that span five life
zones. This is the perfect place to answer questions
such as what controls plant distributions, soils or
climate or an interaction between the two? If they
are controlled by the soils, what’s going to happen
with climate change? Are the plants going to be
able to move or are they stuck on that substrate?
They may really be stuck there and that will have
large implications for land management decisions.
How will nitrogen deposition affect these distribu-
tions? Will ecotones shift with climate change?
Which species will be able to shift with climate
change? Will the pollinators be able to follow the
plants or vice versa? Understanding these ques-
tions is going to be very important for protecting
these elevational life zones. The presence of these
gradients also results in a very high number of
different plants and animals. This high diversity is
really exciting for ecologists to study, and there are
myriads of questions to answer. For instance, what
is going to happen to the dynamics among com-
munities and among the plants in a given commu-
nity? We talked about sustaining productivity and
health, and here is where we need to understand
how one goes about that task. To do that, we need
to understand the mechanisms underlying how the
community functions in order to understand why
future changes may occur. Did the changes happen

because we did something? Did it change because
of added nitrogen from power plants or cars? As

it gets warmer and the cool system components
begin to die out, we will especially need to know if
the species are dying out because of management
decisions or air temperatures.

Another topic discussed in the Proclamation
is speciation. There are a huge number of endemic
plant species in the Monument and the surround-
ing area due to what I call the Goldilocks effect.
For speciation, you need a landscape that’s not too
big and not too small, as populations need to be
able to be separated from each other by some, but
not too much, distance. This balance allows for
speciation. We need to understand what controls
this process so our land management decisions
do not interrupt this process, and we can follow
the monument mandate to protect the process of
speciation. We also need to address the question
of whether these species are bound to the substrate
where they occur. If they are, how will they be
protected if the climate shifts or some disturbance,
such as fire, increases and changes the suitability
of the habitat?

Another wonderful science opportunity in the
Monument are relict areas, where natural pro-
cesses have been dominant throughout time. These
areas are our best opportunity to show everyone
what a given community looks like without an
overriding influence of human activities. Thus,
they can help us distinguish the difference between
human-caused and natural change. These areas
also enable us to see the potential for similar areas
and provide a pathway for restoration efforts. We
need to know what is possible before we try to
accomplish it. That does not mean you necessarily
manage for what is possible, but at least you know
the envelope of possibilities. We also need these
relict areas for monitoring future climate change.
There are also relict areas in other areas on the
Colorado Plateau, which allow for comparisons
that will further understanding of natural areas.

The Proclamation also points out the impor-
tance of conserving unique, isolated communities
like tinajas, dunes, and hanging gardens. To do
this, we need to understand how they got where
they are, what processes are important in keeping
their integrity, and how future changes will affect
them. These communities are a big challenge
because they are very small and isolated and easily
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extirpated. Pollinators are also a big issue. We are
losing many pollinators due to pesticides and her-
bicides, habitat destruction, climate change, and
other factors. Many endemic plants are dependent
on pollinators, even though they may be some

tiny little bee or inconspicuous wasp. We don’t
understand much about them, and we know almost
nothing about who pollinates what plants. Many of
the pollinators in this region are new to science, so
we don’t even know the names of the species we
are extirpating. Another huge question is whether
or not pollinators and plants will be able to move
together as climates get warmer. This is in terms
of both flowering times and actual spatial shifts. If
the soil is warmer sooner, many plants will flower
earlier. However, that doesn’t mean the pollinators
will be able to come out sooner. If the plants move
to another climate zone, that area may or may not
be habitable by the pollinators.

Biological soil crusts also occur throughout
the Monument. As with the other species we have
talked about, we don’t know what will happen to
them as soils get warmer. We know these organ-
isms are critical for soil stability and fertility, and
we also know they are easily crushed by people,
livestock, and vehicles. So another big question
science needs to answer is where is the balance
between using the land and preserving the impor-
tant functions that these organisms provide? How
does this balance vary with soil type or climate?
Frankly, we just don’t know. We need to under-
stand this balance and how can we plan for it.

The study of packrat middens has been a key
to past climates, helping us understand what plants
used to inhabit these landscapes and what plant
communities we might expect to see in the future.
Therefore, we also need to conserve the ability of
packrats to continue forming this record for future
scientists by not overly disrupting their lifestyles
with our land use decisions.

Then there are the raptors, large mammals,
and predators such as hawks, eagles, desert big-
horn sheep, mountain lions, and bears. We know
so little about these animals!! We don’t know how
many there are, their habitat preferences, the status
of the populations, or their movement patterns. We
don’t know how artificial water sources or roads
affect the predators or the prey. We know very
little about how grazing, recreation, or climate
change will affect these animals, nor do we under-
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stand how global connectivity will affect disease
transmission. We have an enormous amount to
learn about large mammals and raptors.

In summary, a list of the big questions we will
face in the future includes: What are the ecosys-
tem changes we can expect in the future, which of
them will be due to human activities, and which
will be due to climate change? How will land use,
nitrogen deposition, and climate change interact to
affect ecosystems? And lastly, how can manage-
ment respond so these resources can be used in a
sustainable fashion?

So, what will the future bring? Current climate
models predict that large changes will occur in this
region. During this century, it is predicted that pre-
cipitation will decrease by 15-20%, and tempera-
tures will rise by up to 4-6°C, if not higher. By
2050, increasing temperatures alone are predicted
to increase evaporation, resulting in average soil
moisture conditions in the Southwest being worse
than the conditions experienced during any of the
mega-droughts of this century (Dust Bowl years,
1953-1956 or 1999-2004 droughts). Increased
warming is expected to decrease runoff in streams
and rivers by up to 30% through the 21st cen-
tury. Thus, while demands for water are likely to
increase dramatically, the number and severity of
droughts, caused by decreasing precipitation and
increasing temperatures, will decrease water avail-
ability.

The severe and extended droughts that will
accompany an increase in temperatures and a
decrease in precipitation will affect all aspects
of dryland ecosystems. For example, ecosystem
processes that keep soil carbon and nutrients avail-
able will be slowed. Natural and managed systems
will both be impacted. We expect to lose shallow-
rooted species (e.g., soil lichens and mosses,
grasses, some trees). Such alterations at the base of
the food chain will reverberate upwards, reduc-
ing populations of animals that depend on the
quantity and quality of these plants for food and
habitat (e.g., small mammals), which will then
impact their predators (snakes, larger mammals,
raptors). Animals that depend on free surface
water (e.g., amphibians, large mammals) will also
be at risk. Domestic cattle operations depend on
both grass and surface water being available, and
thus will be heavily impacted. Insect outbreaks on
drought-stressed plants will be more common and
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will likely lead to a dramatic increase in wildfires.
Recovery after fire generally depends on water
availability and thus is expected to be much slower
than in the past.

In addition, increased surface disturbance,
such as that caused by grazing, energy explora-
tion/development, and recreation, will also reduce
or remove the natural components that stabilize
desert soils (live and dead plant materials, physical
and biological soil crusts, rocks). This will en-
hance the already-increased soil loss that the loss
of grasses and soil lichens will exacerbate. Surface
disturbance also enhances the invasion of exotic
annual grasses. In wet years, these grasses pro-
duce sufficient fuels to carry fire in dry years that
follow. Fire consumes the vegetation and leaves
post-fire soils exposed to erosion. In drought years,
annual grasses do not germinate, leaving soils bar-
ren and vulnerable to erosion. A synergistic effect
is created when surface disturbance occurs on in-
vaded landscapes during drought years, and large
amounts of soil can be lost from an area as a result.
Increasing temperatures and decreasing precipita-
tion also decrease soil and ecosystem resilience to
land-use impacts, further increasing the frequency
and magnitude of erosion events. Soil erosion
results in lost soil fertility as nutrients are often
attached to dust particles. Dust obscures visibility
on highways and thus endangers travelers. The
fine particles found in dust can cause respiratory
disease if inhaled and can also carry Valley Fever.
Dust also affects water storage and delivery. Most
of the dust produced from the Colorado Plateau is
deposited on the snowpack of mountains that feed
the Colorado River. The dark-colored dust on the
snow surface absorbs heat, which melts the under-
lying snowpack up to a month earlier than normal.
Water storage in the snowpack is reduced, and thus
the amount and quality of the later-season water
is reduced. A faster melting rate can also mean an
increase in flooding and less opportunity to store
water in downstream dams.

Exposed soils are also vulnerable to erosion
by water. As with dust, water erosion has both
local and regional impacts. Locally, water erosion
reduces the fertility of the soil and can alter which
plant communities the area can support. Massive
soil loss can entirely denude areas. Gullying can
drop water tables too low for plants to access.
Water erosion also increases sediment loads in

streams and, ultimately, large rivers. As these sedi-
ments are often heavily laden with salts and heavy
metals, they contribute to water quality problems
downstream. Thus, both wind- and water-borne
sediment is likely to severely exacerbate issues
regarding the quality and quantity of the Colorado
River water.

So what tools do Monument managers have to
deal with these issues? Luckily, there are excel-
lent geology, hydrology, and soil maps. There is
a large network of automated weather stations.

An assessment of rangeland condition has been
done, providing a tool for deciding where to focus
management and restoration efforts. There is also
a network of long-term vegetation plots. However,
although there are many resources available, other
tools are also required. A systematic network of
large exclosures, placed in each habitat and soil
type, will be essential in distinguishing climate
from human-caused change. Continued long-term
monitoring of vegetation, soils, animal popula-
tions, and ecosystem processes is needed for all
the major soil and vegetation types. Experimental
manipulations that imitate future conditions can
be very helpful in predicting what the future will
bring. This will require scientists on staff and en-
gagement of other federal and academic scientists
as well.

This raises the question of how to get the sci-
ence done and how to link the science to manage-
ment decisions. This is going to require effort on
the part of the scientists, managers, and land users.
Scientists need to ask what science is needed,
rather than assuming they know, and go to the field
with the managers and users so everyone can share
their perspective. Scientists need to think about
how their results, and the implications of their
results, can be used to better manage resources.
They need to communicate their results more ef-
fectively by using language everyone understands.
They need to provide interpretive materials and
training. Providing training to staff on designing
experiments, conducting monitoring, analyzing
data, and interpreting results can help build trust
and establish local expertise. And lastly, having
scientists who work and study one place through
time is essential in gaining true insight into that
place.

Managers and land users have a responsibil-
ity in effective communication as well. First,
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having needs identified ahead of time can really
help scientists understand what the issues are for
each group. Managers need to be sensitive to the
needs of scientists: most advancement opportuni-
ties depend on getting papers published, and this
may require finding a different way of working
together. Finding ways for the permitting process
to be easy, quick, understandable, and reasonable
helps immensely. Managers need to let scientists
know upfront what they will be required to do,
such as submitting a written report. And, of course,
managers need to be welcoming of scientists and
help them meet their needs if it is possible. En-
gage them on a personal level, let them know you
appreciate their efforts, and invite them to come
back.

Belnap
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Teamwork, of course, is the ultimate answer.
Trust, respect, and clear communication will en-
able us to reach our common goal: maintaining the
health of this incredible landscape. These things,
above all, will determine whether or not the Monu-
ment will reach its full potential. We are all here
because we hope this will be the outcome; I am
here because I truly believe this can be the out-
come. Meetings such as this are an essential part
of realizing our common vision, so please take the
opportunity to greet the person next to you, learn
about their history and their dreams, and let us all
work together towards the common purpose of
loving and taking care of this extraordinary land-
scape that has been entrusted to us.
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Dr. Patricia Limerick
Plenary Speaker

Dr. Patricia Limerick was born and raised in Banning, California and

Democracy d nd has been observing the West for many years. She received her B.A.
Conse rvaﬁon: in American Studies in 1972 from the University of California, Santa
Cruz, and her Ph.D. in American Studies in 1980 from Yale University.

The |nterest5 Of From 1980 to 1984, Limerick taught at Harvard University as an

. Assistant Professor, before joining the faculty at the University of
POSte”ty and the Colorado at Boulder. At CU she teaches a variety of courses, both
undergraduate and graduate, on the American West, as well as the
ClaSh Of Wel I_ introductory American history survey course.
. She is a recipient of numerous awards and honorary appointments
I nte ntl O ned — State Humanist of the Year, 1992, from the Colorado Endowment of
Peop|e the Humanities; a recipient of the University of California, Santa Cruz
1990 Alumni Achievement Award; and Official Fool of the University
of Colorado from 1987 to 2008. In 1995, she was named a MacArthur
fellow.
Limerick has published a wide variety of books, articles, and
reviews. Her best known work, The Legacy of Conquest, has had a
major impact on the field of Western American History. In addition
to numerous scholarly articles and book reviews, she writes frequent
columns and op-ed pieces for The New York Times, USA Today, The
Denver Post, The Daily Camera, and The Rocky Mountain News. Her
recent books include Something in the Soil (a collection of essays) and
The Atomic West, (in progress).
Asanadvocate forbringingacademicknowledgeintothe community,
Limerick has spoken to audiences as diverse as the American
Association of Law Schools, the Bureau of Land Management Summit
Conference, the Australian and New Zealand American Studies
Association, the Mormon History Association, the International High-
Level Radioactive Waste Conference, and a National Aeronautics and
Space Administration conference on the future of space exploration.
She has served on a number of advisory boards and committees;
most recently the Board of Advisors for Ken Burn’s and Stephen Ives’s
eight-part PBS series, “The West.” In 1996, she served as President of
the 5500 member American Studies Association. She currently chairs
the Board of the Center of the American West.
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Craig Childs

Plenary Speaker

www.houseofrain.com

Craig Childs is a writer who focuses on natural sciences, archaeology,
and mind-blowing journeys into the wilderness. He has published
more than a dozen critically acclaimed books on nature, science, and
adventure. He is a commentator for National Public Radio’s Morning
Edition, and his work has appeared in The New York Times, Los
Angeles Times, Men’s Journal, Outside and Orion. His subjects range
from pre-Columbian archaeology to US border issues to the last free-
flowing rivers of Tibet.

The expeditions Childs undertake often last weeks or months,
informing his writing with a hard-earned sense of landscape and
culture. The New York Times says “Childs’s feats of asceticism are
nothing if not awe inspiring: he’s a modern-day desert father.” He has
been called a born storyteller by the New York Sun, and the LA Times
says his writing is like pure oxygen, and “stings like a slap in the face.”
He has won several key awards including the 2008 Galen Rowell Art
of Adventure Award, the 2007 Sigurd Olson Nature Writing Award
and the 2003 Spirit of the West Award for his body of work, an honor
he shares with Wallace Stegner, Terry Tempest Williams and N. Scott
Momaday. Childs is an Arizona native, and grew up back and forth
between there and Colorado. With a mother hooked on outdoor
adventure, and a father who liked whiskey, guns, and Thoreau, his life
was rigged from the start. In his teens, Childs began working as a river
guide, and since then has held numerous jobs to support his field
time, from gas station attendant to journalist to beer bottler. Now
making a living as a writer, Childs lives off the grid with his wife and
two young sons at the foot of the West Elk Mountains in Colorado.

( jraig gave a personal narrative on the focused on both the primacy for water in a parched
sand dunes of the Gran Desierto in So- landscape (both its presence and its absence) and
nora, Mexico. The talk was based on his how that landscape is essentially formed by water

extensive foot-treks across the region, an area (the substrate having arrived via the Colorado

comprised of approximately 4,000 square miles River and its tributaries). He concluded by offer-
of sand. The source of the sand is the Colorado ing a bag of sand from the region for participants

River Delta west of the dunes where prevailing to feel.

winds have carried sand across the desert. His talk

Childs
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OVERVIEWS AND PARTNERSHIPS

The Cultural Resources Program
At Grand Staircase-Escalante
National Monument, 1996-2006:
An Overview of Accomplishments

Matthew Zweifel

BLM

Grand Staircase-Escalante NM
190 East Center St.

Kanab, UT 84741

matthew zweifel@blm.gov

rchaeologists and cultural resource
Aspecialists at Grand Staircase-Escalante

National Monument are fortunate that the
Monument emphasizes its science programs and
research to a greater extent than most other federal
land management agencies. As a consequence, the
Monument has a notable list of scientific accom-
plishments that BLM can be proud of, and that
we should bring to public awareness whenever
possible. Some of the program accomplishments,
archaeological research, and related products that
we would like to highlight include:

Publications and Professional
Presentations

In-house Research and

Publications

GSENM archaeologist Douglas McFadden
worked for BLM for more than twenty years
before his retirement in 2005. For the past three
decades he and a handful of other southern Utah
archaeologists have worked at the forefront of
Virgin Anasazi research, and lately more emphasis
is being placed on questions concerning Virgin
Anasazi/Kayenta Anasazi/Fremont interactions.
While many research projects have been oriented
towards questions regarding the Anasazi and
Fremont, other studies cover other aspects
of the archaeological record. Some recent

33

publications and professional presentations from
GSENM archaeologists include Virgin Anasazi
Settlement and Adaptation on the Grand Staircase
(McFadden 1996), Fremont Settlement in the
Upper Escalante Drainage (McFadden 1997),
Formative Chronology and Site Distribution on
Grand Staircase-Escalante National Monument
(McFadden 2000), Who's Who on the Monument?
Virgin, Kayenta and Fremont Relationships
(McFadden 2002), Tank Hollow Burn Inventory:
Settlement Patterns and Agricultural Strategies
on Fiftymile Mountain (McFadden 2003), House
Rock Valley Inventory: Pleasant Valley Outlet
Tract (McFadden 2004), and Who Broke the Glass
on the Staircase?: Obsidian on Grand Staircase
Escalante National Monument (Zweifel 2002).
Scientific research by GSENM staff is an on-
going program. Subjects of current studies include
the productivity of Anasazi agricultural plots, ad-
ditional studies regarding distribution of obsidian
on GSENM, effects of grazing-related activities
on archaeological sites, rock art stabilization, and
overall site distributions, to name only five topics.

Research and Publications by
Non-BLM Archaeologists

Although the Monument has an active re-
search program of its own, GSENM is a large land
mass with unlimited potential for anthropologi-
cal and archaeological research. This quality is
readily recognized by outside researchers, and
GSENM staff promote outside research as often

Zweifel



as possible. Since designation, several different
universities and researchers have taken advan-
tage of the Monument’s potential. The result is a
significant series of scientific reports and publica-
tions. A partial list includes Human Landscape
and Prehistoric Paradigms, A Class I Overview of
Cultural Resources in Grand Staircase-Escalante
National Monument (Spangler 2001), Archaeolo-
gy of the Dead Raven Site (Walling and Thompson
2004), Pithouse Excavations at the Park Wash Site
(42Ka4280) (Ahlstrom 2000), Kaibabitsinungwu:
An Archaeological Survey of the Kaiparowits
Plateau (Geib, Collette, and Spurr 2001), and
Archaeological Excavation at Deer Creek Shelter
(42Ga3128) (Talbot et al 2002).

Beginning in 1999, GSENM worked with
archaeologists from Brigham Young University
(BYU) and Northern Arizona University (NAU)
on a series of excavations and large area surveys
in the Escalante River vicinity. These projects
resulted in a complete archaeological inventory
of the Escalante River canyon within GSENM, as
well as inventories covering large portions of the
Escalante uplands. These inventories and associ-
ated excavations, several of which were run as
BYU Archaeological Field Schools, resulted in
better understanding of the complex time period
when Anasazi and Fremont were coming into
contact just prior to abandonment of the region by
these agricultural groups. A series of high-quality
reports by university staff members and graduate
students detailed results of these projects on an an-
nual basis. These reports are a major accomplish-
ment, and stand as basic archaeological texts of the
Escalante area for decades to come.

Other Projects

and Accomplishments

Other projects and reports of note include Eth-
nographic Assessment of Kaibab Paiute Resources
in Grand Staircase-Escalante National Monu-
ment (Stoffle et al 2001), and the upcoming Hopi
Ethnographic Overview for Grand Staircase-Es-
calante National Monument (Bernardini, in press).
Both of these ethnographies were commissioned
by GSENM in an effort to facilitate the ongoing

Zweifel

LEARNING FROM THE LAND

Monument Tribal consultation program as well as
to gain a better understanding of current and past
Native American concerns. Additional ethnogra-
phies are planned with other Tribes who have an
interest in GSENM.

Public education and interpretation are a major
focus of the GSENM cultural resources program,
and over the course of the past ten years dozens
of presentations and field tours have involved
well over 1,000 members of the public. Two
GSENM visitor centers focus on subjects of local
anthropology and archaeology, using case stud-
ies of GSENM history and prehistory to illustrate
important concepts. GSENM archaeologists work
in conjunction with other agencies as needed and/
or as opportunities arise. GSENM archaeologists
recently completed burial recovery excavations in
conjunction with the Utah State Historic Preserva-
tion Office, and have assisted with projects for the
Kaibab Paiute Tribe and Kaibab National Forest.

GSENM, in cooperation with the Utah State
Division of History, participates in the Utah Oral
History Program, designed to capture and preserve
the memories and histories of local long-term
residents. More than 200 such histories have been
documented thus far, recording a vanishing time in
early 20th century America. The documentation
of GSENM area historic inscriptions (“cowboy
glyphs” or “historic signatures”) records the pres-
ence of individuals based on inscriptions left in
rock faces throughout the canyons of the vicinity,
and helps document historic trail systems that are,
today, largely unrecognizable.

Research by both in-house archaeologists and
those working from outside entities are developing
new theories and pictures of GSENM area prehis-
tory. For most of the past five decades the world
of the Virgin Anasazi was largely unknown, and
what little information was available came from
a small handful of sites investigated by an even
smaller number of professional archaeologists.
Under the influence of McFadden and a few other
local archaeologists, as well as current GSENM
archaeological staff, interest in Virgin Anasazi
prehistory is flourishing. The creation of GSENM
is facilitating additional research into all aspects of
GSENM prehistory and history; this will be one of
the Monument’s greatest legacies.
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From Research to Education: A Case Study
of Research on Grand Staircase-Escalante
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Editor's note: Oral transcription

Shelton

oon after designation of Grand Staircase-
S Escalante National Monument (the Monu-

ment), congressional appropriation directed
construction of four interpretive facilities in gate-
way communities. This key concept to the
National Landscape Conservation System
specified that facilities would not be built within
boundaries of the Monument, but in surrounding
communities. The GSENM Presidential Procla-
mation set the tone for what those visitor centers
would become. The Monument Management Plan
(MMP) specifically directed visitor centers to

ABSTRACT

Interpretive exhibits developed for four new visitor centers
surrounding Grand Staircase-Escalante National Monument (GSENM)
provide a foundation for environmental education studies, and are
based upon research, studies, and natural, cultural, and historic
resources on the Monument. Elementary and high school curriculum
developed for students and teachers meet Utah, Arizona, and national
standards. Exhibits and educational programming emphasize the
diversity of scientific research on GSENM, and how much we still do
not know.

Exhibit topics include paleontology at the visitor center in Big
Water, geology and archaeology in Kanab, human geography (how
the landscape shapes human life, namely Paiute Indians and pioneers
at contact) in Cannonville and ecology (flora, fauna, and soils) at the
Escalante Interagency Center.

Primary learning objectives include: sharing how and what we
currently know about GSENM; encouraging critical thinking and
understanding and applying the scientific method — all through the
use of scientific examples and studies relevant to GSENM.

Keywords: interpretation, environmental education, exhibits

emphasize and interpret scientific research on the
Monument.

In 2001 we began exhibit design in earnest.
We structured a design-build exhibit contract for
four new facilities, scheduled for completion in
2005. Building construction slightly preceded
exhibit fabrication. Our exhibit budget was $2 mil-
lion. We stayed within budget and completed the
job on time.

Four of the five facilities are operational;
Glendale is slated for completion in 2009. Each
visitor center interprets a different story, focusing
on the unique resources that helped establish the
Monument. At the visitor center in Big Water, we

35 Shelton and Sowards



OVERVIEWS AND PARTNERSHIPS Eug

interpret paleontology; in Kanab, geology and ar-
chaeology; at Cannonville, human geography, the
story of Paiute Indians and pioneers and how they
used the same landscape; and in Escalante, ecol-
ogy, including flora, fauna, and soils. At Glendale,
a picnic area and outdoor exhibits will inform visi-
tors about regional recreation opportunities.

Knowing that science and education were
key components of our interpretive exhibits, we
engaged a unique design team. Typical members
were present — exhibit designers, fabricators, and
interpretive experts. We also brought on scientists,
artists, and educators to provide expertise and per-
spectives to the interpretive design process.

Reviews by BLM Monument staff scientists
throughout the process assured that exhibits were
accurate. We wanted our exhibits to provide a
foundation for future learning, to be a jumping
off point — a means rather than just an end. Rather
than being a “brain dump” of facts, we wanted to
challenge our visitors and students to realize how
much we still do not know about the Monument.
This in itself is an ideal opportunity and key moti-
vator for students, as we believe that an inquiring
6th grader could be the future scientist to find a
new botanical species or discover a dinosaur yet
unknown to science.

In this case study, we focus on one visitor
center exhibit in particular. We wanted to interpret
real science on the Monument, in particular, an
excavation to highlight archaeology. This required
selecting a site where the principle investigator,
GSENM archaeologist Doug McFadden, would be
involved throughout the entire design and review
process. He suggested we select the Arroyo Site
just east of Kanab, UT.

The site had been excavated; there were thor-
ough reports written, photographs and cross sec-
tions available, and good illustrations for exhibit
fabricators to develop an accurate, three-dimen-
sional, representational exhibit. Doug had engaged
students on field tours, so we knew the site was
successful in terms of teaching the methodology
and techniques of archacology.

This resulting exhibit at the visitor center in
Kanab is a nearly full-scale model of the Arroyo
Site excavation (Figure 1). To depict more com-
plex concepts like dendrochronology (tree ring
dating), we included supplemental detailed ex-
hibits. We show how a wooden house beam in the

Shelton and Sowards
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Figure 1. GSENM archaeologist Doug McFadden inspects the
excavation exhibit at the fabricators” workshop, assuring that
every detail accurately depicts the actual archaeological site.

excavation — in context — could produce a wood
bore, then be scientifically dated to provide valu-
able information about the place, climate condi-
tions, and people who lived here long ago.

A major difference in our exhibits, particu-
larly in archaeology, is the focus on context. Many
museums interpret artifacts themselves. A primary
exhibit objective emphasized that where things are
found undisturbed, or “in situ,” is more important
that the object itself merely sitting on a shelf. We
include messages to discourage looting and note
that it is illegal.

To emphasize the importance of interpret-
ing context and attempting to analyze this place
that people lived nearly a thousand years ago, we
brought an interpretive artist to the site. Linda
Feltner spent several days in the field with McFad-
den to recreate a three-dimensional mural, to scale,
of the location where the excavation took place.
For example, in the 8’ x 24° mural you might see
an Ancestral Puebloan person chipping chert to
create arrowhead points (Figure 2). This would
correlate to the actual location at the excavation
site where archaeologists found a lithic scatter. The
artist attempted to be as true to the real place as
possible. The mural recreates - based on artifacts
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Figure 2. The 24’ mural at the GSENM Visitor Center in Kanab, drawn by an interpretive artist in the field, depicts to scale and in
situ how an “average day” may have appeared with Ancestral Puebloan people engaging in activities inferred by archaeological
excavation artifacts.

found and structures excavated - the actual setting.
It tries to infer what a day in the life of the Ana-
sazi people might have been like in 1100 A.D., at
this particular site.

This visualization seems to make more sense
to people when you tell “the rest of the story.” For
example, we have a ceramic pot with a warped
lid. This is pretty exciting because I know, as a
potter, I would have thrown it away since it would
be useless for storage. Finding the remains of a
pot like this leads us to deduce it was probably not
far from the kiln where fired. From these kind of
inferences we learn from archaeology and share
knowledge and discoveries with people today.

Throughout our exhibits we examine and ap-
ply the scientific method, we look deeply at how
one comes to conclusions, how we learn and about
the process, rather than just providing facts and
information. Scientists were involved throughout
design, fabrication, and installation of all of our
exhibits. We wanted to ensure they communicated
their intent both artistically and scientifically.

We also developed a DVD presentation called
Traces in Time. It is shown in our four visitor
centers and used in schools for orientation before
GSENM curriculum instruction. The film depicts
scientists and local experts sharing their expertise
about the Monument and includes numerous on-
site interviews.

Another prominent exhibit in our visitor cen-
ters is a regional three-dimensional map (Figure
3). Made from a Landsat satellite image taken 438
miles above earth, this detailed photograph is laid
onto a computer-directed carved closed-cell foam
core base. With a magnifying glass people can find
their houses - it’s amazing.

The key point is that scientific investigation
is a journey, not a destination. It’s not the end-all
answer to everything, but an ongoing process. In
particular, we want to engage as many students as
possible in this process.

Now I want to introduce Rachel Sowards, our
education intern, who will speak briefly about our
education program.

Shelton and Sowards



Figure 3. At the GSENM Visitor Center in Kanab, a visitor
scans the 3-D topographic map with imagery shot from a
Landsat satellite 438 miles above earth; in the background
the archaeological excavation exhibit depicts a pithouse
structure.

Sowards

Lets start with the management plan. It

clearly addresses education and interpretation.

It directs the Monument to provide opportuni-

ties for research and involve the public. The part
I’m going to focus on is “The BLM will encour-
age researchers to incorporate a public outreach/
education component into projects. Educators and
students will have the opportunity to participate in
research activities where appropriate. The BLM
will involve communities in science and education
activities.”

“The BLM will play a role in developing edu-
cational programs for grades Kindergarten through
12, emphasizing the area’s scientific and cultural
resources.”

“The BLM will cooperate with colleges and
universities in undergraduate and graduate pro-
grams as resources permit.”

I was hired to develop elementary curriculum
for the Monument. The educational materials tar-
get grades three and four, but can easily be adapted
for older grades. At each of the four visitor centers
I developed five activity stations where students
rotate through different activities. Educational
activities correlate with the exhibits, working well
because these exhibits were created for education-
al purposes. There are pre- and post-activities for
teachers to engage with their students, all linked to
Utah, Arizona, and national educational standards.

Shelton and Sowards
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This is critical, because teachers are more likely to
participate when non-traditional activities correlate
with students’ tests, what is being taught in the
classroom, and required standards. At GSENM,
we focused on Utah and Arizona standards since
local schools would be more likely to come to our
visitor centers.

For high school curriculum, we hired a
contractor to develop lessons linked to national
standards. We established a committee of local
teachers and GSENM science staff to advise and
test during curriculum development. They provid-
ed significant insight and guidance. High school
lessons are structured to have two lessons for each
theme, the same themes as in our visitor centers:
archaeology, ecology, geology, history, and pale-
ontology. There are also supplementary materials
like field guides, binoculars, bug magnifiers, and
samples. Teachers can check out the materials as
needed and use them in the classroom.

To introduce our Monument curriculum, we
offered a teacher open house at each visitor center
during a week in April 2006. We gave teachers
an orientation of the visitor center closest to their
school, and described educational materials and
resources available to them. In May 2006 we field
tested the curriculum with sixteen local teachers,
nearly four hundred students, and seven schools
in the region surrounding GSENM. When com-
pleted, the high school lessons were field tested
nationwide; we had thousands of kids involved.
We received numerous comments from scientists
and teachers.

Field testing revealed that many students
and teachers didn’t realize so much science and
research occurred on the Monument. Teachers
checked out the Traces in Time video to show their
class, then followed it with a lesson pertaining
to the subject they taught. One teacher said “The
DVD Traces in Time is a good introduction to
scientific research at the Monument. But students
need the opportunity to meet with scientists and
ask questions or use the interactive ‘Ask the Ex-
perts’ video at the visitor center.”

We are working towards having scientists and
our staff more involved with local community and
schools, and have students visit the Monument on
field trips. Right now our major project is translat-
ing the high school curriculum into an internet—
based interface. Grand Staircase-Escalante Part-
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ners hired Daisy Ballard, a local college intern,
this summer, and I worked with her on graphic
design content for an internet web site. Glen Can-
yon Natural History Association Executive Direc-
tor Chris Eaton helped us design the website, and
GCNHA hosts it on www.gsenmschool.org.

I’ve worked with many teachers, and it’s been
great building relationships — scheduling field
trips and speaking to students in nearby schools.
The elementary curriculum I developed is for my
Master’s project at Utah State University which I
finished this summer. I also attended conferences
to inform teachers that we provide environmental
education at the Monument.

So where is this going? We hope to have
more training workshops where teachers can get
involved, excited, and obtain credit for continuing
education requirements. We want to have “kick-
off” assemblies at the beginning of each school
year and have our scientists share amazing dis-
coveries. Hopefully that would set a tone whereby
teachers would bring their students on field trips
throughout the year.

With the great outdoor laboratory of the entire
Grand Staircase-Escalante National Monument,
plus labs in Kanab and Escalante, there exists
unlimited opportunities for students and scientists
to interact and become inspired. We intend to get
students participating in more actual research. Lo-
cal high school interns have worked with GSENM
paleontologist Dr. Alan Titus and GSENM ar-
chaeologist Matt Zweifel on field and laboratory

>
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research projects, and gone on to college inspired
by their work here at GSENM. That’s where we
see the education program going. Now I’ll turn the
program back to Carolyn to wrap it up.

Shelton

We developed interpretive exhibits at our four
Monument visitor centers that thematically tie to
the resources for which GSENM was established
— archaeology, paleontology, ecology, geology,
and history. We engaged an educator during the
design process to assure the exhibits provided
a solid foundation for educational curricula and
studies. We also involved Monument staff and
university scientists to assure accuracy of exhibits
that engaged visitors in the wonder of science and
authentic research. Our educational intern earned
her Master’s Degree from Utah State University,
using the development of elementary education
curriculum as her thesis project.

Our conclusion is that we have built the foun-
dation for a relationship between scientific, inter-
pretive and educational professions. Our goal is to
engage countless students, educators, and visitors
in actively learning and participating in real sci-
ence. We also hope that increasing awareness of
the nature of Grand Staircase-Escalante National
Monument will lead to protecting this unique place
in the American West.

Thank you.

Shelton and Sowards
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ABSTRACT

Established in 1996 Grand Staircase-Escalante National Monument
had as one of its major mandates a commitment to science. Over the
last decade over 175 diverse science projects have been conducted
with implications from the most locally specific to nationally, globally
and universally significant. The wide-range of topics include: studies
in geology with connections to Mars; discoveries of completely new
species of dinosaurs and other prehistoric creatures; a complete
Level lll soils survey; hydrology studies in the Escalante River and Deer
Creek; extensive inventories of invertebrates, amphibians, mammals
and birds; extensive rangeland science assessments; biological soil
crusts; restoration projects; widespread archaeological surveys and
rock art documentation; over 200 oral histories; and social science
projects related to visitor experiences and impacts.

Looking back over the last ten years this synopsis of the science
program will highlight some of the projects and their management
implications.

Keywords: science, management
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ABSTRACT

There are many different conceptions of green or sustainable
building design due to the large scope of sustainable issues and
the novelty of sustainable principles. Green buildings embody
a design intent on balancing environmental responsiveness,
resource efficiency, and cultural and community sensitivity. Green
building design includes all players in the development process
from design team (Owner, Architect, Engineer) and construction
team (contractors, manufacturers, and waste haulers) to building
occupants and maintenance staff. Green measures reduce negative
environmental impacts, reduce operating costs, enhance building
marketability, increase worker productivity, and improve indoor air
quality.

The U.S. Green Building Council developed a consensus-based
rating system that assigns values to various green building measures.
The Leadership in Energy and Environmental Design (LEED) Green
Building Rating System documents the green measures and awards
certified, silver, gold and platinum based on performance.

