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From the Edit01~ .. Several years ago a project was initiated
between the U.S. Fish and Wildlife Service and the Desert
Legume Program (DELEP, one of the research programs
of the Arboretum), on the Buenos Aires National Wildlife
Refuge (BANWR). In 1991 DELEP was contracted to grow
and plant Acacia angustissima seedlings on the Refuge. This
acacia known as the prairie acacia is a common shrub over
much of the area formerly occupied by the masked bobwhite
quail. Prairie acacia gradually releases its seeds from its pods
over several months in the fall and winter, ensuring a steady
availability of seeds. In Sonora, wild masked bobwhites
have been observed to feed heavily on these seeds. Limited
feeding trials at the Buenos Aires Refuge early in this century
suggest that this plant may be an important food source
during the winter months. A. angustissima is native to the
Refuge but occurs in only a few widely scattered populations.
Planting sites were selected on the Refuge and 200 one-gallon
seedlings were transplanted in late August of 1991 by DELEP
staff. Seedlings were caged and initial survival was good. The
study objective was twofold: one, to reintroduce this native
species to the Refuge and two, to provide a food source for
reintroduced masked bobwhite quail. The project did not
continue long term so the ultimate outcome of the plantings
is not known.

This anthology is the result of the efforts of numerous
individuals. Particularly I would like to thank Bonnie
Swarbrick of the U.S. Fish and Wildlife Service at the Buenos
Aires National Wildlife Refuge for supplying many
photographs by Steve Hillebrand and George Jameson.
Additionally, I would like to express my gratitude to Cecil
Schwalbe who not only provided photos for his segment of
the manuscript but for other sections as well. Cecil flew over
the area in September 2007 and provided aerial photos for
the issue. His enthusiasm was contagious and I wish I could
have published all of his excellent photos. Other individuals
also provided photographs for this issue. I would like to thank
Randy Babb, Matthew Johnson, James Rorabaugh, Earle
Robinson, Philip Rosen and Dennis Suhre. Finally, I would
like to thank Conrad Bahre for spearheading this publication
and providing funding. Conrad and I have worked together
several times on his previous submissions to Desert Plants.
Our interaction was always long distance as he was working
at UC Davis. Now that he has retired, he has relocated
to Tucson. In addition to his determination to see this
publication through and his keen editing eye, I appreciated
and thoroughly enjoyed working with him in person and
hearing about many of his life experiences.

I mention this project to demonstrate that the Arboretum's
connection with the Buenos Aires National Wildlife Refuge
goes back many years. When the opportunity to publish this
anthology was presented, I willingly accepted the manuscript.
Although this work is specific to a particular, relatively small
area in Arizona, it represents the type of efforts that scientists
are collaborating on worldwide to save plant and animal
species and preserve unique locations.
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INTRODUCTION
The Buenos Aires National Wildlife Refuge (BANWR)
comprises 117,354 a. (47,493 ha) of former rangeland
in the Altar Valley of southern Arizona (Figure 1, pages
22-23). The vegetation is predominantly desert grassland,
with narrow ribbons of riparian vegetation along perennial
streams, and marshy wetlands or cienegas near the town
of Arivaca. Patches of Madrean oak woodland are found
on the slopes of the surrounding mountains and at higher
elevations. The Refuge was established in 1985 primarily
for the reintroduction and protection of the masked bobwhite
quail (Co linus virginianus ridgwayi). Another important
consideration was the restoration and preservation of one
of the last remaining large expanses of desert grassland in
southern Arizona. The Refuge is one of the largest desert
grassland federal preserves in the Southwest and in spite
of more than 100 years of livestock grazing still supports a
unique and diverse blend of endemic wildlife.
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were captured bobwhite or their progeny taken from the few
remaining populations of wild bobwhite in north-central
Sonora, Mexico.
According to wildlife experts, the nearly complete extirpation
of masked bobwhite in its historic range in southern Arizona
and north-central Sonora was the result of habitat loss
brought about by livestock grazing and the consequences
of overstocking (fire suppression, soil erosion and arroyo
cutting, mesquite increases, changes in plant cover and
structure, and the elimination of plants palatable to bobwhite).
Hence, shortly after its establishment, the U.S. Fish and
Wildlife Service removed all of the cattle.on the Refuge and
began restoring the desert grasslands through a program
of prescribed burning. However, the reintroduction of the
masked bobwhite and pronghorn antelope (Antilocapra
americana), another animal that had been extirpated in the
Altar Valley, remains a work in progress.
Besides the masked bobwhite, the Refuge is home to seven
other threatened, endangered or candidate species: Pima
pineapple cactus (Coryphantha sheeri robustispina) (Figure
3), Kearney's bluestar (Amsonia kearneyana) (Figures 4 and
5), southwest willow flycatcher (Empidonax traillii extimus),
lesser long-nosed bat (Leptonycteris curasoae yerbabuenae)
(Figure 6), jaguar (Panthera onca) (Figure 7), Chiricahua
leopard frog (Rana chiricahuensis) (Page 38), and western
yellow-billed cuckoo (Coccyzus americanus).
Although the Refuge offers a host of recreational
opportunities, it is not well known to the public. In fact,
most written information about the Buenos Aires is limited
to scientific journals, unpublished reports, and university
graduate theses that are not easily available to the public or
most visitors to the Refuge. Above all, no comprehensive
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The masked bobwhite was extinct throughout southern
Arizona, its northernmost historic range, by the end of the
nineteenth century (Figure 2). Starting in the late 1930s
numerous, mostly unsuccessful, attempts had been made to
reintroduce the masked bobwhite in Arizona. Not until the
1970s, however, was the Buenos Aires Ranch identified as a
major location where sufficient original habitat was available
for reintroduction of the bird. Only a very small number
of reintroduced masked bobwhites were found in the Altar
Valley when the Refuge was established, and most of these
Figure 2. Masked bobwhite quail distribution.
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Figure 3. Pima pineapple cactus (Matthew Johnson)

Figures 4 and 5. Kearney's bluestar (James Rorabaugh)
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Figure 6. Lesser long-nosed bat (Randy Babb)

Figure 7. Jaguar (Randy Babb)
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description of the Refuge had been written. The following
anthology addresses this deficiency by bringing together a
collection of writings by prominent authorities on several
aspects of the natural and cultural history of the Refuge. It is
written to appeal to both lay reader and scientist alike. This
anthology treats ten key aspects of the natural and cultural
history of the Buenos Aires. Each topic was contributed by
a different author(s).
LANDFORMS AND GEOLOGY
John Bezy and Charles F. Hutchinson
The Buenos Aires National Wildlife Refuge is located in the
southern part of the Basin and Range Physiographic Province
of western North America and its landscape is dominated by
low, north-south trending mountain ranges separated by a
broad faulted basin. The Refuge extends from the western
margins ofthe Las Guijas and San Luis mountains westward
across the Altar Valley to the southern Baboquivari
Mountains (Figure 8). The complex bedrock of these low
ranges, the canyons cut into their flanks, and the alluvial
plains of the intervening Altar Valley, all contribute to the
diversity of plants found there.
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Figure 8. Geology of the Altar Valley
The Las Guijas and San Luis mountains are composed mainly
of Jurassic (ca. 150 million YBP) granitic, volcanic, and
sedimentary rocks intruded by younger granites or buried
by rhyolitic lava flows and conglomerate during the Tertiary
(ca. 20-30 million YBP). In some places, intense heat and
pressure have physically and chemically altered the granites
into metamorphic rocks. In rare instances, mineral-bearing
solutions accompanied the intrusions and metamorphosis and
left behind veins of gold, silver, and copper. These metals
attracted early European settlers to the Arivaca area. Tectonic
activity over geologic time has fractured the bedrock and
broken it along faults. In some places, groundwater follows
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pulverized rock zones along these faults and emerges on the
surface as springs. Exposure to the atmosphere and acidic
groundwater have weathered and further weakened the
bedrock, preparing it for erosion by running water.
In the southern Baboquivari Mountains, Jurassic granite,
schist, phyllite and metamorphosed rhyolites and
sedimentary rocks (conglomerate, siltstone, and shale) are
intruded by later Tertiary-age (ca. 58 million YBP) granite.
Baboquivari Peak, composed of hard, erosion-resistant
Jurassic-age granite, is the most distinctive mountain summit
in the region (Figure 9). Below Baboquivari Peak, wall-like
dikes (vertical intrusions of once-molten rock) run across
the landscape for miles.
The Altar Valley is a structural basin formed by faulting.
Between 12 and 5 million YBP, this part of the North
American continent was stretched, thinned and broken into
blocks by steeply dipping faults. Some ofthese crustal blocks,
such as the Avra Valley, subsided thousands of feet. Highstanding blocks between these basins eroded to form ranges,
such as the Las Guijas, San Luis and Baboquivari mountains.
Canyon-cutting flash floods and mudflows have worn down
the ranges and filled the Altar Valley with thousands of feet
of silt, sand, gravel and cobbles. The bajadas slope gently
from these ranges to the floor of the valley. Late Tertiary
and Pleistocene weathering developed mature soils with
subsurface clay and caliche horizons on higher, older bajada
surfaces with generally better drained immature soils on the
younger lower surfaces.
As the drainage of the Altar Valley integrated with that of
southern Arizona, streams cut into the bajadas. Episodes of
down-cutting by Altar Wash and its tributaries have carved
flanking terraces (Figure 10) into the alluvial fill of the valley
for much of the Pliestocene. However, the frequency of
down-cutting events accelerated over the past 4000 years,
with the most recent episode occurring around the tum of
the 20th century. As a consequence, most stream bottomlands
have been eroded, the older soils on the higher bajada
surfaces have been stripped and water tables have been
lowered within the Altar Valley. In addition, eroded material
is deposited during flood events on the broad flat farmlands
of the Avra Valley to the north. The most recent of these
changes in the landscape, considered by many researchers
to be human-induced, have confronted land managers in the
Altar Valley with an ever-changing challenge to arrest and
reverse these trends.
CLIMATE AND VEGETATION
Steven P. McLaughlin and Conrad J. Bahre
The Refuge has a semiarid climate that mainly sustains desert
grassland vegetation. Mean annual precipitation is 16.3 in.
(415 mm); the July-September summer monsoon accounts
for more than half of the annual precipitation. The dominant
herbaceous plants in the Refuge grow and reproduce mostly
in response to summer rains. Winter rainfall occurs mostly
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Figure 9. Baboquivari Peak is the most distinctive mountain summit in the region (John Bezy).

