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Introduction

The National Park Service is pleased to present the extended abstracts from the First Confer-
ence on Research and Resource Management in Southern Arizona National Park Areas. The ten
park areas featured conserve a wide range of cultural and natural resources. Research and resource
management topics in these areas are as diverse as the resources themselves: from Sinagua cliff
dwellings to |8th-century Spanish colonial missions, from blistering desert plains to montane spruce-
fir forests. These public treasures are the focus of local, national, and international attention among
researchers, resource management professionals, and millions of visitors. They are important components of the
cultural and natural heritage of southern Arizona, and contribute significantly to its economy.

Effective resource management involves free and frequent exchange of information among managers, research-
ers,and the public. Similarly, research on cultural and natural resources is of particular value when its focus considers
resource management issues and public concerns. Finally, the public’s appreciation of these resources and their
stewardship is enhanced when it is able to understand research results and the influences driving management
decisions.This conference sought to highlight and explore the relationships between National Park Service resources
and neighboring lands, between researchers and managers, and between researchers, managers, and the public. Our
goal is to improve the stewardship of natural and cultural resources through enhanced communication of contempo-
rary research and resource management topics. This conference and those that succeed it are for all who are
essential in this process:local, state, tribal, and federal resource managers; researchers; students; teachers; nongovern-
mental organizations; the general public, and; resource educators.

The conference was organized and hosted by National Park Service areas and cooperators.A brief description of
each follows.

Casa Grande Ruins National Monument

Located in the Gila River Valley are the perplexing ruins of a large four-story structure call the Casa Grande,
Spanish for “Great House.” The massive building was constructed of high-lime desert soil sometime prior to A.0. 1350
by the Hohokam, an ancient people who lived and farmed throughout southern Arizona from approximately A.0. 300
to 1350.Among the Hohokam’s many achievements was the construction of a vast network of irrigation canals that
supplied water to their fields of corn, beans, squash, tobacco, and cotton. The Hohokam thrived for many years in the
desert environment. However, for reasons unknown, their culture came to a mysterious end around a.0. 1450.The
Akimel O’odham (Pima) people that live in the area today may possibly be the descendants of the ancient Hohokam.
In 1892,the Casa Grande became the United State’s first archeological preserve and was added to the National Park
System in 1918.The structure remains the only surviving example of Hohokam “great house” construction.The Casa
Grande and its surrounding structures are considered by archeologists to be the best preserved examples of Classic
Hohokam village architecture. 1 100 Ruins Drive, Coolidge, AZ 85228;520/723-3172.

Chiricahua National Monument

Twenty-seven million years ago a volcanic eruption of immense proportions shook the land around Chiricahua
National Monument. One thousand times greater than the 1980 eruption of Mount St. Helens, the Turkey Creek
Caldera eruption eventually laid down 2,000 feet of highly silicious ash and pumice. This mixture fused into a rock
called rhyolitic tuff and eventually eroded into the spires and unusual rock formations of today. At the intersection of
the Chihuahuan and Sonoran deserts, and the southern Rocky Mountains and northern Sierra Madre in Mexico,
Chiricahua represents one of the premier areas for biological diversity in the northern hemisphere. Of historic
interest is the Faraway Ranch, a pioneer homestead and later a working cattle and guest ranch. It is a significant
example of human transformation of the western frontier from wilderness to the present settlement. Faraway Ranch
offers glimpses into the lives of Swedish immigrants. HCR-2 Box 6500, Willcox,AZ 85643; 520/824-3560.



Coronado National Memorial

Commemorating the first major exploration of the American Southwest by Europeans, Coronado National
Memorial lies on the U.S.-Mexico border within sight of the San Pedro River Valley, through which the Coronado
Expedition first entered the present United States in search of the fabled Seven Cities of Cibola. It is a cultural area
situated in a natural setting comprised of 4,750 acres of oak woodlands. 4101 East Montezuma Canyon Road,
Hereford, AZ 85615; 520/366-5515.

Fort Bowie National Historic Site

Fort Bowie commemorates the story of the bitter conflict between the Chiricahua Apaches and the U.S. military.
For more than 30 years, Fort Bowie and Apache Pass were the focal point of military operations eventually culminat-
ing in the surrender of Geronimo in 1886 and the banishment of the Chiricahuas to Florida and Alabama. It was the
site of the Bascom Affair, a wagon-train massacre, and the battle of Apache Pass, where a large force of Chiricahua
Apaches under Mangus Colorados and Cochise fought the California Volunteers. C/O Chiricahua National Monu-
ment, HCR-2 Box 6500, Willcox,AZ 85643; 520/847-2500.

Montezuma Castle National Monument

Nestled into a limestone recess high above the flood plain of Beaver Creek in the Verde Valley stands one of the
best-preserved cliff ruins in North America. The five-story, twenty-room cliff dwelling served as a “high-rise apart-
ment building” for prehistoric Sinagua Indians over 600 years ago. Early settlers to the area assumed that the impos-
ing structure was connected to the Aztec emperor Montezuma, but the castle was abandoned almost a century
before Montezuma was born. The Montezuma Well unit preserves a large, spring-fed limestone sinkhole and prehis-
toric ruins that remain from early Hohokam and Sinagua occupation. Both cultures lived at the site and irrigated their
crops with the water from the well. Remains of their ancient irrigation canais can still be seen. PO.Box 219, Camp
Verde,AZ 86322; 520/567-5276.

Organ Pipe Cactus National Monument

Organ Pipe Cactus National Monument celebrates the life and landscape of the Sonoran Desert. Here, in this
desert wilderness of plants and animals and dramatic mountains and plains scenery, you can drive a lonely road, hike
a backcountry trail, camp beneath a clear desert sky, or just soak in the warmth and beauty of the Southwest. The
monument exhibits an extraordinary collection of plants of the Sonoran Desert, including the organ pipe cactus, a
large cactus rarely found in the United States. There are also many creatures that have been able to adapt themselves
to extreme temperatures, intense sunlight, and little rainfall. Route |, Box 100,Ajo,AZ 85321;520/387-7661.

Saguaro National Park

The giant saguaros, symbols of the desert West, crowd the desert floor in Saguaro National Park. Their tall,
straight stance with uplifted arms has long mystified and fascinated visitors to this region. The saguaros may draw
visitors to this park, which has the city of Tucson in its center, but many other memorable surprises await. Thousands
of petroglyphs, ancient etchings in the stone,are discovered throughout the park. Scores of abandoned mines remind
the visitor of the anxious search for gold a century ago. Remnants of ranches, lime kilns, and Civilian Conservation
Corps structures are subtle evidence of bygone eras, as over | ,000 desert plant species reclaim this park for the
extensive flora and fauna that have lived here for millennia. 3693 South Old Spanish Trail, Tucson,AZ 85730; 520-733-5100.

Tonto National Monument

Tonto National Monument was established in 1907 to preserve multi-room cliff dwellings occupied by the
Salado culture from approximately A.0. 1250 to 1450.The people subsisted by farming along the nearby Salt River.
They grew corn, squash, beans, amaranth, and cotton,and supplemented their diet with wild game and native plants.
The Salado are best known for their exquisite polychrome pottery and delicate weavings. Today, the two largest



dwellings, Lower Ruin and Upper Ruin, are open to the public by either self-guided or ranger-guided tours. Of
additional interest is the high Sonoran Desert setting, with saguaro cactus, mesquite, jojoba, and paloverde dominat-
ing a rugged terrain.Wildlife documented on remote-sensing cameras include mountain lion, white-tail deer, javelina,
ringtail, bobcat, and four species of skunk. HC02, Box 4602, Roosevelt, AZ 85545; 520/467-2241.

Tumacacori National Historical Park

San Jose de Tumacacori is probably the best preserved adobe mission ruin in the United States.This Franciscan
church stands near the site first visited by Jesuit Father Eusebio Francisco Kino in January 1691. Tumacacori was a
“visita,” or visiting station, during the Jesuit period with its headquarters at Guevavi, where the priest lived. The Jesuits
built the first church atTumacacoriin 1757 but were expelled |10 years later,and the Franciscans, who replaced them,
built the present structure beginning in 1800. Abandoned in 1848, the mission was made a National Monument in
1908 and becameTumacacori National Historical Park in 1990 with the addition of two other mission ruins, Calabazas,
and the old “cabecera” or headquarters church, at Guevavi. These ruins represent 157 years of Jesuit and Franciscan
missionary efforts among the Pima Indians of southern Arizona and northern Sonora. P.O. Box 67, Tumacacori,AZ
85640; 520/398-2341.

Tuzigoot National Monument

Perched atop a ridge high above the Verde River lies Tuzigoot, the remnants of one of the largest pueblos built by
the Sinagua.Tuzigoot, an Apache word meaning “‘crooked water;” was built during the period of AD. 1100 to 1450 and
consisted of two stories and | 10 rooms.The structure and the ruins of other sites in the surrounding area provided
shelter for hundreds of occupants. C/O Montezuma Castle National Monument, PO. Box 219, Camp Verde, AZ
86322; 520/634-5564.