The Escalante Interagency Visitor Center documented 42 approved
points which corresponds to the LEED-NC Gold certification level
under Version 2. This is BLM’s first LEED rated building. GSBS
Architects in Salt Lake City, UT designed the 13,000 sq. ft. building
which includes science labs, exhibit areas, map and trip planning,
a theater, public restrooms, conference room, individual and open
office area. Measures taken to achieve the LEED Gold rating include
a pervious parking paving system, low VOC paints, adhesives, and
sealants, reduced water use and water recycling for toilet flushing,
8.22% recycled content in building materials, 54.8% local/regional
building materials, and operable windows. The building uses 48% less
energy than a base building through the use of increased insulation,
evaporative cooling, and lighting controls. 11% of the building energy
is generated by a roof mounted solar Photovoltaic system.

The BLM and Monument demonstrated its commitment to science,
environment and community in achieving LEED Gold certification.

Keywords: sustainable design, resource efficiency
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ABSTRACT

Recreational use of off-highway vehicles (OHVs) in the United
States has rapidly grown, especially in the western U.S. Case study
research was undertaken in southern Utah during 2005 to investigate
two processes that dealt with OHV travel planning in 1998-9. These
processes took place on the Dixie National Forest and Grand Staircase-
Escalante National Monument. Unique to this study are the close
proximity of the cases and the inclusion of individual stakeholders
that participated in both processes.

This research relied primarily on qualitative analysis of interviews
of 27 stakeholders to determine their level of satisfaction with
processes and outcomes. Four research propositions were
examined to understand what created perceptions of satisfaction (or
dissatisfaction) among participants of the two cases. Data analysis
showed that all four propositions were supported.

The proposition of authenticity attempts to take a management
situation where levels of satisfaction are low, and transform it into
something that can be built upon in future public participation. In
addition to determining levels of satisfaction, interviewees were
asked to suggest improvements to the management of motorized
travel, along with suggestions for improving the public participation
process in general. Future research could be conducted to address
the validity of these findings.

Keywords: OHV, stakeholders, public participation
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ABSTRACT

The National Weather Service (NWS) and Grand Staircase-Escalante
National Monument (GSENM) are engaged in an innovative and
ongoing partnership. This goal of this relationship is to educate and
provide forecasts to GSENM visitors with regard to the ongoing threat
of flash flooding. GSENM is one of the most flash flood prone areas
in the country, with ongoing threat from early May through late
October. With many visitors traveling through the Monument, it is
imperative they are informed of the latest flash flood conditions.

The NWS and GSENM teamed up to ensure that each visitor coming
into a visitor center and traveling on the Monument understands the
nature of flash flooding, and is aware of current flash flood conditions.
The two agencies strive to ensure that each visitor has a safe and
enjoyable visit, and if threat of flash flooding is present, they be
informed in a timely manner. This process is continually evolving with
the advent of new forecasting tools and improved understanding of
flash flood science.

NWS forecasters regularly tour flash flood prone areas in the
Monument to learn about their physical properties by GSENM
rangers. This allows forecasters to understand the effects of intense
rainfall and resulting runoff to selected areas of the Monument.
Additionally, the NWS provides daily forecasts and if threat is present,
flash flood watches, warnings, and advisories are advised and posted.
To monitor thunderstorm activity and flash flooding in the area, the
NWS utilizes data from the network of weather and precipitation
stations located strategically throughout GSENM. On any given day,
the two agencies share information and provide insight to safeguard
against threat of flash flooding and severe weather.

The working relationship of these two federal agencies is a model
for government cooperation and resourses sharing for the ultimate
benefit of GSENM visitors.

Keywords: weather, forecasting, flash flooding, visitor safety,
partnership

43 Mclnerney



OVERVIEWS AND PARTNERSHIPS g

»

LEARNING FROM THE LAND

-
|

oL

Teachers Learning from the Land: Utah’s

Biodiversity Experiences for Students
and Teachers (UBEST)

Dr. Nikki Hanegan
Brigham Young University
401 WIDB

Integrative Biology

2242 West North Temple
Provo, UT 84602

Phone: 801-422-3090
nikkihanegan@byu.edu

Riley Nelson

Brigham Young University
401 WIDB

Integrative Biology

2242 West North Temple
Provo, UT 84602

Phone: 801-422-1345
rileynelson@byu.edu

Hanegan and Nelson

ABSTRACT

Biology teachers have been learning from the land and instructing
more than 4,200 secondary students over the past two years.
Fourteen teachers from Utah and Oregon from eight school districts
have designed and conducted small-scale scientific research studies
at GSENM to implement with their students. The projects designed
for students have included: plant communities, dendrochronology
of ponderosa pine, snakefly habitat and insect flight patterns. In
addition, an intensive survey of flies from Lick Wash was completed.
Findings from these studies provide useful information to enhance
scientific research, and understand biodiversity, as well as improve
secondary biology education.

Teacher designed plant studies using the natural resources at
GSENM included: 1) species richness near roadsides to examine
patterns of plant quality as an effect of road development, 2)
woody plant spacing along altitudinal gradients from several knolls
to compare species richness versus directional slope, and 3) plant
habitat preferences of snakeflies. A dendrochronology study was
conducted on ponderosa pines in canyons with water sources versus
ponderosa pine on canyon ledges. Teachers designed these studies
to replicate with their students using campus area resources.

Teachers designed several insect studies that can be replicated
with their students in other areas of Utah. One insect study was an
examination of grasshopper flight patterns upon disturbance. The
other insect study was a comparison of insects captured at a light trap
using black light versus white light. A scientific survey was conducted
near the parking area at Lick Wash using twelve malaise traps for five
consecutive days during two summers documenting species of flies
that had not been previously identified at GSENM. Through these
studies teachers learned various naturalistic research methods to
implement in their classrooms.

Findings from the plant and insect studies conducted by teachers
can provide valuable information to many researchers studying
GSENM.

Keywords: entomology, dendrochronology, biodiversity, education
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Introduction

ABSTRACT

Recent data from the USDA Forest Service Forest Inventory and
Analysis (FIA) program have documented spatial and temporal
patterns of drought-related mortality across woodlands of the
Southwest (Shaw et al. 2005). In the early 1990s, FIA collected data
on forested land now included in Grand Staircase-Escalante National
Monument (GSENM or the Monument) as part of a comprehensive
periodic inventory of Utah (O’Brien 1999). In 2000, FIA implemented
an annual inventory system in Utah, measuring 10 percent of the
full plot complement each year. These data provide a baseline
of conditions just prior to establishment of the Monument and,
following establishment, annual measurements spanning the years
that vegetation was most affected by drought. Pinyon-juniper
woodlands within the Monument have experienced comparable
rates of mortality and changes in composition and structure to similar
woodlands in the Southwest. The FIA program will continue to collect
inventory data in GSENM and provide a framework for monitoring
forest vegetation.

Keywords: drought, mortality, stand density, species composition

woodlands across the Southwest have experienced
elevated rates of mortality due to a complex of
drought, insects, and disease (Breshears et al.
2005; Shaw et al. 1995; Shaw 2006b). Because

he Forest Inventory and Analysis (FIA)
I program of the Forest Service, U.S. De-

partment of Agriculture, is responsible for
assessing the status and trends of all forested lands
in the U.S. (Gillespie 1997), including those with-
in the boundaries of Grand Staircase — Escalante
National Monument (GSENM). In the mid 1990s,
prior to Monument establishment, the Interior
West FIA program (IW-FIA) established perma-
nent inventory plots within the current Monument
boundary as part of a statewide periodic inven-
tory of Utah. In 2000, IW-FIA began the process
of re-visiting the plots as part of a new annual
inventory protocol. In recent years, pinyon-juniper

pinyon-juniper woodlands are the dominant forest
type on GSENM, we expected that some mortality
occurred on the Monument as well. Fortunately,
the timing of the two FIA inventory cycles in Utah
permits us to assess drought-related changes to
pinyon-juniper woodlands, starting shortly after
establishment of the Monument.

In this paper we describe the FIA plot history
in GSENM, what FIA data reveal with respect to
vegetation change, and how changes in GSENM
compare to changes observed in the pinyon-juni-
per forest type as a whole. We also discuss how

Witt and Shaw
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the FIA inventory protocol may be used to monitor

forests in the Monument in the future.

Methods

The national FIA program conducts inventory

on all forested lands of the U.S. using a nation-
ally standardized plot design (Figure 1) at an

intensity of approximately one field plot per 2,388
hectares (6,000 acres). IW-FIA is responsible for
FIA plots in Arizona, Colorado, Idaho, Montana,
Nevada, New Mexico, Utah, and Wyoming. These
states encompass over 85 percent of forests in the

pinyon-juniper group in the western U.S.

Surveys conducted by IW-FIA prior to 2000
were generally statewide periodic inventories, but
in some cases National Forests or tribal lands were
inventoried as separate units. Under the periodic
system, the entire plot grid in the area of interest
was visited over a period of one to several years.
As a result, the number of plots visited in any giv-
en year varied in number and geographic extent. In
2000, IW-FIA implemented a continuous annual
inventory system (Gillespie 1997). Under annual
inventory, approximately 10 percent of plots from
the full sample set are measured each year. Plots
belonging to an annual panel are distributed across

each state so as to be free of geographic bias.

States have been gradually phased into the annual

@l LEARNING FROM THE LAND

2002; Idaho, 2003; Montana, 2003), increasing
geographic coverage of the Interior West over the
past five years. A pilot inventory of Nevada em-
ployed the annual plot system in 2004 and 2005.
About the same time that IW-FIA was imple-
menting the new annual survey, much of the
western United States began to enter a period of
drought. As the drought continued, managers not
ed an increase in mortality within pinyon-juniper
woodland types. Mortality peaked in 2003, when
drought facilitated an explosion of the pinyon ips
(Ips confusus Laconte) population in many areas
(Shaw et al. 2005). The most severely affected ar-
eas were located in northern Arizona, northwestern
New Mexico, and southwestern Colorado. Analy-
sis of FIA data spanning the peak of mortality
—2000 to 2005 in Utah, 2001 to 2005 in Arizona,
and 2002 to 2005 in Colorado — suggested that
annual measurements could reveal changes of a
relatively small magnitude (Shaw 2006a). The
episode of drought-related mortality provided an
opportunity to assess the effectiveness of annual
inventory in detecting and tracking these types of
disturbance events. It also provided an opportu-
nity to explore ways of using periodic data and the
new annual data in concert. Because the periodic
inventory data were obtained under pre-drought
conditions, it could be used to estimate “typical”
rates of mortality and pre-drought composition and
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In the eight states covered by the IW-FIA
program, pinyon or juniper species were found on
14,929 plots, measured between 1981 and 2005.
Of the total number of plots, 10,807 were unique
plot locations, with the remainder being repeat
visits to plots in different inventory cycles. Of the
298,324 trees measured on all plots, 212,142 were
pinyon or juniper species. On GSENM, pinyon or
juniper species were found on 143 plots. Of these,
50 were part of the Utah periodic inventory and
were established and measured in 1994 and 1995,
while 93 plots were measured under the annual
inventory system. Approximately 218 plots are
expected to be visited on the Monument during a
10-year inventory cycle. However, many of these
will be classified as non-forest so the final number
of field points in the cycle will be less than 218.
Because most drought-related mortality occurred
in 2003, our analysis of pre- and post-drought con-
ditions necessitates grouping periodic and annual
plots to represent pre-drought conditions (95 plots
visited between 1994 and 2002). Post-drought
conditions are represented entirely by annual in-
ventory plots (48 plots visited from 2003 to 2005).

Up to 140 tree and plot variables are collected
on FIA plots. Data on stand and site characteris-
tics can be correlated with mortality rates. FIA
sampling protocol includes measurement of live
and dead trees. Dead trees are classified as either
old dead (snags) or recent mortality and are as-
signed a mortality code (MORTCD). “Recent”
mortality is defined by IW-FIA as trees judged to
have died < five years prior to the plot visit. The
FIA criteria used to make this distinction, e.g.,
presence or absence of dead foliage, sloughing
bark, or fine twigs, are consistent with the charac-
teristics found to be correlated with stages of dete-
rioration in a pinyon snag longevity study (Kearns
et al. 2005).

When a tree is designated as recent mortal-
ity, a causal agent code is assigned (AGENTCD).
The exact cause of drought-related mortality can
be difficult to assess, because trees may be pre-
disposed to insect attack by drought, disease, or
a combination of factors (Shaw et al. 2005). We
will not attempt to tease apart the relative effects
of contributing agents here; rather, we filter out the
effects of factors that are not part of the complex
(primarily fire) and analyze the remainder.

Shaw (2006b) reported results based on analy-
sis of data spanning the geographic range of the
pinyon-juniper type. We examined the data from
plots located within GSENM and performed the
same analyses as were used on the complete data
set. Analysis of forest composition data was done
using percent of basal area (BA) by species (one
inch or greater diameter at root collar) on a plot.
Dead and mortality components were computed as
per Shaw (2006b).

percent mortality = mortality BA / (live BA +
Mortality BA)

percent dead = dead BA / (live BA + mortality
BA + dead BA)

Because of variations in survey type and loca-
tion over time, it was not practical to scale up to
population-level estimates on an annual or multi-
year basis. Rather, this study analyzes characteris-
tics and trends found in the sample. Comparability
among years is achieved by normalizing the data
into proportions of live, dead, and mortality trees.

Results and Discussion

The pinyon mortality event was widespread
and detectable, but not as profound as some local
reports would suggest. Local reports of near-com-
plete mortality of pinyon appear to be isolated and
not reflective of conditions throughout the west.
Pre-drought data (1980 to 2002 range-wide and
1994 to 2002 on GSENM) on pinyon trees showed
mortality occurring in 0.6 percent of all plots
where pinyon was found and on 5.0 percent of the
plots containing pinyon in GSENM (Figure 2A).
In comparison, post drought data (2003-2005 in all
areas) indicate mortality increased to 7.8 percent
range-wide and 30 percent in GSENM (Figure
2B). In the Monument, pre-drought mortality af-
fected 0.8 percent of pinyon trees and post-drought
mortality was approximately 7.1 percent. This
is much lower than the 90-100 percent mortality
reported in some stands in the southwest. Given
that the data show higher mortality rates in stands
where pinyon contributes a large proportion of the
basal area (see discussion below), it is likely that
these reports refer to areas of high pinyon basal
area. Further analysis of plot data in or near these
sites could address this idea.

Witt and Shaw
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Figure 2. GSENM and surrounding areas, showing plots with mortality during the pre-drought (A) and post-drought (B) periods.
Black symbols show plots with no mortality at the time of measurement, and open circled show plots with at least 1 mortality

tree present.

Across their range, pinyons account for a
minority of stocking (<50 percent of basal area)
of most stands in which they occur. The mean
proportion of pinyon basal area to total stand basal
area is 37 percent, with relatively fewer plots as
pinyon percentage increases (Figure 3A). The
notable exception is pure stands of pinyon which
tend to be more common than stands with >90
percent and <100 percent pinyon. This distribu-
tion pattern of composition is common in many
other species. Within the boundaries of GSENM,
pinyons appear to account for a relatively lower
proportion of stocking, with 30 percent of total

Witt and Shaw

basal area on average (Figure 3B). Although it is
difficult to compare the composition distribution
from GSENM with the general population, primar-
ily because of the relatively small number of plots
measured on the Monument to date, there appear
to be relatively fewer pure stands on the Monu-
ment than in the larger population. In general,
however, the composition pattern of pinyon stands
on GSENM is comparable to the composition of
pinyon stands throughout the range of the species.
The data suggest that drought-related mortal-
ity altered the composition of pinyon-juniper plots
(defined here as any plot having pinyon and/or
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edulis Engelm., P. cembroides Zucc., or P. discolor Bailey & Hawksworth; B) plots that occur on GSENM (all P. edulis).

juniper found on it) on GSENM. The composi-
tion pattern of plots measured prior to the recent
drought (Figure 4A) is similar to the pattern found
for pinyon-juniper plots in general (Figure 3A).
However, there appear to be relatively fewer plots
on which pinyon makes up a small percentage of
stocking (<20 percent of basal area) and pure pin-
yon stands are absent from post-drought plots on
the monument (Figure 4B). The resulting effect
of “trimming” both ends of the range of composi-
tion is that mean composition remained the same,
but with less variability in composition. While
some reduction in pinyon basal area was detected
in most stands, pure or near-pure stands of pinyon
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appear to have suffered complete mortality of the
pinyon component within the Monument. We con-
sider this a preliminary result that may be verified
after reconciliation of plots that are common to
both the periodic and annual inventories.

The contribution of pinyon to stand basal
area in GSENM closely reflects what is occur-
ring range-wide with the species and forest types
in question. The recent drought appears to have
eliminated pure pinyon stands from FIA plots in
GSENM. It is not known how many pure or near-
pure pinyon stands remain within the monument’s
boundaries, but the data suggest they were rare
even before the drought. FIA data show that prior

Witt and Shaw



ECOSYSTEM DYNAMICS & BOTANY o

@l LEARNING FROM THE LAND

186 A
14
312. =
2.
Q107
[T
o |
& L o Std. Dev = .26
L . - Mean = .30
£ N = 95.00
ER
21 1
() I T i 61 | ) L o IS
000 43 25 38 50 B3 .75 .88 1.00
06 49 31 44 56 69 .81 .94
Pinyon portion of plot basal area
12 B
10
&
9O 8
=B
[T
O - —
e Std. Dev =.22
3 Mean = .30
E 4 N = 48.00
=]
] 1 | | —‘ |_|
0
38 50 63 .76 88 1.0

0.00 A3 .25

.06 .19 3

.44

0

.56 B9 81 54

Pinyon portion of plot basal area
Figure 4. Compositional change in pinyon stands before (A; 1994 — 2002) and after (B; 2003 — 2005) drought on GSENM.

to the recent drought, six percent of GSENM plots
had more than 80 percent of their basal area from
pinyon species. This number drops to four percent
after the onset of the drought, with stands having
greater than 88 percent basal area from pinyon
completely removed from the sample. There was
also a detectable change in stand composition on
plots where pinyon contributed relatively little to
total basal area, both range-wide and within the
GSENM. However, this change was much smaller
than in pinyon dominated stands. A possible ex-
planation for this may be the relative ease in which
the pinyon ips can spread when trees are densely
stocked compared to stands where pinyon trees are
rare and/or spread out.

Witt and Shaw
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Tree data from GSENM plots detected chang-
es between pre- and post-drought mortality rates
in both pinyon and juniper species. In general, the
timing and magnitude of mortality on GSENM
was comparable to mortality in the pinyon-juniper
type as a whole (Figure 5). Common pinyon
experienced a small increase in mortality in 2002,
followed by a substantial increase in 2003. In the
general population, mortality continued to increase
through 2005, but at a decreasing rate. The appar-
ent drop in mortality on GSENM in 2005 is likely
to be a sampling artifact. Shaw (2006b) confirmed
field observations that indicated juniper species
had experienced little mortality during the period
when the most severe pinyon die-off occurred.
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Pre-drought data show that in “normal” years,
juniper mortality is near zero. For example, the
five-year mortality rate for Utah juniper is com-
monly < 0.1 percent. During the drought years,
juniper mortality increased dramatically over the
background rate, but, at < 1 percent, remains well

below the background rates found in other species.

As a result, even though the relative magnitude of
change was similar between species the absolute
change in mortality rate was much higher in pin-
yon than in juniper species.

Juniper and pinyon species reacted differently
to recent drought. Although juniper trees showed
an increase in mortality range-wide, the average
mortality was still less than 1 percent. Pinyon

mortality rose by an order of magnitude, averaging
almost eight percent across its range. This reac-
tion has been documented before by Mueller et al.
(2005), who found similar differences in pinyon
and juniper mortality rates in Arizona. Once
established, juniper appears to be quite resistant to
drought related stress. Conversely, pinyon seems
to be more susceptible to disease and/or insect
infestation after prolonged periods of drought.
Based on this, one would not expect to see notice-
able range contraction of this forest type during
stressful periods, but rather a change in stand
composition moving toward juniper dominance, as
noted in Allen and Breshears (1998).

Witt and Shaw
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Conclusions

Drought-related response of pinyon and juni-
per species was detected across the range of each
species as well as on a small subset of FIA survey
plots in southern Utah. Both species have seen
mortality rates increase by an order of magnitude,
with pinyon species incurring a much higher abso-
lute mortality rate. Stands that had a very high pro-
portion of pinyon were impacted more than those
stands where pinyon was a lesser component. The
data from GSENM closely reflected some of the
trends shown in the range-wide dataset, suggest-
ing that this area can be used as a case study for all
pinyon-juniper woodlands. However, the percent-
age of plots having recently dead trees tallied is
higher in the Monument than on range-wide plots.
This is the case for both pre- and post-drought
records. That GSENM has a higher baseline mor-
tality rate should be considered when designing
experiments using the monument as a case study
for all lands containing pinyon species.

The GSENM appears to be of sufficient size
to allow for salient analysis using FIA annual data.
Over 300 points occur within the borders of the
monument and although less than half are forested,
the potential exists to use the grid to cohabitate
other resource sampling efforts on these plots,
thereby allowing FIA data to be used in conjunc-
tion with these other efforts.

Data from both old and current FIA protocols
were used to show changes in mortality rates due
to stress brought on by drought. This illustrates
that some variables that are shared between the
two methodologies can be used for temporal and
spatial analyses. These analyses should be stronger
than those using one dataset or the other. However,
care must be taken when choosing variables from
both datasets. For example, woodland species such
as pinyon and juniper had different thresholds for
when they would be measured on a plot. During
periodic inventories, a woodland tree species had
to meet certain growth form requirements such as
a minimum height or diameter. These thresholds
are not present in annual inventory. Therefore,
some plots that show lower stocking in the peri-
odic data and higher in annual data could be an
instance of more trees measured during periodic
inventories, not necessarily more trees present on
the plot since the last visit.

Witt and Shaw
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One of the main goals of the annual inventory
system is to provide data on a more timely sched-
ule than was possible under the periodic inventory
system. Annual, incremental updates to FIA data
make it possible to assess changes in forest health,
productivity, composition, and status over time
and space. As the body of annual data increases,
so should the ability to glean meaningful insights
from it. This analysis illustrates the potential to
detect changes using only the six years of annual
data collected so far. Though trend analysis is
strengthened as more years are added, the current
data can be useful for predicting future rates of
change and identifying future research potential
once a more robust dataset exists.
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Introduction

and dune habitats on the Colorado Plateau
support a very characteristic plant com-

ABSTRACT

A distinctive habitat in the Grand Staircase-Escalante National
Monument and throughout the Colorado Plateau is the stabilized dune
environment, which covers extensive areas and is often disturbed
in connection with land use activities. | examined germination
requirements for 47 native perennial species found primarily on
stabilized dunes. Germination requirements of these species were
generally similar to those for closely related species from non-dune
environments; there was no germination syndrome that characterized
dune plants. A range of syndromes was identified, including absence
of dormancy, dormancy lost through dry after-ripening, dormancy
lost through cold stratification, physical dormancy alleviated by
scarification, and combinations of these mechanisms. A few species
were characterized by cue non-responsive dormancy. Most were
readily produced in containers using long tubes to accommodate
roots and fast-draining sandy mixes. Small-scale restoration of
stabilized dune areas disturbed by human activities is feasible using
container-produced stock planted in the fall.

Keywords: seed propagation, native plant, restoration, sand
dune, physiological dormancy, physical dormancy, germination,
scarification, stratification, after-ripening.

Sporobolus flexuosus (mesa dropseed), Sporobolus
giganteus (spike dropseed), and Pleuraphis jamesii
(galleta grass) may be locally abundant. Charac-
teristic and common perennial herbs of stabilized

munity. Shrub dominants include Quercus
havardii (shinnery oak), Artemisia filifolia (sand
sagebrush), Ephedra viridis (green mormon tea),
Atriplex canescens (fourwing saltbush), Vanc-
levea stylosa (resinbush), Ericameria nauseosus
(sand specialist subspecies arenarius and nitidus,
rubber rabbitbrush), Penstemon ambiguus (bush
Penstemon), Eriogonum leptocladon (sandhill
buckwheatbrush), and Poliomintha incana (purple
rosemary mint). The co-dominant grass species is
usually Achnatherum hymenoides (Indian rice-
grass), but Muhlenbergia pungens (sandhill or ring
mubhly), Sporobolus cryptandrus (sand dropseed),

Meyer

dunes include Wyethia scabra (sandhill mule-
sears), Amsonia tomentosa (woolly bluestars),
Cymopterus newberryi (Newberry biscuitroot),
Abronia fragrans (fragrant sand verbena), Oeno-
thera pallida (pale evening primrose), and Rumex
hymenosepalus (canaigre or wild rhubarb). Many
other perennial herbs are more or less frequently
encountered, and the plant community also in-
cludes a host of annual herbs. Yucca species are
also abundant in stabilized dune environments,
especially Y. angustissima (Spanish bayonet) and
Y. utahensis (Utah yucca).
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The stabilized dune environment therefore
supports a highly diverse flora representing numer-
ous plant families. In the study reported here, I
had two primary objectives. First, | wanted to
determine whether any particular germination syn-
dromes were characteristic for plants of stabilized
dunes. Second, I wanted to develop protocols for
the seed propagation and container production of
these plants, as an aid to ecological restoration of
stabilized dune habitats. I excluded annual plants
from my study because container propagation of
annual plants is usually not considered practical or
desirable; these are better established from direct
seeding. In addition, many annual plants form
persistent seed banks and might be expected to
be difficult to propagate from seed. I focused on
common perennial plants that might be needed for
ecological restoration of stabilized dune communi-
ties, that might reasonably be produced in contain-
ers, and for which wild seed collections could be
made.

Methodology

Most of the seed collections included in this
study were made within the boundaries of Grand
Staircase-Escalante National Monument in 2001
as part of a project to grow plants for ecological
restoration and for the establishment of a demon-
stration garden at the GSENM visitor center in Big
Water, Utah, which was under construction at the
time. Additional collections have been made in
subsequent years, and information on some spe-
cies is based on previous published or unpublished
studies. All information included in this paper,
including information on related species, is based
on my personal experience with seed germination
and container propagation for each species.

I carried out my investigations within a
conceptual framework developed for determin-
ing the germination requirements of unfamiliar
plant species (Meyer 2006; Figure 1). Once the
seed collection has been cleaned and a prelimi-
nary estimate of viability has been obtained, four
replicate dishes of 25 seeds are incubated for four
weeks under putative optimal conditions (10/20C
12h:12h alternating regime with cool-white fluo-
rescent light during the warm part of the cycle).
Germinated seeds are counted and removed at 1,
2,4,7,11, 14,21 and 28 days, and remaining un-

germinated seeds are assessed for viability using a
cut test or tetrazolium staining. This set of condi-
tions has been determined to be optimal for a large
majority of Intermountain native species. At this
point the seed lot is determined to be nondormant,
physiologically dormant, or physically dormant
(hard-seeded).

If the seeds are physiologically dormant, i.e.,
they take up water readily but do not germinate
within 28 days, then two avenues for dormancy
alleviation are pursued. Some species require
time in dry storage to lose dormancy, a process
called dry after-ripening. In many cases the rate of
dormancy loss is positively related to storage tem-
perature, and seeds of some species lose dormancy
very slowly if at all at low temperatures, but do
lose dormancy at high temperatures (Figure 1). As
a provisional dry after-ripening treatment, seeds
are stored in sealed vials at 40C for 4 wks, then
incubated as described above.

Seeds of many species require moist chill-
ing, also called cold stratification, in order to lose
dormancy (Figure 1). The chilling period required
is loosely correlated with the habitat of origin for
a seed lot. Collections from high elevation habitats
where snow persists for many months have longer
chilling requirements than seeds from low eleva-
tion habitats where soils do not remain cool and
moist for prolonged periods. The chilling period
tested for a particular seed lot therefore depends
on its habitat of origin as well as on known chill-
ing requirements for other lots of the same or
closely related species. For this study, I generally
used a short chilling duration (8 wks at 2C), be-
cause stabilized dune environments are character-
ized by desert and semidesert climates rather than
montane climates.

If the seeds are physically dormant, i.e., they
do not take up water (Figure 1), then a scarifi-
cation treatment is applied, either mechanical
scarification (nicking with a razor blade) or heat
scarification (2-minute soak in boiling water). The
scarified seeds are incubated as described above,
and scored for imbibition (swelling) and germina-
tion. If the seeds imbibe but do not germinate,
they are chilled for four weeks at 2C and then re-
incubated at 10/20C.

Sometimes seeds cannot respond to chilling
unless they have first experienced a period of dry
after-ripening (Figure 1). An example is Atriplex

Meyer
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Figure 1. A decision tree for determining the seed germination requirements for a species whose requirements are unknown

(reprinted from Meyer 2006).

confertifolia (shadscale), a common dominant
shrub of salt desert plant communities. If a seed
lot does not respond to either dry after-ripening
or moist chilling, then these two treatments are
applied in tandem, i.e., the seeds that have expe-
rienced dry after-ripening are then subjected to
chilling. Sometimes seeds require a period spent
imbibed at warm temperatures (warm stratifica-
tion) before they can respond to chilling. This
syndrome is not common in desert plants, but a
few species, such as Fraxinus anomala (singleleaf
ash) have seeds that require warm followed by
cold stratification.

And finally, there are species and seed lots that
respond minimally if at all to any of the dorman-
cy-breaking treatments described above. These
seeds are said to have cue non-responsive dorman-
cy (Figure 1). This kind of dormancy is usually
found in species that form long-lived seed banks,
so that only a small fraction becomes nondormant
each year. These species are the most difficult to
propagate from seed.

In order to obtain plants in containers from
germinated seeds, I used 10-cubic-inch Ray Leach

Meyer 58

Conetainers as planting containers. These elon-
gate containers, first developed for conifer seed-
ling production, are better suited for establishment
of tap-rooted species than more traditional pots.
All planting media were aerated-steam-treated (45
minutes at 60C in a Lindig cart) prior to placement
in containers to help prevent damping off fungi
and other plant pathogens. Two potting media
were used: (1) pure sand (#16 pure quartz silica)
with complete added fertilizer and (2) a native
plant mix consisting of sieved peat, vermiculite,
Agsorb (montmorillonite clay), and sand (2:2:1:2)
with complete added fertilizer and dolomite and
limestone amendments. For the pure sand mix, the
container drainage holes were plugged with cotton
prior to filling. For species with seeds that were
nondormant or could be rendered nondormant in
the dry condition, ungerminated seeds were sown,
while seeds that required moist chilling were sown
as newly germinated seedlings (radicle <Smm).
Plants were grown for 3-5 months under long days
in a greenhouse maintained between 17 and 23°C
and were watered as needed.
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Results

Seeds of stabilized dune environments exhib-
ited a wide range of germination syndromes (Table
1). There was no particular syndrome that seemed
to characterize species from the dune habitat. In-
stead, the germination syndrome observed for each
species was usually similar to those previously
reported for closely related species within a plant
family.

The germination syndrome with seeds com-
pletely nondormant at dispersal was characteristic
of many stabilized dune species, almost half of
those included in the study (Table 1). All species
of Yucca and Asclepias had completely nondor-
mant seeds. The absence of dormancy in these
genera is widespread. Yucca species from North
Dakota (Y. glauca) to the Mexican Altiplano (Y.

filifera, Y. carnerosana, Y. decipiens), as well as all
Colorado Plateau and Mojave Desert species test-
ed (Y. baccata, Y. harrimanniae, Y. brevifolia, Y.
schidigera in addition to those in this study) were
characterized by completely nondormant seeds.
The same is true for many additional species of
Asclepias, including A. speciosa, A. tuberosa, A.
asperula, A. erosa, and A. cryptoceras.

Both members of the Brassicaceae included
in this study had completely nondormant seeds
(Table 1). Desert and semidesert species in this
family often have seeds that are completely non-
dormant, especially members of the genus Arabis
(e.g., A. holboellii, A. perennans) and Stanleya (S.
pinnata, S. viridiflora). Other perennial species
of Lepidium may have nondormant seeds (e.g., L.
fremontii) or chilling-responsive seeds (L. davisii),
but annual members of the genus may have cue
non-responsive dormancy (e.g., L. papilliferum,
Meyer et al. 2006). Members of the genus Ephe-
dra almost always have nondormant seeds, though
high-elevation populations occasionally have a
short moist chilling requirement (Meyer, http://
www.nsl.fs.fed.us/wpsm/Ephedra.pdf). In con-
trast, even though seeds of several collections of
Rumex hymenosepalus were completely nondor-
mant in this study, seeds of weedy Rumex species
have complex dormancy mechanisms (Baskin and
Baskin 1998). Another species with nondormant
seeds, Poliomintha incana, was similar to many
other Intermountain members of the Lamiaceae,
including Hedeoma nana, Dracocephalum par-
viflorum, and Agastache urticifolia. Other In-

termountain members of this family have seeds
that require short to intermediate moist chilling to
become germinable (e.g., Monardella odoratis-
sima, Salvia dorrii).

Most members of the Asteraceae in this study
had completely nondormant seeds (Table 1). Only
Wyethia scabra had an obligate 8-wk moist chill-
ing requirement. Hymenopappus filifolius seeds
required moist chilling to become nondormant
when recently harvested, but lost this chilling
requirement through after-ripening in dry stor-
age, so that they became nondormant after three
months of storage at laboratory temperature (ca.
22C). This result was in accord with a larger data
set on the germination requirements of Intermoun-
tain Asteraceae (Paulsen and Meyer 1999). In
general, small-seeded members of this family had
nondormant seeds, while species with larger seeds
(e.g., Balsamorhiza, Wyethia, Helianthella) often
had seeds that required chilling in order to become
germinable.

Seven families in this study contain a majority
of species whose seeds require moist chilling to
become germinable, and most of the species we in-
cluded responded favorably to short (8-wk) moist
chilling (Table 1). These included Eremocrinum
albomarginatum and Allium nevadense of the Lili-
aceae, Cymopterus newberryi of the Apiaceae, Am-
sonia tomentosa of the Apocynaceae, Cryptantha
cinerea of the Boraginaceae, Eriogonum leptocla-
don of the Polygonaceae, Delphinium andersonii
of the Ranunculaceae, and Penstemon ammophilus
and Penstemon angustifolius of the Scrophula-
riaceae. The one species that did not follow this
pattern was Penstemon ambiguus. Many spe-
cies of Penstemon produce seed populations that
contain some seeds that respond to chilling but
also some seeds that are not responsive (Meyer
et al. 1995). This was true to some extent for the
two species cited above, but it was true to a much
larger extent for seeds of P. ambiguus in this study,
which germinated to very low percentages (<10%)
whether chilled or not. Neither dry after-ripening
nor warm stratification had any effect on this lack
of response to chilling, meaning that seeds of this
species can be considered cue non-responsive. It
is not known how seeds of this species become
nondormant under natural conditions.