Figure 10. Flanking terraces were carved in the alluvial fill of the Altar Valley by Altar Wash and its tributaries during the Pleistocene (John Bezy).
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from November to February, when the Refuge averages 4.6
in. ( 118 mm), a comparatively large amount for grassland
communities in southeastern Arizona. The driest period is
from April to June when precipitation averages 0.8 in. (20
mm). The mean monthly maximum temperature is 95° F (35
°C) in July and the mean monthly minimum temperature
is 36° F (2 °C) for both December and January. Neither
excessive heat nor cold characterizes the climate.
Most of the Refuge ranges in elevation from 3,100-3,800
ft. (950-1, 150 m). At comparable elevations in southeastern
Arizona, precipitation averages 10-14 in. (250-350 mm), and
the vegetation is much more xerophytic. Consequently,
the Refuge's grasslands occur at a comparatively lower
elevation and are somewhat warmer than other grasslands
in southeastern Arizona. The vegetation of the Buenos
Aires is usually mapped as ..desert grassland" or ··semidesert grassland." The actual vegetation, however, varies
in structure and composition, particularly in the relative
importance of grasses, succulents, and woody plants.
depending on topography, soils and management history.
Today the vegetation along Highway 286 in the valley
bottom, where soils are deep and relatively fine-textured.
is primarily mesquite (Prosopis velutina) savanna (Figures
11 and 12). Other than a few woltberry (Lycium andersonii)
and red barberry (Berberis haematocarpa), shrubs are
not common. Yuccas and cacti are also infrequent. but
include soaptree yucca ( Yztcca elata), Arizona yucca ( Yttcca
ari=onica), Santa Rita prickly pear (Opuntia santa-rita). and
barrel cactus (Ferocactus wis/i=eni).
Most of the grass cover in the northern, central, and western
portions ofthe Refuge is now Lehmann lovegrass (Eragrostis
lehmanniana), a South African perennial introduced in
Arizona in the early 1930s. Lehmann lovegrass is less
palatable to cattle than native grasses and has negatively
affected some plants and animals. Prior to the introduction
of Lehmann lovegrass, livestock overstocking, land
fragmentation, and fire suppression resulted in less frequent,
less intense and less extensive fires, a situation favoring
increases in woody trees and shrubs that would most likely
have been killed or held in check by past wildfires. Recent
increases in nonnative grasses and the cessation oflivestock
grazing on the Refuge have created conditions more
susceptible to fire than at any time in the past 100 years. For
example, in May 1986, 9,800 a. (4,000 ha) burned on the
Refuge east of Highway 286, and several fires between April
and June 2000 burned> 16,000 a. (6,500 ha). Fires spread
quickly in dry Lehmann lovegrass because it forms a finetextured, continuous cover of fuel compared to the more open
stands of native grassland dominated by larger bunch grasses.
In addition, Lehmann lovegrass is better able to recover and
reseed following fire than native grasses. Consequently, when
Lehmann lovcgrass invades native grassland communities,
it increases the intensity and frequency of fire, thereby
expediting its dominance.
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On the floodplains of the Refuge's major washes, dense
stands of Johnson grass (Sorghum halepense), another
African introduction, have replaced former stands of
sacaton (Sporobolus wrightii), the largest native bunchgrass
in southeastern Arizona. Lowering of the water table by
pumping and increased arroyo cutting over the past 120
years, at least partially due to livestock grazing and other
human disturbances, favored the replacement of sacaton by
Johnson grass.
Because of the relatively warm climate and comparatively
high winter rainfall, many Sonoran Desert species are found
in the Refuge's grasslands, including occasional saguaro
(Carnegiea gigantea), blue paloverde ( Cercidiumjloridum),
jojoba (Simmond.;ia chinen...,·is), jumping cholla (Opuntia
fitlgida), and pencil cholla ( Opuntia arbuscula). Many of
these species are fire-intolerant and could become locally
extinct, given the increased fire frequency associated with
the dominance of Lehmann lovegrass. Creosote bush (Larrea
tridentata), the dominant species over much of the Sonoran
Desert, does not occur. although it is common just north ofthe
Refuge. Following years of average or high winter rainfall,
Sonoran desert annuals are abundant from late March to May,
particularly along drainages.
The thin, rocky soils on the slopes of the low mountains
along the eastern and western edges of the Refuge support
a diverse vegetation of shrubs. succulents, and perennial
herbs in addition to perennial grasses. The grasses are
mostly native species and include several types of grama
grass (Bouteloua spp. ). three-awns (Aristida spp.),
Arizona cottontop (Digitaria cal{fornica), and tanglehead
(Heteropogon contortus). Although these communities are
mapped as grasslands. perennial grasses seldom dominate.
The thin soils support shrubs and trees, such as mesquite,
catclaw acacia (Acacia greggii). wait-a-minute bush (Mimosa
aculeatica~pa var. biunc(lera). hopbush (Dodonaea viscosa
var. angust(folia), kidney wood (Eysenhardtia orthocarpa),
and oregonilla (A~vosia wrightii). Succulents are common
and include ocotillo (Fouquieria splendens), Engelmann
prickly pear ( Opuntia engelmannii), barrel cactus, Palmer
agave (Agave palmeri). sotol (Dasylirion wheeleri), and
beargrass (No/ina microcmpa). Because of the diversity of
life forms and species in these communities, they might be
better classified as .. mixed shrub savannas."
Only a few patches of natiYe perennial grasses, relatively
unaffected by woody and nonnative plants, remain on the
Refuge at low elevations. These communities are confined
largely to ridge tops with usually calcareous soils. Examples
of these native perennial grassland communities occur south
and east of Refuge Headquarters. Dominant grasses are
spidergrass (Aristida ternipes), sideoats grama (Bouteloua
curtipendu/a), hairy grama (B. hirsuta), slender grama (B.
repens), sprucetop grama (B. chondrosioides), cane bluestem
(Bothrioch/oa barbinodis ). plains lovegrass (Eragrotis
intermedia). and sprangletop (Leptochloa dubia). Small
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Figures 11 and 12. BANWR today, mesquite savanna. (Steve Hillebrand)
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shrubs such as fairy duster ( Calliandra eriophylla), desert
zinnia (Zinnia acerosa), and ratany (Krameria parv(folia)
are common, along with several small cacti, sotol, beargrass,
and occasional Agave parviflora.
The most common riparian tree along the secondary
drainages is net-leaf hackberry (Celtis reticulata). Other
riparian trees are mesquite, desert willow ( Chilopsis
linearis), Mexican paloverde (Parkinsonia aculeata), ash
(Fraxinus velutina), walnut (Juglans major), Fremont
cottonwood (Populus fremontii), Goodding willow (Salix
gooddingii), and soapberry (Sapindus saponaria var.
drummondii). Large sycamores (Platanus wrightii) occur
along the stream bottom in Brown Canyon. Common along
drainages are seep willow (Baccharis salic~folia) and
Brickellia spp., along with locally abundant species such as
Sideroxylon lanuginosum, Forestiera shrevei, and Sageretia
wrightii.
Oak woodlands occur at higher elevations outside the Refuge
in the adjacent Baboquivari and Pajarito mountains. where
temperatures are cooler and precipitation is greater. A few
scattered Mexican blue oaks (Quercus oblong~folia) and
Emory oaks (Q. emmyi) are found in washes and drainages
in the southeastern comer of the Refuge; these oaks are more
abundant along stream bottoms and in the upper part of
Brown Canyon in the Baboquivari Mountains. Scattered
shrub oaks (Q. turbinel/a) occur in the Las Guijas Mountains.
Arivaca Cienega, described in 1858 as •• ... seventeen thousand
acres of agricultural land, with pennanent water, wood and
grass," is probably a vestige of its natural state. The cienega
vegetation now varies from marshlands with bulrushes
(Scilpus spp. ), cattails (Typha spp. ), and other aquatic species
along water courses and adjacent open meadows dominated
by sedges ( Carex spp. ), various grasses, spike rushes
(Eleocharis spp. ), and ragweed (Ambrosia spp. ). The open
meadows are fringed with mesquite, graythom (Zi=.1phus
obtusifolia), catclaw, burroweed (lsocoma tenuisecta). and
snakeweed (Gutierrezia microcephala). Nearly all of the
remaining large stands of sacaton on the Refuge are at the
northern edge of the cienega.
Although humans have inhabited the Refuge's grasslands
for millennia, we know very little about their impact before
the first European settlers arrived in the Arivaca and Altar
valleys in the mid-eighteenth century. In fact, Arivaca Valley is
one of the few areas in Arizona with mining and ranching
history extending back to the eighteenth century. Early
descriptions of both valleys indicate that, except for the
wetlands at Arivaca Cit!nega, most of the Refuge was
grassland, relatively free of trees and brush with scattered
thickets of large mesquite trees and extensive areas of sacaton
in the major washes.
Historic vegetation changes on the Refuge largely mirror
changes found in similar grassland and cienega habitats
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elsewhere in southeastern Arizona. Nonnative grasses have
replaced native grasses. Mesquite, acacia, burroweed, waita-minute bush, snakeweed, and other woody trees and shrubs
have increased. Livestock and agriculture have seriously
impacted Arivaca Cienega. Fires declined in frequency and
extent, although the proliferation of nonnative grasses and
cessation of livestock grazing recently have increased the
incidence of fires. The Refuge is implementing a control bum
program that has also increased the frequency of fires.
Vegetation changes are the result of fire suppression, the
introduction of nonnative plants, land fragmentation,
woodcutting, and a long history of livestock management
(water development for cattle, fencing of pastures, mesquite
eradication, rest-rotational grazing, etc.). The Refuge's
grasslands have been managed for cattle for so long that their
pre-grazing condition is unknown.
Altar Valley was sparsely stocked with cattle until the late
1880s, largely because there was little surface water outside
of Arivaca Cienega and groundwater was too deep to be
pumped by windmills. Nevertheless, Don Pedro Aguirre, Jr.,
founder of the Buenos Aires Ranch, grazed 10,000 to 15,000
sheep and a few hundred cattle in the Arivaca area in the
late 1870s. Development of large-scale cattle ranching in
Altar Valley followed construction of Aguirre Lake in 1883
and the drilling on Aguirre's ranch in 1886 of the valley's
tirst deep well. George Roskruge, who conducted the initial
United States Public Land Survey of the township containing
Aguirre's ranch in 1885. noted ..This Township is covered with
gently rolling grassy hills and is overrun by cattle and horses."
Aguirre and other ranchers soon added more stock tanks
and wells to facilitate expansion of cattle ranching.
Overstocking, especially during the 1891-1893 and 18981904 droughts, among the worst droughts in the history of
southeastern Arizona. caused heavy livestock losses and
resulted in declining range conditions over much of the Altar
Valley. Until 1917, when the Buenos Aires Ranch was fenced,
the valley was open range.
Unlike other southeastern Arizona rangelands, where major
increases in mesquite and woody shrubs began shortly after
1891-1893 drought, mesquite increases in the Altar Valley
apparently did not begin until the early 1920s. Since then,
scrubby mesquites have increased outside of the drainages
and many large mesquites in the bottomlands have been cut
out and/or survive as scrubby coppice growths. Scrubby
mesquites and other woody shrubs increased so rapidly in
the grasslands that livestock carrying capacity in the Altar
Valley declined quickly.
Undoubtedly, wood was cut in the Refuge's mesquite thickets
for domestic heating and cooking, to fuel steam pumps for
wells, for making fence posts and corrals, and possibly for
fuel at nearby mines. Desert willow was particularly favored
for fence posts. Although oak was favored for fuel at the
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mines, it is likely that the scattered Emory and blue oaks on
the Refuge were too few to be of interest to woodcutters for
the nearby mines. Nevertheless. most of the Refuge's Emory
and blue oaks show evidence of having been pollarded.
probably for local domestic fuel. Pollarding. or the cutting
of branches back to the trunk. seldom kills these oak species
and usually increases coppicing.
AMERINDIAN, SPANISH AND MEXICAN
OCCUPATION, 9300 B.C.-A.D. 1854
Andrew William Amann, Jr.
Both the archaeological record and early contact
ethnographies indicate great differences in the technological
capabilities and land-use practices of the prehistoric
Amerindians in southeastern Arizona. The extent of their
impact on the landscapes of the Altar Valley and the Buenos
Aires. however. is largely unknown because so little
archaeological work has been done in the area. Paleo-Indian
Clovis big game hunters hunted Pleistocene megafauna in
southeastern Arizona 11.000 YBP. but their tenancy in the
Altar Valley is unclear. The Paleo-Indian big game hunters
were followed by bearers ofthe Cochise Culture, whose lithic
complex suggests that they lived in small nomadic groups
that foraged for plants and hunted small game. Their culture
was predominant between ca. 8500 B.C. and A.D. 1. but our
understanding of Cochise Culture is still in its infancy and
only a very few Cochise sites have been recorded for the
Altar Valley. Charles Di Peso of the Amerind Foundation
argued against a long occupation of the Cochise Culture and
believed that a different culture. an offshoot of the Cochise
Culture that he named the 0 ·otam. has inhabited southeastern
Arizona since 5000 B.C. He postulated that the O'otam were
the ancestors of the historic Pima Indians encountered by the
first Spaniards in the Altar and Santa Cruz valleys.
About A.D. 300. a new culture - the Hohokam - appeared
in the region. The Hohokam lived in small. clustered villages.
made ceramics. and depended on irrigated agriculture.
Evidence of their presence has been found around Arivaca
Cienega and at a number of sites in the Altar Valley. The
modern-day Pima or Tohono O'odham are thought by
many to be descendants of the Hohokam. Nevertheless.
archaeologists have not been able to shed much light on
prehistoric Amerindian impacts on the desert grasslands
of the Altar Valley or on Arivaca Cienega. The accidental
or intentional commuting of fire to the grasslands by
Amerindians - fire drives. mescal roasting. smoke signals.
abandoned campfires. fire during warfare. and so forth
-may have contributed to the largely brush-free state of
the grasslands of the Altar Valley when the first Europeans
arrived.
The Spanish-Mexican period in the Altar Valley began in
1691 with the arrival of the Jesuit missionary and explorer
Padre Eusebio Francisco Kino. Kino traveled north. through
the Altar and Santa Cmz valleys. then referred to by the
Spaniards as Pimeria Alta. Along with the Catholic faith.
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Kino carried innovations that would change the land and
native peoples in ways that persist to the present.
The Jesuits introduced Old World crops and livestock and
by the early 1700s. farming and ranching operations were
well established at most of the Jesuit missions and the major
Pima settlements of Arivaca (San Martin de Aribac) and
S6pori. The land, now within the Refuge, served as a corridor
along which cattle and agricultural products moved between
these settlements to the Sonoran missions ofTubutama and
Caborca.
Demand for mission goods accelerated in the early 1700s
with the discovery of silver in Pimeria Alta (mining at Arivaca
began in the 1730s). Although inhibited by limited Spanish
military protection, mining and agricultural activity increased
and more Hispanic settlers entered the area. This trend,
however. ended with the Pima Uprising of 1751. Under
the leadership of the Pima chief Luis Oacpicagigua, the Pimas
attacked missions and ranches throughout the region.
Although many Europeans and missionary Indians fled south,
many perished. Thirteen individuals were killed at Arivaca
alone and the Santa Cmz Valley missions at Guevavi and
Tumacacori were sacked.
On January 5. 1752, a Spanish force of 86 soldiers defeated
the Pima rebels near Arivaca. Demoralized, the Pima rebels
retreated to the Baboquivari Mountains. A negotiated peace
followed. and to maintain order in the Santa Cruz and Altar
Yalleys, a Spanish presidio was established at Tubac. Jesuit
mission operations resumed, but were hampered by the
declining Pima population. Old World diseases, such as
measles and smallpox. along with Apache depredations,
exacted a heavy toll on the Pima. Following the expulsion
of the Jesuits from New Spain in 1767. Franciscan
missionaries were given control over the Jesuit missions.
Apache depredations continued to ravage the region and
in 1775. the Tubac presidio was moved to Tucson. Shortly
thereafter. most of the ranches and mines near Arivaca were
abandoned.
A conciliatory Spanish policy toward the Apaches resulted
in a reduction in Spanish-Apache hostilities and in 1812
Don Augustin Ortiz of Tucson purchased a land grant
near Arivaca. Ortiz and his sons were able to develop the
grant during the next twenty years. The period of relative
tranquility in the Altar Valley ended in 1821 when Mexico
gained its independence from Spain and the Mexican
government ordered all Spaniards. except for a few
priests. to leave Pimeria Alta. By 1843. the last Franciscan
missionaries had departed and, one year later. the mission
properties were secularized.
The Europeans who remained in the Altar and Santa
Cruz valleys did so without protection by the Mexican
government. The Apaches. denied the benefits of the Spanish
pacification program after Mexican Independence. returned
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to raiding and the few Mexican settlements in the region
were hard pressed to defend themselves. Not until after the
arrival of the United States army, almost a decade after the
Gadsden Purchase in 1854, was nominal protection from
Apache raids provided in the area, but the Altar Valley was not
completely pacified until the surrender of Geronimo in 1886.
RANCHING AND MINING
Nathan F. Sayre
To understand the history of mining and ranching on the
lands that comprise the Buenos Aires Refuge, it is helpful to
divide the area into two parts: Arivaca Creek, including the
cienega, and the Altar Valley, where most of the Refuge is
located. Arivaca Creek, as the largest and most reliable water
source for many miles around, has a long history of mining
and ranching. The Altar Valley, by contrast, had no perennial
natural water sources. Its rich grasslands could be used for
ranching only after wells and reservoirs were developed in
the mid-1880s. During its I 00-year history as a ranch, the
Buenos Aires experienced dramatic changes in both ecology
and management.
Arivaca Cienega and Arivaca Creek
Spaniards found silver and gold in the mountains surrounding
Arivaca in the first half of the eighteenth century. Their
mining operations relied on water from Arivaca Creek for
processing ore and on nearby trees for fuel and mine timbers.
Mining also required labor (mostly Pima Indians), and labor
required reliable food supplies. Hence, as elsewhere in the
New World, mining and ranching arrived together. Their
tenure was repeatedly interrupted, however, by frontier
turmoil over the following 125 years. The Pima uprising of
1751 forced the Spaniards to retreat to Tubac. The mines
reopened between 1790 and the 1820s, only to decline again
when hostilities resumed following Mexican Independence.
Attempts to revive the mines under Anglo ownership in the
1860s were similarly disrupted by Indian hostilities during
the Civil War, when military personnel were withdrawn from
Arizona to battlefields in the East.
These interruptions, combined with relatively limited mineral
deposits, probably protected the Arivaca watershed from
the severe environmental impacts that accompanied mining
elsewhere in southeastern Arizona. Apart from a brief silver
boom at Ruby, south of Arivaca, around 1900, mining in the
area never attained industrial scale and ranching gradually
superseded mining as the area's dominant economic activity.
The great cattle boom of the 1870s and 1880s inundated
southeastern Arizona with livestock, imported on foot or by
rail from overstocked ranges in Texas, New Mexico,
California and elsewhere in the West. By 1880, every natural
water source east of the Santa Cruz River had been claimed
under various homestead laws. These laws, crafted for more
humid and arable areas, allowed claims of no more than 640
a. (259 ha), and these claims were far too small for a viable
ranching operation. By claiming a spring or a reach of stream,
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however, aspiring ranchers could gain informal control over
the adjacent, public range.
Around Arivaca Creek, however, settlers could not perfect
homestead claims due to the unresolved status of an old
Spanish land grant, which encompassed the cienega and the
Arivaca town site. Anglo and Mexican smallholders raised
sheep and big-boned, scrub cattle, and planted small fields
of com, beans and squash in the fertile bottomlands. But
they could not obtain title to their homesteads until after
1902, when the U.S. Supreme Court finally rejected the
Spanish land grant because its precise boundaries could not
be determined.
The 1880 census identified only one large livestock owner
in Arivaca, with .. some I 0,000 sheep, together with about
400 Mexican cattle." This was Don Pedro Aguirre, Jr., a
member of a prominent family in business and politics in
Sonora. Mexico. and the young territory ofArizona. Aguirre
was one of a number of people who attempted to claim land
around Arivaca under the Desert Land Act of 1877. It appears
that frustration there led him to tum his attention to the dry,
unclaimed grasslands of the Altar Valley.
Altar Valley
In 1883, Aguirre began construction of a broad reservoir,
known ever since as Aguirre Lake. He chose the location at
the junction of two tributary washes, where the main drainage
of the Altar Valley begins its gradual descent to the north.
There, the floodplain is so nearly flat that even a modest
dam could back up water over an area of 100 a. (40.5 ha).
It was as much an agricultural field as a reservoir because the
water dropped slowly following a rain event. Aguirre planted
com, beans, squash and barley in the moist earth, in an
ingenious variation on the Amerindian practice of floodwater
farming. On a hill just south of the lake, Aguirre built his
house, using adobe bricks fabricated on site; today it serves
as the Refuge Visitor Center.
The summer of 1885 was dry and Aguirre's new lake did not
fill. The following spring. he succeeded in digging a well,
the first in the central part of the valley, striking abundant
water at 515ft. (157m) below the surface. A steam-pump
drew the water from this great depth, and to power the pump
Aguirre needed fuel wood. Mesquites (Prosopis velutina)
of good size lined the major washes, but this supply was
quickly exhausted. Soon. Aguirre's men had worn a road
across the valley to the Baboquivari Mountains in their
pursuit of fuel; visitors to the ranch had to haul their frrewood
from the Santa Cruz Valley. As more wells were dug further
north in the valley, this process was repeated, leading to the
common misimpression that the Altar Valley never had trees.
The drought of 1891-1893 devastated livestock in most of
southern Arizona. According to some estimates, as many as
three-quarters of the cattle in the region died on the range,
and the grasses over vast areas were grazed to the ground.
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The Altar Valley appears to have fared somewhat better
because water sources were still too limited to support large
numbers of livestock, and consequently much of the valley
remained ungrazed. The drought prompted ranchers to dig
more wells in the mid-1890s, and by the time of the next
great drought (1898-1904), the valley was fully
stocked.(Figures 13, 14 and 15) Across much of the Buenos
Aires, perennial grasses were replaced by less palatable
shrubs and annual grasses.
The drought broke in late 1904 with five months of heavy
rains (Figure 16). At the end of January 1905, Aguirre told
a Tucson newspaper that his lake was "full to overflowing."
With the grasses stressed by drought and severe grazing,
and trees cut from the mountains slopes for fuel, it is safe to
say that run-off rates were higher than ever before. Aguirre
Lake had no spillway. The evidence, although circumstantial,
suggests that continued heavy rains in the early months of
1905 breached Aguirre's dam, sending a sudden pulse of
water downstream. Much of the floodplain had been cleared
for crops, removing the protective cover of giant sacaton
(Sporobolus wrightii) that had absorbed the energy of floods
in the past. The old wagon road channeled the waters,
encouraging erosion. It appears that Brawley Wash was
initiated by these floods. By 1919, the gully extended to the
Anvil Ranch, some 30 mi. (48.3 km) downstream. Today, in
places, the arroyo is 20ft. (6.1 m) deep and 1400 ft. (426.7
m) wide.
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Severe, widespread damage to rangelands throughout the
West led to a series of reforms in the early decades of the
twentieth century. Public rangelands, which had been open
to all comers and thus overgrazed during the boom, were
gradually fenced and leases adjudicated to individuals.
The science of range management developed from early
attempts to understand and reverse the damage of the cattle
boom. Carrying capacities were calculated for each lease,
and government agencies were created to assist ranchers
in improving management. Stocking rates took decades to
enforce, however, and progress in range science was a long
and incremental process. The Buenos Aires Ranch is a classic
case of this evolution. Throughout the twentieth century,
its owners implemented state-of-the-art practices, often on
extraordinarily large scales. Although these practices had
unintended consequences, and they never restored the ranch
to its pre-settlement conditions, they did eventually lead to
the creation of the Buenos Aires Refuge.
William Coberly obtained the Buenos Aires from Aguirre's
estate in 1909. He already owned the La Osa Cattle Company,
which controlled much of the rest of the valley. Coberly
defaulted to Jack Kinney around 1913. Kinney was an
ambitious rancher in the new mould, and he reorganized
his holdings as the La Osa Livestock and Loan Company,
capitalized at $5 million. He fenced the boundaries and
roadways of the entire La Osa and built or modernized some
200 stock tanks on the Buenos Aires. He rebuilt the Aguirre