Cooperative Park Studies Unit at The University of Arizona

The Cooperative Park Studies Unit at The University of Arizona was established by the National Park Service in
1973 to provide park managers with information that would help them manage natural and cultural resources. This
information is obtained through research conducted by staff of the unit and by university researchers under a
cooperative agreement. Principal cooperators include the School of Renewable Natural Resources in the College of
Agriculture and the Department of Ecology and Evolutionary Biology in the College of Arts and Sciences. Unit
scientists hold faculty or research associate appointments with the university. In November 1993, by action of Secre-
tary of the Interior Bruce Babbitt, the research function of the National Park Service and several other Interior
agencies was transferred to a newly created agency, the Nationa! Biological Service. In October 1, 1996, the new
agency joined the U.S. Geological Survey, becoming its Biological Resources Division. The unit now has responsibility
for conducting such studies for all land-management agencies. National Park Service projects that are conducted at
the unit are those that have been given high priority by park managers and have been funded by either the National
Park Service or the U.S Geological Survey. With the development of the Biological Resources Division, unit staff have
been pursuing those projects that would involve funding by and cooperation with sources outside the National Park
Service.The Cooperative Park Studies Unit is by such actions helping to foster an environment of cooperation and
interdependence on the part of all agencies that manage lands in Arizona. 125 Biological Sciences East, The University
of Arizona, Tucson,AZ 85721;520/670-6885.

Southern Arizona Group

The National Park Service Southern Arizona Group provides technical and administrative support for research
and management in nine national park units in southern Arizona. The Southern Arizona Group was established in
1970 to provide essential support, assistance, and guidance for superintendents and park staffs. Additionally, the
Southern Arizona Group provides liaison between southern Arizona national park areas and other federal, state,and
local agencies and governing bodies, and a variety of environmental organizations within Arizona in all matters relating
to the National Park Service mission. Current staffing includes resource management, operations, contracting, per-
sonnel, and administration specialists. The level of staff involvement varies based on requests from park personnel.
Park Central Mall, 3115 N. 3rd Ave., #101, Phoenix, AZ 85013-4334; 602/640-5250.



Southwest Parks and Monuments Association

Southwest Parks and Monuments Association is a nonprofit organization authorized by Congress, founded in
1938 to aid and promote the educational and scientific activities of the National Park Service.The association serves
52 National Park Service areas in |1 states, publishing interpretive material relating to the themes of these parks.
These materials are made available to park visitors by sale or free distribution.All net proceeds support interpretive,
educational, and research programs of the National Park Service. Southwest Parks and Monuments Association staff
work cooperatively with National Park Service personnel at many park visitor centers; the association’s main office
is in Tucson,Arizona. 221 North Court Avenue, Tucson,AZ 85701; 520/622-1999.

Western Archeological and Conservation Center

The Western Archeological and Conservation Center in Tucson houses the only multi-regional National Park
Service repository containing park collections from the arid Southwest—the largest area served by any National
Park Service repository. Center history goes back to 1952, when Congress approved the purchase of Gila Pueblo in
Globe, Arizona, “for archeological lab and storage purposes.” The present location, about one mile west of The
University of Arizona, was specially designed to consolidate functions and collections of the Western Archeological
and Conservation Center. Staff curate over two million objects of archeological, ethnographic, historical, archival,and
natural history significance from more than 60 park areas. Staff archeologists conduct archeological projects, includ-
ing excavation for testing and data recovery, inventory surveys, monitoring, and archeologica! database management
in parks throughout the West from the California deserts to the Texas coast and north to Montana.The center also
has initiated a partnership program with sister agencies and neighbors, such as the Defense Department and private
landowners. Public tours are scheduled annually during Arizona Archaeology Awareness Month. 1415 North 6th
Avenue, Tucson. AZ 85705; 520/670-6501.

With the exception of the keynote address, which appears first in this volume, the extended abstracts are
arranged alphabetically by principal author. The order of presentation at the conference is indicated in the following
(an asterisk designates the presenter):

Physical Sciences

Air Resource Management:Transboundary Implications for the National Park Service, Miguel |. Flores
Estimation of Emission Rates in Mexico by Receptor Modeling, Kristi A. Gebhart* and William C. Malm
Geomorphology of Chiricahua National Monument, Douglas Hall and John Bezy*

Apparent Differences in the Response of Adjacent Watersheds to Precipitation; Implications for the Use of
Regional Fiood Frequency Relationships, Michael W. Martin* and Gary M. Smillie

Paleoclimatology of Southern Arizona from Image Analysis of Tree-rings of Conifers of Mica Mountain, Saguaro
National Park, Paul R. Sheppard

¢ oo

Plant Ecology and Vegetation Management

<% Physiological Response of Trees in a Semiarid Forest to Their Environment: An Active Monitoring Approach to
Understanding Tree Physiology, Christopher H. Baisan,* Harold C. Fritts, and William Gensler

<4 Plant Community Response after Fire in the Sonoran Desert, Susan Rutman

<4 Ecosystem Recovery from Livestock Grazing, Peter L.Warren and L. Susan Anderson*

<4 Lessons from Long-term Monitoring of Saguaro Populations in the Sonoran Desert, Elizabeth A. Pierson* and
Raymond Turner

< Tracking the Next Generation of Saguaros in the Cactus Forest of Saguaro National Park, Rincon Mountain
District, Thomas V. Orum,* jeanne D. Mihail, Stanley M.Alcorn, and Nancy Ferguson

<4 Saguaro Cacti as “I” Beams? Allometry of Saguaro Height and Finite Element Analysis, Stephen L. Buchmann,*
Marcus J. King, and Karl J. Niklas

<4 Vegetation Change at Montezuma Castle National Monument, Peter G. Rowlands

4 Revegetation and Restoration Program at Organ Pipe Cactus National Monument, James J. Barnett
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Keynote Address

Interpreting the Cultural and Natural Pasts for the Public:
A High-wire Act

Thomas E. Sheridan

Arizona State Museum, The University of Arizona, Tucson, AZ 85721

Interpreting the past for the public is one of those
elusive crafts few of us master. Those of us who work
in academia are so used to writing for or speaking to
one another that we often forget we speak another
language; jargon creeps into our prose even when we
consciously set out to address that mythical creature,
a “popular audience.” But when professional writers
attempt to interpret science or history for the public,
they run the risk of presenting outmoded information
or conveying complex issues in a simplistic fashion. A
case in point is Southwestern archeology, which is
changing at breakneck speed because of the explosion
of contract research during the past twenty years.
Whether it is Hohokam chronology or the beginnings
of Southwestern agriculture, the old verities in the
standard texts are crumbling, and new, often
conflicting interpretations are sweeping across the
field. Unless you master an enormous body of
literature, much of it the so-called “gray literature” of
contract reports, you may mislead more than you
illuminate.

There are other challenges and pitfalls as well. As
ethnohistorian Bernard Fontana (1994) states with
tongue only partly in cheek, “History has nothing to
do with the past.” In his elegantly written Entrada: The
Legacy of Spain & Mexico in the United States, Fontana
argues:

History, whether spoken or written, needs
to be distinguished from the past itself. What
we call “history” is a recitation of events
selected from the past, which in its most
literal sense is all that has preceded the
present: a rock that fell, a dog that barked, an
infant who cried, a woman who coughed, a
prince who was enthroned king. All
historians—and on occasion each of us is a
historian—select from this infinity of events
those we deem worth telling. The basis of
that selection provides the built-in bias of

history. History, more than being a debate
about the past, is an argument about the
present and future. it often tells us less about
what was and more about who we are. ltisa
tool used by all of us either to justify or to
condemn the status quo. It is a statement of
the world either as we now perceive it to be
or as we think it ought to be. The past is
immutable, but history, a battleground for
the public mind, is ever changing (Fontana
1994).

Whether you accept the commission or not, the
National Park Service (NPS) is on the front lines of
that battleground. No other agency in the United
States is steward of more cultural and historic sites—
sites that cover at least 12,000 years of human history
and reflect the pasts of just about every ethnic group
that has occupied, and contested for, North America.
In an area like the West, where most residents are
newcomers, the task of interpretation takes on
formidable moral and political as well as scholarly
dimensions. In southern Arizona, we live in a transient
society—a society in constant flux; for every ten
people who move to the region, seven move away
within ten years. How do we create a sense of the past
that nourishes a sense of community with one another
when most of us don’t even know our neighbors? And
how do learn how to inhabit this dry and piercingly
beautiful landscape that surrounds us when many of us
live in microenvironments—refrigerated office build-
ings, air-conditioned cars, neighborhoods buiit around
golf courses, or, in the Salt River Valley, artificial
lakes—that deny the landscape? Whether we are
resource managers or scientists, every so often we
need to ask ourselves those questions as we develop
policy or research designs.