Most of the grass species included in our study
had seeds that were either nondormant at dispersal
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Germination Requirements

Family and Species Non- After- Moist . Cue non-
. ; Scarify .

dormant ripen chill responsive

Agavaceae
Yucca angustissima X
Yucca baileyi
Yucca utahensis X
Liliaceae
Allium nevadense X
Eremocrinum albomarginatum X
Poaceae
Achnatherum hymenoides
Muhlenbergia pungens X
Pleuraphis jamesii X
Sporobolus cryptandrus
Sporobolus flexuosus
Sporobolus giganteus
Apiaceae
Cymopterus newberryi X
Apocynaceae
Amsonia tomentosa X
Asclepiadaceae
Asclepias involucrata X
Asclepias labriformis
Asteraceae
Artemisia filifolia
Ericameria nauseosus
Gutierrezia microcephala
Heterotheca villosa
Hymenopappus filifolius X X

=

X (X |X|x|x|x

=

==

Machaeranthera canescens X
Townsendia incana X
Vanclevea stylosa X
Wyethia scabra X
Boraginaceae
Cryptantha cinerea X
Brassicaceae
Arabis pulchra X
Lepidium montanum X
Chenopodiaceae
Atriplex canescens X X X X
Convolvulaceae
Evolvulus nuttallianus X
Ephedraceae
Ephedra viridis X X
Fabaceae

Astragalus ceramicus
Astragalus mollissimus
Caoesalpinea repens
Dalea flavescens
Psoralidium junceum
Psoralidium lanceolatum
Sophora stenophylla
Lamiaceae

XX (x| x| |=x|x

Table 1. Germination requirements (dormancy-breaking treatments for seeds of 47 plant species found in stabilized dune envi-
ronments on the Colorado Plateau. Three monocot families and seventeen dicot families are listed in alphabetical order.
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Germination Requirements

Non-
dormant

Family and Species

After- Moist
ripen chill

Cue non-

Scari :
fy responsive

Poliemintha incana X

Malvaceae

Sphaeralcea parvifolia

Nyctaginaceae

Abronia fragrans

Onagraceae

Oenothera pallida

Polygonaceae

Eriogonum leptocladon

Rumex hymenosepalus X

Ranunculaceae

Delphinium andersonii

Scrophulariaceae

Penstemon ambiguus

Penstemon ammophilus

Penstemon angustifolius

Table 1. Continued

or that lost dormancy through dry after-ripening
(Table 1). Seeds of Sporobolus species tended to
remain dormant indefinitely at laboratory tempera-
tures, but were released from dormancy after 4-8
wks at 40C. This pattern was also found for some
non-dune warm season grasses, e.g., Schizachy-
rium scoparium and Erioneuron pulchellum, but
not for Sporobolus airoides, which was nondor-
mant at dispersal or lost any remaining dormancy
at laboratory temperature. Seeds of the warm
season grasses Muhlenbergia pungens and Pleu-
raphis jamesii were also nondormant at dispersal,
while seeds of the cool season grass Achnatherum
hymenoides exhibited cue non-responsive dorman-
cy. This species is known to have highly variable
and complex seed dormancy regulation, with roles
for dry after-ripening, moist chilling, and removal
of restrictive layers by heteromyid rodents, the
primary seed dipsersers (McAdoo et al. 1983,
Jones and Nielsen 1999). In our trials, there was
very little germination in response to high tem-
perature after-ripening or moist chilling unless the
restrictive covering was first physically disrupted
through scarification in a rotary drum sandpaper
scarifier. This procedure damaged many seeds.
Seeds of species in three additional families
exhibited varying degrees of cue non-responsive
dormancy (Table 1). For Oenothera pallida and
Abronia fragrans, a small nondormant fraction
was present, but efforts to break dormancy in the
remaining seeds through combinations of high

temperature after-ripening and moist chilling were
unsuccessful. A similar but less extreme pattern
was seen in a long-term study with 23 accessions
of Atriplex canescens, with a variable fraction
nondormant at dispersal, another fraction that was
chilling-responsive or became chilling-responsive
through dry after-ripening, and another sometimes
sizeable fraction that remained cue non-responsive
after many years of storage (Meyer and Carlson in
press).

The last germination syndrome encountered
in the current study was physical dormancy or
hard-seededness. True physical dormancy, where
the seeds are unable to take up water, has been
reported for only a handful of plant families, three
of which were included in this study. All members
of the Fabaceae, Convolvulaceae, and Malvaceae
that were included exhibited simple physical dor-
mancy, with no additional physiological dormancy
component (Table 1). The seeds germinated
quickly once a scarification treatment permitted
uptake of water, and no post-imbibition moist
chilling treatment was required. This is in con-
trast to seeds of some other Intermountain species,
such as /liamna rivularis and some collections of
Astragalus utahensis, which require a short chill-
ing treatment to become germinable once physical
dormancy has been overcome. Hard-seededness
could be considered another form of cue non-re-
sponsive dormancy, and is characteristic of species
that form persistent seed banks and slowly release

Meyer



ECOSYSTEM DYNAMICS & BOTANY

seeds from dormancy over many years (e.g., Con-
volvulus arvensis, Astragalus spp.) or whose seeds
respond to the heat of infrequent fires (/liamna
rivularis, Ceanothus spp.). But, because it is read-
ily overcome with mechanical or heat treatments,
it is less of an obstacle to propagation than physio-
logically-based cue non-responsive dormancy.
Once the seed germination requirements for a
species were established, it was generally pos-
sible to obtain plants in container culture. Most
species did equally well in either sand or in the
more traditional potting mix, but a few species
thrived only in pure sand. These were primarily
members of the Fabaceae (Psoralidium junceum,
Psoralidium lanceolatum, Sophora stenophylla,
Astragalus ceramicus) but also included one grass
(Sporobolus flexuousus) and all the Yucca spe-
cies. Plants were obtained for each species listed,
but seedlings of Allium nevadense, Eremocrinum
albomarginatum, and Cymopterus newberryi only
produced a single leaf and entered dormancy a few
weeks after emergence. These plants set miniature
bulbs before entering dormancy, but due to lack
of knowledge regarding requirements for mainte-
nance in the summer-dormant state and for trigger-
ing regrowth, efforts to maintain these plants for
subsequent outplanting failed. Most plants of the
remaining species survived to outplanting.

Discussion

Based upon determination of germination syn-
dromes for 47 species found on stabilized dunes
on the Colorado Plateau, it is evident that there is
no syndrome or set of syndromes that character-
izes species of dune environments. The full range
of germination syndromes was represented, and
each species had a germination syndrome that was
similar to the syndromes of related species from
non-dune environments.

Whatever specialization is required to survive
in the dune environment is not directly reflected in
germination syndrome. Other seed traits may play
a role in this specialization, however. For rubber
rabbitbrush, seeds (achenes) of subspecies that are
dune specialists have germination requirements
similar to those of generalist subspecies from the
same climatic regime (Meyer et al. 1989). But the
achenes of dune specialists are much larger than
those of generalist subspecies, and seedling rela-
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tive growth rates are much slower (Meyer 1997,
Meyer and Carlson 2001). Only a few taxa that
are dune specialists have larger seeds than their
relatives from non-dune habitats, and no general-
izations can be drawn regarding specialization for
large seed size.

Different germination syndromes interact with
local climate and seed production phenology to
produce characteristic germination phenology for
each species, whether within the year following
production or across years as a persistent seed
bank. The Colorado Plateau is characterized by a
bimodal distribution of precipitation, with rainfall
almost equally distributed between winter and
summer, making seedling establishment possible
in at least some years in both spring and late sum-
mer/fall. Species that produce nondormant seeds
early in the season or seeds that after-ripen quickly
at high temperature may exhibit seedling emer-
gence after summer monsoonal storms, whereas
those that produce seeds that require chilling
for germination will almost certainly be spring-
emerging. Nondormant seeds that are produced
late in the fall, e.g., seeds of Artemisia filifolia and
Ericameria nauseosa, are also likely to germinate
in spring. Species with seeds that have physical
dormancy or cue non-responsive physiological
dormancy are likely to form persistent seed banks,
with only a fraction of the seeds germinating each
year, whereas species with nondormant seeds or
seeds that after-ripen or respond to short chilling
are less likely to form persistent seed banks.

It was possible to produce container stock of
most species in this study by using long tubes for
promoting seedling root growth and a sandy to
very sandy potting medium. Only species with
summer seedling dormancy presented serious
obstacles to container propagation. With careful
planning, including opportunistic collection of
seeds in years with good seed production, it will
be possible to restore small areas of disturbed sta-
bilized dune habitat using container stock. To be
successful, the plants must be hardened off prior to
outplanting and the outplanting must take place in
autumn, so that the plants can root in before being
exposed to severe water stress. Sand dune plants
depend on deep roots to survive hot weather, and
these roots must be in place before the first sum-
mer. These guidelines for production and out-
planting are not substantially different than those
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for container stock in non-dune arid and semiarid
environments, and in fact, survival in stabilized
dune plantings has the potential to be higher than
average because of the ability of sandy soils to
store water at depth. But if the sand is unstable,

a different set of problems associated with sand
movement and burial must be resolved. Fortunate-
ly, most disturbed stabilized dune habitats are not
devoid of plants, and it should be possible to con-
duct an outplanting without removing the residual
plants that will provide protection from wind ero-
sion while the planting is becoming established.

Acknowledgments

This research project was funded in part by
a small grant from Grand Staircase-Escalante
National Monument. [ would like to thank Bryce
Lloyd for arranging this collaboration. Ian Shank-
lin, Allysia Angus, Phil Allen, and Bettina Schultz
helped with seed collection, Megan Ferguson pro-
vided technical help in the laboratory and green-
house, and Stephanie Carlson ferried the plants to
the site and helped with the outplanting at the Big
Water Visitor Center.

References

Baskin, C. C., and J. M. Baskin. 1998. Seeds:
Ecology, Biogeography, and Evolution of Dor-
mancy and Germination. Academic Press, San
Diego, California.

Jones, T. A., and D. C. Nielson. 1999. Intrapopu-
lation genetic variation for seed dormancy in
Indian ricegrass. Journal of Range Manage-
ment 52:646-650.

McAdoo, J. K., C. C. Evans, B. A. Roundy, J. A.
Young, and R. A. Evans. 1983. The influence
of heteromyid rodents on Oryzopsis hymenoi-
des germination. Journal of Range Manage-
ment 36: 61-64.

Meyer, S. E. 1997. Ecological correlates of achene
mass variation in Chrysothamnus nauseosus
(Asteraceae). American Journal of Botany
84:471-477.

63

Meyer, S. E. 2006. Strategies for seed propaga-
tion of native forbs. P. 3-7. IN: Riley, L.E.;
Dumroese, R.K.; Landis, T.D., Tech. Coords.
2006. National Proceedings: Forest and Con-
servation Nursery Associations - 2005. Proc.
RMRS-P-43. Fort Collins, CO: USDA Forest
Service, Rocky Mountain Research Station.

Meyer, S. E., and S. L. Carlson. 2001. Achene
mass variation in Ericameria nauseosus (As-
teraceae) in relation to dispersal ability and
seedling fitness. Functional Ecology
15:274-281.

Meyer S. E., and S. L. Carlson. In press. Seed
germination biology of Intermountain popu-
lations of fourwing saltbush (Atriplex cane-
scens: Chenopodiaceae). IN: Proceedings of
the Thirteenth Wildland Shrub Symposium.
Shrubland Dynamics: Fire & Water. August
10-12, 2004, Lubbock, Texas. USDA Forest
Service Rocky Mountain Research Station, Ft.
Collins, Colorado.

Meyer, S. E., S. G. Kitchen, and S. L. Carlson
1995. Seed germination timing patterns in
Intermountain Penstemon (Scrophulariaceae).
American Journal of Botany 82:377-389.

Meyer, S. E., E. D. Mc Arthur, and G. L. Jor-
gensen 1989. Variation in germination re-
sponse to temperature in rubber rabbitbrush
(Chrysothamnus nauseosus: Asteraceae) and
its ecological implications. American Journal
of Botany 76:981-991.

Meyer, S. E., D. Quinney, and J. Weaver
2005. A life history study of the Snake River
plains endemic Lepidium papilliferum (Bras-
sicaceae). Western North American Naturalist
65:11-23.

Paulsen, A., and S. E. Meyer. 1999. Comparative
germination biology of western North Ameri-
can Asteraceae. Abstract. Ecological Society
of America Annual Meeting, Spokane, Wash-
ington, August 1999.

Meyer



ECOSYSTEM DYNAMICS & BOTANY

J LEARNING FROM THE LAND

A Sclerocactus Poplation Crashes:
Analysis and Repeat Photography
after Four Decades

Dorde W. Woodruff
6366 Cobblerock Ln
Salt Lake City UT 84121-2304
jodw@xmission.com

ABSTRACT

A unique population of Sclerocactus parviflorus, Little Barrel
Cactus, was observed along 6 km of Cottonwood Canyon in 1962.
Plants were numerous and robust, with many clumps, and some with
white or pale pink flowers rather than the usual pink. Photos show an
intensively grazed, stressed, damaged landscape, with depauperate
shrubs, Salsola tragus, tumbleweed, more bare ground than cover,
and no cryptogams visible. Sclerocactus is sensitive to competition,
and responds to lack of it. On occasional drive-throughs in following
years, no great change was noted. As late as 2002, plants could still
be seen from the road, though perhaps not so numerous; rangeland
health was improved, but the ecosystem not greatly changed. With
designation of GSENM, grazing was reduced. In 2005, shrubs were
healthy and native forbs noted, but Bromus tectorum, cheatgrass, had
increased dramatically. Moneilema punctatum, cactus borer beetle,
had moved in. The remnant of the cactus population was difficult
to find in the cheatgrass; some were sick or dead. Only 26 live plants
were found in the 6 km area in 7 days in 2005 and 2006, where in one
1962 photo over 100 can be counted. 1962 photos were compared
with matched scenes from 2005 and 2006. Change in grazing regime,
insect predation, and drought appear to be main factors effecting this
dramatic landscape change and decline of cactus population.

Keywords: Cactaceae, Sclerocactus, repeat photography, grazing,
cheatgrass, cactus borer beetle, GSENM, Cottonwood Canyon

ithout perspective, we cannot recognize
how Western landscapes can change —
not only within a few decades, but even

from year to year.

Cottonwood Wash Road, a main north-south
corridor though the Monument, was built so that
men who lived in the towns below Bryce — Hen-
rieville, Cannonville, and Tropic — could more
casily get to Page to work on construction of Glen
Canyon Dam. After that it served as a scenic alter-

nate to US 89 between Salt Lake City and Arizona.

As such, I drove the road in 1962. Observing an
uncommon abundance of Sclerocactus parviflorus,
the little barrel cactus of the Colorado Plateau, 1
returned in the flowering season, May, and took
2V4" Ektachrome slides of the plants and their sur-
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roundings. This cactus is a tall plant, growing to
30 cm or more as a mature adult, and many were
easily visible from the road. With so many cacti,

I didn’t venture far for photos, though I did walk
among the plants. Other people or cars were rarely
seen.

Sclerocactus parviflorus is not a rare species,
nor a soil specialist as other species of the genus
may be. Its center of abundance was in lower Glen
Canyon and on the San Juan River (before Lake
Powell), though it is widespread on the Plateau,
and even extends disjunctly into the Uinta Basin
near Duchesne. However, this occurrence in a
6-km long, flattish area surrounding Cottonwood
Wash Road was unique in the number of plants
and the presence of white and pale pink flowers,
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very rare in the species, amongst the usual vividly
pink ones (Heil and Porter 2004). Here were even
more plants per unit area than in lower Glen Can-
yon, the place of most abundance of this species
in my long experience with Sclerocactus (since
1960).

This cactus most commonly grows in scat-
tered populations, as it does in the rolling desert
between this location and highway 89. Usually
found as single heads, it can form clumps of either
branched heads, or closely-grouped individuals
from seeds sprouted from those remaining around
the base of the plant. Where it flourishes, more
clumps are found; that was true here.

The road extends mostly straight, NNE-SSW.
Cottonwood Wash and the Cockscomb parallel it
to the west, and the western edge of the Kaiparow-
its Plateau lies to the east. Scattered cottonwood
trees, many of them old, grow near the wash. The
Cockscomb is a hogback of Dakota Formation
sandstone. Sandstone members of the Straight
Cliffs Formation form the west-facing cliffs on the
edge of the Kaiparowits. Below them is bedded
blue-gray shale of the Tropic Formation in a strike
valley behind the hogback hills, the Dakota weath-
ering to a drab, steepish slope overlain by a cap
of sandstone. Yellow monoliths of the Gunsight
member of the Entrada march down the center of
the floor of the canyon. A few steep, strikingly red
and white outcrops of the Cannonville member
of the Entrada crop out here and there against the
base of the west side of the Dakota hogbacks.

The fine, predominantly clay soils of the
flats support shrubland with grasses and herbs. In
1962 when so badly overgrazed and trampled, the
sparse cover consisted of little more than scattered,
broken shrubs, woody shrub litter, exotic plants
(tumbleweed, Salsola tragus, can be seen on old
photos), and these cacti, with much bare soil, little
grass, and no cryptogams to be seen.

On occasional drives during later years, the
cacti were not in anthesis but still observed. In
1962 one wood-pole powerline traversed the flats;
later, another appeared.

Overall, in those early years, the area was not
seen to change very much. As late as 2002, I ob-
served plants from the road, though they were not
SO NUMerous.

In May 2005 I went back to Cottonwood Wash
intending to document this unusual population.

The ecosystem was almost unrecognizable. Large
shrubs and abundant exotic plants, mostly Bromus
tectorum, cheatgrass, covered most of the ground.
Sclerocactus was no longer visible from the car.
Long walks over locations previously photo-
graphed and other promising areas were necessary
to find any individuals. None of the flowers were
white. The devastating cactus longhorn beetle,
Moneilema semipunctatum, had arrived, resulting
in dead, sick, or dying plants. As late as 1984 the
beetle (Linsley and Chemsak 1984) was thought
to be hosted only by Opuntia and Cylindropuntia.
Increasingly, in recent years has it been recognized
as a serious cryptoherbivore of the Cactoideae
(England 2007:53216).

The goal changed from documenting a now-
lost, uniquely numerous population of robust
plants, some with white or off-white flowers, to
documenting changes to the landscape and to the
cactus population.

Materials and Methods

To find plants, georeference, and note their
condition, in the locations photographed in 1962
and elsewhere, I drove the 6 km of road, looking
for the same scenes and for cacti. I also hiked the
flats.

The 1962 camera was a Minolta twin-lens re-
flex; the 2005-2006 one a digital Sony DSC-S85.
The 1962 slides suffered from Ektachrome deteri-
oration, not foreseen at the time. Kodachrome was
not available for that size, and the superior Agfa
film not always available. I scanned old slides on
an Epson 3170 flatbed scanner, and improved each
in Photoshop 4 as much as possible. GPS readings
were taken with a Garmin 12XL.

Field trips occured May 9-10, 2005, and May
16-18 and September 16-18, 2006. On the May
trips it was difficult to find Sclerocactus amongst
the tall cheatgrass. In September I found more,
with cheatgrass at that season down and dead.

Data collected included GPS readings and
orientation to other Sclerocacti in aspect and dis-
tance; road miles north of highway US 89; height,
width, number of heads, and condition of plants;
flowering stage, number of flowers; parent rock of
soil; plant association, elevation, slope, and aspect;
and photos of plants and scenes. Height of plant
was measured downslope, and width at the widest
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part. Width was measured either sighting along

a scale or with the prongs of a Vernier caliper (a
figure-8 caliper will be used in the future for some-
what better accuracy, as the sides of the epidermis
are obscured and obstructed by spines).

Groupings of live plants, in favorable loca-
tions or simply not yet found by the beetles, were
designated as areas for future monitoring plots.

Monument personnel provided valuable back-
ground information, but this cactus population
had not been noticed or recorded. Two sources of
photographs recording the canyon in recent years
were located: on the website of San Francisco pho-
tographer A. E. Graves, June 2004, and for several
recent years from Austrian cactophile Gerhard
Haslinger.

Results

In 2002, the Sclerocacti could still be seen
from the car. Though an especially droughty year
(Fig. 1) — in fact a drought year statewide —
shrubs were larger and healthier, and less ground
between the shrubs was bare. Conditions were
changed from 1962 but still recognizable.

In 2005, the canyon was greatly transformed.
I could no longer see the cacti while driving by.
Due to livestock reduction, disturbance from graz-
ing had been gradually reduced in recent years
even before Monument designation, but that trend
now accelerated. In recent years this allotment
was used only for cattle drives, not for extended
grazing (personal communication, GSENM Range
Specialist Sean Stewart 2006). The flats remained
noticeably, but no longer intensively, grazed. In
2005, the ground was covered with deep hoof-
prints; the cattle drive had been recent and in
wet soil. In 2006, I did not see many hoofprints.
However, returning a second day, I noted a few
unauthorized cattle. A few cattle out of place in a
grazing allotment are not unusual.

Shrubs had recovered, though the native Ach-
natherum hymenoides (Oryzopsis hymenoides),
Indian ricegrass, and Pleuraphis jamesii (Hilaria
Jamesii), galleta grass, had not. Indian ricegrass
was almost non-existent, galleta grass less sparse
but plants were small and heavily cropped. Ex-
otic weeds, especially cheatgrass, moved in and
carpeted much of the ground, after a well-watered
fall season in 2004 (Table 1). This florescence
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of cheatgrass hid what cacti remained. Method
remained as planned, but with the addition of
considerable searching to find plants: at random,
in likely habitat, or at scenes of matched photo-
graphs.

The 1962 slides were compared with scenery
in this 6 km stretch of road to find original photo
points. Two of the original scenes were found.
Only ten live plants were found in the 6 km area,
and three in hilly desert just south, where an esti-
mated few thousand had been in 1962. None had
white or pale flowers, rare in the species but not
uncommon here in 1962.

In addition to being unstable, as we now
know, retention of Ektachrome dyes is a function
of careful developing, light, and temperature dur-
ing storage. The slides held their color for twenty
years, then went into a steep decline. Some kept
part of the blue and green dyes, on others these
hues were almost totally gone. Detail and sharp-
ness are lost with the dye, so perfect restoration
of badly faded Ektachromes is not possible. Some
slides can be restored to a semblance of original
color values, with others degraded almost to sepia.
Still, more information is preserved in the color
versions than when converted to black and white.

In May 2006, the preceding fall had been dri-
er, so cheatgrass was not as abundant. I relocated
the ten Sclerocactus plants found in 2005, plus
two more live ones not seen in the thicker weeds
of 2005. Two of the ten plants found in 2005 had
died, I observed only one seedling. Though tiny
and easy to miss, seedlings will be seen if abun-
dant. Because of the drier spring and later survey
date, cheatgrass was dry but still standing and
obscuring the cacti. [ observed three plants in open
desert on the way to highway 89.

The field trip of September 16-18, 2006, was
more successful in finding Sclerocactus plants,
alive and dead. At this season cheatgrass is not
only dead, but flattened down, making it much
easier to see cacti. Thirteen additional live plants
were found in the 6 km area, also many dead
ones, and one more seedling, for a total of 25 in
the 6 km area (Table 2). Frequently, Sclerocactus
plants were near a small unvegetated area, offer-
ing reduced competition. None were in occasional
stands of pure cheatgrass.

Although cacti are expected to grow a little
each year, it was drier in 2006 than 2005 (Table 1),
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Figure 1. Film 8. Looking south from east of the road. Top photo May of 1962. Different camera formats made this
one difficult to match exactly; bottom photo taken in 2006 is from closer to the monolith. One live plant seen here
September 16, 2006. Some information is lost when the Ektachrome, which is already age-degraded, is converted

to black and white. The few live plants in the 2006 scene are hidden in vegetation and cannot be seen in this large
area photo.

and almost all plants were a little smaller in height Anthesis in Sclerocactus is correlated with ground

and diameter because of less water storage (e.g., temperature (unpublished data, D. Woodruff), so

see Table 2, plant 4). these two flowering seasons were about equal in
On May 9 and 10, 2005, the Sclerocacti were seasonal development of anthesis.

carly- or mid-flowering. A week later in May Matching scenes by viewing the medium

2006, they were almost at the end of flowering. format slides was difficult. Driving through the

67 Woodruff
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Figure 2. Film A. Top photo April, 1962; bottom photo May 9, 2005. Cacti show up better in an oversharpened ver-
sion of the 1962 photo; they are towards the monolith, so some may be in sandier soil. Drainage in foreground is
smaller but has more alkali. The few live plants in the 2005 scene are hidden in vegetation and cannot be seen in
this large area photo, there are two cacti in this 2005 scene, two more were found in fall 2006.

canyon in 2006 while looking for unusual forma- for personal use in spite of regulations prohibiting
tions or a matching skyline using 8%x11” prints collection. With so much visitation, the dirt road
for comparison worked better. It was possible to was corrugated and rough much of the year. Visita-
match three of the four remaining 1962 scenes; tion probably declined from those using the road
photo points were recorded for these. I could not over the years as a scenic through-road, but the net
locate one medium-range scene showing only trees  effect was a great increase in use due to the area’s
next to the wash in the background (Fig. 5). new status, now approaching 100,000 visits a year
After National Monument designation in 1996 on Cottonwood Road (GSENM 2006).
visitation increased, with risk of cacti being taken In 1962 the cacti were so abundant that I fo-

69 Woodruff
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Figure 3. Film 3. Anthill (bottom right) an rock are
2006, no live plants and 8 dead plants found.

cused my efforts near the road and didn’t investi-
gate close to the scattered Entrada monoliths or the
Dakota outcrops at the base of the hogback hills,
so it’s not known if or how much this species may
have colonized other soils than the predominantly
clay soils of the flats. As I searched for plants in
2005, I found only five in the two somewhat dif-
ferent clay soils of the flats where they once were
so numerous, and saw that some grew in two other
soils.

A more diverse flora was found in sandier
soil around the base of the monoliths than on the
flats. Cover was sparser, and exotic weeds not
as prevalent as on the flats, so the cacti had less

Woodruff
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bril 1962. Bottom photo September

competition and were more visible. A few cacti
were growing on rockier lower slopes of hogback
hills of the Dakota Formation, where weedy plants
were also fewer. Overall, Sclerocactus, sensitive to
competition, more often than not was found next
to what bare spots remained.

Even in the most badly faded old photos, a
number of cylindric cactus shapes with rounded
apexes can be distinguished, especially in large
prints, or those oversharpened in PhotoShop (those
interested may contact the author for original
jpegs). The five 1962 scenes each show tens or
even over a hundred Sclerocacti in a rough count/
estimation from photos. In matching contemporary
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Figure 4. Film 5. Tp photoApriI 192: ;’i’os;cefledges”

scenes, none to four live plants each were found
in three field visits, and from none to eight dead
plants.

Unvegetated ground sometimes cannot be eas-
ily distinguished in the black and white versions of
the old photos because the litter and surface gravel
makes it look dark.

Other Documentation

There is no written documentation of when
cheatgrass moved into Cottonwood Canyon in
abundance, but it appears to be in 2005. The web-
site of A. E. Graves, a San Francisco photographer,

HEES st i :
(40%) in Photoshop makes cacti stand out but darkens bare

ground. The few live plants are hidden in vegetation and cannot be seen in this large area photo. Bottom photo
September 2006: one live plant and two dead in area shown. Outcrops of the Cannonville member of the Entrada
formation at top of photos are larger in 2006; photo point is closer.
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shows a scene in Cottonwood Canyon in June of
2004, matched approximately in May 2006. Cheat-
grass was much more abundant in the 2006 photo-
graph of the same scene.

In scans of slides of the Austrian cactophile
Gerhard Haslinger from 1991, 1993, 2000, and
2002, no abundance of cheatgrass is shown.
Shrubs were smaller and more bare ground ex-
posed than in 2005-2006. Haslinger, who is espe-
cially interested in the rarer species of Sclerocac-
tus and Pediocactus, visited the southwest on
extended trips almost every spring from 1988 to
present.

Woodruff
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Habitat

S. parviflorus is more of a soil generalist than
the small endemic species of the genus such as S.
wrightiae, S. brevispinus, S. spinosior, S. pubis-
pinus, and others, being found in both sandy and
clay soils, or cobbled stream terraces. Here it oc-
curs in four kinds of soil.

Sandy soil is close to and derived from the
weathering of monoliths of the Gunsight member
of the Entrada, or from the Dakota formation of
the hogback hills.

Two kinds of clay soils are from the soft
Tropic shale alluvium that washes down from the
strike valley to the flats sloping gently to Cotton-
wood Wash. Added are components from the three
sandstones, Entrada monoliths, Dakota Formation,
or Straight Cliffs Formation at the edge of the Kai-
parowits uplift. Cottonwood Road roughly divides

Woodruff
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g $ib For st
4, April 1962: unmatched scene.
May 1962: white flowered plant at bottom left; above,
plant with pale pink flowers at left, one with pink flow-
ers at right.

‘_ -, Yy a'\
Figure 5. Top left, film

soil with more sand, from soil with less sand; be-
low the road the plant association is greasewood
(Sarcobatus vermiculatus); above the road, grease-
wood is mostly lost to sandier soil and the associa-
tion is shadscale-grass.

Average annual precipitation at Brigham
Plains monitoring station nearby is 13.8 cm (5.43
inches). Most is received in winter as rain or snow
and during monsoons as rain. Range types are rat-
ed as Alkali Flat (Greasewood) and Desert Loam
(GSENM 2006).

Elevation of Sclerocactus locations ranged
from 1408 to 1494 m (4620-4990 feet). Exposures
in the flats, sloping to the wash to the west and
also from north to south, are from South by west
(SbW), through West by south (WbS) to North-
west by west (NWbW). Exposure of plants situ-
ated close to monoliths and on hills is more varied,
from 24° to 350°. Slopes on flats are gentle, from
2°to 4°, and otherwise from 1° to 12°; Sclerocac-
tus doesn’t grow on steep slopes.

Plots

Data were organized for the possibility of es-
tablishing plots to monitor the Sclerocactus and its
environment, should resources be available.

Discussion

In 2002 the cacti could still be seen while driv-
ing by, yet could hardly be found in 2005. This
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Figure 6. Early summer 1991 in Cottonwood Canyon. No flush of cheatgrass seen. Sclerocactus is common but not
prolific, as shown in this and other photos from Gerhard Haslinger.

was puzzling. Why was the population so dimin-
ished in three years? And if there was significant
beetle kill, where were the dead plants?

S. parviflorus is the second-largest species
its genus, second only to the genus’ “giant”, S.
polyancistrus of California and Nevada; it’s not an
insignificant plant. One cause of this “disappear-
ance” was abundant cheatgrass. In their reports the
Utah Division of Wildlife Resources (2006) relates
that even sage plants disappeared into the cheat-
grass of 2005. Though it was green on the spring
trip of 2005 as well as super-abundant, and dead in
spring of 2006, it was only in September of 2006
when it was not only dead but down that signifi-
cantly more plants could be seen.

In the drought year of 2002 there wasn’t much
cheatgrass, which partly explains how plants could
still be seen from the car then, and be so difficult
to find in the springs of 2005 and 2006; alive and
dead, they were hidden in the much more abun-
dant and flourishing cheatgrass. This contradicts
the fact that cacti are normally easiest to see in the
spring when they are blooming.

As to the “disappearance” of dead, beetle-
killed plants, to cows dead Sclerocacti are a less
visible obstacle (to be avoided) than live ones.
Though the timing of deterioration of dead S. par-
viflorus carcasses is not well studied, dead plants
stand and then gradually morph into heaps of spine
clusters. It’s probable that when this area was be-

ing used as a stock driveway, a herd of cattle walk-
ing on the dead plants, especially when hidden in
cheatgrass, broke them into pieces indistinguish-
able from other litter.

Important factors affecting Sclerocactus suc-
cess are variables in grazing, which with large
domestic animals means trampling as well as
ecosystem effects, competition including exotic
plants, fire, weather variations, herbivory from
insects and smaller animals such as rabbits, human
disturbance including theft, and fire.

Grazing

Cacti vary in their response to domestic graz-
ing, depending on conditions and species. Opuntia
species are considered increasers under grazing
conditions, and they generally are. Opuntias suc-
cessfully reproduce vegetatively, so they can eas-
ily regenerate after trampling. Members of the
subfamily Cactoideae such as our Utah barrel,
hedgehog, and ball cacti, do not reproduce vegeta-
tively. When trampled, individual Cactoideae may
grow new heads from the remains, but often do
not. Because of their succulence, injured cacti are
vulnerable to microbial pathogens. Smaller indi-
viduals and smaller species are especially at risk,
and Cactoideae are slow-growing. For example,
in discussing cattle grazing with respect to S.
mesae-verdae, a small species, quoting from a Bu-
reau of Land Management (BLM)-funded report,

Woodruff



ECOSYSTEM DYNAMICS & BOTANY mus

“the great danger the populations faced was be-
ing trampled on as cows moved from one grazing
area to another,” as reported by Forest Guardians
(2004:1). Once cacti attain a size such that grazers
readily notice them, or when sheltered in shrubs,
the animals will walk around them. Cattle had just
grazed immediately south of Cottonwood Canyon
in May of 2005. Cheatgrass was trampled and
flattened but not in or next to shrubs or clumps of
cacti. Cattle try to walk around obstacles.

At one time the flats in our 6 km area must
have had a good cover of native perennial grasses.
The cacti would have been in balance with as-
sociated flora before overgrazing occurred. For a
good example of cacti in balance with grasses and
other associated flora, see the pioneering study of
an ungrazed area in Canyonlands with intact cryp-
togams by Kleiner and Harper (1972 and others);
Opuntia polyacantha, the common hardy dry-fruit-
ed pricklypear, and Sclerocactus parviflorus lived
in a natural state.

Kleiner and Harper discuss the effect of do-
mestic grazing:

Species which are characteristic of pristine
sites may increase or decrease under graz-
ing pressure. In the case of a grazed com-
munity, an investigator may never know
whether the species now occupy their
optimum habitat. It is possible they oc-
cupy a larger or smaller niche than would
be the case under virgin conditions or they
may not occupy the niches compatible
with an optimum balance of nature under
the given conditions [Kleiner and Harper
1977: 288]

As the 1962 photos show, overgrazing in Cot-
tonwood Canyon reduced competition severely,
and the Sclerocacti prospered. When first seen in
1962, due to some fortuitous combination of cir-
cumstance and despite the large volume of use by
sheep and then cattle, the plants successfully be-
came large enough or sheltered in shrubs, avoided
trampling and thrived.

For decades, grazing, first by sheep and then
cattle, was uncontrolled in Cottonwood Canyon,
now included in the 6751 acres of the Cottonwood
Wash Pasture. Through the years, BLM grazing
regulation increased. Records are sketchy. The
Cottonwood Management Area was established
in 1972. In 1978 it was divided into the Coyote

Woodruff
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Allotment for Kanab users, and the Cottonwood
Allotment for Bryce Valley users, and manage-
ment plans formulated. In 1984, a grazing system
revision was made, although in 1987 it was noted
that further revision was needed to make the sys-
tem work. In recent years Cottonwood Canyon
was used only as a stock driveway. There are
several, contentious permittees, and the area has
always been problematic. The rules were not well
enforced until BLM Range Specialist Sean Stewart
started in 2003 to manage the 12 pastures of the
Cottonwood Allotment (one of them being Cot-
tonwood Wash). There is less grazing at present
there than ever before. Grazing administration was
taken over by the Kanab office of GSENM in fall
of 2005. (This paragraph: grazing files, GSENM
Cannonville office May 16, 2005; personal com-
munication, Sean Stewart 2006).

As photos and 2005-2006 observations show,
with the gradual reduction of grazing, cotton-
woods along the wash improved. Erosion reduced,
particulary in side washes. Shrubs increased in
size, percent vegetative cover, and health. Galleta
grass recovered somewhat, but Indian rice grass
did not recover well. Percent cover of bare ground
decreased significantly. Early-stage cryptogamic
cover increased. Native forbs appeared. As shown
by Dr. Haslinger’s photographs of 1991, 1995,
2000, and 2002, density of Sclerocacti decreased
with increased competition, though still abundant
in these years.