Figure 13. Remains of cattle along an arroyo near Arivaca, Arizona, the result of too great a distance between feed and
water, AprillO, 1903. (D.A. Griffiths, Courtesy of the National Archives, Washington, D.C.)

14

Desert Plants

2007

Figure 14. The La Osa Ranch, just northwest of Sasabe, ca. 1903. Five years into severe drought, perennial grasses have
been grazed to the ground. From this spot today, one cannot see the ranch buildings through the mesquite trees. (David
Griffiths, USDA-Bureau of Plant Industry).

Figure 15. Grama grasses in the uplands of what is now Rancho Seco, ca. 1903, with Baboquivari Peak in the background.
Today, this site is dominated by ocotillo. (David Griffiths, USDA-Bureau of Plant Industry).
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Figure 16. Grasslands of the Santa Margarita Ranch, ca. 1905, with Baboquivari Peak in the background. Note the
near absence of mesquite trees; perennial grasses are grazed but still dominate the upland vegetation. (Photo courtesy
of the King's Anvil Ranch).
Lake dam, adding a proper spillway. He cut and stacked
Johnson grass (Sorghum halepense)- which was supplanting
sacaton in the bottomlands - as hay to feed his stock during
the dry seasons. He replaced the Mexican vaqueros
with Texan cowboys, and the Mexican cattle with more
marketable Herefords. Livestock numbers, which had dropped
during the great drought, rebounded to approximately 20 to
25 head per mi. 2 (259 ha) by 1920.

out, and sand traps to capture sediment before it reached
the tanks. He diverted Bailey Wash into Aguirre Lake and
added a deeper reservoir (today's Grebe Pond), irrigation
ditches, and a pump and lock system. This way, the system
could gather water from any of three tributaries for storage,
irrigation of crops, or release onto fields of Johnson grass
below. Head gates and spillways protected the system from
flood damage.