The pitfalls in this process are deep and wide. I'll
concentrate on a cultural example, because those are
the ones | know best. Some of you are charged with



managing and interpreting sites from the Spanish
colonial period when southern Arizona was a tiny
finger of northern Sonora. The most impressive of
those sites are missions like Tumacacori or San
Xavier, a structure Paul Schwartzbaum, head of
conservation at New York’s Sofomon R. Guggenheim
Museum, calls the Sistine Chapel of North America.
Until the past ten years or so, our image of missions on
the so-called Spanish Borderlands was shaped by
historian Herbert Eugene Bolton and his students,
who portrayed missionaries like Eusebio Francisco
Kino as heroes. Rim of Christendom, Bolton’s biography
of Kino (1984}, reads more like a historical novel than
an analytical history. More to the point, Bolton and his
students, many of whom were Jesuits, present
missions themselves as institutions of civilization in a
savage wilderness. Indians, on the other hand, are
described as fickle, superstitious, childlike, or
treacherous. Reading 20th-century scholars like
Bolton, Peter Masten Dunne, or John Donohue is little
different at times than reading |8th-century
missionaries such as Juan Nentvig or Ignaz Pfefferkorn.
This historiographic interpretation of the
missions has shaped publications and exhibits for at
least two generations. But it has also influenced how
the physical plants themselves have been restored. In
a wonderful essay entitled “Harvesting Ramona’s
Garden: Life in California’s Mythical Mission Past,”
archeologist David Hurst Thomas (1991) skewers the
romantic reconstruction of Alta California’s missions,
especially the mission gardens. In his words:

Thousands of tourists flock annually to
California’s restored missions, luxuriant
amidst the jasmine and ever-blooming
lantana. Today’s California mission, with rare
exception, hosts luxurious gardens of
“stately palms mixed with colorful bougain-
villea, banana and pepper trees, [recalling]
the days when mission fathers and wealthy
landowners planted gardens as a reminder of
their native soil.”

The unfortunate truth is that these
cornucopian mission gardens are pure
Ramona-derived hyperbole. Period paintings,
textual descriptions, photographs, and
archaeology amply demonstrate that such
flowery enchantment never existed in the
original missions. The great plaza garden at
Mission Carmel, with its majestic fountain,
was barren dirt during mission times. The
plaza at Santa Barbara—Queen of the
Missions—was also vacant of vegetation. The
patio gardens—to many, the most striking

features of contemporary missions—are
counterfeit, planted only in this century.

The unvarnished truth is this: There
were no pleasure gardens of any kind at the
original California missions—no cloisters, no
bird-of-paradise plants, no flower-bedecked
cemeteries, no ornamental gardens, only
hardscrabble reality. The magnificent mission
gardens, hallmarks of today’s restorations,
are Anglo-Germanic interpretations, not
historically accurate originals (Thomas
1991).

The garden at Tumacacori mission is one of my
favorite spots in Tumacacori National Historical Park,
but did it exist when Tumacacori was a working
mission? | don’t know, but I'm skeptical. What gardens
such as those in the California missions do is reinforce
myths of mission serenity, mission order, and mission
prosperity—myths that engulf the senses and obscure
the reality of what life was like in those institutions.
The public loves them, but there are negative
consequences as well. The lush, well-watered gardens
encourage the destructive notion among treasure
hunters that missions were fountains of wealth with
stashes of gold and silver hidden on mission grounds.
Those of us who belong to the Southwestern Mission
Research Center and lead tours of the Kino missions
in northern Sonora know what misguided treasure
hunters can do to structures like Nuestra Senora del
Pilar y Santiago de Cocospera.

The gardens and the utopian image they convey
also diminish and obscure the devastating conse-
quences missionization had on Indians on the
northern frontier of New Spain. In his book Indian
Population Decline: The Missions of Northwestern New
Spain, 1687—-1840, historian Robert Jackson (1994)
demonstrates conclusively that in Baja and Alta
California and the Pimeria Alta, missionization was a
demographic catastrophe for mission Indians. Mission
Indian population could not reproduce themselves,
because death rates exceeded birth rates. High
percentages of children and women of child-bearing
age also died. The only way mission communities
survived was by continually recruiting new converts—
a point anthropologist Hank Dobyns (1976) made so
well in his book Spanish Colonial Tucson nearly two
decades ago for Mission San Xavier.

Jackson (1994) is careful not to treat missions as
a monolithic system. He explores the cultural as well
as biological reasons for demographic decline, and
discusses the differences among the missions
themselves. In the Pimeria Alta, for example,
epidemics of Old World diseases like smallpox and




measles were “traumatic events that doubled or
tripled normal death rates, but with no recovery or
rebound through natural reproduction following the
epidemic.” In Alta California, by contrast, epidemics
were merely blips in the chronically high death rates—
death rates that were due to inadequate nutrition,
poor sanitation, and overwork.

Jackson’s critics might argue that high mortality
characterized peasant and working class populations
all over the world in the |8th and early 19th centuries.
Jackson (1994) counters by pointing out that in both
Alta California presidios and rural European villages,
populations grew slowly despite high rates of disease
and low birth rates, and that mean life expectancies
were three times greater than in mission settlements.

These dismal demographic realities lead to
another interpretative dilemma: Do we reverse field,
run against the Boltonian tide, and portray missions as
“charnel houses,” as historian Edward Castillo argues?
If we do, we run the very real risk of perpetuating La
Leyenda Negra—the Black Legend—so entrenched in
British and Anglo-American historiography and
popular imagination. | wish | had a dollar—or at least
a small CD—for every time someone in the audience
has come up to me after a talk and comments on the
cruelty of the Spaniards. When they do, | ask them,
“Where do you find most living Indian peoples in
North Americal How many living Indians have
survived in British North Americal” That response
usually gives them pause. New Spain, exploitative as it
was, depended upon Indian labor and strove to
incorporate Indians into its society. In the British
colonies, on the other hand, Indians were pushed
westward after they had served their purpose in
containing the French or the Dutch. Neither histories
are very pretty, but Spanish Indian policy was more
humane—or, more accurately, less inhumane—than
British Indian policy on this continent.

Perhaps the only way to walk this interpretative
high-wire is to come clean with our audiences. In a
recent review essay in The Public Historian, | reviewed
four publications published by or for the National Park
Service (Sheridan 1996). One of the publications that
impressed me the most was called Chaco: A Cultural
Legacy: Chaco Culture Historical Park by Michele Strutin
(1994). Whatl liked most about the text is its focus on
the process as well as the results of archeological

research. Strutin traces the history of Chacoan:

scholarship from a U.S. military survey in 1849 to the
sophisticated architectural, ceramic, and irrigation
studies being carried out today. Her emphasis on how
research is conducted helps the reader understand
that archeology is an interpretive science constantly
refining its techniques, employing new techniques, and

reexamining the conclusions of earlier researchers.

Such a focus on the nature of research should
become an essential part of interpreting NPS and
other cultural sites. ltalso should be incorporated into
“natural” sites as well, because landscapes are
historical creations as well. Those who have immersed
themselves into the controversies over vegetation
change in southeastern Arizona during the past
century—not to mention the Holocene—knows how
complex and disputed such questions are. Were
historic arroyos incised in drainages like the Santa
Cruz the results of human impact or climate change?
Of overgrazing or El Nifio? Of channel modifications
or increases, decreases, or shifts in precipitation
patterns? The “past” is not necessarily some objective
entity waiting to be discovered. On the contrary, our
knowledge about the past is atways conditional-—upon
the nature and quality of our data, and upon our
political and epistemological assumptions themselves.
We owe it to the public to make them aware of those
conditional qualities for two major reasons. First, it
helps them understand why it is so essential to
preserve the past, whether it is an archeological site, a
historic structure, or an archive; as scholarship
becomes more sophisticated, we learn more from
those sites and archives. There is no finite amount of
information to be gleaned from them; if they are
destroyed, advances in scholarship are destroyed as
well.

Secondly, the public needs to know that the past
is an ever-changing construct, so they can participate
in its interpretation more effectively and more
responsibly. Because the past is used to “justify or to
condemn the status quo,” as Fontana observes (1994),
a healthy democracy requires citizens who can
evaluate those justifications or condemnations.
Otherwise, we relegate the interpretation of the past
to antiquarians or demagogues.

Literature Cited

Bolton, H.E. 1984.The rim of Christendom. Reprinted
from 1936 MacMillan edition. The University of
Arizona Press, Tucson.

Dobyns, H. F. 1976, Spanish colonial Tucson: a demo-
graphic history. The University of Arizona Press,
Tucson.

Fontana, B. 1994. Entrada: the legacy of Spain and
Mexico in the United States. University of New
Mexico Press and Southwest Parks and Monu-
ments Association, Albuquerque and Tucson.



Jackson, R. [994. Indian population decline: the mis-
sions of Northwestern New Spain. University of
New Mexico Press,Albuguerque.

Sheridan,T. 1996. Interpreting the past for the public:a
high-wire act.The Public Historian 18(1):83-88.

Strutin, M. 1994. Chaco, A cultural legacy: Chaco Cul-
ture Nationat Historical Park.Southwestern Parks
and Monuments Association.