Competition

Sclerocacti do not tolerate competition. Their
strategy is to send roots shallow and far. With the
great reduction in competition due to excessive do-
mestic grazing, a wider niche opened up for them.
Surviving plants seen in the flats in 2005 and
2006, though mostly surrounded by cheatgrass,
were next to bare spots. In the smaller square foot-
age of soils near monoliths or at the base of Da-
kota hills, in 2005 and 2006 Sclerocacti were more
successful per square foot in those locations than
on the flats where cheatgrass was prevalent.

Even in a garden with adequate water,
Sclerocacti that Opuntia plants or weeds were
allowed to encroach upon too closely would be
found dead in the spring (D. Woodruff, unpub-
lished research 1963-1964).
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Exotic Plants

It’s possible for exotics to invade without pre-
existing degradation of the natural environment,
but overgrazing with its accompanying severe and
lasting effect on the environment makes it easier
for them. For instance, in the southeast corner of
GSENM,

...disturbance of soil crusts greatly ac-
celerates the invasion process...Intact soil
crusts often present a physical barrier to
invasive species establishment and growth
by preempting space...germination of na-
tive Stipa was not affected by soil crust
cover, while germination of Bromus tecto-
rum was inhibited by intact crust....[Stohl-
gren et al 2001: 48]

High rainfall after the 2002 drought brought a
flood of exotics, mostly cheatgrass and an annual
mustard. An explosion of cheatgrass was common
all over the state in 2005 (e.g., Utah Department
of Wildife Resources 2006); less was observed in
the Cottonwood Wash area in 2006, but it was still
abundant.

Because of the great variety of rock forma-
tions in the Colorado Plateau and therefore in
soils derived from them, as well as all the other
environmental variables of the Plateau, cheatgrass
was slower to invade here because it had to adapt
to these soils and other variables (pers. comm. K.
T. Harper 2000). But now it has become a menace
to native ecosystems on the Plateau. Cheatgrass
and other exotics flourish in clay soils of the flats,
but not so much in sandy soil around the Entrada
monoliths or on Dakota hills.

Cheatgrass takes up moisture and nutrients
early in the spring before cacti resume growing. In
general, native perennials don’t compete well with
cheatgrass. It’s not known how much of a threat
cheatgrass is to Sclerocactus, but it seems likely
that it is strongly disadvantageous. As cheatgrass
germinates in the fall, it’s likely to be competitive
to vulnerable Sclerocactus seedlings. Janet Coles
(2004) sees evidence that considerable Sclerocac-
tus seedling emergence occurred in the fall. A
GSENM Technical Report concludes,

One of the great ecological threats to the
Monument is the spread of non-native
invasive plant species, most notably an-
nual grasses.... Because of its strong com-
petitive ability, cheatgrass has replaced

ECOSYSTEM DYNAMICS & BOTANY

seedlings of many native perennial grasses
and shrubs....Because germination occurs
in the fall, cheatgrass is able to continue
growth of its root system through the win-
ter months. The early establishment of its
root system allows cheatgrass to acquire
water and nutrient resources earlier than
other non-established perennials. Because
water is a limiting factor for growth in arid
and semi-arid environments...removal of
water from the upper soil profile by cheat-
grass can result in plant depth or a reduc-
tion in reproduction success for native
species....[Chong 2004:49-50].

Fire

Cheatgrass is well understood to increase fire
frequency in a vicious cycle that destroys eco-
system integrity (e.g., Brooks et al 2004). Unlike
Opuntia which for some species and fire circum-
stances can recover well from fire, Sclerocactus
has little capacity for vegetative regrowth from
such an event. Not much literature is available
on the response of the species of the subfamily
Cactoideae to fire. In general, “Succulents fare
poorly...The fire effects literature states for many
of these species that fire is not common in their
habitats due to lack of fuel to carry it” (Gebow and
Halvorson 2005:4, 6). But invasion of cheatgrass
provides ample fuel, and the damage to cacti is
proportionate to the amount of fuel (Gebow and
Halvorson 2005:13). Ifa cactus isn’t killed by the
fire, its spines can be burned off and then it has no
protection from herbivory. In fact, since cacti are
nutritious, ranchers in Texas commonly burn the
spines off pricklypears so that cattle can eat them
without getting “pearmouth”, leading to possible
infection and ulceration (Uekert 1997).

Drought

Cacti are buffered from drought to some ex-
tent by their succulence, more so in larger cacti vs.
smaller cacti. Efficacy of this buffering for an in-
dividual cactus may be exceeded during a drought
of sufficient intensity. The drought in 2002 was
severe. Its effect was drastic on many monitored
Sclerocactus local populations. Only species of
small, rare Sclerocactus have been monitored, but
the following quotations give some indication of
the effect of drought on members of the genus:

Woodruff
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For S. wrightiae:
In a 1986 report no mention was made of
drought impacting cactus, whereas in 2003
drought conditions were noted along with
cattle impacts and ATV traffic as possible
threats...Several of the sites revisited in
2003 were so stricken by the drought that
many perennial shrubs had died, so it is
not surprising that a majority of the sites
had fewer cacti than reported in 1986
[Clark and Groebner 2003:9-11].

For S. mesae-verdae:
Until the severe drought of 2002-2003,
the species appeared to be roughly stable
in population numbers... The Four Cor-
ners region experienced a historic drought
from the period April 2001 through July
2003. The drought not only caused direct
mortality of Mesa Verde cactus plants,
but also created conditions for animal and
insect predators to increase their effects
on the cacti. Other indirect effects include
more than 70% reduction in the cover of
mat saltbush (Atriplex corrugata, A. gard-
neri, A. confertifolia), which may act as
a nurse plant to Mesa Verde cactus seed-
lings. Flower and fruit set was near zero
throughout the drought, as was establish-
ment of seedlings...Overall, between April
2002 and April 2003 the three Colorado
plots experienced a 20.4% decline in pop-
ulation...The high mortality we observed
was unfortunately not limited to Colorado.
The state of New Mexico reported an 80%
decline in numbers of Mesa Verde cacti in
their study plots [Muldavin, et al. 2003],
and the Navajo Heritage Program reported
85% mortality in their plot [Roth, pers.
comm. 2003] [Coles 2004:3-5].

Herbivory

Sclerocactus has a cyclic relationship with the
cactus borer beetle, Moneilema semipunctatum,
also called cactus longhorn beetle (Smith 2003), a
flat-faced Cerambycid. The beetle finds a colony
of Sclerocactus, wipes it out or at least greatly
diminishes it, then has to find another population.
Though flightless, it’s a big beetle and can walk
fast. Eggs are laid near the cactus, then the larva
burrows into the plant, and eats it from within.
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Sclerocactus almost always succumbs, a case of
not if, but when. Sometimes a head damaged by a
larva (or stepped on by a grazer) will sprout from
the remains, but most often not. The larvae favor
mature plants, so juveniles may escape being
caten.

A cactophile of many years’ field and green-
house experience with native cacti of the South-
west, Ralph Peters, discussed this cycle on the
Cactus Etc email list:

I have visited some locations over many
years (>15 yrs) and have noticed that
many populations have a very pronounced
cyclic nature resulting from depredation
by a borer...The plant dies from the bacte-
ria or from direct damage by the voracious
borer. I have seen many other populations
at various stages in the cycle. A success-
ful colony, in this context, is one that has
many viable seed stored in the ground (the
“seed-bank’). Bad weather, borers, etc.,
may damage the colony but not eradicate
it [F there are lots of seed in the ground
[Peters 1998].

Although Peters’ 1998 examples of borer-
affected populations of S. polyancistrus and S.
mesae-verdae began with 1983, an early published
report of a borer infesting the genus Sclerocactus
was evidently the 1984 Mesa Verde Cactus Re-
covery Plan (U.S. Fish and Wildlife Service 1984)
which noted attacks on that species. Kass (2001)
in a much-referenced paper in proceedings of a
2000 confence wrote about M. semipunctatum and
S. wrightiae. The abstract of Coles and Naumann
(2000) from the same conference stated, “The ce-
rambycid beetle Moneilema semipunctatum is the
principal agent of major mortality events” during
a long-term study in Colorado of S. mesae-verdae
but this was not published. A NatureServe web-
page on this species reported:

Predation by the cactus borer beetle Mo-
neilema semipunctatum may cause short
term population fluctuations. Significant
mortality events caused by the beetle have
been recorded at two of the Colorado
plots: one in 1988, the other in 1994-1995.
A third event began in 2000 in the same
plot that experienced the 1988 infestation.
Plants in these plots continue to recover
slowly from the die-off of large stems



LEARNING FROM THE LAND ps

caused by the cactus borer beetle larvae,
although response to the infestations dif-
fers between plots (Coles 2003). In 2003
large areas of Sclerocactus mesae-verdae
suffered massive die-off due to drought
followed by insect infestation. Several
sites had 100% mortality [E. Roth et al
2003].

C. I. Smith also wrote about M. semipuncta-
tum as a predator of S. mesae-verdae in 2001 in an
unpublished report (USFWS 2006). Ren¢e West
(2005) found Moneilema sp. infesting Escobaria
sneedii var. leei, Lee pincushion cactus, at Carls-
bad Caverns NP that spring. In the same article
(West 2005:3) New Mexico’s rare plant botanist
Robert Sivinski is quoted, “Most of the adult Mesa
Verde cacti and Brack’s cacti [Sclerocactus clo-
verae ssp. brackii] in San Juan County were wiped
out three years ago [2002] by this, or the similar
species, Moneilema semipunctatum.”

Knowledge that Sclerocactus and other mem-
bers of the subfamily Cactoideae are now hosts to
Moneilema punctatum has been slow to spread. In
1984 Linsley and Chemsak in their authoritative
series The Cerambycidae of North America report-
ed that Moneilema punctatum was known to host
only on Opuntia and Cylindropuntia. In a report of
rare insects of Mesa Verde NP, Boris Kondratieff
(2000: 2) wrote that “Larval hosts [of M. puncta-
tum} are Opuntia spp.” Again Arthur Evans (2006:
250) wrote in a field guide to California beetles
that this beetle’s hosts are certain Opuntia and Cyl-
indropuntia species.

When some of the plants in a population don’t
bloom, borers are suspect (e.g., plant 7, Table 2),
or the epidermis of an infested plant may have a
patch of yellowish or reddish discoloration. The
apex of the plant may look dry and shriveled, the
color of spines faded, or both.

After a population is more or less wiped out
by borers, it has to re-establish from the seed bank.
Since borers prefer larger plants, if recruitment is
successful, the new plants have time to grow into
flowering size and produce seeds.

Identifying cause of death of a cactus plant,
and therefore assigning mortality by beetle bor-
ers, may be problematic. A just-killed plant may
sometimes be recognized, opened, and the cavity
and typical red color of post-traumatic microbial

invasion seen. If granules of dry flesh remain in a
dry, dead plant, it’s possible to determine if it was
killed by a borer by the large hole inside, above
the base of the plant. However, in my experience
massive die-off of S. parviflorus is always beetle
kill, and no such die-offs were observed before the
beetle began affecting Sclerocactus.

Spine clusters remain after the plant epi-
dermis and tissue die and dissipate, at first still
assembled in the form of the live plant. But no
one has reported how long the spine clusters of a
dead plant are identifiable under different condi-
tions such as trampling, wind, and excessive weed
growth. Spine clusters of one plant seen alive in
2005 were already beginning to dissipate in 2006.
Heaps of flattened spine clusters would soon be-
come unrecognizable. Specific georeferenced dead
plants could be monitored from year to year to
document how fast they degrade to litter.

A plant weakened by drought could succumb
faster to a beetle larva. Mattson and Haack (1987)
detail how drought is synergistic with herbivory in
affecting plants.

Melyridae beetles were found in the flowers
of many of the plants. Their function in cactus
flowers is unclear. Vince Tepedino of the USDA
Bee Lab at Utah State University, who identified
them, says: “They are common in the flowers of
many plant species in the western U.S. and some
(Mawdsley 2003) think they are important pollina-
tors. Others of us (like me) are more skeptical.”
(Tepedino, email, Aug 15, 2006).

Herbivory other than from beetle larvae didn’t
appear to be a significant source of morbidity or
mortality to this population. The most significant
herbivory by mammals observed was just north of
the study areas described on the flats, where the
canyon narrows. Chewed-on Sclerocactus plants,
if not succumbing to rot, develop heads around the
damaged area, often termed sprouts. These heads
are usually low on the plant. Several large plants
at the above location displayed a curious shape,
with several heads near the tops of the plants. One
individual had a fresh green eaten area near its
top, demonstrating the kind of damage that would
lead to these strange specimens. Jackrabbits were
prevalent here. No dead plants with this configura-
tion were seen.

Woodruff
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Human Disturbance,
Including Theft

When Cottonwood Road was first constructed
the Sclerocactus population must have been dis-
turbed by construction. As numerous as the plants
were, vehicles or machinery necessary for con-
struction would inevitably have impacted some
cacti. By 1962, one powerline had been built
through the canyon parallel to the road. Later, a
second one was constructed close by. With the
population then thriving, it’s not probable that this
had a long-term effect.

Doubtless some of these plants were removed
through the years for gardens, or by cactophiles as
specimens or a source of seed. Again, with a large
population and little visitation, the consequences
would have been minimal, unlike when small
populations of scarce endemics are removed for
sale by dealers.

Increased visitation adds temptation by in-
creasing exposure. However, Monument status,
though increasing visitation, also increases regu-
lation. Visitors are restricted to roads and almost
all either sightsee from their vehicles or hike the
canyons. BLM Law Enforcement Officer Don
Riddle (pers. comm. 2006) reported no known in-
stances of theft, though such instances may not be
noticed.

White Flowers in S. parviflorus

White flowers are known, but very rare. Most
S. parviflorus have vivid pink flowers. Yellow
flowers are less common. They did or do occur in
Glen Canyon, on the east bank of the Colorado
River below its confluence with the San Juan, on
the south bank of the San Juan upstream from the
confluence, and just east of Navajo Mountain, pos-
sibly from old or continuing introgression with the
yellow-flowered S. whipplei of the Navajo reserva-
tion and environs—DNA study could show if this
is truly the case. Yellow flowers are predominant
in two isolated populations in Utah, one around
Torrey and one above White Canyon near Natural
Bridges (Heil 1979; Heil and Porter 1994).

Other than that, this species has pink flowers,
with very rare exceptions. Though occasionally
reported, in many years of study of Sclerocactus
my personal experience of white flowers is limited
to Cottonwood Canyon; an herbarium specimen at
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NAU from Navajo National Monument; one in an
odd-flowered batch from Glen Canyon before the
lake; and one in the yellow-flowered population
near Torrey.

The white and pale pink flowers seen here in
1962 may still be hidden in the genome of the Cot-
tonwood Canyon plants but not expressed in the
relatively few live plants seen in 2005-2006.

Conclusion

Emphasis in cactus research has changed in
the years between the 1960s and now, from finding
new species of cacti to understanding the species
and their ranges better and studying what happens
to populations.

When I first drove this road and saw the
Sclerocacti, I was in the middle of the story. The
Flats were barren, native annuals not visible, and
shrubs broken and small. Dead shrub wood was
prevalent. No cryptogams were observed; how-
ever, snakeweed and tumbleweeds were increasers
with grazing. With reduction in competition due to
excessive domestic grazing, a wider niche opened
up for the Sclerocactus.

Of the native grasses, Pleuraphis jamesii, gal—
leta grass, has persisted better than Achnatherum
hymenoides, Indian ricegrass, but even now with
less grazing, it’s not common, and seen mostly in
the protection of shrubs or cacti.

In sandier soil around the base of the mono-
liths, and at the base of the hogback hills where
cheatgrass has not invaded, the Sclerocacti may
have found a refuge, from which they could spread
if conditions were to improve.

Sclerocactus parviflorus is more resistant to
drought than the smaller species of the genus, but
it can be affected. The succulence of the plants
damps down fluctuations in available water, but
extremes will overcome this damping. Drought is
shown to make plants more susceptible to insects.

Current data cannot verify exactly what hap-
pened to these cacti. Some combination of grazing
and its effect on the ecology, drought, insect pre-
dation, and invasion of exotic plants are the likely
factors. I was puzzled in 2005, since I could still
see plants in 2002 while driving by, how it could
be so difficult to find plants in just three years.
Locating many more dead plants in fall 2006,
when cheatgrass was dead and down, made this
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less mysterious. Cheatgrass hid them in the spring.
Many died quite recently, weakened by drought
and attacked by borer beetles. Since beetle kill
itself can account for such massive die-off, the
abundance of cheatgrass is likely to be of more
importance to recovery of the species through its
influence on recruitment from the seed bank than
to the die-off per se.

Although sufficiently abundant to be seen
from the road in 2002, their numbers had prob-
ably declined slowly over the years since 1962, as
the grazing which reduced competition so much
was itself reduced. Their abundance in 1962 was
unique, because S. parviflorus is not normally seen
in much-abused environments, or just a few may
survive in protected places such as rock outcrops.

What happens now? We don’t know how
genetically distinct this population is, or was, in
the Flats. Widely scattered specimens, within the
distance introgression can be promoted by bees,
can be seen occasionally from Cottonwood Road
south of the canyon in favorable soil: in the open
desert just to the south, and then again just north
of highway 89, they are also reported away from
Cottonwood Road in open desert.

Is this Cottonwood Wash population different
genetically from other S. parviflorus populations?
Perhaps the size and abundance of these plants
was due to nurture, not nature—growing condi-
tions rather than genetics. The number of white
and pale pink flowers was unusual, but this may
be due to expression in a large population. If the
Cottonwood Canyon population should be differ-
ent genetically, that would be more motivation for
active management.

Management Considerations

What can be done to enhance this population?
Monitoring is needed to understand its present
baseline condition. Going back again in 2006 I
found plants that were dead since the previous
year, or impaired (Table 2). Not much recruitment
was seen. Recruitment in cacti that reproduce by
seed is known to be episodic, with a long period
between years favorable for seedling emergence
and survival. Beetle predation is also episodic, as
mature plants are killed and juveniles and young
adults replace them. So monitoring would best be
long-term. Spring is favorable for assessing health

through the success of anthesis; fall is favorable
for finding cacti, unmasked by cheatgrass.

Potential intervention could control the borer
beetle. Little information is available on control-
ling cactus borer beetle per se, though horticultural
publications on borers in general may be helpful,
such as Townsend (2006) or Starbuck (2003).
Sickly plants, those already affected, could be
treated, but once the larvae are inside the plant,
they’re hard to reach and kill. Treating all known
Sclerocactus plants in the area when beetles are
laying their eggs, or perhaps after larvae hatch but
before they enter the plants, could be successful.

Not much study has been done on what agent
would be effective to kill larvae once inside plants.
One study concluded that Knox-Out, a diazinon
formulation, was the most effective treatment
(Dimmitt 1995); however, diazinon is no longer
available. Injection of insecticide into the cav-
ity where the larva is feeding is suggested for the
larvae of Cactoblastis (another significant cactus
predator), also the use of new generation systemic
insecticides; however this could be tricky in regard
to effective duration vs. pollinators (Zimmermann
et al 2004).

After two applications of a strong dilution of
triazicide by a Utah Native Plant Society member
who has a large cactus collection, he found dead
larvae near the plants (pers. comm. Kipp Lee, May
20006). Triazicide, a synthetic pyrethrin, is a re-
placement for diazinon.

Evidence of a large amount of mortality in
this species was not reported before the 1980s,
indicating that this beetle predation is not a normal
part of Sclerocactus’ recent evolutionary cycle.
Also, plants in general have evolved sophisti-
cated biochemical defenses against predators, and
Sclerocactus appears to have little or no defense
against Moneilema.

Nor is competition with the invasive exotic
plant cheatgrass a part of Sclerocactus’ previous
evolutionary experience. Persistence of the species
in GSENM is heavily dependent upon success-
ful recruitment from the seed bank, and it is well
understood that cheatgrass strongly competes with
native species’ seedlings (e.g., Chong et al 2004).
Being slow-growing from seed, Sclerocactus’ tiny
seedlings are especially vulnerable during their
first year or so.
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Once considered difficult to germinate from
seed, at least three Utah cactophiles are successful-
ly growing Sclerocactus species. Nursery-grown
plants from local seeds could be set out in favor-
able locations and in favorable seasons to attempt
to replenish the population. With a large number
of nursery-grown seedlings, perhaps the rare white
flower form would be expressed.

Seeds could be collected from mature nursery
plants for distribution in favorable locations to
augment the on-site seed bank. We are just becom-
ing aware of the activities of seed harvester ants,
and what effect that might have on the seedbank
onsite. I returned to collect seeds in July when the
fruits ripened and to see if ants harvest many seeds
in this location. Seeds can usually be found at the
base of the fruits, caught at areoles down ribs, or at
the base of the plant; I could find very few seeds in
September.

Some managers are loath to graze to control
cheatgrass because the spring-growing Indian rice-
grass would also be affected. But Indian ricegrass
can’t compete with cheatgrass. According to Utah
BLM Range Management Specialist Bob Stager
(telephone call, Dec 2006) intense grazing early
in the spring to control cheatgrass, so-called flash
grazing, would favor a return to a less degraded
condition. Lee Hughes, the BLM Arizona Strip
ecologist (pers. comm. Dec 7, 2006), says that
cows preferentially eat the tender young cheat-
grass. This grazing would at least decrease the
probability of fire, which is devastating to the en-
vironment and favors more cheatgrass. Using this
pasture as a stock driveway is disturbance without
any positive effect. Another measure is to plant
wheatgrass, which can compete with cheatgrass, as
native perennial grasses cannot. Pathogens to con-
trol cheatgrass are in development.

The story of this plant is a demonstration of
how destructive unrestrained domestic grazing
can be. Sclerocactus profited in the short run from
overgrazing, but degradation of the environment
made it vulnerable. It would be desirable to see
a sustainable natural balance of cactus and other
native flora, and this prime area returned to an ear-
lier, less degraded stage of succession.
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ABSTRACT

Occupying 1.9 million acres of the Colorado Plateau physiographic
province, the Bureau of Land Management’s Grand Staircase-
Escalante National Monument is characterized by gradients in
elevation, climate, soils, land-use legacies, and contemporary
management regimes that provide a rich matrix for ecological research
and monitoring. In the years since its establishment in 1996 as the
largest unit in the Bureau’s National Landscape Conservation System,
the Monument has served as a unique field laboratory for studies
investigating a wide range of ecological topics including: broad-scale
patterns in plant community composition; the importance of climate
and substrate characteristics as factors driving the distribution,
structure, and functioning of biological soil crusts; responses of
amphibians and terrestrial invertebrates to the cessation of livestock
grazing; effects of livestock grazing on vegetation structure and soil
biogeochemistry; and the status of arbuscular mycorrhizal fungi
communities in relation to field measures of soil quality. In 2005, a
promising new phase in the development of the Monument’s science
program was initiated with the opening of a science-support facility
in Escalante, Utah, and with the housing of a U.S. Geological Survey
scientist at Monument headquarters in Kanab, Utah. The latter
event marks the establishment of a multi-agency science partnership
with the Survey’s Southwest Biological Science Center, Northern
Arizona University, and the National Park Service’s Zion National
Park to increase opportunities for cooperation, collaboration, and
scientific and technical support. Coincident with this new phase of
science support and cooperation, new opportunities for ecological
investigations are emerging in a number of key areas that will benefit
from a regional perspective. Particular needs and opportunities
include monitoring of long-term environmental change, restoration of
damaged dryland ecosystems, application of research and monitoring
to adaptive management of Monument resources, and development
of approaches to address human dimensions of current and future
resource management challenges.

Keywords: ecology, ecosystem dynamics, long-term monitoring,
adaptive management, science-management interface, collaboration
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ABSTRACT

Over the last century there has been a marked expansion of
pinyon-juniper woodlands into grassland and shrubland ecosystems
in the West. Although pinyon-juniper populations have fluctuated
along elevational and latitudinal gradients with changing climate
throughout the Holocene, over the last century local impacts such as
livestock grazing, changes in fire regimes, and increasing atmospheric
CO, concentrations are thought to be more recent drivers of pinyon-
juniper woodland distribution. To better understand the role of
historical livestock grazing in pinyon-juniper woodland dynamics,
we examined pinyon stand dynamics on a near relict mesa site (No
Man’s Mesa) to a nearby historically grazed, mainland site (Deer
Springs Point) in Grand Staircase-Escalante National Monument. No
differences in pinyon density or basal area were observed across
the sites. Stand age structure of pinyons showed peak recruitment
occurred during the early 1900’s across both sites; 16% and 17% of
the pinyon trees on No Man’s Mesa and Deer Springs Point dated
to the period 1910-1920, which was a time period of above average
precipitation across the Southwest. These results suggest that climate
may be the primary driver of pinyon expansion rather than historical
livestock grazing at these sites. The occurrence of old trees (> 200 yrs)
across all transects provides evidence that pinyons have long been
established at these sites and does not constitute expansion of the
population into areas where they did not previously exist. Rather,
these sites appear to be experiencing “woody thickening” with rapid
recruitment over the last century. In addition, the occurrence of old
trees across all transects suggests that stand replacing fires have been
an infrequent event and supports the findings of other investigators
in the region that fire return intervals may be > 400 yrs.

Keywords: pinyon age structure, pinyon recruitment, woodland
expansion, livestock grazing, fire

86



LEARNING FROM THE LAND

22' ECOSYSTEM DYNAMICS & BOTANY

/ J
rs’ /

e

Effects of Past Management Treatments
on Vegetation Structure and Dynamics
in Pinyon-Juniper Woodlands at Grand
Staircase-Escalante National Monument

Kirsten E. Ironside
Merriam-Powell Center for
Environmental Research
Northern Arizona University
PO Box 6077

Flagstaff, AZ 86011

(928) 556-7466 x 225
kirsten.ironside@nau.edu

Neil S. Cobb
Merriam-Powell Center for
Environmental Research
Northern Arizona University
PO Box 6077

Flagstaff, AZ 86011

(928) 523-5528
neil.cobb@nau.edu

ABSTRACT

Pinyon-juniper woodlands cover large expanses of land across the
Colorado Plateau. Land managers, elected leaders, public groups, and
the research community have been concerned with observed pinyon-
juniper expansion corresponding with losses of open grasslands and
savannas. This regional expansion is generally believed to result
in losses of biodiversity, diminished wildlife habitat and livestock
forage resources, degraded watershed quality, and detrimental
impacts to recreational uses and aesthetics. In 2000, the Bureau of
Land Management Colorado Plateau Managers Coalition adopted
a regional Pinyon -Juniper Management Strategy. The primary
purpose of this strategy is to present a framework for acquiring
scientifically sound information to be applied and utilized in the long-
term management of pinyon-juniper woodland communities on the
Colorado Plateau. The Merriam-Powell Center for Environmental
Research (MPCER) conducted a study in the summer of 2006 to
address the effectiveness of past pinyon juniper treatments to support
this framework. MPCER surveyed 25 treatments and control areas at
Grand Staircase-Escalante National Monument. The treatments were
conducted from 1963 to 1988 and the areas treated were chained
and then seeded. Treated areas and control areas were surveyed for
stand structure and seeding success.

Keywords: pinyon-juniper, biodiversity, vegetation treatments
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ABSTRACT

Colorado Plateau drylands are characterized by tremendous spatial
heterogeneity in soil properties that mediate the bioavailability of
water and mineral nutrients. Landscape-level soil heterogeneity
often translates to distinct spatial patterning in plant communities,
including distributional patterns of invasive exotic plants. Since
1994, studies have been conducted in Canyonlands National Park
to investigate cheatgrass (Bromus tectorum) relationships with soil
properties and geomorphic processes. Experimental studies indicate
that establishment and growth of cheatgrass in sandy, calcareous
soils of this region are positively related to silt and clay content and
the bioavailability of nutrients P, Mn and K. Resource limitations
of cheatgrass performance appear to shift seasonally, from water
during fall establishment, to nutrients during winter and early spring,
and back to water during late-spring seed production. Among-soil
variations in cheatgrass performance are greatest during winter and
early spring, suggesting an important role for winter nutrient uptake in
the generation of spatial patterns. Geomorphic studies demonstrate
the occurrence of downslope trends in soil content of silt and clay, rock
derived nutrients, and measures of soil magnetic properties along
hillslope transects extending from sandstone outcrops to the bottoms
of topographic basins. This pattern indicates geomorphic control of
ecologically significant soil properties associated with cheatgrass
performance, and it suggests that a geomorphic framework is useful
for understanding cheatgrass patterns in Colorado Plateau drylands.
Field measures of soil magnetic properties, when calibrated to
establish landscape-specific relationships with measures of soil
texture and nutrient content, may prove useful for conducting rapid
assessments of site susceptibility to cheatgrass invasion.

Keywords: biogeochemistry, soil resources, plant invasions,
cheatgrass (Bromus tectorum), eolian dust, soil magnetic properties
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ABSTRACT

Dynamic soil properties are gaining increased attention by the
producers and users of soil survey data. Information gathered on
near-surface properties, along with vegetation characteristics, can
provide soil survey users with important tools for management.
Protocols for measuring the dynamic soil properties and interpreting
the functions of soils are inadequately addressed in standard soil
survey procedure; therefore, there is a need to define protocols for
use in future soil inventories of the national parks or soil surveys. A
pilot study for the collection of dynamic soil properties was conducted
in Arches National Park in Utah in 2005. In addition to providing the
park with information for evaluating and managing visitor impact on
soils in the park, it was a chance to test sampling procedures, and
refine the sampling techniques for use in National Parks or other soil
survey areas throughout the country. The sampling was conducted
on Begay soils under two plant communities of the Semidesert Sandy
Loam (fourwing saltbush) ecological site, a mixed perennial grass/
shrub community (PGSL), and a cheatgrass-invaded community (INL).
Vegetation properties sampled included herbaceous production and
basal and canopy cover, while soil properties included aggregate
stability, bulk density, penetration resistance, carbon fractions and
CaCO,% for multiple depth intervals. A summary of the sampling
procedures used, and an evaluation of those procedures, are
presented.

Keywords: soil survey, dynamic soil properties, sampling, ecological
site description
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Navajo Sandstone in the Upper
Escalante Basin
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ABSTRACT

In a region characterized by shallow soils and sparse precipitation,
perennial streamflow in the Monument is limited to areas of
groundwater discharge. Of the several water-bearing sedimentary
units within the Monument, the most significant is the Jurassic
Navajo Sandstone. This continuous, well-sorted eolian sandstone
stores and transmits large quantities of high quality groundwater.
Values for the thickness, saturated thickness, hydraulic conductivity,
and transmissivity of this important regional aquifer are at or near
their maximum within GSENM (Blanchard, 1987; Freethey and Cordy,
1991).

One of the most compelling — yet poorly documented — expressions
of discharge from the Navajo occurs in the headwaters of the Escalante
River. Over a distance of 20 miles, five tributaries (Pine, Mamie, Sand,
Calf, and Boulder/Deer Creeks) enter the river and provide more than
95% of the baseflow for the entire 80-mile length of the river (Wilberg
and Stolp, 2005). High rates of groundwater discharge in this area
are presumed to reflect the combination of thick Navajo sandstone
units overlain on Boulder Mountain by fractured basalt and volcanic
colluvium. Previous researchers have hypothesized that the incised
tributary canyons intercept groundwater before it reaches the river
(Wilberg and Stolp, 2005).

In concert with several partners, BLM has initiated a multi-year
hydrologic investigation in the Upper Escalante basin. Objectives
include:

(1) Quantifying rates of groundwater discharge within the Monument;
(2) Documenting temporal variability in groundwater discharge;

(3) Describing source areas, flow paths, and travel times for select
springs.

Meeting these objectives will provide a solid foundation for
understanding the aquifer system that sustains the Escalante River.

Measurements of flow accretions and seasonal/annual variability
rely on recurrent seepage runs and a network of streamflow gaging
stations. Ongoing field work attempts to better quantify the magnitude
and range of variability of groundwater accretions, to improve
our understanding of groundwater flows paths and groundwater
exchange between surface water systems, and to relate groundwater-
surface water dynamics to ecological processes.

Keywords: groundwater, streamflow, Navajo Sandstone, Escalante
River
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Introduction

he Escalante Canyons section of GSENM
I encompasses several streams and springs

that are fed by groundwater discharge from
the Navajo sandstone. This groundwater discharge
supports a wide variety of natural resources, in-
cluding aquatic and riparian habitat for the length
of the Escalante River between Escalante, UT and
Lake Powell, and is therefore of interest to BLM
and other agencies responsible for natural resourc-
es management.

Previous research on the Navajo sandstone
aquifer in the Escalante basin has been conducted
as part of regional (i.e., the Colorado Plateau or
the Upper Colorado river basin) characterizations
of the aquifer. Blanchard (1986) conducted an as-
sessment of groundwater recharge, flow, discharge,
and storage within the Navajo aquifer in the
Escalante, Paria, and Wahweap basins. Although
his report drew on data from several sources, in-
cluding a seepage run conducted on the Escalante
River in 1981, to conceptualize the groundwater
system, it does not explicitly address the Upper
Escalante River groundwater system. Other mid-
scale assessments of geohydrologic processes in
the Navajo aquifer have encompassed areas in the
Grand Staircase section of the Monument (e.g.,
Freethey, 1988 and Spangler et al, 1993). Site-spe-
cific issues in the Escalante Basin have been inves-
tigated by Goode (1969), Wilberg (1995), Wilberg
and Stolp (1995), Rice and Springer (2006, as
well as in these proceedings) and Hereford (these
proceedings).

The current research effort was initiated in
2001, when GSENM commissioned United States
Geological Survey (USGS) to investigate ground-
water seepage into the Escalante River. This was
accomplished by making successive flow measure-
ments at tributary confluences along the length of
the river. The principal finding of the ensuing re-
port was that there are no measurable gains/losses
directly to/from the river between Escalante, UT
and Stevens Canyon, near Lake Powell (Wilberg
and Stolp, 2005). Importantly, however, data from
the 1981 and 2001 seepage runs show that there
are substantial increases in river flow between the
mouth of Pine Creek and the mouth of Boulder
Creek. Tributary inflows to this 20-mile river reach
account for approximately 95% of the total base-
flow in the river at its mouth. The authors specu-
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late that observed accretions in flow are a result

of groundwater discharge into tributary streams
(Mamie, Sand, Calf, and Boulder/Deer Creeks)
that are incised into the Navajo sandstone (Wilberg
and Stolp, 2005).

Ongoing work presented herein attempts to
provide a more comprehensive description of
groundwater discharge, affirm previous findings,
and test the hypothesis that tributary canyons are
the primary discharge areas for groundwater flow
into the Escalante River. This work is important in
that it provides a more refined understanding of a
groundwater system that supports many resources,
both regionally and within the Monument. In ad-
dition, this work augments existing data sets and
may therefore be valuable in the future for assess-
ments of long-term change.

Methodology
General Setting

The study area is located northeast of Escalan-
te, UT, and encompasses the Escalante River cor-
ridor and tributary watersheds between Pine Creek
and Boulder Creek (Figure 1). Although the study
area is bounded on the west by a steeply-dipping
limb of the Escalante Anticline, and there are sev-
eral gentle folds within the study area, jointing is
the predominant expression of geologic structure.
Broad expanses of the Navajo sandstone, includ-
ing several deeply incised canyons, are exposed
throughout the study area.