Kinney sold the Buenos Aires, along with two adjacent
ranches, to Fred Gill and Sons in October 1926. The Gills
owned large ranches and feedlots in Arizona, New Mexico,
California and Oregon. Roy Gill (Fred's eldest) picked up
where Kinney had left off on the Buenos Aires (Figure 17).
He destocked the ranch for two years to build 250 mi. (403
km) of border and interior fencing, dividing the ranch into
ten, and later sixteen pastures. In 1948 he converted from
a stocker operation (grazing yearlings born elsewhere) to a
cow-calf operation, using Hereford and Hereford/Brahman
cows from another Gill ranch in Oregon. Gill insisted on
perfectly straight fences and proper gates, not just barbed
wire "Texas gates." Finally, he launched a large program of
water improvements, utilizing cost-sharing programs of the
Soil Conservation Service. He built spreader dams across
gullies to capture sediment and distribute flood waters over
the old floodplain terrace. The gully of Arivaca Wash was
healed in this fashion, but spreader dams on other washes
blew out in floods. Gill engineered diversion structures to
guide floodwaters into stock tanks without flooding them

Roy Gill's elaborate waterworks were made possible by the
same condition that made them necessary: high run-off rates,
brought about by diminished plant cover in the watershed
as a whole. Heavy, continuous grazing decreased the land's
capacity to absorb water, causing rain to run off and fill
the stock tanks. The increased erosion and peak flows that
accompanied high run off made sand traps and spillways
necessary. A reporter who visited the ranch in 1946 remarked
that the soil "sheds water like concrete- every rain produces
a series of flash floods along the arroyos." Management
performed a kind of balancing act of cattle and bulldozers,
rearranging the ranch's hydrology in the name of producing
beef.
The balance was upset by the drought of the early 1950s,
the most severe in 350 years. Grasses declined, and more
drought-tolerant trees and woody shrubs benefited from the
reduced competition. Mesquites grew prolifically around
stock tanks, where cattle ate their pods and then spread the
seeds on the surrounding range. By the time the Gills sold
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Figure 17. Grama grasses in floodplain pasture of the Rancho las Delicias, fall1931. The view is to the southeast. (Photo
courtesy of the King's Anvil Ranch).

the Buenos Aires in 1959, grasses had declined to such an
extent that the ranch herd numbered only 2,000 head.
Clifford Dobson owned the ranch until 1966, when he sold
it to John Norton. Neither appears to have left a lasting mark
on the landscape. Dobson expanded the Buenos Aires to the
north by purchasing the adjacent Pozo Nuevo Ranch. Norton
put in a pecan orchard behind Aguirre Lake, built an airstrip,
and straightened the adobe walls of the old ranch house by
the addition of thousands of bags of cement. Each appears
to have tried stocking the range more heavily, perhaps as
many as 3,200 head, but range conditions could not support
such numbers except in favorable years, when a flush of
short-lived annuals added to the forage base.
In 1972, Norton sold the ranch to the partnership ofWayne
Pruett and Peter Wray, who reorganized in 197 4 as the
Victorio Company. Pruett and Wray would leave the most
dramatic and misunderstood legacy of all the ranch's owners,
though they owned it for only eleven years. In that time,
they revived and expanded the Gills' waterworks and
spreader dam system, which had fallen into disrepair under
Dobson and Norton. Pruett and Wray employed cutting-edge
genetics and breeding technologies to develop two worldclass herds of registered cattle. In addition, they built another
120 mi. (193 km) of fence, dividing the ranch into seventy
pastures and enabling close control of both grazing and

breeding. They were among the first Arizona ranchers to
implement rest-rotation management, a method that helps
grasses by ensuring long rest periods following grazing.
Pruett and Wray's most dramatic intervention on the Buenos
Aires involved removing mesquite trees and reseeding
with grasses. One method of removing trees was called
"chaining": dragging a sea anchor chain across the ground
between a pair of bulldozers. Chaining uprooted some trees,
but many others simply broke off, allowing the root crown to
survive and resprout. A second method, called "grubbing,"
used a steel shaft mounted to the front of a bulldozer to break
the roots underground. This killed the trees, but it was
considerably more expensive. Efforts were also made to
kill mesquites with chemical herbicides, but results were
desultory. Altogether, in eleven years, Victorio Company
cleared some 60,000 a. (24,282 ha) of mesquite trees from
the Buenos Aires, more than half the area of the ranch.
Cleared areas were aerial-seeded with a mixture of native and
nonnative grasses and given two growing seasons without
grazing to encourage seedling establishment. Two nonnatives
did best: Johnson grass in the loamy bottomlands and Lehmann
lovegrass (Eragrostis lehmanniana) in the uplands.
The Victorio Company lost money on the Buenos Aires
in every year but one. This may well have been expected.
The company was a diversified venture capital firm, which
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capitalized principally on two things: rapidly appreciating
real estate values in the booming Southwest, and a tax
code that made ranches exceptionally attractive shelters for
wealth. Money lost through improvements and depreciation
could be used to write down profits from other branches
of the firm. and later recouped upon sale of the property.
But profits were not Pruett and Wray's sole ambition. They
also sought to improve the Buenos Aires by ridding it of
mesquites and restoring grasses. They employed a wildlife
biologist to assist in their management. and they allowed the
U.S. Fish and Wildlife Service to experiment with masked
bobwhite (Coli nus virginianus ridgwc~ri) reintroduction on
pastures that had been cleared and seeded. Indeed. it is likely
that Victorio 's revegetation work - especially the clearing.
seeding and spreader dams - helped the masked bobwhites
that reproduced successfully in the late 1970s. leading
directly to the creation of the Refuge.
The recession ofthe early 1980s crippled Victorio 's financial
empire. and Pruett and Wray turned the Buenos Aires over
to a creditor. Mexican billionaire Pablo Brenner. in 1983.
Brenner. after grazing the ranch hea\·ily for two years.
sold it to the U.S. Fish and Wildlife Service in 1985. By
excluding livestock. the Service has enabled the vegetation
to recover from Brenner's tenure. The landscape that the
Victorio Company left behind - dominated by Johnson
grass and Lehmann lovegrass where clearing occurred, and
by mesquites and shrubs where it did not- is essentially the
same one that you see today.
FIRE MANAGEMENT
Guy R. McPherson
Fire was an integral component in the development and
organization of ecosystems in Buenos Aires National Wildlife
Refuge. and is probably necessary (though not sutlicient) to
control woody plants and thereby to restore and maintain
grasslands at the Refuge.

Before the early 1880s. fires in the Altar Valley occurred.
on average. every seven to ten years: this mean frequency
was accompanied by considerable variation. with fire-free
intervals ranging from a year or two to several decades on the
same site. These tires typically were ignited by early-summer
thunderstorms and sometimes burned for several weeks and
covered hundreds of square miles. Fires at this season and
at these frequencies and magnitudes. in combination with
interference from abundant grasses. ensured that woody
plants and succulents remained inconspicuous except in
fire-free refugia. Thin. rocky soils of the region's foothills
rarely burned because grass cover was insutlicient to support
fire spread. In addition. early fires burned in an irregular
manner through the native bunch grasses that dominated the
landscape. Thus. even large wildfires left many unburned
islands of various sizes.
The spatial and temporal patchiness associated with the preAnglo fire regime helped maintain a rich variety of plants
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in these grasslands. This diverse assemblage of plants, in
tum. contributed to a rich diversity of animal life. Native
organisms were well adapted to a fire regime that included
large. relatively frequent, patchy fires during the summer
because they had evolved in the presence of such a regime.
Season. frequency, and variability were critical components
of the pre-Anglo fire regime. especially with respect to
maintenance of biological diversity. Thus. any attempt to
maintain high levels of native-species biological diversity
should focus on reintroduction of relatively frequent fires
during the early summer.
Li\·estock grazing, in combination with active fire
suppression and assiduous fragmentation of grasslands
associated with Anglo settlement. led to the virtual cessation
of tires in semi-desert grasslands for the century between the
1880s and the 1980s. Considerable evidence suggests that
widespread grazing by livestock reduced fine fuel. and
therefore fire frequency. after the early 1880s.
\\'ithin a few years after it became part of the National
\\"ildlife Refuge system, the Buenos Aires supported
sufficient grass cover to support the spread of fires. At
this time. the dominant grass on the Refuge was Lehmann
lovegrass (Eragrostis lehmanniana), a warm-season
perennial grass introduced into the region by the Soil
Conservation Service. Weeping lovegrass (Eragrostis
cwTula) and Boer lovegrass (Eragrostis curvula var.
cwTula). also South African grasses introduced at about the
same time. dominated many sites on the northern end of the
Refuge. These lovegrasses generally produce more biomass
than the native grasses they replace. particularly during
periods of below-average precipitation, and a relatively
contiguous configuration of biomass comprises a veritable
carpet of flammable substrate.
An ambitious program of prescribed fires was initiated on the
Refuge in 1989. and the current goal is to burn up to 14,000
a. (5.665 ha) each year. Although this goal has rarely been
met with prescribed tires applied by Refuge statl: wildfires
sometimes make up the ditlcrence. And whereas the initial
prescribed tires were ignited during the relatively cool,
moist spring. Refuge staff currently is attempting to employ
prescribed tires during early summer. a season that represents
a relatively good match to wildfires that occurred during
the pre-Anglo settlement period. and therefore matches the
evolutionary history of the native species (Figure I g).
Primary goals ofthe tire management program at the Refuge
are to decrease the abundance of woody plants and increase
the abundance of native organisms. Accomplishing the first
goal depends largely on the response to tire of the dominant
woody plant. velvet mesquite (Prosopis ,·efutina). Mesquite
usually survive tires. even multiple tires. atler they exceed a
few years of age. Thus. tires arc unlikely to noticeably reduce
mesquite cover t'llr many years. Indeed. analysis of data from
the Refuge's monitoring program indicates that mesquite
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Figure 18. Prescribed bum at BANWR, June 2000. (Philip C. Rosen)

cover has not yet changed as a result of prescribed fires.
However, whereas repeated fires may not kill existing trees
which were present when the Refuge was established, they
may suppress encroachment by new trees. Thus, the effects
of fire on mesquite at the landscape scale may be realized
after another century or more. Half-shrubs [e.g., snakeweed
( Gutierrezia sarothrae) and burroweed (Isocoma tenuisecta)]
and succulents [e.g., cholla (Opuntia spp.)] are readily killed
by fire, such that dominant members of these life-forms
are restricted to thin, rocky slopes on the periphery of the
Refuge.

settlement of the Southwest. In fact, it may produce a
positive-feedback cycle with fire. Fires favor establishment
of Lehmann lovegrass, which quickly forms a flammable
bed of fuel, thereby encouraging the spread of additional
fires. Analysis of data from the Refuge's monitoring program
indicates that fires have not measurably benefited native
plants or detrimentally affected Lehmann lovegrass. This
suggests that the net result of the relationship between
Lehmann lovegrass and periodic fires is a plant community
that is considerably more homogeneous than the native,
bunch grass-dominated grassland it replaced.

Lehmann lovegrass is a major impediment to restoration of
native organisms on the Refuge. This species was selected
after a worldwide search specifically because it is capable
of establishing and persisting across a large area of the
American Southwest, even on soils denuded by grazing.
When Lehmann love grass was introduced in the early 1930s,
natural resource managers were focused on sustaining
commodity production as the country recovered from the
Great Depression; soil was appropriately recognized as
the cornerstone of commodity production, and Lehmann
lovegrass offered the necessary perennial cover to prevent
soil loss from overgrazed areas. In addition to its ability to
establish and persist on a variety of sites, Lehmann lovegrass
evolved under the influence of frequent fires, so it was
well adapted to conditions that characterized the pre-Anglo

In the absence of Lehmann lovegrass, reintroducing fires
during the appropriate summer season likely would favor a
diverse mix of native plants at the expense of woody plants.
However, the Refuge apparently has been irreversibly
transformed by Lehmann lovegrass. This single species of
grass, introduced over seventy years ago to solve a serious
problem that has since faded from our national memory,
now poses a serious threat to biological diversity. Fire, the
powerful and pervasive force that once maintained a diverse
assemblage of native species, now facilitates the dominance
of this single species. In the process, the grass-fire cycle
engenders a steady decline in species diversity from these
grasslands.
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GRASSLAND ECOLOGY
Erika L. Geiger
Desert grasslands are most often found flanking the isolated
mountain ranges just above the more arid-adapted desert
vegetation in the southwestern United States. The term
grassland in these areas is almost a misnomer. Although
home to a diversity of grass species. these ecosystems also
support a variety of herbaceous dicots and woody plants
of different statures. Based on Mclaughlin ·s flora of the
Refuge published in 1992. of the 566 species identified on
the Refuge. 88 species belong to the grass family Poaceae.
96 species belong to the sunflower family Asteraceae, and
43 species belong to the legume family Fabaceae.

duster (Calliandra eriophvl/a), a subshrub lacking spines,
usually appears more as a ground cover than a shrub.

Poaceae
Grasses are the primary component of the Refuge's desert
grasslands. contributing a majority of the total productivity
and cover of herbaceous plants. The climate of the Refuge
favors the following warm-season C4 grasses: poverty threeawn (Aristida hamulosa). spidergrass <Aristida ternipes).
cane beardgrass (Bothriochloa harhinodis) (Figure 19).
sprucetop grama (Bouteloua chondrosoides ). sideoats
grama (B. curtipendula) (Figure 20). black grama (B.
eriopoda). hairy grama (Bouteloua hirsuta). Rothrock grama
(B. rothrockii) (Figure 21 ). Arizona cottontop (Digitaria
ca/!fornica) (Figure 22). Boer lovegrass <Eragrostis cztrvttla).
plains lovegrass (£. intermedia). Lehmann lovegrass
(£. lehmanniana) (Figure 23 ). tanglehead (Heteropogon
contortus). curly mesquite grass (Hilaria her/angeri). and
Arizona muhly (Afuhlenhergia ari=onica).