Thomas, D. H. 199 1. Harvesting Ramona’s garden: life
in California’s mythical mission past.P. | [9-157 in
D.H.Thomas, editor. Columbian Consequences,Yol.
3:The Spanish Borderlands in Pan-American Per-
spective. Smithsonian Institution Press, Washing-
ton, D.C.



First Conference on Research and Resource Management in Southern Arizona National Park Areas: Extended Abstracts
Edited by T. ]. Tibbitts and G. ]. Maender. 1998. Organ Pipe Cactus National Monument and Cooperative Park Studies Unit, The University of

Arizona, Tucson.

Preliminary Evidence Regarding Prehistoric Production
Sources of Micaceous Schist-tempered Pottery in the
Gila River Valley

David R. Abbott' and Elizabeth Miksa?

!Arizona State Museum, The University of Arizona, Tucson, AZ 85721
2Desert Archaeology, 3975 North Tucson Boulevard, Tucson, AZ 85716

Introduction

Differentiated by geological and ceramic compo-
sitional studies, the prehistoric production sources of
Hohokam pottery are now being discriminated with
remarkable precision. Consequently, thousands of
ceramics can be classified quickly and inexpensively.
Pottery exchange is being traced over short distances,
permitting the interaction between Hohokam
neighbors to be monitored in a new and richly
informative way. As a result, the structure of local
social networks, their articulation with the irrigation
economy, and organizational changes at various levels
in the sociopolitical system, which are all pivotal topics
in Hohokam archeology, have come under the
purview of ceramic research (Abbott 1994a, 1994b,
1995a; Heidke 1993, 1995; Heidke and Stark 1995;
Lombard 1987; Miksa 1994).

The new ceramic approach has been successfully
applied in the lower Salt River Valley, the Tucson
Basin, and the Roosevelt Lake area. In this paper, we
briefly review the Salt River Valley research to
exemplify the methods and strategies of the new
approach. We then describe our attempt to expand
the work into the Queen Creek area and the middle
Gila River Valley, which met with surprising results.
We have found that it is impossible to simply transfer
previously used research tactics to the new region. In
addition, our data imply that one of two extraordinary
patterns of ceramic production and exchange
probably existed during ancient times. As described,
our ongoing research has been reorganized to
investigate which of these practices pertained to the
middle Gila River Valley.

Previous Research

In the lower Salt River Valley, variable
compositions of the sands eroding from surrounding
mountains have led to the definition of discrete, small-
scale sand-composition zones, called petrofacies,

which were the sources of ceramic temper (Abbott
1994b; Miksa 1994). Petrographic analyses of the
temper (Miksa 1994; Schaller 1994) and chemical
assays of the clay fraction in sherds with an electron
microprobe (Abbott 1994a, 1994b, 1995a) demon-
strated a strong association between temper and clay
types, indicating that Hohokam potters relied heavily
on the most locally available materials and verifying
temper as an excellentindicator of production source.
This work has made it possible to determine the
production sources of thousands of ceramics without
specialized equipment or costly sample preparation
during typical projects in the Salt River Valley. Not ali
social relationships can be determined on the basis of
pottery exchanges alone. Nevertheless, ceramics
were frequently exchanged over short distances, and
tracking the movement of the containers between
Hohokam neighbors is tantamount to mapping some
of the principal lines of interaction among the
Hohokam people.

Current Research

Our attempt to expand the ceramic research to
the Gila River Valley and Queen Creek began with an
extensive sampling program of bedrock units and
sands from the beds of washes scattered across the
general area. Nearly 100 rock and sand specimens
were collected and analyzed. This effort was
conducted in coordination with research at Casa
Grande Ruins National Monument (Miksa |995a) and
the Mesa Southwest Museum (Miksa [995b).
Petrographic analysis of the rock and sand samples
demonstrated considerable compositional variation
across the area, allowing the region to be preliminarily
subdivided into eight mutually discrete petrofacies. A
similar analysis, presently in progress, of an additional
| 14 samples will refine the zonal model. These results
were expected to provide a geological basis with
which to distinguish the sand compositions available at
various pottery production sources.




One particularly important finding concerns
coarse-grained micaceous schist, which is known to
temper large quantities of Hohokam plainware,
redware, and buffware ceramics. This rock type is
present only along Queen Creek, in sections of the
Gila River Valley north of the river, and in isolated
pockets on the south side of the Gila at Pima Butte and
the northwest tip of the Sacaton Mountains. Also, a
reconnaissance of the dry bed of the Gila River and the
cobble bars on the first terrace overlooking the river’s
southern bank confirms the absence of the coarse-
grained schist in the southeast quarter of the middle
Gila River Valley. Consequently, we expected that
much of the pottery at Hohokam settlements in the
southeast quarter would not contain micaceous schist
and, instead, would be tempered with the locally
available materials.

To our surprise, an analysis of the temper in the
plainware and buffware collections from Casa Grande
(Abbott 1995b) and the adjacently located Grewe site
(Abbott 1995c¢) indicated that nearly all of the pottery
contained amounts of micaceous schist. Casa Grande
and Grewe are located in the valley’s southeast
quarter and outside the areas where the schist is
naturally found. Could it be that all of the pottery at
two of the largest villages in the Gila River Valley was
imported from distant production areas probably
located on the opposite side of the Gila River, where
micaceous schist was abundantly available? Previously,
some prehistorians theorized that the decorated red-
on-buff types found throughout the Hohokam culture
area were mass-produced in the Gila River Valley
(Doyel 1981; Rafferty 1982; Walsh-Anduze 1993a).
However, there has never been speculation that some
utilitarian plainware ceramics were centrally manufac-
tured and distributed by specialist producers to a
broad-scale exchange market.

Despite the available data, the centralized pro-
duction of massive amounts of utilitarian pots seems far-
fetched. Itis hard to imagine commerce on such ascale
by people whose socioeconomic organization was prob-
ably on a tribal [evel. Perhaps a more credible explan-
ation, which may be the only alternative, is that the schist
temper, not the pottery, was transported to Casa
Grande and Grewe. If this hypothesis is correct, then
either artisans from these sites travelled considerable
distances to procure raw schist for tempering their
wares or the schist sources were exploited by groups
that inhabited the schist areas and widely traded the
schist as a raw commodity to distant potters. Our re-
search in conjunction with current excavations at Grewe
by Northland Research, Inc., is devoted to determin-
ing if the schist or the schist-tempered pottery was
imported to the site and to better understanding the
organization of ceramic production.
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There are two pieces of available information that
pertain to these issues. First, a sample of 15 plainware
and |5 buffware sherds from Grewe have been thin-
sectioned and petrographically analyzed. The analyses
indicate that all but one were made with crushed-
schist temper rather than schist-bearing sand. This result
is important because it reveals a pattern of raw-
material use but, unfortunately, also implies that our
petrofacies model of sand-type distributions may have
only limited utility for distinguishing pottery made in
different parts of the Gila River Valley. Second, previous
field work has documented a large number of schist
mines gouged from the sides of Gila Butte (Rafferty
1982; Walsh-Anduze 1993b). Based on volumetric
measurements of the quarry cavities supplied by
Walsh-Anduze (1993b), at least enough schist to
cover a football field in a layer 2 m (6.5 ft) deep was
extracted from the butte. The quantity of Grewe
pottery tempered with Gila Butte schist has become a
central issue. If it can be shown that all or most of the
schist temper in the ceramics at Grewe came from
Gila Butte, we must ask whether a concentrated
source area was associated with controlled and
exclusive access of the resource. Either a valued raw
commodity was traded, or large-scale and centralized
pottery production was practiced near Gila Butte.

Walsh-Anduze (1993b) has already demon-
strated the ability to chemically distinguish raw schist
from Gila Butte and Pima Butte using Inductively
Coupled Plasma-Emission Spectroscopy (ICPS). It is
our intention to expand her study with ICPS assays
from other schist bedrock units with the hope of
chemically fingerprinting each of the sources. In
addition, pieces of raw schist recovered from Grewe
will be chemically and petrographically analyzed to
determine their provenance. We will also evaluate the
relevance of the schist pieces for ceramic production
at Grewe using a spatial analysis of their relationship
with other raw materials, groundstone implements,
and features that may have been used for making
pottery.

Finally, we will use the electron microprobe to
assay the clay components in samples of pottery from
Grewe and elsewhere. Thus far, this work has demon-
strated a chemical difference between the schist-
tempered plainware pottery at the Gila Butte site and
the schist-tempered plainware pottery from two sites
located along Queen Creek. We are encouraged by
this result because it shows that source-related
variation is distinguishable in the chemical data. Sampling
additional collections is planned, including sherds from
Grewe and other sites both within and outside the
area where micaceous schist is naturally found. We
expect that the degree to which the Grewe pottery is
chemically similar or different from the ceramics at the



other sites will be informative as to whether the
Grewe pottery was locally made or if the pots
themselves were brought to the site.