The Navajo is underlain by the Kayenta For-
mation, which consists primarily of interbedded
siltstones, sandstones, and mudstones and likely
impedes downward movement of groundwater
(Blanchard, 1986). Within the study area, the
Kayenta is exposed in the Escalante River canyon
below the Calf Creek confluence and in Calf Creek
below the lower falls. The Navajo is overlain by
the Page sandstone (which has similar hydrogeo-
logic properties as the Navajo) and the interbedded
sandstones, siltstones, and silty limestones of the
Judd Hollow Tongue unit of the Carmel Formation
(Doelling et al., 2000), the fine texture of which
generally inhibits vertical water movement into the
Navajo (Blanchard, 1986). Wind-blown alluvium
occurs on uplands throughout the study area, and
valley-fill alluvium occurs along major drainage
courses. North of the Monument boundary, vol-
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Figure 1. Upper Escalante River study area. Gage records and instantaneous

flow measurements were used during seepage runs.

canic tuff, basaltic andesite, and volcanic-derived
sediments cover Boulder Mountain.

The extent, thickness (approximately 1,500
feet at its local maximum), and character (clean
well-sorted eolian sands) of the Navajo sandstone
are such that the unit can store and transmit large
volumes of water. Recharge to the aquifer occurs
primarily on Boulder Mountain, where relatively
high amounts of precipitation fall, primarily as
snow, on Navajo outcrops or overlying unconsoli-
dated deposits (Blanchard, 1986). Within the study
area, much of the aquifer thickness is saturated.
Near Boulder, where numerous irrigation wells
withdraw water from the aquifer, generally only
the upper 200 feet of the aquifer remain unsaturat-
ed (Blanchard, 1986) and most wells are less than
400 feet in depth (Spangler et al., 2002). From
Boulder Mountain, water in the aquifer generally
moves south through pore spaces and fractures.
Seepage from the aquifer occurs in areas where the
aquifer is locally perched (i.e., at the base of cross-
bed sets) or where the water table is intersected by
canyon walls.

Except for Calf Creek, each major tributary
has its inception on Boulder Mountain and there-
fore derives its flow from a mixture of groundwa-
ter, snowmelt and runoff, and drainage from soil
profiles. The Calf Creek watershed, in contrast,
does not encompass areas prone to substantial
snowpack and is dominated by slickrock ex-
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posures of the Navajo sandstone, and therefore
derives almost all of its flow from groundwater.

Field Techniques

Flow measurements were made between July
2005 and October 2006 using a variety of tech-
niques. The USGS operates gaging stations at four
locations in the study area (Figure 1): Pine Creek
approximately 8.5 miles upstream from its mouth,
the Escalante River downstream from the mouth of
Pine Creek, Boulder Creek approximately 4 miles
upstream from its mouth (downstream from Deer
Creek), and Deer Creek approximately 7 miles
upstream from its confluence with Boulder Creek.
These gages record streamflow at 15-minute
intervals, and the data is available over the internet
(http://waterdata.usgs.gov/ut/nwis/nwis). (The
Boulder Creek and Deer Creek gages were discon-
tinued in 2006 and 2007, respectively.)

In cooperation with USGS, BLM installed two
additional gages in November 2005: Calf Creek
at the BLM campground (approximately 1 mile
upstream from its mouth) and Escalante River at
Highway 12 (immediately upstream from Calf
Creek). These gages measure water levels every
15 minutes. Using discharge measurements made
over a range of flows, a provisional rating curve
was developed to convert stage measurements into
streamflow estimates.
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A series of seepage runs, consisting of near-
simultaneous discharge measurements made at
several locations along a given stream, provide a
spatial dimension to the time-series data gener-
ated by the stream gages. Seepage runs have been
conducted along Escalante River (July 2005,
October 2005, January 2006, and October 2006),
Calf Creek (October 2005), and Boulder Creek
(January and February 2006). Seepage runs were
conducted during periods of dry weather, when
streamflow was not affected by surface runoff.

The Escalante River seepage run consists of
flow measurements at, and in the river upstream
from, major inflows (Mamie, Sand, and Calf
Creeks). The Calf Creek seepage run included
flow measurements at six locations from the mouth
to upstream from Upper Calf Creek Falls, as well
as measurement (with a portable Parshall flume)
or estimation of inflows from hanging gardens
and springs. The upstream-most measurement
(above the Upper Falls) was of poor quality, due to
shallow water depths and strong upstream winds.
Each of the Boulder Creek seepage runs comple-
ment gage readings with flow measurements made
over a two-day period at two upstream locations.
Except for flume measurements of Calf Creek
inflows, flow measurements were made using the
depth-area-velocity method and were assigned a
qualitative accuracy rating for use in estimating
measurement error (Buchanan and Somers, 1969;
Wilberg and Stolp, 2005).

Other miscellaneous flow measurements were
made in Sand Creek (January 2006) and Deer
Creek (February 2006). On these occasions, paired
flow measurements were made at the mouth of the
stream and a single upstream location.

Water quality data (temperature, dissolved
oxygen, pH, and specific conductance) was col-
lected with a multiparameter probe during most
flow measurements, and has also been collected
during routine water quality monitoring. Of these
parameters, pH and specific conductance provide
the most insight into groundwater flow paths. pH
is a measure of the hydrogen ion activity (i.e., the
acidity) of water, and in carbonate-cemented rocks
such as the Navajo, is controlled by chemical
reactions that dissolve or precipitate calcium car-
bonate. Specific conductance is a measure of the
electrical resistivity of water (expressed as micro-
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siemens, or uS), and as such provides a measure of
dissolved ion concentrations.

Related work includes initial assessment
recharge areas and flow paths for select springs in
the study area (Rice and Springer, these proceed-
ings ) and an assessment of groundwater-surface
water interactions on the Deer Creek floodplain.

Results and Discussion

Gage records from Escalante River and Calf
Creek provide measurements of groundwater
inflow. (Streamflow records on Pine, Boulder, and
Deer Creeks are affected by irrigation withdrawals
and return flows and are therefore not considered
in this discussion; these data are, however, useful
for comparison with instantaneous flow measure-
ments, as described below.)

By subtracting the average daily flows mea-
sured on the river at Escalante from those mea-
sured at Highway 12, and omitting from consid-
eration snowmelt periods and storm events, the
combined inflows from Mamie Creek and Sand
Creek can be inferred (Figure 2). These flows
are highly variable, as would be expected from
relatively large watersheds that derive flows from
a variable mixture of snowmelt, storm runoff, and
groundwater. In general, during the summer base
flow period when groundwater predominates,
combined inflows are on the order of 15 cfs.

The size and character of the Calf Creek
watershed are such that flows measured at the
Calf Creek gage reflect groundwater flows into the
system, except during and immediately after storm
events (snowmelt was not a factor during the
study period). Average daily flows of 6 CFS were
consistently measured at the BLM campground
(Figure 3).

Measurements of tributary inflows made dur-
ing seepage runs on the Escalante River are gener-
ally consistent with the findings presented Wilberg
and Stolp (2005) (Figure 4). The measurements
are also consistent with the inferred and measured
inflows from Mamie, Sand, and Calf Creeks (de-
scribed above). Taken together, these data indi-
cate stable base flow inputs from Mamie and Calf
Creeks, and variable but substantial inputs from
Sand Creek.
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Figure 2. Estimated inflows, in cubic feet per second, to the Escalante River from below
the mouth of Pine Creek to above the mouth of Calf Creek, based on average daily

flows measured by USGS and BLM gages.
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Figure 3. Average daily stream flow in Calf Creek, measured at the BLM campground.

There is wider variability in the calculated
gains and losses along the river corridor between
tributaries (Figure 5). The “normalized percent er-
ror” analytical technique described in Wilberg and
Stolp (2005) was used to determine the statisti-
cal significance of apparent gains/losses. Three
instances of statistically significant inflows were
observed, but a consistent pattern was not appar-
ent.

The Calf Creek seepage run provides a snap-
shot of the distribution of groundwater contribu-
tions from the Navajo (Figure 6). The headwater
spring complex discharges approximately 1.5 cfs
(Rice and Springer., these proceedings). An ad-
ditional 3 cfs enter between the headwater spring
and the base of the lower falls, primarily as diffuse
flow from hanging gardens that are ubiquitous in
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this reach and occur on both sides of the stream.
Of this 3 cfs, approximately 0.9 cfs were directly
measured or estimated, with slightly more water
discharging from the east bank than the west (the
remaining flow is the aggregate of seeps discharg-
ing into alluvium and very small seeps). The rate
of inflow, expressed in terms of cfs per mile,
decreased in an upstream to downstream direc-
tion, from 1.3 cfs/mile in the vicinity of the upper
falls to 0.2 cfs/mile in the vicinity of the BLM
campground. Except in the lowest reach, from
Calf Creek Spring to the mouth, the apparent gains
were statistically significant.

The Boulder Creek seepage runs had coarse
spatial resolution; three sites were used to char-
acterize nearly 12 miles of stream. The resulting
uncertainty was aggravated by slight flow fluc-
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Figure 4. Tributary stream flows measured during Upper Escalante River seepage runs.
1981 data is from Blanchard (1986), 2001 data is from Eilberg and Stolp (2005); other

data was collected by BLM.
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Figure 5. Computed gains and losses of streamflow along the Upper Escalante River
between tributary junctions. Stars indicate computed gains that exceed the normal-
ized error (refer to Wilberg and Stolp (2005). Data sources are as for Figure 4.

tuations and the need to infer inflows from Deer
Creek. Gaged flows at Boulder Creek and Deer
Creek fluctuated by 1 to 3 cfs over each of the
two-day measurement periods, and were averaged
for this analysis. Based on the findings of a paired
flow measurement on Deer Creek (discussed
below), inflows from Deer Creek were inferred
by adding 3 cfs to the average flow measured at
the USGS Deer Creek gage. Despite these limita-
tions, the results of the two seepage runs are quite
similar to one another (Figure 7). Although no sig-
nificant net gains or losses were measured in the

Turaski

eight miles between the vicinity of Boulder and
the USGS gage, the data suggests that some flow
is lost in the middle reach of Boulder Creek.

Paired measurements on Sand Creek and Deer
Creek indicate that significant groundwater inflows
may occur in these systems. On Deer Creek, a gain
of 3.3 cfs over 6.9 miles was observed in Febru-
ary 2006. On Sand Creek, a gain of 5.4 cfs was
observed over 10.2 miles in January 2006.

Water quality measurements were made during
all seepage runs except October 2006. No pH data
was reported for the 1981 and 2001 seepage runs,
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Figure 6. Measured stream flow along Calf Creek during October 2005 (data for the
headwater spring discharge is from Rice et al., in these proceedings). The extent of the
Navajo Sandstone outcrop is illustrated by the gray line.
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Figure 7. Streamflows along Boulder Creek during two seepage runs. Data for river
mile 3.8 is from the USGS Boulder Creek gage, and data for above and below the junc-
tion with Deer Creek (river mile 4.2) is inferred.

and pH data collected in the July 2005 and Janu-
ary 2006 seepage runs was rendered inaccurate by
equipment problems. Additional data is available
from USGS gaging stations and BLM water qual-
ity monitoring.

Of 34 specific conductance measurements
conducted during seepage runs, only two — both
in the river — exceeded 1,000 uS (Figures 8 and
9). Specific conductance was relatively constant
between 1981 and 2005 at each of the tributary
streams, especially Mamie and Calf Creeks.
Mamie Creek consistently had the lowest specific
conductance. Specific conductance in the river was
more variable, particularly at the upstream end of

the study area, but appears to decrease from up-
stream to downstream. These patterns are clearly
evident in the standard deviations and median
values of the longer-term data sets (Table 1). The
longer-term data also illustrates the consistently
high water quality in Calf Creek.

Conclusions

Measured total streamflow accretions within
the Monument from Sand, Calf, Deer, and Boulder
Creeks are on the order of 15 cfs. Inflows from
Mamie Creek have not been directly measured but
are likely on the order of 3 to 6 cfs. Inflows from
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the lower segment of Boulder Creek (below the
USGS gage) have not been measured, and may
or may not be substantial. Direct discharge to the
river appears limited to scattered hanging gardens.
Tributary groundwater accretions within the
Monument account for at least 25 to 35% of the
baseflow for the entire Escalante River baseflows
(on the order of 60 cfs near Coyote Gulch). In
the context of managing the Monument and the
downstream Glen Canyon National Recreation
Area, it would be hard to overstate the ecological
and social importance of this groundwater sys-
tem. The large volume of very high quality water
that discharges from the Navajo aquifer supports
more than 100 miles of river and riparian habitat.
The groundwater flow is also integral to the high
recreational value of the Escalante Canyons: it
provides drinking water, supports shade-providing
cottonwood and willow communities, and pleasing
aesthetics.
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The data presented here represents progress
towards a more comprehensive and explicit char-
acterization of groundwater discharge in the Upper
Escalante River basin. Groundwater discharge
rates, expressed here as streamflow, are arguably
the most important descriptor of the groundwater
resources in the Monument. The multiple seepage
runs and expanded continuous streamflow records
described here provide a “baseline” that can be
referenced in the future. Calf Creek, in particular,
has been described as an “an excellent barometer
for groundwater conditions in the Navajo” (Stolp,
pers. comm. 2001). Substantial baseflow accre-
tions from the Navajo sandstone occur with the
Monument. Tributary groundwater accretions
within the Monument account for perhaps 20 to
40% of Escalante River base flows. Inflows oc-
cur primarily in the tributary systems, with direct
groundwater discharge to the River limited to
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Escalante River Calf Creek

Escalante River | upstream from upstream from
at USGS Gage Calf Creek Escalante River

# of Samples 152 68 63

Average 1412 649 649

Median 1255 670 659

Maximum 4350 840 Fbig

Minimum 280 330 458

Standard Deviation 719 95 42

Table 1. Specific conductance, in uS, measured in Escalante River and Calf Creek between 1997 and 2004. Data from the EPA

STORET database.

hanging gardens. Interannual variability in these
flows appears to be relatively low.

The observed rates of tributary streamflow
and calculated rates of seepage directly to the river
support the speculations of Wilberg and Stolp
(2005) that groundwater discharge occurs primari-
ly in tributary channels. It appears that this occurs
primarily in Mamie, Sand, Calf, and Deer Creeks
(Figure 10). No seepage run has been conducted
along Mamie Creek, but the extent of Navajo
sandstone exposure (Figure 1) and the stable

streamflows (Figure 4) are similar to Calf Creek
and are suggestive of groundwater driven hydrol-
ogy. Preliminary work in Sand Creek and Deer
Creek also suggest substantial amounts of ground-
water discharge may occur within the Monument
along those streams.

Additional work focused on recharge to, travel
through, and discharge from the groundwater
system is necessary to inventory the Monument’s
resources and make informed decisions regarding
their protection and utilization. Seepage runs of

Seepage

=== Unknown

= Balanced

=== (Gaining

mmm Strong Gaining
= Losing

A Springs

Navajo S.Stone

L]
Ld

\S‘C.a
‘ante River

u"at“-‘n

Figure 10. Preliminary identification of stream segments that are “gaining” and “losing” groundwa-
ter. The identification of Pine Creek as a losing stream is based on Goode (1969).
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several flow measurements should be conducted
along Mamie Creek, Sand Creek, and Deer Creek,
to locate stream segments that are significant
discharge zones. Mamie Creek, especially, would
be feasible and would provide important informa-
tion regarding discharge from the Navajo within
the Monument. Also, the USGS gages on Deer
Creek and Boulder Creek should be re-activated, if
possible. Failing that, periodic flow measurements
should be made during base flow conditions, so as
to extend the existing record.

Regarding groundwater recharge and trans-
port, groundwater discharging in various areas
should be sampled and analyzed to infer recharge
areas and transport pathways. The results of the
limited work conducted by Rice and Springer
(these proceedings) suggest this could be a prom-
ising pathway of inquiry. Such studies could
be used to identify and appropriately manage
recharge areas. Water quality and water table el-
evation sampling in some of the numerous ground-
water wells in the vicinity of Boulder town that
rely on the Navajo aquifer could yield broad-scale
information regarding travel pathways, and could
be conducted at relatively low cost.
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ABSTRACT

We use multiple years of collections in rivers, perennial wetlands,
and ephemeral tinajas to report on overall biodiversity of aquatic
invertebrates in the Grand Staircase Escalante National Monument,
Utah. A total of 570 samples of aquatic invertebrates was collected
at 166 locations. Over the study period, invertebrates were identified
from 31 orders, 104 families, and 192 genera. Major habitat types
(rivers, perennial wetlands, and ephemeral tinajas) supported unique
and taxonomically rich assemblages of invertebrates; taxonomic
richness was greatest in rivers. Among rivers, richness of genera of
aquatic invertebrates was greatest in groundwater-fed streams and
perennial, snowmelt-runoff, rivers and least in flood-prone rivers.
Future studies should focus on identifying and collecting invertebrates
from unique habitats, especially the numerous wetland-like habitats
that occur across the Grand Staircase—Escalante National Monument,
such as hanging gardens and alcove pools, as well as ephemeral
streams.

RESUMEN

Utilizamos colecciones de afios multiples en rios, pantanos perennes
y tinajas efimeras para hacer un informe sobre la biodiversidad total
de los invertebrados acuaticos en el Monumento Nacional de Grand
Staircase Escalante en el estado de Utah. Un total de 570 muestras
de invertebrados acuaticos fue recogido en 166 sitios. Durante el
periodo del estudio, invertebrados de 31 érdenes, 104 familias y
192 géneros fueron identificados. Todos los tipos principales de
habitat (rios, pantanos perennes, y tinajas efimeras) abarcaron
ensamblajes Unicos y taxondmicamente ricos de invertebrados. La
riqueza taxondmica de invertebrados acuaticos fue mas alta en los
rios. Entre los rios, la riqueza de géneros de invertebrados acuaticos
fue mas alta en los arroyos alimentados por agua subterranea y en
los rios perennes de nieve derretida, y mas baja en los rios propensos
a inundaciones. Los estudios futuros deben centrarse en identificar
y recoger invertebrados de habitats U nicos, especialmente en los
numerosos habitats como pantanales que se presenten en todo el
Monumento Nacional de Grand Staircase Escalante, como en los
jardines colgantes y en las pozas, asi como en los arroyos efimeros.
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umber of species occupying a habitat is
Na common measure of biodiversity used

by scientists and managers (Hayek and
Buzas, 1997). Thienemann (1954) concluded that
richness of aquatic invertebrates conformed to
three ecological principles: it is proportional to
habitat diversity within a locality; it is inversely
proportional to amount of extreme habitat condi-
tions; and it is proportional to habitat stability and
age of locality. The first principle predicts that
richness of taxa increases with increasing spatial
heterogeneity. This has been observed for many
taxa and is predicted by niche theory (e.g., Abele,
1974; MacArthur, 1975). Application of the first
principle in streams generally has shown that rich-
ness of invertebrate taxa increases with increasing
physical complexity at all spatial scales (Vinson
and Hawkins, 1998).

Hydrology (e.g., flow in rivers and perma-
nence of standing water) is a major source of
habitat variability that encompasses Thienemann’s
principles as hydrology controls both structural
complexity and disturbance regimes of habitat
(e.g., frequency and magnitude offloods). In con-
structing a conceptual model of streamflow for the
continental United States, Poff and Ward (1989)
argued that stream communities were influenced
by several hydrologic factors; intermittency of
flow, predictability of flow, frequency of floods,
and predictability of floods. Richness of aquatic
invertebrate taxa was predicted to be greatest in
streams with predictable stable-flow regimes, to
be intermediate in streams with predictable flood
regimes, and be least in streams with unpredictable
floods or intermittency.

Temperature also exerts tremendous control
over richness of aquatic invertebrates. Tempera-
ture regimes vary widely in aquatic habitats, but
usually in predictable patterns for habitats in the
same region (Sweeney, 1984). The annual wa-
tertemperature regime has several components,
including minimum-maximum, annual, and diel
variation, timing of minimum and maximum, rate
of seasonal change, and number of annual de-
gree days that influence stream insects (Ward and
Stanford, 1982). Water temperature affects growth,
feeding, and metabolic functions, but also con-
trols physiochemical parameters such as amount
of available dissolved oxygen. Most research on
effects of water temperature on aquatic insects has
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evaluated physiological and behavioral responses
to natural and altered thermal regimes (Ward

and Stanford, 1982) orin relation to distribution

of species latitudinally (Vannote and Sweeney,
1980) and up elevational (Ward, 1986) gradients.
Authors who explored relationships between rich-
ness of taxa and thermal variation have focused

on annual temperature range and generally have
found richness of invertebrate taxa to increase with
annual variation in water temperature (Vinson and
Hawkins, 1998) and decrease with variation in diel
temperature (Brussock and Brown, 1991).

Here we make use of multiple years of col-
lections of aquatic invertebrates to report on
biodiversity of aquatic invertebrates in an arid
region with highly variable hydrologic and thermal
regimes, the Grand Staircase—Escalante National
Monument, Utah. Our objectives were to describe
differences in biodiversity of aquatic inverte-
brates among major types of aquatic habitats and
to describe how overall biodiversity is related to
diversity of aquatic habitats.

Materials and Methods
Study Area

GrandStaircase—Escalante National Monument
comprises 7,689 km? in southern Utah. Elevations
range from 1,100 to 3,000 m. At Escalante, Utah
(1,616 m), mean annual air temperatures vary
from -10°C in winter to 33°C in summer (National
Oceanic and Atmospheric Administration, 2002).
Mean annual precipitation is ca. 30 cm. Winters
are cold and windy and summers are character-
ized by hot days and cool nights. Moisture falls
predominantly as snow in January—May. Early
summer usually is dry, whereas intense localized
thunderstorms are common in late summer, caused
by the North American Monsoon (hereafter, mon-
soon) when moisture is advected from the Pacific
Ocean and Gulf of California (Adams and Comrie,
1997).

Aquatic habitats include perennial and ephem-
eral streams, springs, wetland ponds, tinajas
(ephemeral rock pools), and alcove pools (per-
manent rock pools located below large cliff pour
offs). Streamflows are influenced by groundwa-
ter, spring snowmelt, and monsoons. Short-lived
monsoonal storm flows can be 50 times greater

Vinson and Dinger
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than mean annual flows and 10 times greater than
spring peak flows. Water-temperature regimes
also vary widely both within and among systems.
Temperatures in some streams can range from
zero in winter to >30°C during summer; whereas
groundwater-derived systems vary no more than
a few degrees throughout the year. Systems also
vary widely in width, depth, gradient, shading,
allochthonous inputs, and composition of benthic
substrate.

Physical Parameters

Streamflow data for major perennial streams
in Grand Staircase—Escalante National Monument
were obtained from gages maintained by the Unit-
ed States Geological Survey (Table 1). Discharge-
regime patterns were then fit into the classification
scheme of Poff and Ward (1989). In lentic habitats,
dimensions (length, width, depth), and amount and
type of shading (either vegetative or topographic)
were noted. Water temperatures were collected
continuously every 2—4 h using recording thermo-
graphs (HOBO Temp logger, Onset Inc., Bourne,
Massachusetts) at several lotic and lentic locations
(Table 1).

Collections of Aquatic

Invertebrates

At 166 locations, 570 samples of aquatic
invertebrates were collected. The majority of these
sites were streams (103), but samples also were
collected in 63 lentic habitats including 7 alcove
pools, 1 hanging garden, 8 wetland ponds, 5
springs, and 42 tinajas. Samples of aquatic inver-
tebrate were collected during 1998-2004. A list of
sampled sites and coordinates is available from the
authors and Grand Staircase—Escalante National
Monument, Kanab, Utah. Our sampling strategy
was twofold; qualitatively sample as many loca-
tions as possible and repeatedly sample across
seasons and years a subset of perennial habitats
collecting both quantitative and qualitative sam-
ples. Lotic aquatic invertebrates were collected
both qualitatively and quantitatively. Lentic inver-
tebrates were collected qualitatively. Qualitative
samples were collected with a rectangular kicknet
(457 by 229 mm) with a 500-pm-mesh net and
by hand-picking invertebrates from woody debris
and large boulders. All major habitat types (e.g.,
riffles, pools, backwaters, macrophyte beds) were

Vinson and Dinger
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sampled and composited to form a single sample
from each site for each sampling date. Quantitative
samples were collected using a Surber net (0.093
m?) or a rectangular kicknet with 500-pm-mesh
nets. For kicknet samples, the area of each sample
was ca. 0.18 m? (455 by 400 mm). Kicknets (n =
4) or Surber samples (n = 8) were collected in four
different riffles and composited to make a sample
of ca. 0.74 m%.

Laboratory Methods

Qualitative samples of invertebrates were
processed in their entirety, i.e., all organisms were
removed and identified. Quantitative samples of
invertebrates were subsampled if the sample ap-
peared to contain >500 organisms following the
methods of Vinson and Hawkins (1996).

Analysis of Invertebrate
Biodiversity

Due to difficulty in assigning species names
to many immature aquatic insects, most individu-
als were identified to genus and all data reported
herein are at the genus level. Filtering data in this
way improved our capacity to make comparisons
among habitat types and habitats with different
sampling efforts. Samples were then standardized
to presence-absence, so that quantitative samples
could be compared to qualitative samples.

Differences in biodiversity of aquatic inverte-
brates among major habitats were evaluated using
accumulation curves, which measure how many
new taxa are found as sampling effort increases
either by sampling more locations, dates, or iden-
tifying more individuals (Ugland et al., 2003). We
calculated moothed-taxa accumulation using Esti-
mateS, version 8.0 (http://purl.oclc.org/estimates).
Taxa-accumulation curves were constructed for:
1) actual observations and a Chao-2 estimated
based on presence-absence data from all sites
(Chao, 1987); 2) three major habitat types (tinajas,
wetlands, and streams); and 3) three major hydro-
logic classes of perennial streams (perennial flood
prone, perennial runoff, and mesic groundwater).

Non-metric
Multidimensional Scaling

Non-metric multidimensional scaling was used
to examine differences among assemblages of
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Lentic habitats

Alcove Hanging Wetlands, ponds,  Springs
Measure All locations Rivers pools gardens lakes, reservoirs  and seeps Tinajas

Number of locations 166 103 7 1 8 5 42
Number of samples 570 420 14 1 14 5 118
Total genera of 192 168 39 8 42 13 58

invertebrates
Total genera of insects 165 151 34 8 32 11 48
Genera of Coleoptera 39 32 14 6 14 b 18
Genera of Diptera 35 33 7 2 4 1 10

(non-Chironomidae)
Genera of Ephemeroptera 18 18 2 1 2 1 2
Genera of Heteroptera 10 9 4 1 g 2 7
Genera of Megaloptera 1 1 0 0 0 0 0
Genera of Odonata 16 14 6 0 5 1 6
Genera of Plecoptera 16 16 0 0 0 0 0
Genera of Trichoptera 29 27 1 0 4 1 5
Genera of Crustacea 13 7 2 0 + 1 7
Genera of Mollusca 8 7 2 0 i) 1 1

Table 2. Summary of aquatic macroinvertebrates collected during 1998-2004 by habitat type in Grand Staircase-Escalante

National Monument, Utah

invertebrates among habitats (Primer- E, version
5.2.8, Primer-E Ltd., Ivybridge, United King-
dom). We used ordinations based on Sorenson/
Bray-Curtis distance measurements to provide
graphical representations of assemblage patterns.
In two-dimensional ordination, samples that group
in proximity indicate similar assemblages, whereas
samples far apart indicate relatively dissimilar
assemblages. Significance of a priori grouping of
habitat (streams, tinajas, and wetlands) was tested
with analysis of similarity. Analysis of similar-

ity has the advantage over discriminate analyses
of not requiring assumptions about normality or
homogeneity of the community data. In this test,
the statistic R is a measure of effect size, where R
= 1 indicates that samples within a group are more
similar to each other than members from other
groups, and an R = 0 indicates that withingroup
similarity is equal to among-group similarity. An
R near 1 indicates strong grouping, whereas an R
near 0 indicates weak grouping. Genera influenc-
ing these patterns were determined using indica-
tor-species analysis (Dufrene and Legendre, 1997)
in the computer program PC-ORD (version 4.41,
MIM Software, Gleneden Beach, Oregon). We fo-
cused our interpretation of indicator-species analy-
sis to genera unique within a single habitat type.
Statistical significance of indicatorspecies analysis

Vinson and Dinger

was determined through Monte-Carlo randomiza-
tion to determine applicability as indicator taxa.

Results

Aquatic Invertebrates

Invertebrates were identified from 31 orders,
104 families, and 192 genera (Table 2). Diversity
was greatest among insects. We collected the fol-
lowing number of genera: 39 Coleoptera, 35 Dip-
tera (excluding Chironomidae), 18 Ephemeroptera,
10 Heteroptera (aquatic Hemiptera), 16 Odonata,
16 Plecoptera, 29 Trichoptera, 13 Crustacea, and 8
Mollusca.

The Chao-2 estimator, which uses rarity as a
correction factor (http://purl.oclc.org/estimates),
suggested the true number of genera at these sites
was 245 (Fig. 1a), 22% more than the 192 genera
we collected. Rarity in our samples was high; 23%
of all genera collected (45 genera) were at only
one location and 52% of all genera collected (100
genera) were at < 5 locations.

Each of the primary habitats evaluated
supported diverse assemblages of aquatic in-
vertebrates (Table 2). Perennial wetlands were
characterized by genera of Coleoptera, Diptera,
Heteroptera, and Odonata. Ephemeral tinajas had
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Boulder Creek

Measure (perennial runoft)
Number of samples 33
Total genera of invertebrates 67
Total genera of insects 65
Genera of Coleoptera 10
Genera of Diptera 13
(non-Chironomidae)
Genera of Ephemeroptera 14
Genera of Heteroptera 4
Genera of Megaloptera 0
Genera of Odonarta 2
Genera of Plecoptera 9
Genera of Trichoptera 13
Genera of Crustacea 1
Genera of Mollusca 1

Calf Creek Escalante River
(mesic groundwater) (perennial flood prone)
55 78
83 82
76 73
18 2]
16 13
8 12
4 3
0 0
9 5
2 5
18 13
4 2

2 2

Table 3. Summary of aquatic macroinvertebrates collected during 1998-2004 in three streams in Grand Staircase-Escalante

National Monument, Utah

high richness of Coleoptera, Diptera, Heteroptera,
Odonata, and Crustaceans. Invertebrate assem-
blages in streams varied depending on stream, but
overall they were characterized by having high
richness within Diptera, Plecoptera, Trichoptera,
and Mollusca. Streams had the greatest richness of
genera, followed by perennial wetlands, and then
seasonal tinajas (Fig. 1b). No genera-accumulation
curve reached an apparent asymptote suggesting
each of these habitats likely harbors numerous ad-
ditional taxa.

Richness of aquatic-invertebrate genera in
Calf Creek (a mesic groundwater stream) was 1.2
times greater than the Escalante River (a flood-
prone perennial stream) and similar to Boulder
Creek (a perennial runoff stream) after 30 samples
(Fig. 1c). Calf Creek supported the most genera
of Odonata, Trichoptera, and Crustacea. Boulder
Creek supported the most Ephemeroptera and
Plecoptera. Escalante River supported the most
genera of Coleoptera and Diptera. Richness of
Heteroptera was similar among all three streams.

Using ordination by non-metric multidi-
mensional scaling, assemblages of invertebrates
at Grand Staircase—Escalante National Monu-
ment appeared to group by habitat type; streams,
perennial wetlands, or tinajas (Fig. 2a). Overall
grouping by analysis of similarity was significant
with a global R = 0.45 (P <0.001). Lentic habitats
(wetlands and tinajas) formed distinct groups sepa-
rate from lotic habitats (streams versus wetlands,
R = 0.354; streams versus tinajas, R = 0.522; P <
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0.001 for both). Different lentic and lotic habitats
also appeared to have distinct faunas (R = 0.207,
P <0.001), with the largest differences occurring
among stream classes.

Boulder Creek, Escalante River, and Calf
Creek exhibited distinct differences in assem-
blages of invertebrates using non-metric multi-
dimensional scaling (Fig. 2b). Groupings were
statistically significant (analysis of similarity,
overall R =0.290, P <0.001). Pairwise analysis of
similarity showed that each of these streams were
significantly different (P < 0.001) from each other
and that the effect size (R) was large (Calf Creek
versus Boulder Creek, R = 0.355; Calf Creek
versus Escalante River, R = 0.288; Boulder Creek
versus Escalante River, R = 0.252). Indicator-
species analysis showed a large number of genera
of insects unique to each stream (Table 4). Boulder
Creek had assemblages of invertebrates common
to clear lotic waters; namely high numbers of gen-
era of Ephemer-optera, Plecoptera, Elmidae (Cole-
optera), and several genera of Trichoptera typical
of mountain streams. Calf Creek was typified by
organisms common in rivers with constant dis-
charge and temperature regimes; namely several
genera of Dytiscidae (Coleoptera), Limnephilidae
(Trichoptera), and numerous Odonata. Escalante
River was characterized by fewer unique organ-
isms. Taxa that only occurred in the Escalante
River were typical of desert streams, including
the mayfly Cameleobaetidius (Ephemeroptera:
Baetidae), the burrowing crane fly Rhabdomastix

Vinson and Dinger
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(Diptera: Tipulidae), and two dragonflies (Odo-
nata: Gomphidae).

Streamflow and
Longevity of Water

Streamflow regimes within Grand Staircase—
Escalante National Monument varied widely
among streams (Table 1). Escalante River was
characterized as a perennial flood-prone stream
(Poff and Ward, 1989), and exhibits both a large
sustained runoff each spring due to snowmelt
(typically ca. 4 m* s™) and frequent unpredictable
floods caused by late-summer monsoon storms
that can exceed 10 m* s'. Pine Creek and Boulder
Creek were classified as perennial runoff streams
(Poff and Ward, 1989). These streams have annual,
snowmelt, peak flows of ca. 2-3 m® s and few
high flows occur in response to monsoon storms.
Calf Creek and Deer Creek were classified as
mesic groundwater streams. These streams are
characterized by steady low flows ca. 0.15 m* s™!
and little seasonal fluctuation in flow throughout
the year either in response to snowmelt or mon-
soon storms.

Although we were unable to quantify lon-
gevity of lentic habitats, habitats suspected to be
perennial based on occurrence of obligate wetland
plants generally were located within drainages
(e.g., steep-walled canyons) or directly below
high, rock-wall, pour-offs in topographically shad-
ed areas. Tinajas were the most prevalent ephem-
eral lentic habitat. Tinajas occurred both within
and outside of defined drainages. These habitats
filled quickly following storms. Field observations
suggested that duration of water in tinajas was
highly variable and depended on surface area and
volume, shading, and air temperatures.

Water Temperatures

Water temperatures in rivers exhibited strong
seasonal patterns, with temperatures < 31.1°C oc-
curring in summer in the Escalante River, although
other streams typically were cooler (Table 1).
Minimum water temperatures occurred in winter
and were near 0°C for most locations. One excep-
tion was near the headwaters of Calf Creek, where
temperature varied little year around. Deer Creek
and Calf Creek, both mesic groundwater streams,
exhibited warmer winter temperatures than other
rivers. Maximum diel variations varied from ca.
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Figure 2. Ordination of genera of invertebrates with non-metric multidimensional scaling using presence-absence data to
compare: A) three dominant habitat types (perennial wetlands, ephemeral tinajas, and rivers;) and B) three rivers with different
hydrologic regimes in Grand Staircase-Escalante National Monument, Utah. Each point represents invertebrates collected at a
single site on a single date. Points in poroximity represent similar assemblages of invertebrates and points more distant indicate

differing assemblages.