Grassland Phenology
\\'hat one sees growing and flowering at Buenos Aires
depends on the season, amount of recent precipitation
(within the last 1-2 years), plant physiology. and site
characteristics. The majority of species germinates and
grows in response to the occurrence and amount of summer
monsoonal rainfall. Grasses may show evidence of green
photosynthetic tissue throughout the year, if moisture is
plentiful. Some species, particularly mesquite, produce
leaYes in May before the summer rains. Most plants,
ho"·e\·er. do not shed their donnant appearance until late
July or August when rainfall is most reliable. The strong
sho\\·ing of species in April is a response to winter rainfall
and contributes to the overall diversity of the flora. Species
composition and biomass vary annually. For example,
abundant winter precipitation may contribute to the growth
of annuals that initiate growth in the spring and thus usurp
\\·ater from perennial grasses. most of which are donnant
during the winter. Perennial grass growth increases
substantially with the arrival of summer rains.

Asteraceae
At the Buenos Aires. the sunflower family is made up
roughly of20% shrubs (5 species ofBaccharis alone). many
of which are evergreen. 40% herbaceous perennials. and
30% herbaceous annuals or biennials. Some common
species are snakeweed ( Gutierre=ia spp. ). slim leaf
ragweed (Ambrosia cm?tert!fi>lia). daisy fleabane (Erigeron
divergens). and burroweed (/socoma tenuisecta).
Fabaceae
The legume family on the Refuge contains plants of
various physiognomies and includes 4 trees. 7 shrubs.
5 vines and 27 herbs. The most dominant tree (or large
shrub) is velvet mesquite (Prosopis \'elutina). In contrast
to the C4 grasses. mesquite and most of the other woody
plants [except for saltbush (Atriplex spp.)] are C3 plants
with lower photosynthetic rates. Mesquites. which were
historically largely constrained to drainages or in hosques.
have moved onto the intertluves transfonning grassland
into woodland probably because of livestock grazing. lack
of fire. and/or climate change. The increase in mesquite
throughout southeastern Arizona is associated with
declines in herbaceous plants. Often of shorter stature than
mesquite. and perhaps less frequent. are catclaw acacia
(Acacia greggii). wait-a-minute ( .Afimosa aculeaticw1w
var. biunc{fera)). and Mimosa l(rsoclliJW. In contrast. fairy

Succulents and Others
Several plants not in the above families are prominent in the
landscape because oftheir striking contrast to the ubiquitous
species. In Cactaceae there are 18 species, half of which
are in the genus Opuntia and known by their common
names cholla and prickly pear. Other distinctive plants
are agave (Agave spp.), ocotillo (Fouquieria splendens).
sotol (Dasylirion whee/eri) (Figure 24). beargrass (No/ina
microcmpa) (Figure 25). and soaptree yucca ( Yztcca elata)
<Figure 26).

Y1oisture from summer rains usually does not deeply
penetrate the soil and is taken up by plants or lost
to eYaporation. During the winter. however. cooler
temperatures and plant dom1ancy. combined with frontal
stonns that may persist for days. allow moisture to infiltrate
deeper soil layers. Most herbaceous species have fibrous
root systems that allow them to access water and nutrients
in shallow soils. Some woody species like mesquite, a
phreatophyte. have taproots that can reach deep underground
sources of moisture that are not available to herbaceous
species. Cacti and other succulents store water in modified
stems pennitting them to remain photosynthetically active
during droughts.
Nonnative Species
In 1992 the Refuge had 34 nonnative species of which 18
were grasses. In other words. 20% of the 88 grass species
on the Refuge were nonnative. Most nonnative grasses
\vere introduced intentionally by governmental and private
entities. Several were seeded in the Altar Valley in the 1950s
and 1960s and on Refuge lands as part of a major project to
clear mesquite and restore grasslands in the mid-1970s.

Desert Plants

20

Figure 19. Cane beardgrass
(Steve Hillebrand)
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Figure 20. Sideoats grama
(Steve Hillebrand)

Figure 21. Rothrock grama
(Steve Hillebrand)

Figure 22. Arizona cottontop
(Steve Hillebrand)

Figure 23. Lehman lovegrass
(Steve Hillebrand)
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Figure 24. Sotol (Matthew Johnson)

Figure 25. Beargrass (Matthew Johnson)

Figure 26. Soaptree yucca (Matthew Johnson)
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The most dominant grass on uplands in the Refuge, both by
frequency and abundance, is nonnative Lehmann lovegrass
(Eragrostis /ehmanniana). This grass was seeded on more
than 69,188 a. (28,000 ha) in the Altar Valley. Since its
introduction, Lehmann lovegrass has taken over 494,200
a. (200,000 ha) in the valley. The major factors influencing
the rapid expansion oflovegrass are the direct seeding of the
species and the preferred grazing of native species by livestock.
In contrast to native grasslands, areas dominated by Lehmann
lovegrass have fewer native plant and animal species and
higher biomass. Lovegrass-dominated areas contain 10-20%
herbaceous dicots, while native grasslands contain 50%
herbaceous dicots and 50% grasses (herbaceous monocots ).
Nevertheless, Lehmann 1ovegrass and its introduced relative.
Boer lovegrass (E. curvula var. conferta), provide habitat for
birds and small mammals. These nonnatives favor plant
and animal species different from those found in stands of
native grass.
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The balance between shrubs and grasses is a very important
ecological dynamic in the Refuge, and it is useful to view the
bird community as a mix of shrub-loving and grass-loving
bird assemblages. Many of the most abundant birds on the
Refuge are species typical of mesquite woodland and/or
desert scrub vegetation (Table I). In addition, a group of
species on the Refuge does not fit neatly into either grassland
or shrub-woodland categories. Cassin's and Botteri 's
sparrows and scaled quail can best be described as shrubby
grassland species, while Rufous-winged sparrow (Aimophila
cwpalis) and Bendire's thrasher (Toxostoma hendirei) are
best described as grassy shrub-woodland species.

GRASSLAND BIRDS
Caleb E. Gordon
The modem-day assemblage of grassland birds on the Buenos
Aires reflects the complex interplay of current and historical
ecological dynamics on the Refuge as well as the resilience
of the Refuge's grassland ecosystems. Even the rarest and
most restricted grassland specialists such as Baird's sparrow
(Ammodramus bardii), Sprague's pipit (Anthus .\]Jragueii).
and short-eared owl (Asio .flammeus) are still found on
the Refuge. This suggests that neither the long history of
cattle grazing nor the widespread increase of shrubs and
Lehmann lovegrass (Eragrostis lehmanniana) have led to
the extirpation of any species of grassland birds.

Seasonality is a very powerful influence on the ecology of
the Refuge's grasslands and their bird assemblages. A simple
generalization capturing most ofthe seasonal diet patterns of
the grassland songbirds is that insects are their primary food
in spring and summer. and seeds are their primary food in
fall and winter. This is particularly true for the Emberizine
finches (many finches. towhees, and especially sparrows)
that dominate the grassland bird community in all seasons.
This seasonal pattern is largely driven by the profusion of
grasshoppers and other insects during the summer monsoon
and the abundance of perennial grass seeds during the fall
and winter. Many of the birds that subsist on seeds during
the fall and winter are migratory species that abandon the
Refuge during the summer. when they move to breeding
grounds in the north. These species are savanna. vesper, and
Brewer's sparrows (Passerculus sandwichensis. Pooecetes
gramineus, and Spi=ella hreweri) and include many sparrows
and towhees typical of shrubbier habitats. Some of the rarest
species in this group are Baird's sparrow, chestnut-collared
longspur. and Sprague ·s pipit (Table 2).

The Refuge is one of the best places in Arizona to find birds
that are rare in grazed grasslands, which suggests that the
removal of cattle from the Refuge in 1986 and the resulting
lush growth of grass, have had an immediate restorative
effect on the grassland birds. Species in this category
include grasshopper (Ammodramus savannarum ). Cassin's
(Aimophila cassinii), and Botteri's (Aimophila bolterii)
sparrows, scaled quail (Callipepla squamata). and various
wintering owls and raptors.

The summer influx of insectivorous species that migrate
south for the winter is an important component of the shrubwoodland and. to a lesser extent, the grassland avifauna of
the Refuge (Table 1). Ash-throated flycatcher (Myiarchus
cinerascens) and western kingbird (Tyrannus verticalis)
are two species that occur in the most open grasslands
during the summer. Say's phoebe (Sayornis s«.va) is the
flycatcher species with perhaps the strongest affinity for open
grasslands. yet it winters on the Refuge.

The Refuge ·s bird community is heavily dominated by shrubloving species (Table 1), with some grassland specialized
species persisting in a few restricted strongholds at the
southern end of the Altar Valley (southern Pronghorn Drive).
These strongholds at higher elevations remain relatively
unaffected by the encroachment of mesquite (Prosopis
velutina) and other woody shrubs that now cover much of this
historically grassland-dominated ecosystem. Species in this
category include grasshopper and Baird's sparrows, shorteared owl. chestnut-collared longspur ( Calcariu.<.,· ornatus).
and Sprague ·s pipit. The fonner three species favor tall grass
while the latter two species prefer exposed knolls with large
patches of curly mesquite (Hilaria he/angeri).

Some grassland birds such as the grasshopper and Cassin's
sparrows are year-round residents. They switch their diets
from insects in the summer to seeds in the winter. Because
Cassin ·s sparrows are more difficult to find in the winter
than in the summer when they are singing, their migratory
patterns remain poorly known. Some may leave the Refuge
during the winter, but significant numbers remain. In contrast,
grasshopper sparrows are more abundant in the winter than
in the summer owing to a fall influx of individuals from a
subspecies (Ammodramus savannarum pe1pallidus) that
breeds primarily in the northern Great Plains. In summer,
only the locally breeding. year-round resident subspecies A.
s. ammo/egus occurs on the Refuge. The latter's large and
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robust population on the Refuge is of major conservation
significance. however. because it has a very narrow
geographic distribution in the region. Other year-round
residents of the grasslands are horned lark (Eremophila
alpestris). loggerhead shrike (Lanius ludol'icianus). eastern
meadowlark (Stumella magna lilliani) and a number of other
species typical of the lowland shrub deserts of southern Arizona.
The Refuge's grasslands are excellent habitat for a variety
of raptors. especially during the winter. With the possible
exception of the short-eared owl. none of the raptors may be
accurately described as grassland specialists. Nonetheless.
the abundance of raptors in all habitats is noteworthy. and
reflects the overall productivity of the Refuge's ecosystems.
Swainson 's hawk (Buteo swainsoni) occurs on the Refuge
only during its summer breeding season. Other raptors may
be found year-round or exclusively during winter. The redtailed hawk (Buteo jamaicensis). northern harrier (Circus
cyaneus). bam owl ( Tyto alba) and American kestrel (Falco
sparverius) are particularly abundant during the winter
months, while burrowing owl (Athene cunicularia) and
golden eagle (Aquila chrysaetos) are rare. The two latter
species. as well as wintering ferruginous hawks (Buteo
regal is). may increase on the Refuge as etforts to restore
the native grassland continue. Restoration efforts might also
lead to the reestablishment of the Aplomado falcon (Falco
femora/is). a grassland-specialized falcon that has been
extirpated from its fonner range in southeastern Arizona.
and which has been recently reintroduced in parts of Texas.
To appreciate the grassland bird community of the Buenos
Aires. one must consider the unpredictability of rainfall.
which is the main limiting factor on productivity in this
ecosystem. The extreme annual variability in the amount of
precipitation in the winter and summer rainy seasons leads
to radical swings in resources and habitat quality for birds.
Annual variability in summer rainfall leads to fluctuations
in perennial grass growth and seed production. which in tum
create radical annual swings in the abundance of wintering
sparrows. Between-winter abundance swings in sparrows are
demonstrated in Table 2.
Annual precipitation variability also leads to fluctuations in
the timing and success ofbird breeding activity. For example.
many birds in the low-desert shrub areas breed in late winter
and early spring. For these birds. breeding success is largely
driven by the amount of winter precipitation. In contrast, the
summer rainy season is more important for the grasslandbreeding species. Typical grassland-breeding species such
as Cassin's and Botteri ·s sparrows do not initiate breeding
activity until the summer monsoonal rains arrive. Some
grassland birds time their breeding to the occurrence of
seasonal precipitation. For example. grasshopper sparrows
and eastern meadowlarks usually breed in the spring. but
only if adequate winter rainfall has occum:d. They breed
again during the summer monsoon season. Widespread
breeding failure. or even n1ilun: to initiate breeding. may
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occur in either season if the amount of precipitation has been
inadequate. This seasonal breeding pattern also takes place
with rufous-winged sparrows and probably with other desert
and grassland species.
Two other important influences on the grassland birds of
Buenos Aires are fire and nonnative grasses. Although our
understanding of these influences is incomplete. some data
suggest that grassland birds recolonize burned areas within
three years of a fire. More importantly. fire suppresses
\\·oody plants and thereby maintains suitable habitat for
open-grassland birds. The effects of Lehmann lovegrass on
grassland birds are more enigmatic. A weak inference can be
made by comparing the data in Table 2 from the Pronghorn
Drive plots, which contain a mix of Lehmann lovegrass
and native grasses. with the data from the Entrance Road
plots. which are almost completely Lehmann lovegrass
monocultures. The plots with native grasses appear to have
more grasshopper and Baird's sparrows, while the results for
other sparrows are mixed. This should be interpreted with
caution. however, because differences between these two
sets of plots may account for the variation in the patterns of
winter sparrow abundance.
A~IPHIBIANS AND