Literature Cited

Abbott, D. R. 1994a. Hohokam social structure and
irrigation management: the ceramic evidence
from the central Phoenix basin. Unpublished
Dissertation, Department of Anthropology,
Arizona State University, Tempe.

Abbott, D. R. (editor). 1994b. Pueblo Grande Project,
Volume 3: Ceramics and the production and
exchange of pottery in the central Phoenix basin.
Publications in Archaeology No. 20, Soil Systems,
Phoenix, Arizona.

Abbott, D. R. 1995a. Detailed ceramic analysis. In
Archaeology at the Head of the Scottsdale Canal
System, Volume 2: Studies of Artifacts and
Biological Remains. Northland Research, Flagstaff,
Arizona, in preparation.

Abbott, D. R. 1995b. A preliminary analysis of the
ceramic production sources for the pottery at
Casa Grande Ruins National Monument. Ms. on
file at the Western Archeological and Conserva-
tion Center, Tucson, Arizona.

Abbott, D.R. 1995¢. Ceramic analysis. P. 387—422in S.
M. Kwiatkowski and M. H. Bilsbarrow, editors.
The Grewe Site Archaeological Testing Project:
Hohokam Settlements and Land Use Adjacent to
Casa Grande Ruins National Monument. Project
Report No. 94:95, Archaeological Research
Services, Tempe, Arizona.

Doyel, D. E. 1981. Late Hohokam prehistory in
Southern Arizona. Gila Press Contributions to
Archaeology No. 2. Scottsdale, Arizona.

Heidke, ). M. 1993. Quantitative ceramic petrology, an
example from southeastern Arizona. Poster
presented at the 58th Annual Meeting of the
Society for American Archaeology, St. Louis,
Missouri.

Heidke, J. M. 1995. Production and distribution of
Rincon Phase pottery: evidence from the julian
Wash Site. In |. Mabry, editor. Late Sedentary
Occupation at Julian Wash, AZ BB:13:17(ASM).
Technical Report No. 94-1, Center for Desert
Archaeology, Tucson, Arizona, in press.

Heidke, J. M., and M. T. Stark (editors). 1995. The
Roosevelt community development study: Vol. 2.
Ceramic chronology, technology, and economics.
Anthropological Papers No. 14, Center for
Desert Archaeology, Tucson, Arizona, in press.

Lombard, J. P. 1987. Provenance of sand temper in
Hohokam ceramics, Arizona. Geoarchaeology:
An International Journai 2(2):91-119.

Miksa, E. 1994. Petrographic analysis of sherds for the
McDowell-to-Shea Boulevard portion of the
Beeline Highway Excavation Project. Technical
Report No. 94-18. Center for Desert Archaeol-
ogy, Tucson, Arizona.

Miksa, E. 1995a. Petrology of sands in the Casa Grande
area. Letter Report No. 95-132. Center for
Desert Archaeology, Tucson, Arizona.

Miksa, E. 1995b. Petrology of sand and rock samples
from the Gila Butte-Santan Mountains area,
central Arizona. Technical Report No. 95-7.
Center for Desert Archaeology, Tucson,
Arizona.

Rafferty, K. 1982. Hohokam micaceous schist mining
and ceramic craft specialization: an example from
Gila Butte, Arizona. Anthropology 6:199-222.

Schaller, D. M. 1994. Geographic sources of temper in
central Phoenix basin ceramics based on
petrographic analysis. P. 17-90 in D. R. Abbott,
editor. The Pueblo Grande Project, Volume 3:
Ceramics and the Production and Exchange of
Pottery in the Central Phoenix Basin. Soil Systems
Publications in Archaeology No. 20, Phoenix,
Arizona.

Walsh-Anduze, M.-E. 1993a. An evaluation of ceramic
production at the Gila Butte Site. P.22-35in T. N.
Motsinger, editor. Archaeological Investigations
at the Gila Butte Site: Hohokam Irrigation and
Economic Systems along the Gila River, Arizona.
Archaeological Report No. 93-84. SWCA, Inc.,
Tucson, Arizona.

Walsh-Anduze, M.-E. 1993b. The sourcing of
Hohokam red-on-buff ceramics using inductively
coupled plasma spectroscopy: “Schist happens.”
Unpublished Master’s Thesis, Department of
Anthropology, Northern Arizona University,
Flagstaff.



First Conference on Research and Resource Management in Southern Arizona National Park Areas: Extended Abstracts
Edited by T. ). Tibbitts and G. J. Maender. [998. Organ Pipe Cactus National Monument and Cooperative Park Studies Unit, The University of

Arizona, Tucson.

Montezuma Castle Construction Sequence

Keith M.Anderson

Western Archeological and Conservation Center, [ 415 North 6th Avenue, Tucson,AZ 85705

In 1988, National Park Service archeologists made
a detailed study of the architecture of Montezuma
Castle. This included a record of wall joints and verti-
cal alignments in order to reconstruct the building
sequence. Unfortunately, there are no direct dates for

this sequence, although it is assumed that the castle
belongs to the Tuzigoot Phase (a.D. 1300—1400) of the
southern Sinagua culture. Perhaps some future dating
technique will tell when the castle was built. (POSTER)
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The Ecological Monitoring Program at
Organ Pipe Cactus National Monument

Jonathan F. Arnold, James A. Barnett, Charles W. Conner, and Ami C. Pate

Organ Pipe Cactus National Monument, Route [, Box 100, Ajo, AZ 85321

Introduction

The Ecological Inventory and Monitoring
Program (EMP) has existed at Organ Pipe Cactus
National Monument for more than a decade. Through
this program, cooperating scientists and monument
Resource Management Division staff have developed
baseline data, monitoring protocols, and long-term
data sets on reptiles; amphibians; endemic fish;
nocturnal rodents; bats; birds; terrestrial inverte-
brates; special status plants; nonnative plants;
vegetation structure and diversity in natural
communities; climate; air quality; land-use trends on
property adjacent to the monument, and; night-sky
brightness.

Area Background

Organ Pipe Cactus National Monument is located
in southwestern Arizona. The monument is
approximately 132,275 ha (330,689 ac) in size and is
located geographically near the center of the Sonoran
Desert. Approximately 95% of the monument is
designated wilderness, and the area was recognized as
an International Biosphere Reserve in 1977. The
monument borders Mexico to the south, the Tohono
O’odham Nation to the east and northeast, Cabeza
Prieta National Wildlife Refuge on the west and
northwest, and Bureau of Land Management lands on
the north.

Two distinct vegetation zones of the Sonoran
Desert converge in Organ Pipe Cactus. The eastern
portion of the monument contains the Arizona
Upland subdivision, which is characterized by mixed
cactus/paloverde and evergreen scrubland communi-
ties. Here grow the large columnar cacti such as
saguaro (Carnegiea gigantea) and the monument’s
namesake, organ pipe cactus (Lemaireocereus thurberi).
The Lower Colorado subdivision covers most of the
western portion of the monument, with creosotebush/
bursage communities making up more than 80% of this
region. Representatives of a third vegetation zone, the
Central Gulf Coast subdivision, are also found in a few

areas of the monument. These species, such as senita
cactus (Lophocereus schotti), elephant tree (Bursera
microphylla), and limberbush (Jatropha cardiophylla), are
near the northern limits of their range here.

The park herpetofauna is rich and is strongly
dominated by lizard and snake species. Sixteen lizard,
25 snake, 5 amphibian, and 2 turtle species are known
to occur within the monument. There are 54 species
of mammals, including desert bighorn sheep (Ovis
canadensis mexicana), white-tail deer (Odocoileus
virginianus), the endangered Sonoran pronghorn
(Antilocapra americana sonoriensis), and the largest
known maternity colony in the United States of the
endangered lesser long-nose bat (Leptonycteris
curgsoae). The monument also supports a relatively
rich Sonoran Desert avifauna, with more than 270 bird
species occurring here. Research associated with
recent inventory work recorded more than 1,000
species of invertebrates. One species of fish, the
endangered Quitobaquito desert pupfish (Cyprinodon
macularius eremus), inhabits the springs, channel, and
pond at Quitobaquito.

The Ecological Monitoring Program

Why undertake an inventory and monitoring
(1&M) program in a National Park Service (NPS) area?
To begin with, laws such as the National
Environmental Policy Act, Endangered Species Act,
the Forest and Rangeland Renewable Resources Act,
and Clean Water Act require, directly or indirectly,
the inventory and monitoring of natural resources on
all federal lands in the United States. A host of other
legal mandates also exist. But we believe our
obligation was best expressed in the 1994 NPS
Strategic Plan, which stated plainly that the most
important thing the agency can do is “develop a
scientific basis for resource management decisions.”
Knowing the status and trends of park resources
should be the core of this scientific basis. This
knowledge will help answer questions like what effect
outside influences are having on the health of park and
regional ecosystems.