5°C in headwaters of Calf Creek to near 20°C in
Escalante River and Boulder Creek. Annual ranges
of water temperature varied from ca. 7°C at head-
waters of Calf Creek to >30°C in the Escalante
River.

In general, water temperatures in tinajas were
similar in winter and warmer in summer than river
temperatures (Table 1). The maximum temperature
of a tinaja recorded in summer was 38°C. Tinajas
shaded from direct sunlight had lower maximum
temperatures and narrower daily ranges in summer
than those exposed to the sun. We also observed
an ameliorating effect of precipitation in summer
on water temperatures in tinajas (Fig. 3). Shortly
after storms, the diel range in water temperature
decreased only to increase as water evaporated
over successive days. New storms would increase
water volumes and restore thermal stability until
evaporation again reduced water volume.
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Discussion

Grand Staircase—Escalante National Monu-
ment appears to have a diverse assemblage of
aquatic invertebrates compared to other southwest-
ern regions that have been surveyed. In a survey
of tributaries from Grand Canyon National Park,
Arizona, Oberlin et al. (1999) collected 42 genera,
compared to the 151 genera we found in streams
of Grand Staircase—Escalante National Monu-
ment. Likewise, Haden et al. (2003) collected 49
taxa in a survey of 92 river miles of the Green and
Colorado rivers in Canyonlands National Park,
Utah. We found 109 taxa of invertebrates in 42
tinajas, whereas Anderson et al. (1999) collected
44 taxa of aquatic invertebrates from 460 tinajas in
and adjacent to Capitol Reef National Park, Utah.
In other studies of southwestern tinajas and wet-
lands, researchers consistently have found fewer
taxa. For example, Baron et al. (1998) collected

Vinson and Dinger
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Boulder Calf Creek Escalante River
Creek (perennial (mesic (perennial flood
Order Family Genus runoff) groundwater) prone)
Amphipoda
Gammaridae Gammaris X
Arhynchobdellida
Erpobdellidae Nephelopsis X
Branchiopoda
Daphniidae Daphmnia X
oleoptera
Elmidae Cleptelmist X
Stenelmis X
Scirtidae Elodes X
Hydrophilidae Enochrus X
Dytiscidae Stictotarsus X
Hygrotus X
Laccophilus X
Decapoda
Cambaridae Ohreonectes X
Diptera
Athericidae Atherix X
Ceratopogonidae Culicoides X
Dasyhelea X
Culicidae Culex X
Stratiomyidae Caloparyphus* X
Euparyphust X
Tipulidae Rhabdomastix X
Ephemeroptera
Ameletidae Ameletus® X
Baetidae Camelobaetidius X
Heptageniidae Epeorus® X
Siphlonuridae Siphlonurus' X
Gastropoda
Lymnaeidae Radix X
Heteroptera
Corixidae Corisella X
Notonectidae Notonectad X
[sopoda
Asellidae Caecidotea X
Odonata
Aeschnidae Anax x
Coenagrionidae Enallagma® X
Ischnura X
Cordulegastridae Cordulegaster X
Gomphidae Gomphus X
Erpetogomphus X
Lestidae Archilestes X
Plecoptera
Chloroperlidae Suwallica X
Sweltsa X
Nemouridae Amphinemura® X
Malenke? X
Zapada X
Perlidae Hespevoperla X

Table 4. Genera of aquatic invertebrates that are unique to three streams in Grand Staircase-Escalante National Monument,
Utah, withdiffering streamflow regimes (sensu Poff and Ward 1989).

Vinson and Dinger
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Boulder Calf Creek Escalante River
Creek (perennial {mesic (perennial flood
Order Family Genus runoff) groundwater) prone)
Perlodidae Skwala X
Trichoptera
Glossosomatidae Glossosoma X
Hydropsychidae Aretopsyche X
Lepidostomatidae Lepidostoma X
Leptoceridae Oecetis X
Yiodes X
Limnephilidae Amphicosmoecis X
Limnephilus X
Philopotamidae Wormaldia X
Seriocostomatidae Gumaga® X
Uenoidae Oligophlebodes X

* Indicates statistically significant difference (P < 0.05) using indicator-species analysis.

Table 4. Continued.

64 taxa of aquatic invertebrates from 76 intermit-
tent stream pools and Kubly (1992) collected 95
taxa of aquatic invertebrates from 12 tinajas in the
White Tank Mountains, Arizona.

We suggest two reasons for the high number
of taxa in Grand Staircase—Escalante National
Monument. First, habitat diversity appears high.
This diversity is expressed among major habitat
types, e.g. streams, perennial wetlands, tinajas, al-
cove pools, and spring-seeps, but also is expressed
within habitat types, especially streams and
tinajas. Streams within Grand Staircase—Escalante
National Monument varied widely with respect to
their flow and thermal regimes. Although located
in proximity to one another, all major streams had
distinct differences in predictability, frequency,
and timing of high flow events. Poff and Ward
(1989) hypothesized that differences in these
hydrologic variables result in changing contribu-
tions of biotic and abiotic processes that act to
determine assemblages of invertebrates. Our data
support this idea, as each class of stream we evalu-
ated appeared to support a different assemblage
of aquatic invertebrates (Fig. 2b), which led to
high overall taxonomic richness (Fig. 1). Diversity
in habitat conditions among lentic habitats was
similarly high, particularly among tinajas. Tinajas
varied widely with respect to their solar exposure,
permanence of water, assemblages of wetland
plants, water temperatures, and amount of organic
matter. This variability influenced assemblages of
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aquatic invertebrates and added to overall diver-
sity of organisms collected in these habitats (Fig.
1). Secondly, we suggest high diversity of inver-
tebrates in Grand Staircase—Escalante National
Monument also is promoted by its geographic
position, which provides a large regional pool of
available colonizers. Grand Staircase—Escalante
National Monument is located at the juxtaposition
of two ecoregions, the Western Cordillera to the
north and the Cold Desert to the south (Omernik,
1987). This region is also at the location of three
intersecting biotic provinces of Dice (1943); Arte-
misian (the Great Basin), Navahonian (Colorado
Plateau), and Mohavian (Mojave Desert). Like-
wise, we collected several taxa associated with
more Neotropical assemblages that are likely relict
taxa from more temperate times in the arid South-
west (e.g., Telebasis, Odonata, Coenagrionidae;
Smicridea, Trichoptera, Hydropsychidae; Leuco-
trichia, Trichoptera, Hydroptilidae).

To our knowledge, aquatic habitats in Grand
Staircase—Escalante National Monument and the
broader Colorado Plateau have not been quanti-
fied with respect to diversity. The work presented
here provides a strong empirical foundation for the
need to inventory habitats and habitat character-
istics and for monitoring changes in assemblages
of invertebrates over time. Future studies should
focus on identifying and sampling new habitats,
especially the numerous wetlandlike habitats that
occur across the Colorado Plateau, such as hang-

Vinson and Dinger



/

/':_F LEARNING FROM THE LAND

-

HYDROLOGY

—— water temperature
B precipitation

40 - - 12

1 - 10
O 30 - s £
@ il
= | | | i =
8 20 I -6 2
g B
= ] -4 3
210 ! &

- 2

0 LA — S Y r|7l Ty d T T 0

May Jun Jul Aug Sep Oct

Date during 2001
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Paria and Escalante River Water
Quality Management Plans
Amy Dickey ABSTRACT

HYDROLOGY

Utah Division of Water Quality The Utah Division of Water Quality, in cooperation with the Bureau
TMDL Watershed Coordinator of Land Management, Canyonlands Soil Conservation District and
288 N 1460 W several other governmental and non-governmental partners, recently
Salt Lake City, UT 84116 completed water quality studies for the Escalante and Paria Rivers
Phone: 801-538-9190 which flow through Grand Staircase-Escalante National Monument.

adickey@utah.gov The Escalante River was listed on Utah’s 303(d) list of impaired

waters in 2002 due to exceedences of the 20°C temperature criteria
for cold water species of game fish and other aquatic life. Subsequent
monitoring, field studies, and review of historic data indicate that the
Escalante River’s temperature regime is primarily a result of natural
conditions. The evidence supporting this conclusion was provided
in part by comparing the temperature regime of the Escalante River
with a reference stream, Mamie Creek, a tributary that flows out of
Box Death Hollow Wilderness. The Division of Water Quality has
recommended changing the fisheries beneficial use of Escalante River
from a cold water to a warm water designation along its entire length
which will more accurately reflect its true potential and actual use.

The Paria River was also listed as impaired due to exceedences
of Utah’s water quality standard for total dissolved solids (TDS),
established to protect its agricultural beneficial uses including
irrigation and stock watering. Potential anthropogenic sources of
TDS such as irrigation return flows were considered negligible in
comparison to the contribution from local geological sources. The
Tropic Shale formation is prevalent throughout the watershed
and is the primary source of TDS loading. As a result, site specific
TDS criteria were calculated for the two reaches of the Paria River
assessed as impaired to more accurately reflect the naturally elevated
concentrations found in those areas.

Keywords: water quality, water studies, Escalante and Paria Rivers,
monitoring
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Analysis of Groundwater Flow
in the Deer Creek Floodplain,
Grand Staircase-Escalante
National Monument

James Edward Hereford 11
BLM

Utah State Office

440 West 200 South, Suite 500
Salt Lake City, UT 84101

ABSTRACT

| will present preliminary findings of a research project focusing on
groundwater —surface water interactions on the Deer Creek floodplain
in Grand Staircase-Escalante National Monument (GSENM). Deer
Creek is one of six major perennial tributaries to the upper Escalante
River that flows through GSENM, and groundwater flow through
the Deer Creek floodplain supports an outstanding riparian area
as well as a ‘sensitive’ orchid species. The rate and distribution of
groundwater movement through the Deer Creek floodplain is not well
understood. It could be that soil variability, perhaps a reflection of
past channel locations, is a major driver of groundwater dynamics in
the floodplain aquifer. The project attempts to quantify the volume of
groundwater accretions reaching Deer Creek through the floodplain
and to document spatial variability in groundwater flow paths. Field
techniques include use of existing and newly installed piezometers,
fine-scale soil surveys, specific conductance measurements, and
historical stream discharge and precipitation data. Findings will be
placed in a regional context through use of seepage runs and spring
inventories conducted by other researchers. Results from this study
will enhance our understanding of the role of precipitation pulses
and soils heterogeneity in controlling flow through this and other
similar floodplains. This is important to an area of such diversity.
Furthermore, the data retrieved will aid in the understanding of
surface water groundwater interactions in the area. Knowledge of
those dynamics in an area of ecological concern is important for the
future of water resources management.

Keywords: floodplain, groundwater, flow paths
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ABSTRACT

Humans dramatically altered the temporal and spatial availability of
free water during the past century in uplands of the Colorado Plateau.
Livestock producers, and wildlife and public land managers installed
numerous catchments, wells, troughs and tanks to disperse livestock
and provision both livestock and water-dependent wildlife with
water. In contrast, during times before European settlement, when
naturally occurring free water was rare and irregularly distributed,
there are currently few areas beyond range of free water for mobile
wildlife. Recent work in the Flagstaff area has confirmed that human-
made devices substantially prolong and more uniformly distribute
free water. Moreover, heavy use by elk and ravens is consistent with
speculations that the presence of both species depends on artificial
waters in the Flagstaff uplands. More surprising, carnivores and birds
are nearly the sole users of natural waters in declivities, whereas
herbivores more heavily use artificial waters on flatter open sites,
presumably to reduce risk of predation. Other similar or perhaps
unexpected effects on wildlife are likely in other areas. Beyond this,
we know little about landscape-level hydrologic effects, interactions
with soil properties, utilization of vegetation by livestock, and resulting
changes in vegetation composition, although finer-scale research
shows soil compaction and loss of native vegetation near livestock
tanks. With future probable drying and more certain warming of the
Colorado Plateau, there is an imperative to understand the benefits
of artificial waters to valued wildlife resources as well as potential
impacts of these waters on ecosystem structure and function at
multiple scales in places such as Grand Staircase-Escalante National
Monument (GSENM). We propose an integrated research program in
GSENM focused on natural and artificial upland waters, informed and
facilitated by stakeholders in this vital resource.

Keywords: upland waters, livestock, wildlife, climate change
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Tracks and Burrows in
Jurassic Dune Deposits

David B. Loope
Department of Geosciences
University of Nebraska
Lincoln, NE 68588-0340
dloopel@unl.edu

ABSTRACT

Animal tracks and burrows are abundant in portions of the
Jurassic Navajo and Entrada Sandstones of southern Utah. These
trace fossils are especially well preserved in wind-blown (eolian)
sandstones because they disrupt the distinct layering produced by
sand avalanches and by migration of wind ripples. Tracks at Coyote
Buttes were both made and buried in dry sand that freely avalanched
as the animals moved across the steep dune slopes. Although the
surface expression of such tracks is erased, the lower parts of the
tracks are preserved. Large burrows (up to 63 cm in diameter) in the
Entrada Sandstone were excavated high on dune slopes into sand that
had been made cohesive by infiltrating rainwater. The abundance of
tracks and burrows demonstrate that the ancient dunes must have
periodically received enough rainfall to support a thriving ecosystem.

Keywords: trace fossils, Navajo, Entrada, sandstone, eolian,

paleoecology

Introduction

hen a geologist sees a formation of
sedimentary rocks exposed on a canyon
wall or coastal cliff, a question im-

mediately arises: What kind of a place was this
when the sediment was delivered (before it was
cemented into rock)? Sediments accumulate at the
surface of the earth. Sandstones, for instance, can
record sediment accumulations in ancient river
channels, desert dunes, beaches, tidal inlets, or
deep-sea floors. In each of these kinds of places,
animals moving over or through the sediment
make distinctive records — trace fossils — that are
of great help in determining the environment of
deposition. These trace fossils are not only more
abundant than body fossils (skeletal parts), but
they also directly record something that skeletal
remains cannot — animal behavior. Further, unlike
body fossils, they are unlikely to be transported
away from where they were formed.

In southern Utah and northern Arizona, many
of the canyon walls reveal sandstones deposited in
vast inland deserts. In this paper, I describe signs
of ancient life from two sandstones widespread
on the Colorado Plateau — the Lower Jurassic
Navajo Sandstone (about 190 million years old),

and Middle Jurassic Entrada Sandstone (about 160
million years old; Fig. 1). The abundant trace fos-
sils in parts of these formations indicate that there
was (at least periodically) enough rainfall on the
dunes to support a thriving ecosystem (Loope and
Rowe, 2003).

Whether it is moved by wind or water, sand
almost always moves as migrating ridge-like piles
—ripples (less than 2 cm-high) or dunes (higher
than 0.5 m). When the flow is strong enough to
move the grains, the dunes and ripples migrate
and produce cross-bedding (Fig. 2). Crossbeds
slope in the downflow direction, because the steep,
downflow side of the migrating dunes or ripples
is repeatedly buried. By itself, the crossbedding in
the Navajo and Entrada Sandstones doesn’t tell us
that the environment of deposition was a desert;
we have to look for other clues. Probably the best
evidence that these formations were deposited by
sand-laden winds is the great abundance of wind-
ripple deposits; wind ripples make layers that are
quite different from water-laid ripples (Hunter,
1977). Bones and other skeletal fossils are very
rare in both formations, but trace fossils can be
very abundant, and these support the other lines of
evidence for a desert environment (as opposed to
the aqueous environments).

Loope
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Figure 1. Stratigraphic column showing eolian (wind-
blown) sandstones (dark shading) of the Colorado
Plateau (from Blakey et al., 1988).

Green plants, the primary producers in eco-
systems, are sparse on actively migrating dunes,
so few animals can live in dunefields. Most of
these animals are small, and many have adapted to
the harsh habitat by becoming nocturnal. A walk
over a desert dune in the early morning commonly
reveals abundant animal trails, many of which
start or stop at the throat of a burrow. Although
most of these tracks and burrows are destroyed as

Loope
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Figure 2. Crossbedding in the Navajo Sandstone, pro-
duced by large dunes migrating left to right. Horizontal
lines are erosion surfaces produced by migration of the
troughs between dunes. Each set of crossbeds (interval
between successive horizontal lines) is only a fraction
of the full height of the original dune. Avalanche layers
are indicated by a’s, wind-ripple layers by w’s.

erosion removes sand from the upwind side of the
dune, tracks and burrows are preserved within the
crossbeds that escape scour as the dunes migrate
and climb over one another. Some geologists have
argued that moistening of the loose sand is a re-
quirement for the preservation of tracks and trails,
claiming that all dry-sand tracks are eroded away.
In this paper, I’ll attempt to show that many of the
tracks in the Navajo Sandstone were both made
and preserved in dry sand.

Tunneling into subtropical dunes allows
animals to avoid the intense heat of the surface
and to escape predators. Some of the animals that
live in dunes — the sand swimmers — can force
their way into and through loose, dry sand. The
sand collapses immediately behind these animals;
all that is left is a disruption of the layering in the
sand. Other modern animals dig burrows that stay
open because they are surrounded by cohesive
material. Dune sand lacks the material that makes
most soils cohesive (silt, clay, and organic matter),
and it therefore is cohesive only when it has been
moistened (sand castles on the beach). Tunnels
excavated in damp sand stay open only as long as
the sand remains moist. Burrows dug into damp
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Figure 3. 1,000-year-old bison tracks buried within the Nebraska Sand Hills and seen in cross-section. (a) Note the
cloven hoof, and the down-bending of the layering. Track is within nearly horizontal, wind-ripple lamination). (b)
Bison tracks (arrows) in steep crossbeds. From Loope (1986).

-
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Figure 4. Human tracks across a rain-moistened dune.
Note the many “crumbs” of cohesive sand (Coral Pink
Sand Dunes, Utah).

sand are relatively common in some parts of the
Entrada Sandstone, and some of them are surpris-
ingly large.

Tracks in the Navajo
Sandstone at Coyote Buttes

When an animal steps on the soft, layered sand
on a dune slope, it bends the layers downward in a
distinctive way (Fig. 3). If the sand is moist, abun-
dant “crumbs” or blocks of sand are formed (Fig.
4), and the animal’s foot does not sink very deeply
into the sand. If the sand is dry, the animal’s feet

sink deeply and produce long avalanches of dry
sand with each step (Fig. 5).

Most of the tracks at Coyote Buttes are visible
in cross-section (side-view instead of map-view).
Only two of the tracks I’ve seen there contain
broken blocks of moist sand, but thousands show
smooth bending of the sand layers. The numerous
tracks that show the smooth folding (Fig. 6) are
preserved within sand layers that were formed by
avalanching. In parts of the Navajo where tracks
are absent, the layers formed by avalanching are
up to 10 cm thick and are many meters wide. The
avalanches that display the tracks are much thinner
and narrower than typical avalanche layers in the
Navajo (Fig. 1).

Some of the tracks appear in a line, suggest-
ing a trackway seen in cross-section (Fig. 6).

The upper part of each of the tracks in the line is
truncated by a flat, erosional surface. A closer look
shows that some of the tracks in the line are older
than others — they deform slightly different layers
(Fig. 6). This is the pattern to expect if a moving
animal disturbs steep, loose (dry) sand: the animal
repeatedly makes an avalanche and then steps on
it. So, although some tracks are older than oth-
ers, they are only seconds older. When tracks like
this are made, it may look (from above) as if the
avalanches erase the tracks, but the tracks are deep
and only the top part each track is erased.

It therefore appears that nearly all of the
tracks at Coyote Buttes were made in dry sand.
Each sand layer was dry when it avalanched into
position, and when an animal disturbed it, it slid
again to make another avalanche. When the wind
blows over dunes in areas without animal life,

123 Loope
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Figure 5. An animal moving across a dry dune slope (a) generates avalanches (b) and then steps on them. The sur-
face expression of tracks is obscured (c), but the tracks deform the layers to a greater depth than the sliding sand
can erase (d). Killpecker Dunes, southwestern Wyoming; from Loope (2006a).

Figure 6. Thin avalanche layers with three down-folded
tracks made by an animal moving across the dune
slope from left to right. (Navajo Sandstone at Coyote
Buttes). The view is of a near-vertical rock surface,
looking in the downslope direction. The white arrow
marks an avalanche layer. This layer overlies an erosion
surface that cuts tracks 1 and 2, but the erosion surface
and the overlying avalanche layer are folded by track

3. Conclusion: tracks 1 and 2 are a few seconds older
than the track 3, and the animal started a dry-sand
avalanche with each step; from Loope (2006a).

avalanching is rare and each avalanche is thick.
The avalanches that have tracks in them are thin
because the repeated disturbances cause frequent
avalanching.

Just because dry sand is easy to erode doesn’t
mean that dry sand tracks can’t be preserved in the
rocks. It is certain that many dry-sand tracks, dry-
sand avalanches, and wind-ripple layers made with
dry sand were eroded after they were deposited,
and before they were buried. But it is also certain

Loope

that the Navajo Sandstone reaches a thickness of
700 meters, and that nearly all of the sand now in
the formation was transported and deposited while
it was dry. Apparently the Jurassic wind wasn’t a
perfect eraser: more dry sand was deposited than
was carried away.

Burrows in the
Entrada Sandstone
Near Escalante, Utah

The distinct, relatively thin layering that is
produced by avalanching on dune slopes and by
the migration of wind ripples allows geologists
to see features that would be invisible in crudely
bedded deposits. Anything that disrupts the layer-
ing requires an explanation. Some broken and
folded layers in eolian sandstones record ancient
earthquakes (Horowitz, 1982). Before the sand
is cemented into sandstone, but after it has been
buried below the water table, shaking can turn it
into quicksand. During the brief time during which
it changes from solid to liquid, and then back to a
solid, the sand can flow several meters, creating
large folds. Avalanche layers are more likely to do
this because they are more porous than wind-ripple
deposits. Cohesive sand above the water table is
sometimes broken by small faults when the sand
below it turns to quicksand.
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Trace fossils also disrupt the layering in dune
deposits, but these disruptions are usually easy
to distinguish from the quicksand features. As
described above, the weight of an animal can cre-
ate small, distinct folds in the sand layers. Animals
that dig into dunes disrupt or terminate the layers
that they encounter. Near Escalante, Utah, cylin-
drical burrows of several different sizes cut the
layering in the upper part of the Entrada Sand-
stone. Insects probably made the smallest burrows,
which are less than 5 mm in diameter. Some of
the burrows, however, reach a diameter of 63 cm
and lengths greater than 3 m . Fairly large verte-
brates — comparable in size to a badger— must have
made these excavations.

Animals dug the burrows relatively high on
the dune slopes, far above the groundwater table.
The burrows slope downward at about 20°, and
sometimes end in an expanded chamber. Some of
the burrows are filled by structureless (non-lay-
ered) sandstone, and others contain large, angular
blocks of layered sandstone that must have formed
during collapse of the burrow. Several of the bur-
rows, however, are filled by crossbedded sand-
stone (Fig. 7a). The crossbeds indicate that small
drifts of wind-blown sand entered the open throats
of the burrows and progressively filled them.

These burrows clearly could not have been
dug into dry sand; the only likely explanation is
that they were excavated into rain-moistened sand.
When the dune’s surface dried, the wind again
began to transport loose sand; some of this sand
drifted into the open burrows. Because body fos-
sils are almost completely absent from the Entrada
Sandstone, the identity of the burrower remains
unknown (Loope, 2006b).

Medium-sized burrows, ranging from 25-35
mm in diameter are also common in the Entrada.

Figure 7c

Figure 7. Burrows in the Entrada Sandstone near Es-
calante, Utah, and in a modern dune. (a) Large burrow
that cuts large-scale crossbeds, descends to the right
at about 20°, has sharply defined margins, and is filled
with small-scale crossbeds (arrows). Burrow was dug
into rain-moistened dune sand and was eventually
filled by drifts of loose sand (moving left to right) as
the dune progressively dried. (b) Cone-shaped top of
a cylindrical, medium-sized burrow that was probably
dug while the surface sand was dry and subsurface
sand was moist. The cylinder is seen in cross-section
between the white arrows. After sediment filled the
cone, the surface was eroded flat, and was then buried
by migrating wind ripples. (c) Three burrows dug by a
kangaroo rat into the base of a modern dune—a pos-
sible modern analog for the burrow shown in B. The
surface of dune slopes toward the viewer at 32°, and
is dry. The upper parts of the burrows are conical with
angle-of-repose slopes. Blocks of cohesive sand that
are present in the cone-fills were dug from moist sand
that lies at shallow depth. [(a) from Loope, 2006 b; (b)
and (c) from Loope, 2008].

Loope
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Some of these burrows change upward from
parallel-walled cylinders to cones just before they
terminate below an undisturbed layer (Fig. 7b). A
possible explanation for these burrows is that they
were excavated after a rain-moistened dune sur-
face had started to dry out. By this explanation, the
throats of the burrows are wide because dry sand
at the top of the burrow continuously collapsed

as the burrowing progressed, but after the animal
reached moist sand, the walls were stable. When
kangaroo rats dig in modern dunes, the uppermost
parts of their burrows are cone-shaped; blocks of
moist, cohesive sand in the filled cones indicate
that moist sand lies a short distance below the
surface (Fig. 7c). Another possible explanation for
a cone-topped burrow is that the uppermost part of
a moist-sand, cylindrical burrow collapsed as the
dune surface progressively dried.

Conclusions

Tracks and burrows are locally abundant in
both the Lower Jurassic Navajo Sandstone and the
Middle Jurassic Entrada Sandstone. These trace
fossils are visible because they disrupt distinct lay-
ering produced by avalanching sand and migrating
wind ripples. Some geologists have claimed that
tracks made in dry sand are not preserved in an-
cient strata. The Navajo contains a huge volume of
sand layers that were deposited under dry condi-
tions, and locally abundant animal tracks that dis-
rupted them while they were dry. Although many
dry-sand layers and tracks may have been eroded
by Jurassic winds (and thus not preserved), these
features are nevertheless prominent in the rock
that is preserved. The upper Entrada Sandstone
contains many animal burrows, some of which
exceed half a meter in diameter. The burrows
probably provided escape from the high daytime
temperatures that prevailed in the subtropical sand
sea. The burrows were dug into rain—moistened
sand, and drifts of wind—transported sand filled
several of them with small crossbeds. These trace
fossils demonstrate that, for at least a small portion
of their depositional timespan, the Navajo and
Entrada sand seas received sufficient rainfall to
support an active animal population.

Loope
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The Middle Cenomanian age middle member of the Dakota
Formation (ca. 96 mya) has vyielded three fossil odonate naiad
(dragonfly larva) specimens in the southern portion of the Kaiparowits
Basin. All three specimens appear to represent a single species of

anisopteran, possibly of gomphid affinities. This is the first report of
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Cretaceous odonate body fossils from the western United States and
possibly one of the only known occurrences of Cretaceous odonates
in North America.

Odonata,
Cenomanian, Anisoptera, Kaiparowits

Insecta, Cretaceous, Dakota, Utah,

Richard S. Barclay
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Introduction

Evanston, IL 60208
ver the last six years, Grand Staircase-

O Escalante National Monument’s paleon-
tology program has overseen an intensive
interdisciplinary, cooperative effort to inventory
the Monument and surrounding Bureau of Land
Management (BLM) lands’ Cretaceous fossil re-
sources. This has been undertaken not only so that
these resources can be managed judiciously, but
also to help further define the exact significance of
the Monument’s Late Cretaceous paleontology, on
both regional and global scales. These inventory
efforts have emphasized macrovertebrates, how-
ever all fossil resources with known significance,
including flora, invertebrates, and traces have been
documented.

In spring 2005, local residents of the town of
Big Water reported finding fossil turtle material
in the lower member of the Dakota Formation on
non-Monument BLM lands just over the Arizona
state border. While conducting a general follow
up inventory in response to that find in the summer

127

of 2005, one of the authors (LBA) discovered an
exceptional fossil flora locality (referred to infor-
mally as “Bug Ledge”) in the Dakota Formation.
This site is located in some of the southern-most
outcrops of Cretaceous rocks in the Kaiparowits
Basin (Figure 1), also on BLM lands. By chance,
RSB was looking for new localities for his dis-
sertation research on floral response to the Ceno-
manian-Turonian extinction event, and was made
aware of the site. During the first collecting effort
by RSB in 2005, a single, complete odonate naiad
fossil was recovered by LBA, which was subse-
quently given to the senior author. Subsequent
collecting by the senior author and LBA from the
same horizon and locality produced a second, par-
tial, but well-preserved fossil naiad specimen. A
third collecting effort at Bug Ledge by M.H. Graf-
fam, also with the BLM, resulted in the finding of
a third specimen tentatively assigned to Insecta.
Additional collecting at the locality is now limited
by an extremely hazardous overhanging ledge that
imminently threatens to collapse (Figure 2).

Titus, Albright Ill, and Barclay
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Figure 1. Reference map showing general location of new
fossil insect locality (LBA2005-2) reported herein.

Big Water

In spite of their relative abundance in Eurasia
and South America, Cretaceous fossil odonates
are rare in North America. No Late Cretaceous
odonate records have been published for North
America, and Late Cretaceous insect body fos-
sils are in general, exceedingly rare in the south-
ern portion of the Western Interior Basin (WIB).
Given the rarity of Late Cretaceous insects in the
southern WIB, and the apparent absence of Cre-
taceous odonates from the North American fossil
insect record, we view the Kaiparowits Basin oc-
currence as highly significant, particularly because
the site has excellent potential to yield additional
specimens.

Stratigraphic/Environmental
Context

The odonate specimens were all collected
from a 30 cm interval of laminated yellowish-tan-
to-grayish colored mudstone near the top of the
Middle Member of the Dakota Formation (Figure
3) sensu Eaton (1991). The Middle Member is
dominated by mudstone immediately below the
insect locality, but lateral equivalents along strike
are relatively thick, amalgamated channel-fill
sandstone bodies, indicating the mudstones were
deposited in interfluvial lacustrine or paludal
environments. Much of the mudstone throughout
the member is either carbonaceous or filled with
carbonaceous plant debris. Evidence of rooting
and thin paleosols was also observed (Figure 3).
Fluvial, paludal, and lacustrine environments were

Titus, Albright Ill, and Barclay
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Figure 2. Photograph of quarry where all three insect speci-
mens were collected. Insect and flora horizon indicated by
white caption “insect layer.”

also inferred for the Middle Member by Gustason
(1989) who additionally hypothesized the Kaip-
arowits region lay landward of the advancing Cre-
taceous Western Interior Seaway on a low relief
coastal plain at the time of its deposition.

Analysis of the flora collected from the insect
horizon shows it to be comprised solely of angio-
sperms, with at least five recognized leaf morpho-
types. The assemblage is dominated by a single
taxon provisionally referred to the Myrtaceae
(Myrtle family). Another common floristic ele-
ment includes infloresences tentatively assigned to
Eoplatanus serrata Schwarzwalder and Dilcher,
1981 (family Platanaceae-sycamores), although
easily identifiable foliage of that taxon (Wang,
2002) was not observed.

The Middle Member has yielded radiometric
dates of 97.9 +/-0.5 mya near its base (Beik et al.,
2003) and 95.97 +/- 0.22 mya in the middle por-
tion (Dyman et al., 2002). This strongly suggests
that the fossil odonates, which occur very high in
the member, are younger than 96 mya, but older
than the lower upper Cenomanian Calycoceras
canitaurinum Ammonoid Biozone which is recog-
nized in the lower portion of the Dakota’s Upper
Member (Titus et al., 2005).

Description

The site has yielded only three specimens.
Two are incomplete, representing only abdominal
sections, while the other is essentially complete.
The most complete specimen (LBA2005-2-11)
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Figure 3. Stratigraphic column for the “Bug Ledge” locality showing the level from which the fossils were collected. Abbrevia-
tions are as follows: ENTR.-Entrada; G.S.B.-Gunsight Butte; Jur.-Jurassic; Callov.-Callovian. Grain size fractions are as follows:
M-Mudstone; S-Siltstone; F-Fine sandstone; M-Medium sandstone; C-Coarse sandstone, P-Pebble conglomerate; C-Cobble
conglomerate.

consists of an impression and its counterpart in of two wing buds can be seen projecting over the
a fine-grained tan mudstone (Figure 4.1). The first abdominal segment. The abdomen is § mm
length from the front of the head to the rear of long and 3 mm wide, tapering to 1.7 mm width
the abdomen (not including the paraprocts and at the distal end, and is divided into at least eight
epiproct) is 14 mm, with an average width of segments. Two relatively long, narrow, tapering
approximately 3 mm. The head appears small paraprocts (about 5 mm by 0.4 mm at the wid-
relative to the body, with a width of only 2 mm est point) project posteriorly from the cercus. All
and a length of 3 mm. The thorax measures 3.2 three left legs are preserved and are complete,
mm long, and averages 3 mm wide. Impressions including tarsi. The middle and posterior legs on
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Figure 4. Odonate naiad specimens from the Bug Ledge locality. 4.1 LBA2005-2-11 photograph of best specimen; 4.2 Camera
lucida drawing of same specimen; 4.3 LBA2005-2-12 photograph showing detail of abdominal segmentation preserved; 4.4 Cam-
era lucida drawing of same specimen. Scale on left of photographs is in millimeters.
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the right side were damaged during preparation
and only preserve the femora and tibiae. The right
anterior leg was not observed.

Specimen LBA2005-2-12 is only an abdomen,
preserved as a laterally crushed impression (Figure
4.2). Eight segments are preserved, indicating
a nearly complete abdominal section. The long
paraprocts seen in LBA2005-2-11 are not visible
in 12, which may be an artifact of preservation
or preparation or could indicate that two taxa are
represented. However, in other regards the speci-
mens appear quite similar. The third specimen
(LBA2005-2-13) appears to show five segments,
although there is some question as to whether it
may actually be a gastropod. Neither the anterior
or posterior ends are preserved. It adds little to the
description of the taxa other than to say it agrees in
general size and arrangement of the segments with
the other two specimens.

Discussion

The short para- and epiprocts make assign-
ment of these specimens to the Anisoptera sensu
Carle and Wighton (1990) relatively certain. The
relatively small head size relative to overall body
proportion and the slender body form is more
characteristic of aeschnidiids, but family level
assignment awaits more detailed study. However,
we note the very close similarity of the Dakota
specimens with nymph specimens from the Crato
Formation of Brazil assigned to Nothomacromia
sensibilis (Carle & Wighton, 1990), particularly in
the proportions of the long, forcep-shaped para-
procts (Bechly, 1998).