REPTILES
Philip C. Rosen and Cecil R. Schwalbe

The Refuge's amphibians and reptiles inhabit a diverse mix of
habitats. Most of the aquatic species are found in ephemeral
puddles. stock ponds, and deep permanent pools in the
stream environment of Arivaca Cienega (Table 3 ). Grasslandassociated species are Mexican spadefoot, common lesser
earless lizard, desert grassland whiptail. and the rare desert
grassland box turtle and Southwestern prairie lizard. The once
abundant Arizona yellow mud turtle and the Sonoran green
toad are now near extinction on the Refuge.
Some prominent species confined to rocky habitats are
Sonoran Desert toad. Great Plains narrow-mouthed toad.
Sonoran spotted whiptail. Clark's spiny lizard. regal
homed lizard. Sonoran whipsnake. desert tortoise, giant
spotted whiptail. saddled leafnosed snake. green ratsnake,
brown vinesnake. and tiger rattlesnake. Some of these also
occupy Madrean woodland in the Baboquivari Mountains.
A few Madrean riparian species occur in Brown Canyon or
elsewhere in the Baboquivari Mountains: the Chiricahua
leopard frog. Madrean alligator lizard. mountain spiny lizard,
and Sonoran mountain king snake.
In addition. there is a sizable group of relatively unspecializcd
and widespread North American desert species. which may be
moderately abundant. These arc tiger whiptail. desert spiny
lizard. coachwhip. and western diamondback rattlesnake.
Some of the most prominent wide-ranging desert species
occur in the grasslands: Couch's spadcfoot. Great Plains toad.
gopher snake. glossy snake. and Mojave rattlesnake.
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Aquatic and Wetland Herpetofauna
Aquatic species are diverse and abundant on the Refuge.
There are two mud turtle species, three garter snake species,
one salamander species, one tree frog species, at least two
ranid frog species, and six or seven toad-like anuran species.
The aquatic herpetofaunal diversity is regionally outstanding.
The Mexican garter snake and the federally listed Chiricahua
leopard frog have declined. The Arizona yellow mud turtle
and the Sonoran green toad are found in the United States
only at or near the Refuge and on the Tohono O'odham
Reservation. The tiger salamander and the American bullfrog
are introduced species but appear not to have had much
impact on the numerous and widespread toad-like species
on the Refuge.
The Sonoran mud turtle is found in Arivaca Cienega and in
some Altar Valley stock ponds. The Arizona mud turtle, an
ephemeral-water species, lives in monsoonal rain pools. The
highly aquatic Mexican garter snake is barely persisting at
Arivaca Cienega, where bullfrogs have seriously reduced
their once-robust population. The less aquatic checkered
garter snake and the black-necked garter snake appear to
be invading Arivaca Cienega. Summer-breeding toads and
spadefoots are widespread and extremely abundant in ponds
in the bottom lands ofthe Refuge, with breeding aggregations
exceeding 3000 individuals with as many as five different
species in a single pond.
Ranid Frog Management
The Buenos Aires and the Pajarito Mountains, just to the east
of the Refuge, likely comprise the best place for conservation
of the Chiricahua leopard frog in the United States. This
frog, which is federally listed as a threatened species. was
historically abundant in Arivaca Cienega. It has been replaced
by the bullfrog, which preys on it. Before its demise at
Arivaca, however, the leopard frog had spread to numerous
stock ponds in the Altar Valley, where it thrived until bullfrogs
invaded all but a few of the most remote ponds. By the early
1990s, only two leopard frog populations remained in the
Altar Valley, one in a remote pond near the Mexican border,
and the other in an even more remote pond in the southern
part of the Baboquivari Mountains.
The Chiricahua Jeopard frog has been successfully preserved
on the Magoffin Ranch in Cochise County. Arizona. The
Buenos Aires offers an opportunity to demonstrate that such
ranch-based conservation can work on a larger scale in the
Altar Valley.
In 1999. bullfrogs and nonnative fishes were eliminated from
almost all of the ponds on the Buenos Aires, but bullfrogs
from the southwestern part of the Altar Valley have since
recolonized the ponds. Dennis Suhre has found that these
bullfrogs. apparently using ponds as "stepping stones," were
able to cross 7 mi. (II km) of desert grassland during the
summer monsoonal rains.
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Drought conditions during 2000-2002 dried up the last two
refugia of the Chiricahua leopard frog on the Refuge. That
occurred just before the species received federal protection
in June 2002. The few leopard frogs that were found were
removed to Tucson, where they bred prolifically in captivity.
Subsequently, the descendent tadpoles were placed in several
ponds on the Refuge where they are surviving.
The Refuge and the adjacent Pajarito Mountains have the
best remaining known population of Chiricahua leopard
frogs. Since the summer of 2006, leopard frogs have been
re-established in the Altar Valley and are currently found in
six Refuge ponds.
MAMMALS
Paul R. Krausman
Most of the mammalian species in the Buenos Aires National
Wildlife Refuge are difficult for the casual visitor to observe.
With a little effort. however, the larger mammals [e.g.,
lagopmorphs (gnawing mammals including rabbits, hares and
pikas), coyotes (Canis latrans), collared peccaries (Pecari
tajacu). pronghorn (Antilocapra americana), mule deer
(Odocoileus hem ion us), and white-tailed deer (Odocoileus
virginianus)] can be seen because of their large size and the
openness of their habitat. Most of the smaller mammalian
species (eg., bats and rodents) preclude causal observation
because they are nocturnal and/or reside in crevices, caves,
abandoned mines, vegetation, rock piles or underground
(Table 4).
Mule deer are the most common ungulate on the Refuge
and are easy to identify because of their white rump and
tail that has a black-tufted tip. Males have dichotomously
forked antlers. Mule deer are usually found in the company
of other mule deer on the flats and bajadas, or in riparian
areas throughout the Refuge.
White-tailed deer are found at higher elevations than mule
deer usually near free-standing water and in dense vegetation
cover. White-tails similar to mule deer also have a white
rump but it appears dark when the tail is not raised. When
the animal is alarmed. the large tail is raised to reveal a white
underside and a white tail. Male white-tails have antlers, but
unlike male mule deer. the tines arise from the main beam and
do not norn1ally diverge. White-tailed deer are more solitary
and smaller than mule deer. although the does are frequently
seen together with fawns.
A small population of pronghorn is found in the southern
part of the Refuge. Pronghorn were extirpated in the Altar
Valley in the late nineteenth century but were reestablished
by translocation in 1987 and 2000. Both sexes are
characterized by pronged or forked horns and conspicuous
white areas of hair on the sides of the face, bands on the
throat. under parts of the body, and partway up the sides
and rump. One of the fastest animals in North America the
pronghorn reaches speeds of 62 mph. ( 100 km per hour).
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Collared peccaries or javelinas are unique to Texas. Arizona.
and Ne\v Mexico. They are otlen erroneously called wild pigs.
but they are not in the same family. Collared peccaries arc
gregarious and are usually found in herds. They arc the only
North American ungulate whose sexes do not segregate (i.e ..
males and females remain together throughout the year).
Grizzly bears (Ursus lwrrihilis) and wolYes (Canis lupus)
have been eradicated from Arizona. although the latter has
recently been reintroduced in the eastern Mogollon Rim
country of Arizona. Jaguars (Panthera onca) arc extremely
rare in Arizona. but two have been seen recently in the
Baboquivari Mountains. The only carnivores that visitors to
the Refuge are likely to see are coyotes (Canis tamms). bobcats
(Felis rz~/its ). grey tox ( Ur'O(l ·on cinereoargenteus ). and badgers
(Taxidea taxus). Although three ditl'erent genera of skunks
inhabit the Refuge. striped skunks ( .\lephitis m<!phitis) are
the most common.
A complete species list of mammals in the Refuge docs
not exist and the list in Table 4 is preliminary. Since the
establishment of the Refuge and the removal of livestock.
habitat restoration appears to be benefiting mammalian
diversity on the Buenos Aires. As restoration continues.
habitats for wildlife may be enhanced and mammalian
diversity on the Refuge may increase.
NATURAL HISTORY, RANGE
MASKED BOBWHITE

A~D

RECOVERY OF

William P. Kuvlesk~·, Fidel Hernandez, Randy W.
DeYoung, Leonard A. Brennan and :\Jar~· Hunnicutt
Masked bobwhites (Colin us l'irginianus rid~Tlr,~ri) are one
of four quail species nati\·c to Arizona. Cnlike Gambel's
quail ( Callipepla gamhelii). scaled quail (Cardinali.,·
sinuatus) and Montezuma quail ( Cyrllmyx mmlle=umae). the
masked bobwhite is the only quail that became extinct in
the state and subsequently reintroduced. The U.S. Fish and
Wildlife Service currently lists the masked bobwhite as
an endangered species. It is a subspecies of the northern
bobwhite (Colinus l'irginianus). but mature male masked
bobwhites, with their black heads and brick red breasts. do
not closely resemble northern bobwhite males. In contrast.
female masked bobwhites and northern bobwhites are
indistinguishable in physical appearance (Figure 18 ). Genetic
research indicates that the northern bobwhite from Texas
(Colinus virginianus texanus) is more closely related to
the masked bobwhite than to the northern bobwhites from
Oklahoma, Florida and Mississippi. One possible explanation
for the close relationship between Texas bobwhites and
masked bobwhites is that the two subspecies evolved in
similar habitats and therefore were subject to similar selective
pressures.
Numerous aspects of the life histories of masked bobwhites
and northern bobwhites are similar. For example, masked
bobwhites, like other bobwhites, fonn coveys in the fall that
remain together until the breeding season begins. However.
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unlike most northern bobwhites. which typically breed
between April and July, masked bobwhites generally do not
breed until mid- to late July with the advent of the summer
monsoon and then they breed for only 30 to 45 days.
Consequently, because masked bobwhites have the shortest
breeding season of all the bobwhites, they have only one
chance to produce chicks during their annual life cycle.
Despite the differences in breeding seasons, both masked
and northern bobwhites have an average clutch size of 14-16
eggs. an incubation period of approximately 22 days, and
an average brood size of 12 chicks. In addition, both kinds
of bobwhite chicks mature rapidly. attaining adult size and
plumage by the time they are four months old.
:\tasked bobwhites prefer to eat hard-coated seeds of weeds
and grasses. tender young shoots of forbs and grasses, berries
of ~ertain shrubs, and cactus fruits. InYertebrates, particularly
insc~ts. arc also important in their diet and constitute the total
diet c,f chicks during their first two months oflife. Important
prl!dawrs of masked bobwhites are raptors. coyotes, bobcats,
rac~OL)ns. skunks. badgers. and opossums. all of which
destroy nests and kill incubating adults.
Both masked bobwhites and Texas bobwhites prefer
grassland habitats, although Texas bobwhites prefer more
woody cover. Ideal habitat for both subspecies consists of a
diverse group oftall herbaceous and woody species, although
masked bobwhites persist successfully in areas dominated
by nonnative Lehmann lovegrass <Eragrostis lehmanniana)
and buffelgrass (Cenchus ciliaris). A cover of short shrubs
> 3 fu0.91 m) and tall mesquite trees is ideal for masked
bob\\·hites because it provides a variety of microclimates that
pem1it the birds to successfully thermo-regulate their internal
body temperatures during hot summers and cold winters.