Despite its remoteness from population centers,
Organ Pipe Cactus, just like most national parks, has
its share of outside influences that can affect, in a
myriad of ways, park ecosystems. Issues like continued
urbanization and agricultural development across the
border in Sonora, Mexico, are accompanied with
problems like pesticide contamination, the invasion of
nonnative plants and animals, and groundwater
depletion in the Sonoyta Valley, which includes
portions of the monument. It was these issues that
were in mind when, in September 1986, a group of 27
scientists and managers met to plan the development
of a program to both assess ecosystem conditions at
Organ Pipe Cactus and to monitor components
through the future.

Modelled after the successful Channel Islands
National Park 1&M initiative, a step-down planning
technique was used to efficiently organize the
management goals and objectives of the program. The
primary goal of the program was to |) determine the
condition of park ecosystems, 2) determine
alternatives available for ecosystem management, and
3) determine the effectiveness of implemented action
programs. Although the program was estimated to
cost $1.4 million in 1986, only a third of this was made
available. Priorities were established, which included
initiating baseline research studies of park resources.
From these baseline assessments, monitoring
protocols would be developed.

Baseline Research

By 1988, baseline research associated with 12
studies was underway:

1. Land-use Trends Surrounding Organ Pipe Cactus
National Monument
Conducted by Bruce Brown to determine
current land uses of properties adjacent to the
monument with particular emphasis on the Rio
Sonoyta Valley in Sonora, Mexico. Acreage in
agricultural production, types of crops raised and
associated acreage, and annual groundwater
pumpage rates were determined. Monitoring
protocols to guide the collection of this
information annually were developed.

2. Inventory and Assessment: Birds
Conducted by R. Roy Johnson and Kathy Hiett to
provide information about the distribution and
relative abundance of monument birds, with
special emphasis on breeding birds in the vicinity
of the permanent study sites.

Inventory and Assessment: Terrestrial Invertebrates
Conducted by Kenneth Kingsley to determine
the important invertebrate species in monument
ecosystems and identify indicator species for
long-term monitoring. Approximately 4,200
invertebrate specimens were added to the Organ
Pipe Cactus museum collection.

Inventory and Assessment: Reptiles and Amphibians

Conducted by Charles H. Lowe and Phil Rosen to
provide information about reptile and amphibian
species occurrence, distribution, and relative
abundance. Criteria were established and lizard
species were selected to monitor as indication of
ecosystem health and long-term change.

Inventory and Assessment: Nonnative Plants
Conducted by Richard Felger. Identified 62
species of nonnative vascular plants located in or
adjacent to the monument. This represents about
11% of the park flora and may be an
overestimation because 1} some “nonnatives”
may actually be natives, 2) some species are
present but not reproducing, and 3) some are in
adjacent Sonora but have not been seen in the
monument.

Inventory and Assessment: Mammals

Conducted by Yar Petryszyn and Steve Russ to
provide information on species distribution and
relative abundance of monument mammals.
Criteria were established for selection of
mammal indicator species, and nocturnal rodents
were selected to be monitored.

Inventory and Assessment: Special Status Plants
Conducted by George Ruffner to determine
geographic distribution, abundance, natural
history, ecology, and potential to sustain viable
populations for 18 plant species in Organ Pipe
Cactus. Long-term monitoring protocols were
developed for 6 of the |8 plants.

Recovery of Monument Ecosystems Since Termination
of Cattle Grazing

Conducted by Peter Warren. In 1977, shortly
before the removal of cattle from the monument,
vegetation plots, rodent transects, and photopoints
were established to gather baseline data on
ecosystem recovery responsive to the removal of
cattle. The purpose of this study was to reread
these existing plots and transects. Relationships
between rodent distribution and vegetation
cover was established.




9. Climatological Monitoring

Since 1988, extensive climate data including air
and soil temperatures, relative humidities, rainfall,
solar radiation, and windspeed and direction have
been collected by 9 automatic weather stations
located at, or near to, long-term study sites.
Repeated failures in recent years and normal
wear and tear required the replacement of
weather stations in 1995 and early 1996. There
are now a total of 12 new Handar stations,
powered by solar panels, which collect much the
same type of climate data as before.

10. Vegetation Community Patterns on the Boundaries of
Organ Pipe Cactus National Monument
Conducted by Peter Warren to examine and
document patterns along the park boundary to
determine the cross-boundary effects of changes
outside the monument on plant communities
inside the monument.

I1. Vegetation Structure and Diversity in Natural
Communities
Conducted by Charles Lowe and Betsy Wirt to
provide baseline data on perennial and ephemeral
plants at each study site. Quadrats 20- x 50-m
were established at each of the permanent study
sites, and measurements of presence, density,
frequency, coverage, and diversity were taken for
perennial plants. For ephemeral plants, presence
and density were measured within four I-m?
quadrats within 20- x 50-m permanent quadrats.
A monitoring protocol was designed to provide
an account of the variation of vegetation
structure and diversity between sites, as well as
measuring the change of these parameters on a
given site over time.

{2. Treaties, Agreements, and Accords Affecting Natural
Resource Management at Organ Pipe Cactus
National Monument
Conducted by Carlos Nagel, who compiled the
treaties, agreements, and memoranda of
understanding between the United States and
Mexico that affect the management of natural
resources in and around the monument, and
provided a mechanism for keeping this
information current.

An important part of the research phase was that
resource management staff worked extensively with
the principal investigators in the field. Resource
Management Division staff were involved in protocol
design, and in 1990 and 1991, field-tested the

protocols, Communication between researchers and
resource management staff has been identified as a
very important part of all program phases.

The majority of baseline research and subsequent
long-term monitoring has been conducted at
permanent study sites selected to represent the
various ecological communities of the monument.
Some sites were selected on the south boundary to
monitor impacts from agricultural development and
urbanization on adjacent Mexican lands.

Now there are |8 sites ranging in size from 2.5 ha
(6.25 ac) to 126 ha (315 ac). Permanent plots including
small mammal quadrats, bird lines, lizard transects,
perennial vegetation plots, and weather stations have
been established at most study sites. Most sites have
been mapped using global positioning systems and
added to the monument’s geographic information
system (GIS).

Monitoring

Full implementation of monitoring protocols has
been accomplished since 1991 and required on
average 2,000 hours per year. Data management and
reporting generally added another 500 to 700 hours.
In recent years (1994 and [995), as additional
monitoring programs have been incorporated (e.g.,
bats, night-sky brightness, air quality), staff hours have
correspondingly increased. [t must be stressed thatan
I&M program of this nature requires an extreme
degree of flexibility and tolerance, on the part of both
data collectors and administrators, for the unusualand
highly variable work schedules of data collectors. The
organisms and systems being monitored necessitate
data gathering at virtually every hour of the 24-hour
clock. With travel time, environmental conditions, and
equipment preparation also considered, the long field
season becomes a challenge in avoiding employee
burnout. Considerable fatitude must be granted field
workers in scheduling their field time, to accomplish
data collection and assure that they reach the more
sedate weeks of data management.

In addition to monitoring protocols arising from
the baseline research studies, the following
monitoring protocols have been added to the EMP: 1)
Air Quality—consists of National Atmospheric
Deposition Program sampling equipment, ambient
monitoring of airborne particulates, and radiation
sampling; 2) Bats—developed in 1994 as a part of a
rotating resource base-funded project. In addition to
establishing baseline information on monument bats,
protocols were developed to monitor bat species
diversity and relative abundance at five permanent
sites using mist-net techniques; 3) Quitobaquito



desert pupfish—implemented since 1975, the
objective of this monitoring is to provide an estimate
of population size and distribution of age classes for
this endangered species, as well as thoroughly inspect
the area for the presence of nonnative fish that may
detrimentally affect the pupfish population; 4)
Groundwater—implemented quarterly since 1981,
water level measurements have been taken at selected
wells to establish seasonal and long-term trends in
monument groundwater in response to impacts from
Mexican agricuiture. As of now 10 wells are being
monitored; 5) Night-sky brightness—developed in-
house in 1995, stellar photometric technique is used
to measure night-sky surface brightness and monitor
the effects of light poliution and light trespass on
monument night skies.

Important Aspects of an Ecological Inventory
and Monitoring Program

By definition, for any monitoring program to be
truly long-term, consistent and accurate data
collection must be maintained. The data collection
methods must be repeatable, clearly defined, and
produce reliable results. Some of the key elements
that have been important to the success of the Organ
Pipe Cactus EMP have included the following:

I. One of the contract specifications for many of the
baseline studies was that principal investigators
provide protocols that would provide clear, step-
by-step instructions for monitoring. Included
would be detailed descriptions of sampling
methods, site maps, and guidance on data
interpretation. In late 1994, Organ Pipe Cactus
developed an interagency agreement with the
National Biological Service [now the U.S.
Geological Survey Biological Resources Division
or BRD)] to review, edit, publish, and distribute a
monitoring handbook combining all individual
monitoring protocols into a single document.
Also included in this interagency agreement was
the publishing of final reports and annual reports.