Conclusions

A review of the available literature indicates
that no other Cretaceous-age odonate fossils have
been reported from the Western Interior Basin.
Although on a global basis, the Mesozoic fossil
record of anisopterans is relatively robust (Grimal-
di and Engel, 2005), they are extremely rare in
North America in the pre-Cenozoic. The most
prolific and diverse stratigraphically-constrained
Cretaceous insect assemblages known from North
America are the amber inclusion faunas described
from the Campanian age Foremost Formation of
Canada (Pike, 1994) and the Raritan Formation of

New Jersey (Turonian-Maastrichtian) (Grimaldi

et al., 1989). However, odonates are exceedingly
rare in amber insect faunas probably because res-
inous deposits form in thickly forested ecotypes,
whereas odonates generally occur around open
water or marshy areas. Late Cretaceous insect
localities in North America yielding compressional
body fossils in paludal or lacustrine facies have
generally only yielded rare cockroaches (blat-

tids) (Labandiera, personal communication 2006).
Development of alkaline or ash-smothered lake
facies in the Western Interior of the United States
during the Miocene-Eocene interval led to the
preservation of outstanding compressional insect
faunas, such as those found in the Green River

and Florissant formations, which have yielded a
number of odonate taxa (Grande, 1984; Scudder,
1890; Mayer, 2003). Such facies are rare in the
Late Cretaceous of North America. The fact that
two well-preserved fossil odonates have been re-
covered from the Bug Ledge locality automatically
makes it one of the most important Cretaceous
insect localities known from the Western Interior
and demonstrates it could someday provide a criti-
cal window into North American Cretaceous insect
diversity.
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Introduction

ABSTRACT

Cretaceous age sedimentary rocks are exposed throughout Grand
Staircase-Escalante National Monument (GSENM). The lizard fossils
from these units comprise at least three faunas. The oldestlizard fauna
is from the Dakota Formation (Cenomanian) and is taxonomically
intermediate between known Early Cretaceous and Late Cretaceous
faunas. The next youngest fauna is from the Smoky Hollow Member
of the Straight Cliffs Formation (Turonian). This fauna includes mostly
scincomorphan and anguimorphan taxa; some are similar to other
Late Cretaceous faunas. The Dakota and Straight Cliffs formations
have no known microvertebrate-producing equivalents elsewhere
in North America. The youngest fauna is from the Kaiparowits
Formation (Campanian). Although a distinct fauna, it does share taxa
with similar aged faunas of the northern Western Interior.

The nearly continuous Cretaceous-aged sediments of GSENM
provide an unparalleled opportunity to study long term evolutionary
and paleobiogeographical patterns of lizards within a confined
geographical area.

vertebrates from the Cretaceous, including lizards.
The earliest report on lizards was a description of
an unusual taxon of polyglyphanodontine lizard

pon establishment of Grand Staircase-
Escalante National Monument (GSENM) (McCord 1998). This was followed the next year

in 1996 a tremendous amount of paleonto-

logical resources, in both square miles of poten-
tially productive exposures as well as inestimable
scientific significance, was protected along with

a wide variety of other natural and historic re-
sources. Among the paleontological resources
known to exist within the boundaries of GSENM
are extensive rock exposures (Fig. 1) contain-

by another report of polyglyphanodontine lizards
from an older horizon than that reported by Mc-
Cord (Nydam 1999b) and a series of faunal lists
from various fossil-bearing horizons within the
Cretaceous-age sediments of the Kaiparowits Pla-
teau (Eaton, Cifelli et al. 1999). The faunal lists
of Eaton et al. (1999) are valuable in that they es-
tablished for the first time, and remain to this day,

ing fossils of terrestrial vertebrates from the Late
Cretaceous, or the end of the Age of Dinosaurs
(approximately 98-75 million years ago). Much of
this early information was the result of the ground-
breaking research on early mammals from these
rock units (Cifelli 1990a, 1990b, 1990c, 1990d,
1990¢; Eaton 1993, 1995; Eaton and Cifelli 1988;
Eaton, Cifelli et al. 1999). However, there re-
mained almost no information on non-mammalian
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the most comprehensive single source describing
the observable diversity (from sharks to mammals)
of the microvertebrate fossil taxa from the Creta-
ceous of the GSENM. With regard to lizards there
were six taxa, or potential taxa (only one identified
to the genus level), recognized from the oldest of
the Cretaceous-aged rock units, the Dakota For-
mation (Cenomanian); 12 taxa (four identified to
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GARFIELD
P{\\ COUNTY
KANE
COUNTY

100 KM

Figure 1. Distribution of Cretaceous-aged rocks (gray shading
in the expanded Garfield and Kane counties) in southern
Utah. Much of the indicated exposures are within the
boundaries of Grand Staircase-Escalante National Monument.

genus, two identified to species) recognized from
the Smoky Hollow Member of the Straight Cliffs
Formation (Turonian); four taxa (only one identi-
fied to species level) recognized from the John
Henry Member of the Straight Cliffs Formation
(Coniacian-Santonian); two taxa (only family level
identifications) recognized from the Wahweap
Formation (Santonian?-early Campanian); and 14
taxa (five identified to genus, six identified to spe-
cies) recognized from the Kaiparowits Formation
(Campanian).

Following the conclusion of my dissertation
research on the lizard fossils of the Early Creta-
ceous (including those of central Utah) I began
an investigation specifically into the lizards of
the Late Cretaceous of southern Utah. This work
is ongoing and includes reanalysis of the materi-
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als collected by Drs. Eaton and Cifelli that were
the basis for the faunal lists mentioned above

and additional collection of established and new
localities within GSENM. As a result of these
renewed efforts and the ever improving/changing
interpretations of lizard taxonomy and systematics,
updates and changes to the faunal lists of Eaton et
al. (1999) are inevitable and both Drs. Eaton and
Cifelli have, and continue to support, encourage,
and facilitate this work.

At the writing of this paper I find myself in
what I hope is the “middle” of this current study
of lizards from GSENM. My initial plan was for
a quick redescription of the collected materials,
but it was soon apparent that the lizard remains
from the GSENM and surrounding areas represent
a much more complex and intriguing record and
a single project has itself “evolved” into a series
of projects investigating the evolutionary pat-
terns of multiple taxonomic groups. Much of this
work is still ongoing. This report is a summary of
completed studies and an extended preview of the
current status of projects that are still in progress.
More formal treatments of the systematics of the
lizards from the Cretaceous of the GESNM are,
and will be, part of more comprehensive reports
available as a series of separate manuscripts that
are published (Nydam 1999; Nydam et al., 2007,
Nydam and Voci, 2007), or in progress. Many,
but certainly not all, of the taxonomic assignments
made in the faunal lists of Eaton et al. (1999)
have been or will be changed or modified. Many
of their identifications at the genus and/or spe-
cies level were based on specimens of generally
similar morphology to known lizard taxa from
other Late Cretaceous localities from more north-
ern latitudes (for review of the relevant taxa see
Estes 1983). While some of these assignments, at
least at the genus level, appear to be accurate (e.g.,
Odaxosaurus and Chamops in the Kaiparowits
Formation), many either cannot be confirmed or
actually represent new species. This should not be
read as a criticism of Eaton et al. (1999), indeed,
while focusing on the mammals they still did a
far superior job than some who have focused on
lizards. Although not all original taxonomic as-
signments can be supported, the relative diversity
of fossil lizards reported by Eaton et al. (1999),
as measured taxonomically or morphotypically,
is supported by the results of the current study.
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What can now be added is a greater understanding
of the richness and complexity of lizard faunas of
GSENM that represent the longest nearly continu-
ous record of Cretaceous-aged taxa in one place in
North America.

Methodology

Analysis of fossil lizard taxa from GSENM
includes study of previously collected speci-
mens housed at the Museum of Northern Arizona
(MNA), Flagstaff; the Sam Noble Oklahoma Mu-
seum of Natural History (OMNH), Norman; and
the Utah Museum of Natural History (UMNH),
Salt Lake City. Newly recovered specimens were
collected by bulk sampling of microvertebrate pro-
ducing localities. These samples were processed
using the underwater screen washing techniques
outlined by Cifelli (1996). All specimens collect-
ed by the author are deposited at the OMNH.

Results

The fossil lizard taxa from the Cretaceous of
GSENM occur in three distinct faunas (this is a
minimum estimate as the John Henry Member of
the Straight Cliffs Formation and the Wahweap
Formation are known to produce microvertebrate
fossils, but yields are too low to make meaningful
comparisons and are not included in this report).
These faunas are, from oldest to youngest, the
Dakota Formation, the Smoky Hollow Member of
the Straight Cliffs Formation, and the Kaiparowits
Formation.

Dakota Formation

The Dakota Formation was deposited dur-
ing the Cenomanian (early Late Cretaceous) and
is the oldest of the Cretaceous-aged rock units
within GSENM (Eaton 1991; Lawrence 1965;
Peterson and Waldrop 1965). Lizard specimens
recovered from the Dakota Formation include
jaw fragments, vertebrae, and isolated osteoderms
(body armor). The vertebrae are very fragmentary
and add little to the taxonomic assessment of the
lizards. Jaws and osteoderms indicate the pres-
ence of both scincomorphan and anguimorphan
taxa. The scincomorphan taxa include specimens
that are similar in dental morphology to both
Dimekodontosaurus and Harmondontosaurus,
taxa known from the Mussentuchit Member of the
Cedar Mountain Formation (Albian-Cenomanian;

Mussentuchit Local Fauna; Nydam 2002), but the
specimens are too fragmentary to support formal
taxonomic assignment. Several jaw fragments

are referable to the genus Bicuspidon (Bicuspidon
sp.), an unusual, but very common scincomor-
phan from the Mussentuchit Local Fauna closely
allied to polyglyphanodontine lizards (Nydam and
Cifelli 2002; Nydam et al. 2007). The specimens
of Bicuspidon from the Dakota Formation are rare
and represent individuals significantly smaller than
those represented by most of the known specimens
from the Cedar Mountain Formation. Other jaw
fragments represent a new taxon that appears to be
closely related to Contogenys, a Late Cretaceous-
Paleocene taxon closely related to xantusiids (Gao
and Fox, 1996). Several fragmentary jaws are
almost certainly referable to Scincomorpha, but
too incomplete for more comprehensive identifi-
cation. Several relatively thick, non-imbricating
osteoderms with rugose (though decidedly non-
crocodylian) ornamentation were recovered (all as
isolated elements) that most likely belong to one
or more scincomorphans.

Anguimorphan and closely related taxa from
the Dakota Formation are rare and represented by
a single, nearly complete dentary of a possible xe-
nosaurid and several thin, imbricating osteoderms
with vermiculate sculpturing that are referable to
Anguidae. There is one varanoid specimen; a jaw
fragment with the wide base of a tooth with plici-
dentine (basal infoldings). Another jaw fragment
is characterized by pseudothecodont implantation
of a broken, but likely distinctly recurved tooth is
possibly from a snake, but no definitive vertebrae
have yet been recovered to confirm the presence of
a snake in the fauna.

Smokey Hollow Member of the

Straight Cliffs Formation

The Smoky Hollow Member of the Straight
Cliffs Formation is generally considered to be
late(?)Turonian in age and is characterized by a
basal lignite and upper mudstones (Cifelli 1990c;
Eaton 1991; Eaton, Cifelli et al. 1999; Peterson
and Waldrop 1965). One of the most consistently
productive horizons for microvertebrates in the
Cretaceous of the GSENM are the upper mud-
stones of this unit.

Scincomorphans from the Smokey Hollow
Member of the Straight Cliffs Formation are
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represented by numerous teeth of a new species
of the massive-toothed polyglyphanodontine
Dicothodon, and, a single specimen referable to
Chamops (a common component of other Late
Cretaceous faunas; Estes 1983; Gao and Fox 1991;
Gao and Fox 1996; Peng et al. 2001). Additional
scincomorphan specimens include a jaw fragment
with very low-crowned (possibly heavily worn)
teeth and several relatively thick, keeled, imbricat-
ing osteoderms. Although Eaton et al. (1999: p.
347) concluded that the fauna of the Smoky Hol-
low Member of the Straight Cliffs Formation had
a distinctly Late Cretaceous composition, several
lizard specimens appear to be closely allied to
paramacellodid lizards, a primitive lineage com-
mon to the Late Jurassic of North America and the
Late Jurassic-Early Cretaceous of Europe (Evans
1995). At least two distinct morphotypes referable
to Paramacellodidae are found in the fauna and it
is possible that the isolated osteoderms belong to
one or both of these “taxa.”

Although different than the new species from
the Dakota Formation, there is another new spe-
cies of a Contogenys-like taxon from the Smoky
Hollow Member of the Straight Cliffs Forma-
tion. This and related taxa from the Cretaceous of
GSENM are currently the focus of a study by the
author and Mr. B. Fitzpatrick.

There is moderate diversity of anguimorphans
and varanoids from the Smoky Hollow Member
of the Straight Cliffs Formation. Thin, imbricat-
ing osteoderms with a vermiculate ornamentation
as well as a fragmentary jaw are almost certainly
anguid. The anguid jaw is not referable to the
common Late Cretaceous anguid Odaxosaurus and
likely represents a new taxon. There are possibly
three different species of varanoid from the Smoky
Hollow Member of the Straight Cliffs Formation
all of which are distinguished based on gross dif-
ferences in tooth morphology. Large, non-imbri-
cating osteoderms with rugose ornamentation are
referable to Varanoidea.

Characteristic vertebrae (round cotyle/condyle,
well-developed zygosphene and zygantra) and a
jaw fragment with a closed, but not fused Mecke-
lian groove and pseudothecodont implantation of a
conical, strongly recurved tooth indicate the pres-
ence of at least one taxon of snake in the Smoky
Hollow Member of the Straight Cliffs Formation.

Nydam

Kaiparowits Formation

The Kaiparowits Formation is the youngest of
the Cretaceous-aged rock units in GSENM. It is
composed of stacked mudstones with interbedded
channel sandstones and accounts for the prominent
blue-grey Bad Lands (e.g., The Blues) character-
istic of much of the northern regions of the monu-
ment. The age of the Kaiparowits Formation is
Campanian (Eaton 1991; Roberts et al. 2005) and
it is rich in microvertebrates (Cifelli 1990a, 1990d;
Cifelli and Johanson 1994; Eaton 1991, 1999;
Eaton and Cifelli 1988; Eaton, Cifelli et al. 1999;
Eaton, Diem et al. 1999) as well as dinosaurs (this
volume).

The scincomorphans from the Kaiparowits
Formation include numerous Borioteiioids (a.k.a.
“teiids” & polyglyphanodontines, see Nydam et
al., 2007 for an updated taxonomy) that were de-
scribed by Nydam and Voci (2007). Many of these
taxa are similar to other non-polyglyphanodontine
taxa known from other Campanian-aged faunas
(e.g., Chamops and related taxa), but there is also
at least one new genus and species. Polyglypha-
nodontines are represented by a new species of
Peneteius (Nydam et al. 2007). Non-borioteiioide-
an scincomorphans include another new taxon of
a Contogenys-like lizard (Nydam and Fitzpatrick,
2009), cordylid-like taxa referable to Aocnodrome-
us sp. and Cordylidae indet., and at least six taxa
that are morphologically distinct, but too fragmen-
tary for referral beyond Scincomorpha indet.

Anguimorphans are represented by numerous
jaws referable to Odaxosaurus cf. O. pricsus.
Numerous osteoderms referable to Anguidae
likely belong to the same taxon as no other
anguids are known from the unit. Varanoids are
represented by numerous fragmentary remains
tentatively referable to the genera Parasaniwa and
Labrodioctes. Some more fragmentary varanoid
specimens remain taxonomically indeterminate.
Jaw fragments and vertebrae of at least one taxon
of snake were also recovered from the Kaiparowits
Formation.

Discussion

The presence of Bicuspidon sp., a Dimekodon-
tosaurus-like taxon, a Harmondontosaurus-like
taxon, a varanoid, and even a snake in the Dakota
Formation is not surprising as closely related
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representatives are known to occur in the slightly
older (latest Early, or medial, Cretaceous) Mussen-
tuchit Local Fauna of the Cedar Mountain Forma-
tion of central Utah (Gardner and Cifelli 1999;
Nydam 2000, 2002; Nydam and Cifelli 2002).
The new Contogenys-like taxon, possible xeno-
saurid, and anguid establish what appear to be the
earliest examples of lineages more common to the
Campanian-Maastrichtian of the Western Interior.
The presence of the primitive family Paramacel-
lodidae has not been confirmed, though represen-
tative taxa are known from the Mussentuchit Local
Fauna (Nydam 2002) and also from the overlying
Smoky Hollow Member of the Straight Cliffs
Formation. Although this report represents a
significant revision of what was known at the time
of Eaton et al. (1999), it should still be considered
preliminary as ongoing work in Dakota Forma-
tion within GSENM will undoubtedly improve our
knowledge of this lizard fauna.

The lizards of the Smoky Hollow Member of
the Straight Cliffs Formation are taxonomically,
or at least morphotypically, distinct from those of
the Dakota Formation, but like the later includes
taxa known from older faunas and taxa repre-
sentative of younger faunas. Most striking is the
presence of likely paramacellodids in the Smoky
Hollow Member fauna. Paramacellodids are more
common to Late Jurassic-Early Cretaceous lizard
faunas and represent an older pan-Laurasian distri-
bution (Evans 1993, 1995, 1998; Evans and Chure
1999; Nydam 1999a) for which some representa-
tives survived into the medial Cretaceous (Nydam
2002). The continued presence of paramacellodids
into the Turonian of southern Utah may indicate
that central-southern Utah maintained a collection
of relictual taxa of these more primitive lizards.
This is not without precedent. A series of relictual
taxa of sphenodontians and basal lepidosauromor-
phans have been described from the Tamaulipas
region of Mexico (Reynoso 1997, 1998, 2000;
Reynoso and Clark 1998). Conversely, some para-
macellodids share many morphological character-
istics of their teeth with some modern skinks and
cordylids (Estes, 1983; personal observation) and
the fragmentary remains from the Smoky Hollow
Member of the Straight Cliffs Formation may ac-
tually represent more advanced taxa. Recovery of
more complete remains is necessary to test support
for either of these hypotheses.
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Among the other scincomorphans from the
Smoky Hollow Member of the Straight Cliffs
Formation the new species of Dicothodon is a rep-
resentative of what is now recognized as a genus
with a relatively long temporal duration and a dis-
tribution restricted to the more southern latitudes
of North American (Nydam et al. 2007). The pres-
ence of a specimen referred to the genus Chamops
represents the earliest occurrence of this taxon.
More complete material is required to determine
whether this represents C. segnis or a new species.
Specimens of the new species of a Contogenys-
like taxon are the most commonly recovered lizard
remains from the Smoky Hollow Member of the
Straight Cliffs Formation.

The jaw fragments of anguimorphans and
varanoids from the Smoky Hollow Member of the
Straight Cliffs Formation are too fragmentary for
specific identification. The osteoderms recovered
are certainly anguid and quite possibly belong to
Odaxosaurus, but the systematic value of os-
teoderm morphology has not been satisfactorily
demonstrated for identification of anguids beyond
the family level. The presence of varanoids and
a snake are not unexpected in this fauna. The
specimen referred to the primitive anguimorphan
Dorsetisaurus by Eaton et al. (1999) was reviewed
and it is more likely a varanoid lacking pliciden-
tine (similar to Colpodontosaurus).

The Kaiparowits Formation lizard fauna is
the most diverse of the three described herein,
but it also shares characteristics with the other
two faunas. Like older faunas from GSENM, the
Kaiparowits Formation lizards include another
new species of a Contogenys-like lizard and a
polyglyphanodontine (Peneteius; Nydam et al.
2007). Unlike the two older faunas, the Kaiparow-
its Formation has a more recognizable diversity of
borioteiioids similar to the “teiids” known from
more northerly localities (Nydam and Voci, 2007).

Conclusions

The Cretaceous-aged lizards of Grand Stair-
case Escalante National Monument provide an
important addition to the record of lizard evolution
in North America. These faunas represent the only
known series of successive faunas from the early
Late Cretaceous (late Cenomanian through mid
Campanian) that is also geographically restricted.
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Recognizable trends throughout these series of liz-
ard faunas is the presence of the polyglyphanodon-
tine taxa Bicuspidon, Dicothodon, and Peneteius
in the Dakota, Straight Cliffs, and Kaiparowits
formations, respectively, as well as the iterative
presence of apparently closely related new spe-
cies of Contogenys-like taxa in each fauna. Of
the three faunas reviewed above, the lizards of the
Kaiparowits Formation (Campanian age) share the
most taxa, at least at the genus level, with other
known lizard faunas from the Late Cretaceous,
almost certainly a consequence of being the only
fauna in GSENM for which paracontemporaneous
microvertebrate faunas are known in other regions
of the Western Interior. It is this uniqueness of the
microvertebrate faunas of the Dakota and Straight
Cliffs formations (as well as the Wahweap Forma-
tion, though not reviewed here) that makes the
continuing investigation into the lizards, and other
taxa, important to a more complete understanding
of the evolutionary and paleobiogeographical pat-
terns of the North American fauna.
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Note in Proof

Since the submission of this manuscript in
2007 the project on the Contogenys-like lizards
from southern Utah has been published (Nydam
and Fitzpatrick 2009).

Nydam, R. L. and B. M. Fitzpatrick. 2009. The oc-
currence of Contogenys-like lizards in the Late
Cretaceous and Early Tertiary of the Western
Interior of the U.S.A. Journal of Vertebrate
Paleontology 29: 677-701.
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Introduction

rand Staircase—Escalante National Monu-
Gment (GSENM), encompassing 1.9 mil-

lion acres of rugged terrain in southern
Utah, was the last major region within the contigu-
ous United States to be mapped (Fig. 1). Formally
designated by Presidential Proclamation in 1996,
the monument was established in large part to
facilitate preservation and study of its diverse
natural resources, both living and fossil. Within the
boundaries of GSENM are abundant exposures of
several Upper Cretaceous formations concentrated
in the central region of the monument known as
the Kaiparowits Basin. These formations preserve
one of the most continuous Cenomanian—Cam-
panian terrestrial records anywhere in the world
(Eaton and Cifelli, 1988). Paleontological research
conducted in the late 20th century documented
the tremendous paleontological potential of these
deposits. However, the majority of this work
(conducted over a period of about two decades)
focused on surface collection and screen-washing
of microfossils, with an emphasis on mammals
(Cifelli, 1990a, b, c; Eaton, 1991, 1999a, b, 2002;
Eaton et al., 1999). With regard to macrofossils,
several institutions—in particular, Brigham Young
University and the University of California, Berke-
ley—have conducted sporadic work, mostly in the
Kaiparowits Formation (Parrish and Eaton, 1991;
Hutchison, 1993; Eaton et al., 1999). Although
most of the recovered remains were fragmentary,
these early efforts amply demonstrated the poten-
tial for recovering a diverse range of vertebrate
macrofossils within the Kaiparowits Basin.

In 2000, the Utah Museum of Natural History
(UMNH) at the University of Utah, in conjunc-
tion with GSENM, initiated the Kaiparowits Basin
Project (KBP), aimed at collecting and researching
terrestrial and freshwater vertebrate fossils from
the Kaiparowits Basin of GSENM. In particular,
the project has focused on the Kaiparowits and
Wahweap formations’ macrofossil record undocu-
mented by previous microvertebrate researchers.
In 2001, the University of Utah established a
collaborative agreement with the Bureau of Land
Management (assistance agreement JSA015003),
which resulted in financial assistance from the
BLM via GSENM. The specific research objec-
tives of the KBP can be summarized as follows:

Sampson, Gates, Roberts, Getty, Zanno,
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1) Collect vertebrate, invertebrate, ichnologi-
cal, and paleobotanical fossils from the Kaip-
arowits and Wahweap formations to provide
the first detailed macrovertebrate record from
Utah for this critical time period.
2) Establish a high-precision temporal, depo-
sitional, taphonomic, and paleoenvironmental
context for the richly fossiliferous Kaiparow-
its—Wahweap alluvial package in the Kaip-
arowits Basin.
3) Use the paleontological and geological
results to reconstruct as accurately as possible
the succession of Late Cretaceous terrestrial
ecosystems in the Kaiparowits Basin.
4) Place the above findings into a regional
framework and investigate large-scale patterns
and processes relating to ecology, evolution,
taphonomy and biogeography.
To date, UMNH teams have logged a total
of 440 days of fieldwork on this project, amount-
ing to 1850 person days (with one person day
equaling an eight-hour work day for one person),
for a grand total of about 15,000 person hours in
fieldwork alone. During this time, the total area
surveyed in both the Wahweap and Kaiparowits
formations totaled ~23,500 acres. Over 600 verte-
brate localities have been discovered and mapped;
hundreds of macrofossil sites have now been sur-
face collected or excavated. Results to date have
been abundant and spectacular, exceeding initial
expectations in virtually all categories, with many
discoveries representing new genera or species
(Titus et al., 2001; Kirkland et al., 2002; Sampson
et al., 2002, 2004; Smith et al., 2003). Moreover,
preservation is frequently exceptional—particular-
ly with regard to the abundant dinosaur remains—
including articulated skeletons and integumentary
impressions. Commonly found nondinosaurian
macrovertebrate taxa include a variety of crocodil-
ians, turtles and fishes. Trace fossils are also com-
mon, encompassing not only vertebrate traces such
as dinosaur tracks, but also remarkably preserved
insect traces (Roberts and Tapanila, 2006; Roberts
et al., 2007). Additional paleontological results
include collection and preliminary identification of
a wide range and diversity of plant morphotypes.
Since its inception this project has sought
to place newly discovered vertebrate fossils into
a well constrained stratigraphic and paleoenvi-
ronmental context. Thus, geologic inventory has
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Figure 1. Late Campanian (~75 Ma) North America, depicting the Cretaceous Western Interior Seaway subdividing the continent.
Key Western Interior Basin geologic formations are shown. Abbreviations: A, Aguja Formation; D, Dinosaur Park Formation; F,
Fruitland and Kirtland formations; J, Judith River and Two Medicine formations; K, Kaiparowits and Wahweap formations.

paralleled the paleontological work, providing key =~ work, combined with taphonomic and paleonto-

insights into these Late Cretaceous paleoenviron- logical results, has also provided key insights into
ments. Highly significant is the discovery of mul- the paleoenvironmental context of the Wahweap
tiple volcanic ash (bentonite) horizons at varying and (particularly the) Kaiparowits formations.
stratigraphic levels within the Kaiparowits Forma- This paper summarizes our current state of
tion. Radiometric analysis (Roberts et al., 2005a) knowledge with regard to the geology and pale-
has provided the requisite temporal context, ontology of the Kaiparowits and Wahweap forma-
indicating that the Kaiparowits Formation was de- tions, highlighting the results of the KBP. It also
posited over a geologically brief interval of about provides a brief discussion of the implications of
2 million years, spanning 76 to 74 Ma. Geologic these results for understanding the diversity, bioge-
143 Sampson, Gates, Roberts, Getty, Zanno,
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ography, and evolution of Campanian faunas in the
Western Interior Basin (WIB). The reader should
keep in mind, however, that this contribution
comprises a brief review of a work in progress; for
example, most of the specimens described herein
have been recovered in the past several years and
are currently under study. Thus, it is expected that
a similar review written in as little as five to ten
years would provide a considerably more resolved
picture.
Institutional abbreviations

RAM, Raymond M. Alf Museum, Claremont,
CA; UCMP, University of California Museum of
Paleontology, Berkeley, CA; UMNH, Utah Mu-
seum of Natural History, Salt Lake City, UT.

Geologic and

Paleoenvironmental Context

This KBP has targeted the Upper Cretaceous
Kaiparowits and Wahweap formations, which
together represent an eastwardly prograding
clastic wedge deposited after the final retreat of
the Cretaceous Western Interior Seaway (KWIS)
in Utah (Peterson, 1969). These strata are part of
an extensive late Mesozoic sedimentary package
deposited within coastal and alluvial plains that
together comprise the Cordilleran foreland ba-
sin. The sediments are derived from the actively
evolving Sevier fold and thrust belt to the west and
the Mogollon highlands to the south (Goldstrand,
1992; Lawton et al., 2003).

Kaiparowits Formation

The Kaiparowits Formation consists of
approximately 860 m of late Campanian age
strata that accumulated in a mosaic of fluvial and
floodplain settings inland of the western margin
of the KWIS (Eaton, 1991; Roberts, 2007). Thick
floodbasin pond and lake deposits, large chan-
nels, and poorly developed paleosols suggest that
deposition occurred in a relatively wet alluvial
system. Roberts et al. (2005a) used radiometric
data to constrain the age of Kaiparowits deposition
to between approximately 76 and 74 Ma, making
this unit penecontemporaneous with the fossilif-
erous portions of several other formations in the
WIB, including Dinosaur Park, Judith River, Two
Medicine, and Fruitland formations (Fig. 2). The
most fossiliferous portion of the Aguja Forma-
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tion of southwest Texas (Upper Shale member)
was previously regarded as penecontemporane-
ous with the above-named formations (Lehman
1997); however, recent study indicates a younger
age, likely spanning the latest Campanian and
early Maastrichtian (Atchley et al., 2004; Sankey
et al., 2007). The Kaiparowits Formation is highly
fossiliferous, particularly the middle member, with
vertebrate remains preserved within both channel
and overbank deposits. Prior to 2000, macroverte-
brate collection in the Kaiparowits Formation was
almost exclusively restricted to the limited area of
badlands along U.S. Highway 12 (Fig. 2). Howev-
er, recent exploration of more remote exposures to
the south have been very productive, highlighting
the potential for continued success in locating and
excavating new vertebrate localities, especially
along Death Ridge, Fossil Ridge, South Canaan,
and Four Mile Bench (Fig. 2).

Wahweap Formation

Conformably underlying the Kaiparowits For-
mation is the Wahweap Formation, a 350—480 me-
ter-thick unit divided into four informal members
that span the entire middle Campanian (~80.8-76.1
Ma; Jinnah et al., in review). The formation con-
sists largely of fully alluvial to tidally-influenced
fluvial and overbank sandstones and mudstones
laid down by meandering and braided streams and
their associated floodplains (Eaton, 1991; Pollock,
1999).

With the Campanian strata of the Kaiparowits
Basin now firmly constrained in time, the region
becomes one of a small handful of areas in North
America that have both relatively continuous
Campanian terrestrial fossil records and estab-
lished chronostratigraphic control, both of which
are critical for making meaningful regional and
global faunal and floral comparisons. Future plans
include refinement of the temporal resolution of
the Kaiparowits Formation and especially the
Wahweap Formation by dating additional benton-
ites and through dating of detrital zircons from
fine-grained siltstone facies. Improved age assess-
ments are particularly important in light of the
unexpectedly short duration recently documented
for the 860 m-thick Kaiparowits Formation (~2
Ma; 76.1-74.0 Ma). Additional geologic goals
include improving our understanding of the physi-
cal controls on basin formation. Among the most

144



GEOLOGY AND PALEONTOLOGY

(3

LEARNING FROM THE LAND

(BG00T “|e 19 SH200Y ‘TE6T ‘UOIRT WOU) PAYIPOIAl) "JUSWNUOIA [BUOLEN 9)UB|eds]
-9seaulels puedg ul gT AemysiH 'S’ Suoje uondas pasnseaw 931sodwod e pue (pataquinu) suonedso| Apnis Azewrad yum ‘uiseg syumodediey) ay3 4oy dew Aljedo| [esauan *g aansi4

6 55 @ [ — - ) n
o |nej [ewIoN 0
£poq e mp W ST YNOZIYY /0
BN S0 </ (0'08 b — - = e e = == | o5 painsea J0 UOREI0T ()—@
[12Mod 2407 HVLN
SPAQ S wmp =mm ool A1BPUNOQ JUSWINUOYY — we——
e uonewso4 deamyep .
SPaQ YSe wp
: 00T npvajold uoneuwod sumolediey D
—ts] paleniualayipun ‘suoew.soy
Jequisiy 00€ o slmoivdpy &7 stead ueeuer mojjoH auig ‘uosepd
M jeishid LOQQD ...n
2N SS uondas 1o spjoukay desmyepm (7 & AN3OIT
2 6uidde)n oov oﬂl.. <
o
o [
c
=
BN 110 -/+ 96'SL wb W [ 005 % £
=
P uo1129S Youag I|IW N0 S} O—e ..mu %
L I/ u
w e 34y UIRIUNO 3SIOH S 6 % b
SPAQ USe wmp ====m——= o
Py easy abpiy yieaq sym U =
O 00z o AR
S e24y UBRUERD YINOS SIMOJ € 2
PEAWES e wun M J1dou| 3
— f : =
ewsto-/+zoss me Tooeof PP | = foos o385 Uokue) saupaed sy BIEhs |7 & /5
BN SL°0~/+ ZO'SL mup e 2] ealy san|g sedieyyl ~ ,W
o T | oo &
(@] 4
jeo> [N e X juswnuow \S\_\,\
ajesswolbuod Eid = < fooor euoljle
auoispues [ | Use =- 'I‘ = V _ Loy ojue|edsy
auoispnw == N ot 2lue|edsy Mv..nv
== Roott z
[« [NELEN N B———— I®) -asediiels \zz#.o
= noajojd
R L oozt — No8E pUElD) bt Sy 2/qoL HYLN
PN BL'0 /+ LT VL P
MoClLL
00€L |

Sampson, Gates, Roberts, Getty, Zanno,
Titus, Loewen, Smith, Lund, and Sertich

145



GEOLOGY AND PALEONTOLOGY @ LEARNING FROM THE LAND

intriguing results of our preliminary investigations
is the revelation that the Kaiparowits Formation
has one of the highest sediment accumulation rates
(~41 m/Ma) in the WIB (Roberts et al., 2005a).
Thus, using a combination of data (e.g., sandstone
provenance analysis [e.g., Dickenson and Suczek,
1979] and uranium-lead dating of detrital zircons
[Gehrels, 2000]), we plan to assess the relative
roles of tectonics, climate, and sea level changes
on basin development, and ultimately, on fossil
preservation.

Paleontologic Results

Overview

Our knowledge of the Kaiparowits Forma-
tion fauna is substantially better than that for the
Wahweap Formation. This disparity is largely
due to the fact that the Kaiparowits Formation is
significantly more fossiliferous than the underly-
ing Wahweap. In addition, however, much more
field time has been devoted to the Kaiparowits
Formation. Systematic paleontological work in the
Wahweap Formation began in the late 1980s, with
a strong focus on microvertebrates, and particu-
larly mammals (Eaton and Cifelli, 1988; Cifelli,
1990b). Aside from isolated teeth and bone frag-
ments, macrovertebrates from the formation re-
main poorly understood. Nevertheless, crews from
the UMNH and the Utah Geological Survey have
discovered a number of promising new vertebrate
localities, particularly within the floodplain—domi-
nated middle and lower members (e.g., Kirkland
et al., 2002). Recent findings include several well
preserved dinosaur skulls and associated skeletons,
which are currently being prepared and identified
(see below), as well as abundant dinosaur track-
ways. These discoveries indicate that many more
exciting specimens remain to be unearthed from
the Wahweap Formation, and the paucity of pre-
late Campanian vertebrates in the central portion
of the WIB (Lehman, 1997) increases the signifi-
cance of those specimens that are recovered.

As noted above, sporadic, institution-based
collection of vertebrates in the Kaiparowits forma-
tion began in the early 1980s, with a focus on
microvertebrates; taxa identified include 13 fishes,
14 lizards, and 22 mammals (Eaton & Cifelli,
1988; Cifelli, 1990a, b, c, d; Eaton, 2002). Since
2000, the KBP has almost doubled the known
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species diversity from this unit. Given that com-
parable Late Cretaceous units in the WIB have
been prospected regularly for many decades, or
over a century in some cases (e.g., Dinosaur Park
Formation, Hell Creek Formation), the diversity
of macrovertebrate species already recognized
from less than a decade of collecting supports the
notion that the Kaiparowits Formation will yield a
similarly high diversity of terrestrial macroverte-
brates. Importantly, the majority of vertebrate taxa
(both micro- and macro-) are known only from
fragmentary remains, suggesting that we have only
begun to realize the potential of these deposits.
Below we summarize current knowledge of the
vertebrate faunas of the Wahweap and Kaiparowits
formations, with an emphasis on macrovertebrate
results from the KBP. Also briefly reviewed are the
invertebrate and paleobotanical results, which are
informing paleoecological reconstructions of the
Kaiparowits Formation in particular.