Historic Range
Despite similarities in their preferred habitat. the geographic
ranges of masked bobwhites and Texas bobwhites do not
overlap. The historic range of masked bob\vhites extended
from the Altar Valley south to Guaymas. Sonora, Mexico
(Figure 2 ). Accounts indicate that within their historic range,
the preferred habitat for masked bobwhites is the floodplains
of the major desert drainages because the fertile soils of the
floodplains supported tall, dense grass cover. Old World
livestock also prefer the same habitat. Livestock grazing and
associated erosion ruined most of the floodplain habitats in
Arizona and Sonora for masked bobwhites. Experts agree
that habitat loss due to livestock grazing led to the near
extinction of masked bobwhites. Only two masked bobwhite
populations remain in the wild. One is in central Sonora on
Rancho El Carrizo approximately l 00 mi. ( 161 km) south of
the Buenos Aires (Figure 2) and the other is on the Refuge.
The latter consists of the captive-reared progeny of masked
bobwhites trapped in Sonora and periodically released on the
Refuge between the early 1970s and 2003. and wild bobwhites
from Sonora translocated to the Refuge in 1999.
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History of Reintroduction
Masked bobwhite reintroductions in Arizona were initiated
in 1937 with propagated stock trapped in Sonora, Mexico
by J. Stokley Ligon, a former federal trapper, biologist,
and quail enthusiast from New Mexico. Between 1937 and
1950, Ligon attempted to reintroduce the birds at several
sites, but most of the release sites were outside the native
range for masked bobwhites and no release resulted in
an established population. By the end of 1950, masked
bobwhites were reported to be extinct in the wild. However,
in 1964 Jim and Seymour Levy, quail enthusiasts and
taxidermists in Tucson, Arizona, and Steve Gallizioli, an
Arizona Game and Fish Department biologist, rediscovered
masked bobwhites at Rancho El Carrizo in central Sonora
(Figure 2). This rediscovery, along with the passage of the
Endangered Species Act in 1973, inspired renewed interest in
masked bobwhites and provided legal justification for more
reintroduction efforts.

With four pairs of pen-reared masked bobwhites originating
from the Ligon flock and 57 wild birds captured near Rancho
El Carrizo in 1968 and 1970, a new captive flock was
established at the U.S. Fish and Wildlife Service's Patuxent
National Wildlife Research Center in Maryland. Between
1970 and 1982, these birds, along with additional ones
trapped in Mexico, were released at various ranches in the
Altar Valley and in Sonora. The foster adoption technique,
which used sterilized wild male Texas bobwhites as foster
parents for the masked bobwhite broods, was employed in
many of these releases with the hope of improving postrelease survival. These releases, like the earlier ones, were
also unsuccessful, although a few chicks survived over winter
and into spring. U.S. Fish and Wildlife biologists concluded
that further reintroduction efforts would be futile unless future
releases were carried out in a habitat free from livestock
grazing. In 1985 the Buenos Aires National Wildlife Refuge
was established to provide a livestock-free habitat for future
masked bobwhite introductions.
After the establishment of the Buenos Aires, the Patuxent
Research Center continued to provide birds for release on
the Refuge. In 1994, Patuxent became a part of the U.S.
Geological Survey Biological Research Division and all of
the existing captive masked bobwhites were transferred to the
Refuge. In early 1996 the current Quail Facility, which houses
the breeding and rearing of captive birds, was completed. At
this facility, pedigreed birds are paired and their eggs are
incubated. The chicks not only replenish the breeding stock
but also become part of the release program.
Several release protocols were tried before adopting the
practice of grouping day-old chicks with a foster parent (a
male or female from the captive flock). Chicks are raised
with the adult bird which cares for and protects them. When
the young birds are approximately four-weeks old, they
receive their adult bands and are placed as a family group
in flight pens. In the flight pens, which are vegetated with
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native plants, the birds become accustomed to life outdoors,
learning to feed on wild plants and insects and to respond
to avian predators which fly and perch over the pens. In
autumn, when coveys would naturally be forming, temporary
release pens are constructed on sites determined to be the best
available habitat for the current year. Several of the captive
coveys are placed in each release pen to become accustomed
to the specific release site. After approximately a week, the
pen is opened and the birds are freed.
In 2004 a panel of scientists reviewed the masked bobwhite
recovery program at the Refuge and recommended
permanent suspension of the captive propagation program,
pending the results of a genetics study described in the
following paragraph.
In 1999, thirty-seven wild-captured masked bobwhites were
moved from a private ranch in Sonora to the Buenos Aires.
Twenty-five of the birds were released along with 385 captive
birds in the central portion of the Refuge. This area is
currently the stronghold for wild bobwhites on the Refuge.
A study was done to ascertain whether the success of the
bobwhites in this area was attributable to the genetic inflow
from the translocated birds or an artifact of having released
birds into good habitat. DNA from the translocated birds
was compared to that of wild birds captured on the Refuge
and to birds from the captive rearing facility. Results
indicated the presence of a haplotype unique to the Sonoran
and wild-caught Refuge birds that was not present in the
captive population. Evidence from nuclear and mitochondrial
DNA indicate that the Sonoran birds may have had a
profound impact on the establishment of a small wild
population. It appears that the translocated birds and their
descendants were more successful than the captive-reared
birds. It has been recommended that better success may be
attained through translocations of wild Sonoran birds rather
than releases of captive birds. Low masked bobwhite
population numbers in Mexico, however, currently make
that impossible.

Since its establishment, 21,176 masked bobwhites have been
released on the Refuge. The bobwhite population was never
thought to be self sustaining, although from 2001-2005, the
number of calling males on summer surveys remained at a
low, but stable level (estimated 190-300 individuals).
Currently, the total number of masked bobwhites in Arizona
and Sonora is estimated at 200. Hence, plans are being made
to outsource the captive-rearing facility on the Refuge to at
least two zoos, so Refuge staff can focus more on habitat
management for the birds. It is hoped that a recently adopted
Refuge plan to improve masked bobwhite habitat by using
such techniques as disking, planting, soil aerating, creation
of brush piles, and prescribed fire will enhance the habitat
for future releases or translocations of wild birds. Because
successful masked bobwhite reintroductions will probably
not succeed unless a greater effort is devoted to masked
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bobwhite recovery in Sonora, funding has been secured
for a Mexican biologist to continue bobwhite surveys in
Sonora as well as to develop and maintain good relations
with Mexican landowners who have wild masked bobwhites
on their properties.
EPILOGUE
The multifaceted story of the Buenos Aires National Wildlife
Refuge is presented in the wide-ranging essays that comprise
this anthology. Humans who have inhabited the Buenos
Aires and the Altar Valley, from early Amerindians to
modem-day Anglo-American cattlemen, have played a role
in transforming this desert grassland landscape into what the
visitor sees today. Severe erosion and wildfire suppression
caused mainly by livestock grazing and land fragmentation,
in combination with the introduction of nonnative grasses
have negatively affected native plants and animals. The
establishment ofthe Refuge in 1985 as a livestock exclosure
was done primarily to facilitate the reintroduction of the
masked bobwhite, a native species that had been completely
extirpated in Arizona by the end of the nineteenth century
and whose habitat needs were thought to be met best on the
Buenos Aires. The Refuge also serves to protect several
endangered native plants and animals and is the largest
preserve of desert grassland in southeastern Arizona.
Efforts by Refuge managers to restore masked bobwhite
habitat in the Altar Valley is a fascinating story. Using
prescribed fire, reseeding of native grasses, and until recently
an innovative foster adoption technique for the reintroduction
of young masked bobwhite, managers have worked to restore
the formerly heavily grazed grassland.
While the Refuge bears little resemblance to the overgrazed
rangeland captured in photographs of the Buenos Aires in
the late 1890s, it is far from being restored to its "natural"
state that supported the earlier masked bobwhite population.
As discussed in these essays, many challenges, such as
containing the expansion of nonnative grasses and animals
and restoring habitat for masked bobwhite, still exist. But as
our understanding of desert grassland ecology continues to
improve, there is hope that the Refuge will someday regain
its original rich mosaic of habitats.
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Table 1. The number of breeding birds is presented, as well as the number of active nests (N). A "V" is
given for observed species not breeding in the plots. Plots were censused for three hours on eight mornings,
beginning before sunrise from early April to late July, 1995, in accordance with the spot-mapping protocol
of the Breeding Bird Census. Plot 1 was 151 a. (61 ha) in mixed mesquite savanna and open grassland
located just east of Route 286 several miles south of the entrance road to Refuge headquarters. Plot 2 was
89 a. (36 ha) in similar habitat, but with more mesquite, located just north of the airstrip on the north side of
the entrance road from Route 286 to headquarters.
Species

Plot 1

Plot 2

Black-throated sparrow (Amphispi=a bilineata)

5

12

Cassin's sparrow (Aimophila cassinii)

15

0

Homed lark (Eremophila alpestl·is)

4

7

Grasshopper sparrow (Ammodramus savannarum)

10 (4N)

v

Eastern meadowlark (Sturnella magna)

6 (IN)

4

Northern mockingbird (Mimus po(vglottos)

4

5 (IN)

Botteri's sparrow (Aimophila botterii)

8

0

Scaled quail ( Cal/ipepla squamata)

3

4

Pyrrhuloxia ( Cardinalis sinuatus)

3

1

Ash-throated flycatcher ( Myiarchus cinerascens)

I

2

I (IN)

I (IN)

Loggerhead shrike (Lanius ludovicianus)

I

1

Blue grosbeak (Passerina caerulea)

)

1

Bullock's oriole (Icterus bullockii)

)

1

Lark sparrow ( Chondestes gram macus)

0

1

Canyon towhee (Pipilofitscus)

)

v

Swainson 's hawk (Buteo swainsoni)

1 (IN)

Northern bobwhite (Colinus virginianus)

v
v
v
v
v
v

Gambers quail (Callipepla gambelii)

0

White-winged dove (Zenaida asiatica)

Black-chinned hummingbird (Archilochus a/exandri)

v
v
v
v
v

Ladder-hacked woodpecker (Picoides sca/aris)

0

v

~orthem

v

0

Mourning dove (Zenaida macroura)

Vermilion flycatcher (Pyrocephalus rubinus)
Turkey vulture ( Catlwrtes aura)
White-tailed kite (E/anus leucurus)
Red-tailed hawk (Buteojamaicensis)

Common Ground dove ( Columbina pas.r..·erina)
Greater roadrunner (Geococ(yx caf!/(>rnianus)
Lesser nighthawk ( Chordei/es acutipennis)

flicker (Colaptes auratus)

0.5

v
v
v
v
v
v
0

v
v
0
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Table 1. continued

v
v
v

Say's phoebe (Sayornis saya)

0

Cassin's kingbird (Tyrannus vociferans)

Common raven (Corvus corax)

v
v
v
v
v

White-breasted nuthatch (Sitta carolinensis)

0

Cactus wren ( Campylorhynchus bruneicapillus)

Bell's vireo (Vireo bellii)

v
v
v
v
v
v

Lucy's warbler (Vermivora luciae)

0

Rufous-crowned sparrow (Aimophila carpalis)

0

Western meadowlark (Sturnella neglecta)
Brown-headed cowbird (Molothrus ater)

v
v

v
v
v
v

Hooded oriole (Icterus cucullatus)

0

v

House sparrow (Passer domesticus)

0

v

Western kingbird (Tyrannus verticalis)
Brown-crested flycatcher (Myiarchus tyrannulus)
Chihuahuan raven (Corvus cryptoleucus)

Bewick's wren (Thryomanes bewickii)
Bendire's thrasher (Toxostoma bendirei)
Phainopepla (Phainopepla nitens)
Bushtit (Psaltriparus minimus)

0

v
v
v
v
0

v
v
0
0
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Table 2. Abundance of winter sparrows in four years at the Refuge reflected in mist net captures from
flush-netting. AD= data from three 17 a. (7 ha) flushing plots located in the southwestern part of Antelope
Drive. ER =data from three 17 a. (7 ha) flushing plots located along the Refuge entrance road between
Route 286 and Refuge headquarters. All plots were located in open-grassland habitat but the ER plots were
located in areas more heavily dominated by Lehmann lovegrass. Birds were captured by crews of 15-30
people lining up and flushing birds into a 6.6 ft. x 328 ft. (2 m x 100 m) series of mist nets at each plot.
Numbers presented below represent the total number of individual birds of each species captured in three
days of flushing between early January and early March each year for each set of plots.