2. Inresponse to the need for outside expertise and
guidance, the Ecological Monitoring Program
Assistance Committee (EMPAC) was established
in 1993 to serve as a steering committee to guide
the direction of the program. Made up of six
permanent members including BRD scientists,
The University of Arizona researchers, and NPS
resource managers, this committee is responsible
for the evaluation, integration, and assessment of

the monitoring program. Of the nine goals
established for the EMPAC in 1995, all were
completed including 1) an evaluation of current
study sites and the selection of two new sites; 2)
the review of the final reports, monitoring
handbook, and annual report prior to publication;
and 3) assisting in the development of the
database management system.

Another “must” for a long-term monitoring
program is good communication between
resource management staff and principal
investigators during all program phases. Not only
was it important to work extensively in the field
with principal investigators during baseline
research and protocol design and testing, it has
also been critical to maintain good communication
during the current phase of protocol
implementation and program refinement. Though
most monitoring protocols are clearly written
and implementation has been fairly straightforward,
it is not possible for protocols to anticipate every
possible contingency. Questions and issues
sometimes arise that need clarification from the
principal investigators or review from EMPAC. In
a few cases these issues have been resolved to
result in a modification to the original protocol.
All such modifications must be carefully
documented.

The lifeblood of a long-term monitoring program
are the field workers. In the National Park Service
in particular, the traditional approach for rangers
is to stay in a park for two to four years, then
move on to another park. This mobility won’t
work in a long-term monitoring program, where
it takes years to begin developing a working
knowledge of ecosystems. True, the program
must be able to stand up to change in personnel
over time, and this transition can be made less
problematic by having clear monitoring protocols
and other training materials on hand. Still,
management has a responsibility to hire the best,
and then retain them for a long time. As discussed
above, a comprehensive 1&M program wil! place
extreme demands on staff; it is important to have
highly dedicated, skilled, and tenacious employees.

Of course, the level of commitment that upper
management has toward an |&M program decides
its fate early on. The present superintendent
[Harold Smith, now retired] has set a legacy for
creating an unusually favorable atmosphere for



research and resource management at Organ
Pipe Cactus. He took to heart more than [0 years
ago what has been stated only recently in NPS
planning documents that the primary mission of
the NPS is resource stewardship. In addition, the
present chief of resource management [Jim
Barnett, now retired] has been exceptionally
creative in coming up with new sources of money
and positions that are tied directly to the 1&M
program. Few park science and resource
management programs receive more than 6% of
the park budget; at Organ Pipe Cactus these
programs constitute 30% of the budget. This type
of management support and commitment are the
cornerstones of the monitoring program.

An important part of any monitoring program is
the reporting of field results. An annual report
format has been developed to summarize
monitoring data in table and graph form with a
brief discussion of findings. As mentioned earlier,
these reports for 1993 and 1994 have been
published as a part of the interagency agreement
with BRD.

Sharing importance with the reporting of
monitoring results is data management. During
the 10 years of research and monitoring, a lot of
data are on hand. As a part of their contracts,
researchers had a responsibility to provide the
data collected during their studies. These datasets
were submitted in a great variety of formats
including tables, spreadsheets, and databases, and
using quite a few different software applications.
We've been largely maintaining the structure of
some of these separate databases as they were
submitted, in addition to developing a few of our
own when needed. As the datasets grow and
more questions are asked about how one dataset
relates to another, it is becoming increasingly
important to have, instead of separate databases,
one unified system. In a cooperative agreement

with the BRD and The University of Arizona,
work is presently underway to integrate these
diverse inventory and monitoring data sources
into a single GIS-based relational database
management system. This new system is
scheduled to be up and running by the next
monitoring season.

In keeping the database management aspects, as
well as the entire monitoring program in good
perspective, it sometimes helps to reflect on the
advice given by one of the researchers for us to, above
all else, get to know the resources that we're
monitoring. Early on when asked for input on
databases, he replied: “You need to guard against the
temptation to allow computer work and other
minutiae to detract from the essential, required field
time. It’s easy to fall into the novice’s ecology trap, that
time spent with computers is more important than
time spent with the lizards in the park, or the bears, or
the plants in the park. | emphasize the need for extra
worktime (that should be regular worktime) to be
allotted to the field staff in order to learn the
resources, in addition to worktime spent monitoring
the resources. At that point your team will be
professional ecologists, not amateurs, and you will
have given real meaning to the monitoring results.”

Closing Words

During the next 10 years of the monitoring
program, we’'ll likely be grappling with, among other
things, issues associated with impacts from the North
American Free Trade Agreement. Whatever issues
we face, we hope we can use the monitoring program
to measure their impacts on Organ Pipe Cactus as well
as regional ecosystems, and that we can develop and
implement sound management programs based on
this scientific knowledge, and that these programs will
stand the test of time as being good management
programs based solidly on science.
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A Spirit of Cooperation: The Southwest Archaeology Team
and the National Park Service Working Together at
Tumacacori National Historical Park

Sam Baar and Kris Wooley

Southwest Archaeology Team, P.O. Box 159, Scottsdale, AZ 8525 |

The Southwest Archaeology Team, founded in
1979, is as unique as it is successful. Established to
utilize the capabilities of both professional and
avocational archeologists, its original objective was to
excavate archeological sites in danger of being
destroyed and where no funding was available.
Recently, the Southwest Archaeology Team has
expanded both the scope and location of its projects.
Recent projects include the restoration of the Sirrine
house and the stabilization of the Hohokam platform
mounds at Mesa Grande and Pueblo Grande. This

change in focus of the organization has led the team to
enter into a relationship with the National Park
Service. Since 1994, the National Park Service and the
Southwest Archaeology Team have worked together
to stabilize the historic ruins and features of missions

Tumacacori, Calabazas, and Guevavi. By working

together, we have slowed the erosion at mission
Guevavi, stopped the deterioration at mission
Calabazas, and have preserved and stabilized
numerous historic features at mission Tumacacori.

Physiological Response of Trees in a Semiarid Forest to Their
Environment: An Active Monitoring Approach to
Understanding Tree Physiology

Christopher H. Baisan,' Harold C. Fritts,' and William Gensler?

'Laboratory of Tree-Ring Research, The University of Arizona, Tucson, AZ 85721
“Agricultural Electronics Corp., 1850 West Grant Road, Tucson, AZ 85745

We describe a multi-year project to actively
monitor physiological processes in three species of
Pinus in Chiricahua National Monument. Platinum
probes were inserted into the cambial tissue of the
main bole and branches of six adult trees to monitor
physiological status. Electronic and mechanical
dendrometers provided measurements of stem size.
Measurements of stem size, hydration, and acidity
were collected every |5 minutes throughout the
growing season. Environmental parameters (air
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temperature, soil moisture, and available light) were
also measured. Both diurnal and seasonal patterns are
clearly evident in the data. Additionally, environmental
fluctuations such as changes in soil moisture result in
rapid changes within the plants. The coupling of these
data with detailed analysis of wood tissue produced
will greatly enhance our ability to reconstruct past
environments from tree-rings as well as improve
predictions of plant responses to changing environ-
mental stresses.
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Quitobaquito: The Challenges of Managing Natural and
Cultural Resources at a Desert Oasis

James ). Barnett

Organ Pipe Cactus National Monument, Route 1, Box 100, Ajo, AZ 85321

Situated approximately 18 m (60 ft) north of the
boundary with Mexico, in Organ Pipe Cactus National
Monument, Quitobaquito is an oasis in the Sonoran
Desert. It is one of the few authentic desert oases in
North America. Natural springs flow into a man-made
channel and pond; these support lush riparian growth
and are habitat for an endangered endemic desert
pupfish. The area has a rich cultural history with
human occupancy from prehistoric times through the
historic period. Three hundred years of grazing and
ranching caused profound ecological change before
the National Park Service assumed full responsibility
of Quitobaquito in 1956. Attempts to clean up,
restore, and improve the site exacerbated rather than
mitigated the situation. Scientific research in the area
spans over one hundred years. An interdisciplinary
study undertaken between 1982 and 1985 inventoried

natural resources. Modifications to the spring delivery
system were made, culminating in 1989 with an
extensive habitat improvement project. In 1993,
Quitobaquito was incorporated into the ecological
monitoring program and a full archeological survey of
the area was initiated. In 1995, a joint resource
management/research project was begun in coopera-
tion with the U.S. Air Force to address a variety of
issues, including the invasion of nonnative species,
impacts to the groundwater (spring) system, impacts
to resources due to visitor use, potential impacts of
the major Mexican highway adjacent to Quitobaquito,
and, the need for baseline data on the native plantand
animal species and communities of this region. This
presentation will provide an overview of past, present,
and future natural and cultural resource management
efforts at Quitobaquito.
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Revegetation and Restoration Program at
Organ Pipe Cactus National Monument