Fishes

To date, the Wahweap and Kaiparowits forma-
tions have yielded evidence of at least 17 genera of
fishes (Eaton et al., 1999). The cartilaginous fishes
(chondrichthyans) are relatively diverse, includ-
ing: the primitive hybodont genus Hybodus and
the shell crushing Lissodus; the orectolobiform
carpet sharks Brachaelurus and Squatirhina; the
sclerorhynchid sawfish Ischyrhiza; and the rhino-
batid guitarfish Myledaphus. Relatively primitive
(basal) bony fishes are represented by the sturgeon
Acipenser, the primitive gar Lepisosteus, and the
bowfin Amia, whereas more advanced bony fishes
(teleosts) include Astractosteus, Paralbula, and
Plactacodon.

Amphibians

Amphibians are represented by a variety of
lissamphibians, the group that includes frogs and
salamanders. A total of ten genera and species of
amphibians are known from the Wahweap and
Kaiparowits formations. The two most abundant
genera are Albanerpeton and Habrosaurus (Eaton
et al., 1999; Gardner, 1999, 2000a, b). Habrosau-
rus is known from the Kaiparowits Formation and
more northern formations within the WIB, as is at
least one species of Albanerpeton (A. gracilis).
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Squamates

Recent work on squamates (lizards) from the
Kaiparowits and Wahweap formations has revised
the generic diversity to 14 taxa, with 8 identified
species (McCord, 1997; Eaton et al., 1999; Voci
and Nydam, 2003; Nydam et al., in press). Surpris-
ingly, only one genus (Odaxosaurus) is known
from the Wahweap Formation, whereas the Kaip-
arowits Formation has yielded remains of scincids,
xenosaurids, helodermatids, anguids, and varanids
(McCord, 1997, 1998; Eaton et al., 1999a; Nydam,
pers. comm., 2004).

Turtles

Turtle fossils are common throughout the
Wahweap and Kaiparowits formations. The most
common genera are Basilemys, Adocus, Denazine-
mys, Aspideretoides, and Compsemys (Hutchison
et al., 1997; Eaton et al., 1999). The Kaiparowits
Formation has been the subject of the majority of
turtle research; however, the Wahweap Formation
has also yielded several nearly complete speci-
mens. Trionychids are the most common turtles
found in the Kaiparowits Formation (Fig. 3). Other
components of the turtle fauna include a small,
undescribed mud turtle and Cretaceous members
of the Chelydridae, or snapping turtles.

Crocodilians

Crocodilian remains in the Wahweap and
Kaiparowits formations are abundant; yet this
group remains poorly understood because of the
fragmentary nature of most specimens (Eaton et
al., 1999). The Wahweap Formation includes an
undescribed large-bodied goniopholid over 7 m in
length, as well as several smaller taxa. Crocodil-
ians are better known from the Kaiparowits For-
mation, which possesses the most diverse croco-
dilian fauna in the entire WIB, with five identified
taxa; these include an undescribed goniopholid,
an undescribed species of Brachychampsa, and a
putative new genus of caiman, the oldest occur-
rence of this group discovered to date (Wiersma et
al., 2004). The diverse morphologies of these ap-
parently coeval Kaiparowits taxa suggest equally
diverse lifestyles (Wiersma et al., 2004; in prepa-
ration).

Figure 3. Dorsal view of a nearly complete trionychid turtle
carapace (UMNH unnumbered) recovered from the Kaip-
arowits Formation. Scale bar equals 10 cm.

Dinosaurs

Perhaps the most significant contributions
of the KBP to date have been those relating to
dinosaurs. Although several important specimens
have been recovered from the Wahweap Formation
(see below), and the potential for further signifi-
cant finds in this unit appears excellent, the most
significant dinosaur discoveries have thus far come
from the Kaiparowits Formation. A 1997 review
of fossil vertebrates from the Kaiparowits Forma-
tion (Hutchison et al., 1997) listed the confirmed
presence of eight different dinosaur taxa. Today
we can document the occurrence of 16 taxa of
nonavian dinosaurs in this unit, a doubling of the
previous estimate in less than a decade. Perhaps
more significantly, whereas all dinosaurs in 1997
study were known only from fragmentary remains,
the KBP has resulted in the collection of the as-
sociated (and, in many cases, articulated) remains
of approximately 40 dinosaur skeletons, includ-
ing several partial to nearly complete specimens.
Some spectacular examples include nearly com-
plete skulls for several of the duck-billed and
horned dinosaur taxa, as well as for a new species
of tyrannosaurid theropod. Thus, whereas the 1997
study identified four of the eight dinosaur species
to the genus level or below, we currently have
sufficient materials in hand to establish the generic
taxonomy of 10 of the 16 taxa (with many of these
specimens currently under study). Moreover, the
Kaiparowits sample is now sufficient to question
or refute three of the four genera identifications
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made in the study by Hutchison et. al. (1997).
Below is a brief review of the dinosaur fauna of
the Wahweap and Kaiparowits formations. See
also Zanno et al. (this volume) and Gates et al.
(this volume) for more detailed discussions of the
theropod and ornithopods, respectively.

Ornithopods

Ornithopods were a group of highly success-
ful, plant-eating dinosaurs that played a major role
within Late Cretaceous ecosystems on many con-
tinents around the globe. North American repre-
sentatives of this widely distributed group include
the relatively small-bodied hypsilophodonts and
the giant-sized hadrosaurs (duck-billed dinosaurs).
Within GSENM, hypsilophodont-grade ornitho-
pods are thus far known only from the Kaiparowits
Formation, and multiple specimens indicate the
presence of a relatively large-bodied, undescribed
taxon (Gates et al., this volume).

Hadrosaurids are divided into two groups: the
crested lambeosaurines, which possess hollow,
bony crests incorporating the nasal cavity; and the
non-crested hadrosaurines, which either lack crests
altogether or possess a solid, bony crest that does
not incorporate the nasal cavity. As in most other
terrestrial ecosystems from the Late Cretaceous
of North America, hadrosaurid remains are the
most common dinosaur fossils collected from the
Wahweap and Kaiparowits formations. To date,
two duck-billed dinosaur taxa, both hadrosaurines,
are known from the Wahweap Formation: one
form shares close affinities with Brachylophosau-
rus, whereas the second is closely related to an
undescribed taxon from Montana (Gates et al., this
volume). Three hadrosaur taxa are currently rec-
ognized from the Kaiparowits Formation. One of
these is a lambeosaurine of the genus Parasauro-
lophus that is closely related to (if not conspecific
with) P. cyrtocristatus. The remaining two taxa are
both extremely large-bodied hadrosaurines from
the genus Gryposaurus; one of these forms closely
resembles G. notabilis, whereas the second repre-
sents a new, highly robust, species, Gryposaurus
monumentensis (Fig. 4; Gates and Sampson, 2007;
Gates et al., this volume). Multiple Gryposau-
rus specimens are known from the Kaiparowits
Formation, a number of which exhibit exceptional
preservation, including skulls with associated
articulated postcrania and relatively common oc-
currences of fossilized skin impressions.
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Marginocephalians

Marginocephalians are a group of “margin-
headed,” plant-eating dinosaurs generally divided
into two groups—the dome-headed pachycephalo-
saurs, with a short bony shelf projecting from the
rear of the skull; and the ceratopsians, or horned
dinosaurs, many of which have elongate cranial
shelves extending rearward to form expansive
bony “frills.” Pachycephalosaurid remains in the
Kaiparowits Basin are rare, as is typical of all
North American formations that have produced
fossils of this group. However, since 2000, the
KBP has recovered a number of specimens, in-
cluding a frontoparietal dome from the Wahweap
Formation that resembles Stegoceras, but appears
to represent a new taxon (Kirkland and DeBlieux,
in prep.). The Kaiparowits Formation has yielded
two isolated, highly ornamented squamosals from
a small-bodied taxon, once again morphologically
similar to Stegoceras.

In contrast, the KBP has collected exceptional
remains of three new taxa of ceratopsid (horned)
dinosaurs within the middle unit of the Kaiparow-
its Formation, all represented by reasonably com-
plete partial skulls. Two of these taxa pertain to the
long-frilled clade Chasmosaurinae, whereas the
third is a representative of the short-frilled Centro-
saurinae; all three appear to pertain to new genera
and species (Sampson and Loewen, in press). With
regard to the Wahweap Formation, two partial
skulls of a centrosaurine ceratopsian have been
collected by the Utah Geologic Survey; one of
these is a superbly preserved specimen with long
supraorbital horns that represents another new
genus and species (Kirkland et al., 2002; Kirkland
and DeBlieux, in press). Preliminary study sug-
gests that, considered in unison, these specimens
will cause us to reconsider several aspects of the
evolution of horned dinosaurs (Sampson and
Loewen, in press).

Thyreophorans

Thyreophorans are a group of armored,
herbivorous ornithischian dinosaurs that include
stegosaurs (with plates and spikes arrayed along
the axial column) and ankylosaurs (with dermal
ossifications of armor covering most of the body).
The tank-like ankylosaurs are further subdivided
into nodosaurids, which lack bony tail clubs, and
ankylosaurids, which possess tail clubs. As a
group, ankylosaurs comprise a tiny portion of the



LEARNING FROM THE LAND @ GEOLOGY AND PALEONTOLOGY

10cm

Figure 4. Left lateral view of a nearly complete hadrosaurid (duck-billed dinosaur) skull (RAM 6797) pertaining to Gryposaurus
monumentensis (Gates and Sampson, 2007; Gates et al., this volume). The specimen was discovered by a crew from the Alf
Museum and collected by RAM and UMNH crews. Scale bar equals 10 cm.

Kaiparowits Basin dinosaur fossil assemblage, as
is true of virtually all Late Cretaceous terrestrial
ecosystems in North America for which samples
exist. Nevertheless, ankylosaur remains have
been recovered from both of the target formations
(Eaton et al., 1999). By far the best record of the
group has been recovered from the Kaiparowits
Formation, including several associated speci-
mens found in the last five years. One locality has
yielded more than 40 associated osteoderms (bony
pieces of armor) of varying sizes from a nodosau-
rid. Another site includes associated cranial and
postcranial elements of an ankylosaurid; prelimi-
nary examination of the latter materials suggests
that assignment to Fuoplocephalus (Hutchison et
al., 1997) is unwarranted at this time.

Theropods

Theropod dinosaurs were a highly diverse,
widespread group of bipedal, predominantly
carnivorous animals that filled most of the large-
bodied, meat-eating niches in Mesozoic terrestrial
ecosystems. Little is known of the diversity of
theropods from the Wahweap Formation, with the
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majority of fossils consisting of isolated teeth. In
contrast, with a minimum of six taxa currently rec-
ognized (Zanno et al., this volume), it is becoming
apparent that the Kaiparowits Formation possessed
a relatively diverse non-avian theropod fauna
similar to those described from geologic forma-
tions from the northern region of the WIB (e.g.,
Dinosaur Park and Two Medicine formations). All
are members of a highly diverse clade known as
Coelurosauria, which underwent a major radiation
during the Cretaceous, and can be found on almost
every continent during this time. As in other WIB
formations, the top predator role was filled by a
tyrannosaur. The Kaiparowits tyrannosaur, now
known from multiple specimens, appears to repre-
sent a new genus and species. Like other Campan-
ian-aged tyrannosaurs, the Utah taxon was signifi-
cantly smaller than its larger cousin Tyrannosaurus
rex, likely with an adult body mass in the range

of 1-2 tonnes (versus 5-6 tonnes in 7. rex). Rather
than being closely allied with Albertosaurus, as
postulated by Hutchison et al. (1997), preliminary
study suggests that the Kaiparowits tyrannosaur is
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a near relative of Daspletosaurus within the clade
Tyrannosaurinae.

All other theropod dinosaurs from the Kai-
parowits are much smaller-bodied coelurosaurs.
They include four “raptor’-like maniraptorans
that were likely feathered: two dromaeosaurids, a
troodontid, and an oviraptorosaur. The two species
of dromaeosaur and the troodontid are recognized
predominantly on the basis of isolated elements.
Oviraptorosaurs are a group of toothless theropods
best known from the Late Cretaceous of Asia; the
Kaiparowits taxon consists of a nearly complete
articulated hand and partial foot (Fig. 5), repre-
senting the holotype of the recently named spe-
cies, Hagryphus giganteus (Zanno and Sampson,
2005). The fifth small-bodied coelurosaurian from
the Kaiparowits Formation is an ostrich-mimic
dinosaur, or ornithomimid, known from numer-
ous (though predominantly isolated) specimens.
This animal was previously identified as belong-
ing to the species Ornithomimus velox (Decourten
and Russell, 1985; Hutchison et al., 1997), but a
reconsideration of the materials indicates that this
assignment may be incorrect (Zanno et al., this
volume). The Kaiparowits ornithomimid materials
are currently under study.

Mammals

Although known mostly from teeth, mammals
are without doubt the best understood microverte-
brate group found within the formations, at least
in terms of taxonomic diversity. Some 19 mammal
genera have been identified from this interval, in-
cluding marsupials, multituberculates, and insecti-
vores (Cifelli, 1990a, 1990b, 1990d; Eaton, 1995;
Eaton et al., 1999). Of these, five genera—two
multituberculates (Cedaromys and Kaiparomys),
two marsupials (Varalphodon and Aenigmadel-
phys), and one placental (4vitotherium)—are thus
far endemic to the Kaiparowits Formation.

Invertebrates

Freshwater invertebrates from Upper Creta-
ceous strata in the WIB have received sparse atten-
tion (Russell, 1964; Hartman, 1976, 1981, 1984).
Based on preliminary assessments, the Late Creta-
ceous freshwater invertebrate fauna of the Kaip-
arowits Basin contains one of the most complete
records of Cenomanian through late Campanian
molluscs in North America (J. Eaton, pers. comm.,
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2002). Assemblages are dominated by several
genera of unionid bivalves and a diverse mesogas-
tropod fauna (DeCourten, 1978). Non-molluscan
taxa are also known, and include decapods and
small arthropods. The molluscan record is espe-
cially impressive, including some of the thickest
and most extensive freshwater shell beds (unionid
bivalves) yet described (Roberts et al., 2005b).
Systematic and taphonomic study of molluscs
promises to provide answers relating to ecologic
context (i.e. depositional environment and pa-
leoclimatic data), as well as data for comparing
biogeographic trends observed in vertebrates. In
addition, these formations also preserve evidence
of terrestrial insects, including a recently described
social insect nest trace, Socialites tumulus (Rob-
erts and Tapanila, 2006), and an insect-generated
boring trace, Osteocallis mandibulus (Roberts et
al., 2007). Moreover, many of the fossilized leaf
specimens preserve characteristic insect damage
(Fig. 6), which can be used to assess aspects of
insect biology and diversity (Labandeira, 1997).

Fossil Plants

Late Cretaceous floras are common in the
intermontane basins of the Rockies, but very few
have been studied with modern techniques. With
the exception of the Cenomanian Dakota flora
of Kansas and Nebraska (Upchurch & Dilcher,
1990) and the Maastrichtian Hell Creek flora of
the Dakotas (Johnson, 2002), Late Cretaceous
fossil megafloras of North America are known
almost exclusively from isolated fossil localities
recorded in historical references or unpublished
theses (McClammer and Crabtree, 1989). To date,
only the Hell Creek flora comprises a dataset of
densely sampled floral localities in a temporally-
constrained stratigraphic framework integrated
with other fossil data (Hartman et al., 2002,

Wilf & Johnson, 2004). Ongoing projects in the
Maastrichtian Laramie and Denver formations of
the Denver Basin (Johnson et al., 2003) and the
Campanian Fruitland and Kirtland formations of
the San Juan Basin (Boucher et al., 1997; Boucher,
2001; Vogt & Boucher, 2002; Davies-Vollum and
Boucher, 2003) are beginning to produce signifi-
cant data on the paleofloras of these formations.
However, a nearly complete literature gap ex-
ists for post-Cenomanian and pre-Maastrichtian
megafloras. GSENM has tremendous unrealized
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Figure 5. Oblique ventral view of an articulated hand from t

he holotype specimen of Hagryphus giganteus (UMNH VP 12765) a

caenignathid (oviraptorosaur) theropod dinosaur from the Kaiparowits Formation (Zanno and Sampson, 2005; Zanno et al., this

volume).

Figure 6. Fossilized angiosperm leaf (DMNS unnumbered)
recovered from the Kaiparowits Formation and pertaining to
the clade Plantanaceae. Note the insect feeding traces on the
leaf margin and within the body of the leaf. Scale bar equals
lcm.

potential for the study of Late Cretaceous vegeta-
tion (Gillette & Hayden, 1997; Foster et al., 2001).
Reconnaissance by the Denver Museum of Nature
and Science (DMNS) resulted in the discovery

of numerous megafloral sites in the Kaiparowits
Formation in 2002 and 2003. Fossil pollen remains
have also been reported in abundance (Lohrengel,
1969; Nichols, 1995). Preliminary analysis of four
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Kaiparowits megafloral sites yielded 51 morphot-
ypes (morphospecies) (Fig. 6). The flora is over-
whelmingly dominated by angiosperms (84%), but
also contains ferns (8%) and conifers (6%). One
site contained 36 different morphotypes from only
80 specimens. Leaf margin analysis (Wilf, 1997)
based on 39 dicot morphotypes indicates a mean
annual temperature of 21.3 £ 2.27°C. This evi-
dence suggests that more extensive sampling will
be richly rewarded. Ultimately, paleobotanical evi-
dence from the Kaiparowits Basin could be used
to assess floral composition, paleoenvironment,
paleoclimate, and vegetation in the central portion
of the WIB for much of the Late Cretaceous.

Discussion and Conclusion
Biogeographic Implications

The Late Cretaceous was an interval of warm
climates and elevated global sea levels, resulting
in the formation of persistent inland seaways on
a number of continents. One of these, the KWIS,
flooded the central portion of North America for
~35 million years, forming discrete eastern and
western landmasses. A series of fossiliferous
formations deposited east of a chain of mountains
(the Sevier orogenic belt) in the WIB preserve
evidence of a variety of terrestrial and nearshore
marine settings (Fig. 2). Terrestrial ecosystems in
the WIB were sandwiched between the fluctuat-
ing seaway to the east and rising mountains to the
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west. Although Asia and western North America
were periodically connected via a northern land
corridor (Russell, 1995), the lack of species com-
mon to both areas suggests that the link acted
largely as a sweepstakes filter, allowing limited
faunal exchange and effectively isolating the west-
ern part of North America (Farlow et al., 1995;
Godefroit, 2001). The margins of the seaway were
not static but rather underwent large-scale trans-
gressions and regressions. As a result, the available
habitat for terrestrial biotas alternately shrank and
expanded. Although variable during the Campan-
ian, the total combined area of these dinosaur-rich
habitats encompassed approximately 4 million
km?, on the order of 16% of the present day area
of North America (Lehman, 1987; Scotese, 2001).
After more than a century of intense sampling

and study, we now know more about Campanian—
Maastrichtian terrestrial vertebrates from the WIB
than from any other continent-scale region of Me-
sozoic age. As a result, latest Cretaceous dinosaurs
from the Western Interior of North America have
been pivotal in the formation and assessment of
many hypotheses relating to dinosaur physiology
and behavior, from metabolic and growth rates to
reproductive and social behaviors (e.g., see refer-
ences in Farlow et al., 1995).

To date, Mesozoic biogeography has generally
been limited to biotic comparisons among conti-
nental landmasses. However, the highly fossilifer-
ous and well-sampled Upper Cretaceous forma-
tions of the WIB offer a unique opportunity to
examine finer-scale, subcontinental biogeographic
patterns. With this growing North American
database, we can now begin testing fundamen-
tal evolutionary and ecological ideas that were
previously inaccessible. One major hypothesis is
that WIB floras and faunas of the Campanian and
Maastrichtian exhibited pronounced provincialism,
with separation into distinct northern and southern
biomes marked by a boundary approximately at
the latitude of Utah and Colorado (Russell, 1967,
Sloan, 1969; Lehman, 1987, 1997, 2001). This
putative provincialism is thought to have had pro-
found ecological and evolutionary implications,
particularly for large-bodied dinosaurs. However,
the provincialism hypothesis has been challenged,
most notably by those arguing that the key geo-
logic formations represent a time-transgressive
sequence, and thus that their constituent faunas
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were not coeval (Sullivan, 2003; Sullivan and
Lucas, 2004). Clearly, testing of such large-scale
hypotheses requires detailed knowledge of floras
and faunas from multiple formations of compa-
rable age. At present, only a handful of Upper
Cretaceous WIB formations preserve well-sampled
terrestrial biotas in a detailed stratigraphic frame-
work: the Hell Creek Formation of the Williston
Basin (Hartman et al., 2002), the Laramie and
Denver formations of the Denver Basin (Johnson
et al., 2003), and the Dinosaur Park Formation of
Alberta (Currie and Koppelhus, 2005). Particularly
problematic is that the best-known formations
occur in the northern portion of the WIB, with

no equivalent standard in the central or southern
regions of the basin.

Thus far, the faunas of the Kaiparowits and
Wahweap formations have not been incorporated
into this debate. Although results from GSENM
must be regarded as preliminary, they are none-
theless intriguing. As addressed earlier, the KBP
has documented that the Kaiparowits Formation
represents a roughly 2 million year window that
is approximately coeval with the fossiliferous
portions of several late Campanian formations
north and south within the WIB: Dinosaur Park
Formation, Two Medicine Formation, Judith River
Formation, and Fruitland Formation (Fig. 2; Rob-
erts et al., 2005). By addressing the criticism that
the formations used in Lehman’s study represent
diachronous deposits, this finding underlines the
potential for productive, macro-scale comparisons
across the WIB.

In a preliminary test of the provincialism
hypothesis, we conducted an exhaustive biogeo-
graphic study (the largest for any Mesozoic ter-
restrial ecosystem) of known vertebrates from the
above-mentioned WIB formations (Sampson et al.,
2004; Gates et al., in press). The resulting data-
base—founded upon recent discoveries, firsthand
study of museum specimens, and an extensive
literature search— encompassed presence-absence
data for 291 micro- and macrovertebrate taxa
across fishes, amphibians, lizards, turtles, croco-
dilians, dinosaurs, and mammals. The resultant
faunal distributions show a high degree of latitudi-
nal variation, consistent with pronounced regional
endemism. Overall, mammals and dinosaurs show
the highest levels of endemism. Remarkably, not
a single dinosaur species is conclusively known



LEARNING FROM THE LAND @ GEOLOGY AND PALEONTOLOGY

from more than one of the three regions. In con-
trast to this pattern of marked species-level ende-
mism, the sampled formations are closely similar
at the family and subfamily level. Hadrosaurids
and ceratopsids are invariably the dominant mega-
herbivores, with other ornithisichians—pachy-
cephalosaurs, ankylosaurids, and hypsilophodon-
tids—present but considerably more rare. Among
theropods, the top carnivore role is filled by tyran-
nosaurs in all three regions, and there is typically a
range of smaller forms, including ornithomimids,
dromaeosaurs, and troodontids.

Project Significance

The results of the KBP are significant on
several levels. First, the discovery and analysis of
macrofossils from the Wahweap and Kaiparow-
its formations within GSENM, together with an
increased understanding of their geologic context,
are illuminating the alpha-level diversity and evo-
lutionary history of Campanian-aged vertebrates,
invertebrates, and plants from the Kaiparowits
Basin. These results are permitting reconstruction
of the essential elements of several successive Late
Cretaceous terrestrial ecosystems. Second, the
project has established the Kaiparowits Formation
as a standard-bearer for comparisons within the
WIB, and the results are being used to test hypoth-
eses relating to taphonomic controls and biotic
provincialism in the WIB. Additional evidence
of high levels of endemism and latitudinal varia-
tion in faunal composition between and among
WIB formations has profound implications for
late Campanian terrestrial ecology and evolution,
particularly as it relates to dinosaurs. It suggests
that the ecological roles filled by dinosaurs re-
mained relatively unchanged for much of the Cam-
panian, as evidenced by the consistent presence
of major clades (e.g., “families”) throughout the
WIB. Yet behind this ecological stasis may have
been relatively high rates of faunal turnover at the
level of genus and species (Ryan and Evans, 2005;
Sampson and Loewen, in press). This hypothesis
further suggests that, despite body sizes generally
exceeding those of large-bodied mammals, late
Campanian dinosaur species in the North Ameri-
can Western Interior were neither migratory nor
broadly dispersed, but rather had relatively small
species ranges. Currently there is no evidence of a
physical barrier that would have prohibited faunal
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movement between the northern and southern
regions of the WIB. Inhabiting a narrow, north-
south oriented belt of coastal and alluvial plains,
these faunas may thus have been sensitive to
latitudinal zonation of environments, despite the
fact that paleo-temperature gradients were mark-
edly reduced relative to those of the present day.
This hypothesis in turn raises interesting questions
relating to the physiology, ecology, and evolution
of dinosaurs generally. The Late Cretaceous faunas
from GSENM will undoubtedly play a pivotal role
in addressing these large-scale questions.
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ABSTRACT

Ornithopod dinosaurs were bipedal, herbivorous dinosaurs
with Late Cretaceous North American representatives that
included hadrosaurids and more basal “hypsilophodontid” forms.
Initiation of a large-scale research project aimed at the Campanian
macrovertebrates of Grand Staircase-Escalante National Monument,
southern Utah, has resulted in numerous discoveries of ornithopod
dinosaurs. The ornithopod fauna—dominated by hadrosaurs, but
including multiple “hypsilophodontid” specimens—includes several
new taxa. Isolated teeth typify the majority of “hypsilophodontid”
remains currently known from the Straight Cliffs and Wahweap
formations, with several skeletal specimens from the Kaiparowits
Formation representing an undescribed taxon. Hadrosaurid diversity
within the Wahweap and Kaiparowits formations now includes five
taxa, at least three of which appear to be new species. The Wahweap
Formation includes at least two taxa—one form closely related to
Brachylophosaurus and a second, undescribed genus that appears to
share closest affinities with an undescribed specimen from Montana.
Hadrosaurids from the Kaiparowits Formation include one species
of Parasaurolophus and two stratigraphically separated species of
Gryposaurus. The recognition of two temporally distinct species
of Gryposaurus within the Kaiparowits Formation is significant in
that it represents one of the few examples of within-lineage faunal
turnover for the Late Cretaceous Western Interior Basin, and the first
documented occurrence of the genus south of Montana.

Keywords: Hadrosauridae, Hypsilophodontidae, Campanian,
Utah, Kaiparowits, Wahweap, biostratigraphy, Parasaurolophus,
Gryposaurus, Straight Cliffs
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Introduction

rnithopods are bipedal herbivorous dino-
O saurs that originated in the Early Jurassic

and diversified through the Late Creta-
ceous. The group Ornithopoda was first proposed
by Marsh (1881), and more recently defined in
a cladistic sense by Norman et al. (2004) as “all
cerapodans closer to Edmontosaurus than to Tric-
eratops.” These dinosaurs were extremely wide-
spread, with fossil remains discovered from every
continent, including Antarctica.

In 2000, a team based out of the University
of Utah launched the Kaiparowits Basin Project
(KPB), with the primary goal of expanding the
macrovertebrate fossil record from Upper Creta-
ceous (Campanian) formations exposed in Grand
Staircase-Escalante National Monument (GSENM;
Figure 1). This work has built upon a rich founda-
tion of microvertebrate work spearheaded by Jeff
Eaton and Rich Cifelli (Cifelli 1987; 1990; Eaton
1991; 2002). To date, two families of ornithopods,
Hypsilophodontidae and Hadrosauridae, have
been discovered within both micro- and macro-
vertebrate localities. “Hypsilophodontids” were
small-bodied, cursorial ornithopods ranging from
about one to three meters in length (Norman et
al. 2004). They possessed relatively small heads
and leaf-shaped teeth, primitive characteristics
of the ornithopod clade. In contrast, virtually all
hadrosaurids were large-bodied animals, and those
found within GSENM were relatively giant, with
some forms exceeding 10 m in length. Hadrosaurs
are further distinguished from “hypsilophodon-
tids” in possessing large, elongate heads and dense
tooth batteries with more than 200 teeth in each

Gates, Lund, Getty, Kirkland, Titus,
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Figure 1. Location map of Grand Staircase-Escalante
National Monument within Utah.

jaw quadrant—a highly derived condition among
ornithopods. The hind limbs of hadrosaurids are
massively built in order to support their enormous
weight, as evidenced by the inferred facultative
use of the forelimbs for weight-bearing during
locomotion (Horner et al. 2004). Hadrosaurids are
further subdivided into two subclades, or “sub-
families,” the hollow-crested Lambeosaurinae
and the non-hollow-crested Hadrosaurinae. Both
subfamilies possessed highly modified skulls with
cranial ornamentations, although lambeosaurines
are extreme in this regard, forming an elaborate
extension of the nasal cavity within hollow, bony
crests composed mostly of nasals and premaxillae.

Here we briefly describe the diversity of
ornithopods within the Upper Cretaceous Straight
Cliffs, Wahweap, and Kaiparowits formations of
GSENM, focusing on recent discoveries of the
KBP, and address their biostratigraphic and bio-
geographic significance.
Institutional abbreviations

BYU-Brigham Young University, Provo, UT;
FMNH-Field Museum of Natural History, Chi-
cago, IL; MNA—Museum of Northern Arizona,
Flagstaft, AZ; RAM—Raymond M. Alf Museum,
Claremont, CA; UCMP—University of California
Museum of Paleontology, Berkeley, CA; UMNH-
Utah Museum of Natural History, Salt Lake City,
UT.

Straight Cliffs Formation

The 335 to 487 meter-thick Straight Cliffs For-
mation (Turonian-Santonian) consists of alternat-
ing marine and nonmarine units deposited during
regression of the Cretaceous Western Interior
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Seaway (Peterson 1969; Eaton 1991). During
maximum transgression, the seaway extended

into the middle of the Kaiparowits Plateau (Eaton
1991; Eaton et al. 1999; Peterson 1969), forming
a largely north-south shoreline approximately in
the center of the monument. Nonmarine strata in
the Straight Cliffs Formation are found mostly in
the lagoonal/ floodplain-dominated Smoky Hollow
Member, the deltaic John Henry Member, and the
fluvially-deposited Driptank Member. The Smoky
Hollow and John Henry members produce the ma-
jority of well preserved nonmarine vertebrate taxa,
whereas the Driptank contains mostly logs and
scrappy bone fragments (Cobban et al. 2000; Doel-
ling et al. 2000; Eaton et al. 1999; Peterson 1969).
Most previous research has focused on screen-
washing microvertebrate localities, resulting in
the collection of abundant and diverse dinosaur
teeth (e.g. Eaton et al., 1999). Consequently, our
current understanding of the taxonomic diversity
of dinosaurs within the Straight Cliffs Formation
is limited largely to inferences based upon tooth
morphology—a practice that generally produces
only “family” grade resolution. More specific to
the present review, taxonomic resolution of orni-
thopod diversity from the Straight Cliffs Forma-
tion, also based predominantly on dental remains,
is currently constrained to Hypsilophodontidae and
Hadrosauridae incertae cedis (Eaton et al. 1999).
However, in 2006, Jeff Eaton (Weber State Uni-
versity) discovered the partial skeleton of a large
ornithopod in the Middle Turonian Smoky Hollow
Member west of the Kaiparowits Plateau and north
of the town of Tropic; the specimen, subsequently
excavated by the Utah Geologic Survey, consists
only of vertebrae and limb elements, allowing

no further taxonomic assessment. The only other
large ornithopod known from the Middle Turonian
of the southwestern United States is a derived
iguanodontian ornithopod from the lower Moreno
Hill Formation in west-central New Mexico that
appears to be basal to Hadrosauridae (McDonald
et al. 2006).

Wahweap Formation

Conformably overlying the Straight Cliffs
Formation, the 305- to 457 meter-thick Wahweap
Formation is divided into four formal members
that reflect changes in either depositional regime,

tectonic control, or both: the Lower Sandstone
Member (LSM), the Middle Mudstone Member
(MMM), the Upper Sandstone Member (USM),
and finally the Capping Sandstone Member (CSM;
Eaton 1991; Pollock 1999; Doelling et al. 2000).
Significant ornithopod specimens have been recov-
ered from all four members, although the MMM is
currently the most productive member. As with the
Straight Cliffs Formation, however, teeth comprise
the only evidence of “hypsilophodontids” within
the formation (Eaton et al. 1999).

Hadrosauridae

Hadrosaurids are vastly more abundant than
“hypsilophodontids,” with numerous macrosite
localities throughout much of the stratigraphic
section. Several dozen fossils have been recovered
from the hadrosaurid-dominated Tibbet Springs
Quarry, located in a highly indurated sandstone
near the base of the LSM within a few meters of
the top of the Drip Tank Member of the Straight
Cliffs Formation. Multiple individuals are repre-
sented in this quarry based on numerous limb and
girdle elements, vertebrae, and a poorly preserved
jaw, with some material representing at least
partial associated skeletons. This site has been
the richest dinosaur locality found thus far in the
lower member of the Wahweap Formation.

All but one of the identifiable hadrosaurid
specimens recovered thus far from the Wahweap
Formation pertain to the Hadrosaurinae. The single
exception is an isolated lambeosaurine maxilla re-
covered from the USM (UCMP 152028; Figure 2),
the fragmentary nature of which precludes detailed
comparison to other taxa. However, the medial
side of the preserved portion reveals similarities
to an undescribed maxilla of Parasaurolophus sp.
(UMNH VP 16666) from the Kaiparowits For-
mation (see below). These same characteristics
are apparently lacking in the crested-hadrosaurs
Corythosaurus and Hypacrosaurus. On the other
hand, UCMP 152028 differs significantly from
UMNH VP 16666, suggesting that this element
may pertain to a new taxon.

Published records of dinosaur faunas contem-
poraneous with the Wahweap Formation do not
include substantive descriptions of materials attrib-
uted to lambeosaurines, although, an undescribed
lambeosaurine from the Oldman Formation of
Alberta, Canada, is approximately coeval with the
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Figure 2. Unidentified lambeosaurine maxilla (UCMP
152028) from the Wahweap Formation shown in lateral
view. Abbreviations: epp, expansion of the premaxil-
lary process; ja, jugal articulation; jp, jugal process.
Scale bar equals 5 cm.

Wahweap specimen. Future comparison of these
materials will enable testing of whether or not
northern and southern lambeosaurines during this
interval were closely related.

A large hadrosaurine bonebed and an iso-
lated, associated skeleton are the most significant
discoveries to date within the Middle Mudstone
Member. A locality known as “Jim’s Hadrosaur
Site” has yielded a number of juvenile postcranial
elements, including a large portion of the fore and
hind limbs, as well as dorsal and cervical verte-
brae. This specimen was scattered amidst abundant
carbonized log sections and conifer branches, as
well as a disarticulated turtle, unionid clams, and
freshwater crab claws. Jim’s Hadrosaur Site is
located near the base of the MMM and appears to
preserve a single juvenile hadrosaur individual.

Another locality within the MMM produc-
ing juvenile hadrosaur material is a large bonebed
near Camp Flats. Deposited in a back swamp
environment, two hadrosaur individuals, an adult
and juvenile, were completely disarticulated over
an area of more than 18.5 m?; additional fossils
found within the site include abundant microverte-
brate remains—theropod teeth, fish bones, a turtle
pelvis, and large freshwater crab claws. The site
also preserves abundant plant remains consisting
of numerous tree stems crisscrossing both above
and below the hadrosaur specimens, as well as
dispersed clusters of unidentifiable leaf hash and
several examples of unidentified conifer leaves.
The excavation has thus far revealed approximate-
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ly 70-80% of the adult postcranium and numerous
elements of a much smaller juvenile specimen.
Unfortuna