1997

Species
Grasshopper sparrow
(Ammodramus savannarum)
Baird's sparrow
(Ammodramus bairdii)
Savanna sparrow
(Passerculus sandwichensis)
Vesper sparrow
(Pooecetes gramineus)
Brewer's sparrow
(Spizella breweri)
Cassin's sparrow
(Aimophila cassinii)
Lincoln's sparrow
(Melospiza lincolnii)
White-crowned sparrow
(Zonotrichia leucophrys)

Masked bobwhite quail at BANWR
(Steve Hillebrand)

I

AD
93

ER

1998

ER

53

AD
93

7

0

26

I

1999

I

2000
AD
ER
28
15

ER

33

AD
63

10

2

5

1

1

0

38

31

27

5

7

0

11

46

72

36

7

1

13

3

12

26

25

2

1

1

1

0

3

4

3

10

17

16

7

4

5

1

0

0

0

0

0

0

0

0

2

0

0

0

0

0

1

16

Ann Witman with masked bobwhite quail at the Quail
Breeding Facility. (Steve Hillebrand)

Buenos Aires Refuge Bezy, Hutchinson, Bahre

Captives waiting to be released. (Steve Hillebrand)

Breeding facility for masked bobwhite quail captive breeding effort (Steve Hillebrand)
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Table 3. Known and expected amphibians and reptiles of the BANWR. Species indented are expected but not yet
confirmed; those in parentheses are considered "possible". Numbers of museum vouchers (*) indicate total
numbers of specimens reported in a poll of North American herpetology museum collections. Biome occurrence at
the Refuge, as subjectively evaluated by the authors, is ordinated as A=abundant, C=common, U=uncommon,
R=rare. with upper case code letters for observations on-site and lower case letter codes as inferences based on
experience elsewhere in southern Arizona. Characteristic biomes are D=widespread North American warm
deserts, AU= Arizona Upland Sonoran Desertscrub, LCV=arid Southwestern Desertscrub, G=grassland biomes,
T=Sonoran (="Sinaloan") Thornscrub, and M=Madrean Woodland or forest. X= extirpated. Scientific names in
parentheses indicate important recent taxonomic revisions (Frost et al. 2006; Leache and Reeder 2002).
Subspecies names are given when useful.
Regional Occurrence

English Name

Barred tiger salamander

Scientific Name
Salamanders
Ambystoma tigrinum mavortium

Frogs
Bz!fo (0//otis) alvarius
Bufo (Anaxyrus) cognatus
Bufo (Anaxyrus) punctatus
Bz!fo (Anaxyrus) ret{formis
Eleutherodactylus (Craugaster)
augusti
Great Plains narrow-mouthed toad Gastroph1yne olivacea
Hyla arenicolor
Canyon treefrog
Rana (Lithobates) catesbeiana
American bullfrog
Chiricahua leopard frog
Rana (Lithobates) chiricahuensis
Lowland leopard frog +
Rana (Lithobates) yavapaiensis
Couch's spadefoot
Scaphiopus couchii
Mexican spadefoot
Spea multiplicata

Sonoran Desert toad
Great Plains toad
Red-spotted toad
Sonoran green toad
(Barking frog}

Lizards
Giant spotted whiptail
A.\]Jidoscelis burti stictogramma
Sonoran spotted whiptail
Aspidoscelis sonorae
Aspidosceli.\' tigris
Tiger whiptail
Desert grassland whiptail
Aspidoscelis uniparens
Callisaurus draconoides
Zebra-tailed lizard
Coleony.r variegatus
Western banded gecko
Sonoran collared lizard
Crotapl~vtus nehrius
Arizona (\1adrcan) alligator lizard Elgaria kingii
Eumeces calliceplwlus
Mountain skink

23

19
11

u

u

c

A

c
c

R

G

AU
G-D
D
AU

8

c
u

u

0

R

R

3

R

u

u
X
A

A
R
X
A

u

c

M
- AU-M
D
R G-D

R

R

R

c

A

c
u
c

0
10
17
0
17
49

15
7
9
6
6
0
0

A
X
X
A

u
c

c
c
u

u

u

u

c
c

T
T
M

R

R
?
?

u
u

T
T-G
D
G-D
D
D
AU
M
M
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Table 3. continued
(Long-nosed leopard lizard)
Elegant earless lizard
Regal homed lizard
Yarrow's spiny lizard
Desert spiny lizard
Southwestern prairie lizard
Ornate tree lizard
(Side-blotched lizard)

Gambelia wislizenii
Holbrookia elegans
Phrynosoma solare
Sceloporus jarrovii
Sceloporus magister
Sceloporus (cowlesi) undulatus
Urosaurus ornatus
Uta stansburiana

Snakes
Arizona glossy snake
Arizona elegans
(Variable sand snake)
Chilomeniscus stramineus
Western diamondback rattlesnake
Crotalus atrox
Black-tailed rattlesnake
Crotalus molossus
Mohave rattlesnake
Crotalus scutulatus
Tiger rattlesnake
Crotalus tigris
Ring-necked snake
Diadophis punctatus
(Chihuahuan hook-nosed snake) Gyalopion canum
(Thomscrub hook-nosed snake) Gyalopion quadrangulare
Nightsnake
Hypsiglena torquata
Common king snake
Lampropeltis getula
Sonoran mountain king snake
Lampropeltis pyromelana
Western threadsnake
Leptotyphlops humilis
Sonoran whipsnake
Masticophis bilineatus
Coachwhip
Masticophis flagellum
Sonoran coralsnake
Micruroides euryxanthus
Brown vinesnake
Oxybelis aeneus
Saddled leaf-nosed snake
Phyllorhynchus browni
(Spotted leaf-nosed snake)
Gopher snake
Long-nosed snake
Eastern patch-nosed snake
Western patch-nosed snake
Green ratsnake
(Western groundsnake)
Smith's black-headed snake
Yaqui black-headed snake
Black-necked garter snake
Mexican garter snake
Checkered garter snake
Sonoranlyresnake

Desert tortoise
Arizona mud turtle
Sonora mud turtle
Ornate box turtle

Phyllorhynchus decurtatus
Pituophis catenifer
Rhinocheilus lecontei
Salvadora grahamiae
Salvadora hexalepis
Senticolis triaspis
Sonora semiannulata
Tantilla hobartsmithi
Tantilla yaquia
Thamnophis cyrtopsis
Thamnophis eques
Thamnophis marcianus
Trimorphodon biscutatus
Turtles
Gopherus agassizii
Kinosternon arizonense
Kinosternon sonoriense

Terrae.ene ornata

0
23

c

11
0
2
1
16
0

3
0
10
2
18
6
3
0
0
7
8
0
1
2
10

?
R
A

u

u

u
u

A

u

c

u

c

u

r?

c
u
u

A

A

u

u

c

A

u

u

c
r?
u
c
?
A

c

c

u

u

c

c
u
A

u
0
7
0
3
15
0
2
1
0
1
0
6
4
6
0

u?

c

r
u

c
c

R

A

c

A

c

A

u

c
r?

u?

r

u?

R
R
R

R

R

R
u

u

u

R
R
R
R

c

2

u?

D-G
AU
R
D
c M-D
D-G
R AU-T
M
u
r G-D
T-G
r
D
G-D
u M
D
c T-M

r
R
R

A

0
2
4

D
G-D
AU
c M
D
G
A AU-D
D

c

EX

u

D
AU
T
AU
LCV
G-D
D-G

u?
u?
R

M
D
M-T
G-D
- G-AU
u M
c M-G
M-G
G
u D-M

c

* The following museums generously provided records used in this report: AMNH, ANSP, ASU, BYU,
CAS, CM, FMNH, INHS, KU, LACM, LSU, MSB, MVZ, SDNHM, UAZ, UIMNH, UMMZ, USNM, and
UTEP (abbreviations as in Leviton et al. 1985).

AU
AU
M-D
G
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Sonoran Desert toads (Cecil Schwalbe)

Chiricahua leopard frog (Dennis Suhre)

Male Couch's spadefoot (Cecil Schwalbe)

2007

Great Plains toad calling (Cecil Schwalbe)

Mexican spadefoot calling (Dennis Suhre)

Calling narrow mouth toad and red spotted toad
(Dennis Suhre)

Buenos Aires Refuge Bezy, Hutchinson, Bahre

Clark spiny lizard (Cecil Schwalbe)

Desert tortoise (Cecil Schwalbe)

Mountain skink (Cecil Schwalbe)

Great Plains skink (Cecil Schwalbe)

Young western diamondback rattlesnake
(Dennis Suhre)

Young mojave rattlesnake
(Dennis Suhre)
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Table 4. Mammals of the Buenos Aires National Wildlife Refuge

Order and Scientific Name
lnsectivora -Insectivores
Notiosorex cra"fordi
Chiroptera - Bats
Macrotus californicus
Choerm~vcteris mexicana
Leptonycteris curasoae
Myotis yumanensis
Myotis vef!fer
Myotis thysanodes
Myotis volans
Myotis caf!fornicus
M_votis leibii
Pipistrellus Hesperus
Eptesicus fuscus
Lasiurus ega
Lasiw11s ciereus
Plecotus townsendii
Antrozous pal/idus
Tadarida basi/iensis
Nyctinornops femorosaccus
N_,vctinomops macrotis
Eumops zmderwoodi
Lagomorphia - Rabbits and hares
Sylvilagus floridanus
Sylvilagus audubonii
Lepus ca/ifornicus
Lepus alieni
Rodentia - Rodents
Ammospermophilus harrisii
Spermophilus variegates
Spermophilus spilosoma
Spermophilus tereticaudus
Scurius arizonensis
Thomomys bottae
Perognatus amp/us
Perognathus flavus
Chaetodipus intermedius
Chaetodipus penicillatus
Chaetodipus haileyi
Clwetodipus hL~pidus
Dipodomys ordii
Dipodomys ,\pectahi/is
Dipodomys merriami
Reithrodonton~vs montanus
Reithrodontomys mega/otis
Rcithrodontomys fulvcsccns
Pcromyscus cmcricus
P~:romyscus mcrriami
Pcromyscus maniculatus
Pcromyscus lcucopus
Pcromyscus boylii
()nychomys torridus

Common Name
Desert shrew
California leaf-nosed bats
Mexican long-tongued bat
Southern long-nosed bat
Yumamyotis
Cave myotis
Fringed myotis
Long-legged myotis
California myotis
Eastern small-footed myotis
Western pipistrelle
Big brown bat
Southern yellow bat
Hoary bat
Townsend's big-eared bat
Pallid bat
Brazilian free-tailed bat
Pocketed free-tailed bat
Big free-tailed bat
Underwood's mastiffbat
Eastern cottontail
Desert cottontail
Black-tailed jackrabbit
Antelope jackrabbit
Harris' antelope squirrel
Rock squirrel
Spotted ground squirrel
Round-tailed ground squirrel
Arizona gray squirrel
Botta's pocket gopher
Arizona pocket mouse
Silky pocket mouse
Rock pocket mouse
Sonoran Desert pocket mouse
Bailey's pocket mouse
Hispid pocket mouse
Ord' s kangaroo rat
Banner-tailed kangaroo rat
Merrian' s kangaroo rat
Plains harvest mouse
Western harvest mouse
Fulvous harvest mouse
Cactus mouse
Merriam's mouse
Deer mouse
White-footed mouse
Brush mouse
Southern grasshopper mouse
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Table 4. continued
Sigmodon arizonae
Sigmodon ochrogmathus
N eotoma albigula
Neotoma mexicana
Mus musculus+
Erethizon dorsatum
Carnivora - Carnivores
Canis latrans
Canis lupus
Vulpes macrotis
Urocyon cinereoargenteus
Ursus horribilis
Procyon lotor
N asua narica
Bassariscus astutus
Mustela fermata
Taxidea taxus
Spilogale gracilis
Mephitis mephitis
Mephitis macroura
Conepatus mesoleucus
Felis onca
Puma cancolor
Felis rufus
Artiodactyla- Even-toed Ungulates (hoofed animals)
Pecari tajacu
Odocoileus hemionus
Odocoileus virginianus
Antilocapra americana
+ Introduced
* Extirpated

Mule deer (Steve Hillebrand)

Arizona cotton rat
Yell ow-nosed cotton rat
White-throated mouse
Mexican woodrat
House mouse
Common porcupine
Coyote
Gray wolf*
Kit fox
Common gray fox
Grizzly bear*
Common raccoon
White-nosed coati
Ringtail
Long-tailed weasel
American badger
Western spotted skunk
Striped skunk
Hooded skunk
Common hog-nosed skunk
Jaguar
Mountain lion
Bobcat
Collared peccary
Mule deer
White-tailed deer
Pronghorn
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Yellow-nosed cotton rat (Cecil Schwalbe)

2007

Desert shrew (Cecil Schwalbe)

Coyote (Cecil Schwalbe)
White-tail deer (Randy Babb)

Collared peccary Uavelina) (Cecil Schwalbe)

Pronghorn (Steve Hillebrand)

Buenos Aires Refuge Bezy, Hutchinson, Bahre

Baird's sparrow (Earle Robinson)

Grasshopper sparrow (Earle Robinson)

White-crowned sparrow (Earle Robinson)

Say's phoebe (George Jameson)

Western meadowlark (George Jameson)

Scaled quail (Cecil Schwalbe)
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2007

BANWR in March 2005 (Steve Hillebrand)

Southeast-facing aerial view ofBANWR facilities photographed September 2007 (Cecil Schwalbe).