James ). Barnett

Organ Pipe Cactus National Monument, Route I, Box 100, Ajo, AZ 85321

For the past sixteen years, Organ Pipe Cactus
National Monument has had an active revegetation
program designed to restore impacted and disturbed
areas to natural conditions. In [978, 95% of the
monument was designated as wilderness, resulting in
the closure of approximately 137 km (85 mi) of
primitive roads. The Resource Management Division
began growing native plants in a makeshift nursery
near monument headquarters in an attempt to
recover these areas. A trial-and-error method used in
the nursery paid off fairly quickly and resulted in
successful methods for growing creosotebush (Larrea
tridentata) and many other species from seed. During
the summer of 1988, a new nursery and greenhouse
complex was completed at the Sonoran Desert
Biosphere Reserve Center, located near monument
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headquarters. Also in 1988, the revegetation program
expanded beyond revegetating abandoned roads.
Nursery-grown plants have been used to stabilize soil
in erosion areas within the monument, and to reclaim
other disturbed areas such as construction and
development sites. Approximately 10 years of work is
still needed to fully restore abandoned roadways. In
addition, revegetation efforts continue to become a
necessity for many other projects that require plant
salvage and restoration. A program of long-term
viability is being developed to address present and
future revegetation issues. Such a program will
possess the vision of having Organ Pipe Cactus
National Monument serve as a leading example of
restoration and rehabilitation of natural plant
communities in the Sonoran Desert.
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National Park Service, Southern Arizona Group:
Role and Function in Resource Management and Research

Lee Benson

National Park Service, Southern Arizona Group, Park Central Mall, 3115 North 3rd Avenue #101, Phoenix, AZ 85013

The Southern Arizona Group Office of the
National Park Service (NPS), was established in 1971
in the state capital of Phoenix, Arizona, for the
purposes of:

Providing support, assistance, and guidance to
superintendents and staffs of nine park areas
comprised of Casa Grande Ruins WNational
Monument, Chiricahua National Monument,
Coronado National Memorial, Fort Bowie
National Historic Site, Montezuma Castle
National Monument, Organ Pipe Cactus National
Monument, Saguaro National Monument (now
Saguaro National Park), Tonto National Monu-
ment, Tumacacori National Monument (now
Tumacacori National Historical Park), Tuzigoot
National Monument, and Walnut Canyon
National Monument.

Providing liaison between all NPS areas and other
federal, state, and local agencies and governing
bodies, and a variety of environmental organiza-
tions within the state of Arizona in all matters of
interest in attaining goals and objectives
established at the national, state, or local agency
level(s) in efforts to accomplish the NPS mission.

Providing information and other visitor services
to visitors of the heavily populated Phoenix
metropolitan area and its surrounding communi-
ties. Tourism provides the principal economic
base for Arizona, within whose boundaries lie 22
NPS areas.

During its 25 years since establishment, Southern
Arizona Group areas of expertise have included but
have not been limited to park management, ranger
activities, maintenance, natural resource manage-
ment, cultural resource management, interpretation,
and administration.

Administrative changes in recent years have
resulted in the withdrawal of Saguaro National Park

from the group and the realignment of the NPS
Southwest Region to include Walnut Canyon National
Monument. The recent reorganization of the NPS
resulted in the line authority of the individual
superintendents being vested in the deputy field
director, Southwest Cluster. As a result, the general
superintendent position of the Southern Arizona
Group is now titled superintendent. All other
functions performed by the group remain basically the
same. In recent years, the scope of support and
assistance has informally expanded beyond the
traditional parks to include parks in other areas within
Arizona.

The Southern Arizona Group superintendent
provides overall management support and direction
to staff functions for administration, natural resource
management, cultural resource management, re-
search, planning, maintenance, visitor services, and
park operations. The superintendent provides
professional and technical support to National Park
System areas throughout Arizona in the fields of law
enforcement, fee collection, structural fire, search and
rescue, safety, and tort claims. The superintendent
serves as liaison with the U.S. Attorney’s Office and
the solicitor.

The superintendent serves as state coordinator
for the NPS, representing managers from Washing-
ton, D.C., Intermountain Field Area Office, cluster
system support offices, and individual park areas as
liaison in areas of mutual interest between other
federal, state, and local agencies, organizations, and
the private sector, which includes responsibility for
statewide public relations and coordination of
programs.

The administrative team is responsible for
providing consultation services and technical support
for all administrative programs including human
resources, contracting, procurement, property
management, budget and fiscal, government housing,
information management, and internal controls.
These services are provided to management and staff
at parks within the group, system support offices, and
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other clientele both within and outside the federal
government. Services include but are not limited to
computer network installations/support and a broad
range of information management assistance, full
recruitment and staffing services, classification, and
administering agreement partnerships with state/local
institutions and universities.

The Division of Cultural Resources provides
technical expertise to the group office superintendent
and park superintendents and their staff relating to
monitoring, protection, preservation maintenance
and stabilization of prehistoric and historic ruins and
structures. The division assists field staff with writing
and reviewing planning and compliance documents,
and provides a link with natural resource programs.
The division works with management and preserva-
tion personnel from other parks, system support
offices, and field area offices, and other federal, state,
and local agencies. Division staff may represent all or
individual park managers in meetings and serves on
technical committees relating to resources and
research.
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The Division of Natural Resources provides
professional and technical advice and assistance to the
group office superintendent, park superintendents,
and field staff on National Park Service, Department of
Interior, and interagency programs and plans
regarding natural resource management and research,
The division identifies, conducts, and oversees
resource management and science projects, and
provides a link with cultural resource programs. The
division assists field staff with writing and reviewing
environmental planning and compliance. Resource
programs and research include vegetation, wildlife,
threatened and endangered species, cave, grazing,
pests, nonnative species, fire, air quality, water,
aircraft overflight, collections, abandoned mine lands,
and trails. Division staff represents all or individual
park managers in meetings and serves on technical
committees relating to resources and research.
Individuals work systems support and Washington
offices on special assignments. (POSTER)
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Using Long-term Monitoring to Understand How
Adjacent Land Development Affects Natural Areas:
An Example from Saguaro National Park, Arizona

Mark K. Briggs' and Lisa Harris?
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Introduction

Managers of protected natural areas across the
country are increasingly concerned with the effects
that adjacent land development have on parks,
preserves, forests, and wildlife sanctuaries. Despite
this concern, relatively few efforts have been
undertaken to evaluate how protected natural areas
are affected when adjacent natural land becomes
urbanized. In the Rincon Valley, Arizona, immediately
adjacent to Saguaro National Park and the city of
Tucson, two efforts have been initiated to monitor the
wildlife populations and riparian ecosystems over the
long term. Since the monitoring efforts have been
initiated prior to construction, it will be possible to
document the effects of development on the natural
resources in seldom-achieved detail.

On the outskirts of Tucson, Saguaroc National
Park was created in 1933 to protect the fauna and
flora of the Sonoran Desert. At the time of its
creation, the park was relatively remote; it was miles
from development with access only by dirt roads. In
the past 25 years, however, Tucson’s metropolitan
population has almost tripled, and the city has
expanded to the boundaries of the park and other
surrounding protected areas (Pima County 1992).

During the next 10 years, the Rocking K Ranch
Development, an 1,802-ha (4,450 ac) mixed-
development community of 6,000 homes and 2
resorts, will be placed in the Rincon Valley,
immediately adjacent to Saguaro National Park. The
development shares 8 km (roughly 5 mi) of boundary
with the park. Currently, this area is rural, consisting
of several ranch houses, undeveloped roads,
abandoned agricultural fields, and large expanses of
natural Sonoran Desert vegetation.

As Tucson continues to expand, Saguaro National
Park will become an island in a sea of urbanization, as
the natural ecosystems bordering it are replaced by
houses, golf courses, and commercial development.
The dramatic changes in population and land use that

will occur adjacent to Saguaro will not only affect
scenic beauty and visitor enjoyment, but will also place
a strain on natural resources.

To better understand how adjacent land-use
changes will affect park resources, natural resource
practitioners need answers to a variety of critical
questions, including: How will wildlife densities and
diversities in the park be affected by adjacent
development! When does adjacent land development
reach a point where it significantly threatens a
protected area’s natural resources! How will adjacent
vegetation communities and soils be altered in
response to changes in water and sediment runoff!
How will groundwater levels be affected by the
demands of development, and how will these changes
affect flows in nearby streams and the condition of
local vegetation communities?

Conservation Research Opportunities in an
Urbanizing Landscape

To help answer these and other questions, two
long-term monitoring projects are underway in the
Rincon Valley to assess the effects of development on
wildlife and riparian ecosystems. The first inventory
for both monitoring efforts was completed prior to
the initiation of large-scale urbanization. Future
inventories will be conducted at various times during
construction and after the Rocking K Development
and other development projects are completed. The
Rocking K Development will be the first large
development initiated in the area (construction
activities will likely begin during 1996) and will be
constructed largely on native, undisturbed, vegetation
communities that include desertscrub [paloverde
(Cercidium microphyllum)/acacia (Acacia spp.), mixed
cacti, creosotebush (Larrea tridentata) upland, and
creosotebush floodplain], semi-desert grassland,
riparian scrubland, and riparian woodland (mesquite
(Prosopis velutina)/acacia and deciduous woodland)
(Rocking K Specific Plan 1990).
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