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ABSTRACT

This study identifies the flora of the Eagletail Mountain Region, an area
covering approximately 100,600 acres, located in west-central Arizona that
includes the Eagletail Mountains, Granite Mountains, portions of the Harquahala
Valley, and Cemetery Ridge near Clanton Well. The region is located about 129
km (80 mi) west of Phoenix and 24 km (15 mi) south of Interstate 10. Plants were
collected over a six-year period, beginning September, 2004 and ending May,
2010, including two wet winters and two wet summers. A total of 702 collections
were made covering 292 species that represented 63 families.

Additional information on the region included in the thesis are: 1) an
analysis of the climate, based on 20 years of rainfall records; 2) a description of
the geology and its influence on plant distribution; 3) a prehistory and history
identifying archeological sites; 4) an analysis of food plants used by the Native
Americans that suggests how they were able to live in the region; 5) a paleo-
botanical history based on an evaluation of pack-rat midden collections from
mountain ranges around the region; 6) a comparison of the trees, shrubs, and
perennials of the Eagletail Mountain Region with those of the Sierra Estrella and
Kofa Mountains; and 7) a survey of non-native species. The habitats that the
plants occupied based on climate and soils included were: 1) the bottoms and
sides of sandy/ gravelly washes, 2) bajada slopes-volcanic soils, 3) bajada
slopes-granitic sandy soils, 4) slot canyons/rock outcrops, 5) desert pavement,
and 6) open valleys. Each habitat has its own characteristic species composition

and distribution.
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THE VASCULAR FLORA OF THE EAGLETA IL MOUNTAIN REGION

Introduction. This study is an inventory of all the plant species growing
wild in an area that includes the Eagletail Mountain Wilderness and adjacent

public lands managed by the Bureau of Land Management (BLM), (Figure 1).

Imagery Dates: 05-1J 33 55N v 1B06 It Eyealt 1974 mi

Figure 1. Google Earth Image of the Eagletail Mountain Region.

The study area covers approximately 407 square km (100,600 acres) with
elevations ranging from 347 m (1,138 ft) to 1,005 m (3,330 ft). It includes portions
of the Harquahala Valley to the north and east of the Eagletail Mountain range,
the Granite Mountains on the northeast side of the range, Cemetery Ridge to the

south and southwest of the range, and the Eagletail Mountains, (Figure 2).
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Harquahala Valley

Figure 2. Locations of specific sites within Eagletail Mountain Region.

This mountain range is located in west central Arizona approximately 129 km (80
mi) west of Phoenix and 24 km ( 15 mi) south of Interstate 10. The western half
of the range is in La Paz County and the eastern half is in Maricopa County. The
area on the north side of the range drains into Centennial Wash which runs into
the Gila River near Gillespie Dam and the area on the south side of the range

drains into Clanton Wash which runs into the Gila River near Agua Caliente.

Biogeography of region.  Floristic elements are defined as groups of
taxa with broadly overlapping geographic ranges that are determined by

analyzing local floras to see how they share species, genera, and families
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(McLaughlin 2007). In Arizona, these floristic elements include the Colorado
Plateau, Great Basin, Rocky Mountains, Mohavean, Sonoran, Apachian, Sierra
Madre Occidental, and Chihuahuan. Each of these elements represents a
broadly overlapping group of species whose center of distribution is distinctive,
as determined by analyzing and comparing local floras of various areas.

The Eagletail Mountain Region contains attributes of three of these
elements: Mohavean, Sonoran, and Chihuahuan. As an example, the shrub
Celtis pallida is subtropical in nature and common in the Sonoran Desert in
locations south and east of the region that receive dependable monsoonal
rainfall. In the Eagletails, it is found only in the far eastern part of the range at
locations east of Eagletail Peak where it represents a species of the Sonoran
element. Another example is the cactus, Opuntia basilaris, which is common in
the Mohave Desert and depends on winter rainfall as its source of moisture. In
the Eagletail Mountains it is found only in the western third of the range and
represents a Mohavean element species. There is also evidence of some minor
influence from the Chihuahuan element in southwestern Arizona (McLaughlin
2007). An example of this element, found in the Eagletail Mountain Region, is
Acacia constricta.

The dominant floristic element in southwestern Arizona is the Mohavean
which is mainly composed of species that bloom in the spring as a result of
winter precipitation. The Sonoran element also influences the region and is made
up of species that mainly bloom in the summer and fall as a result of precipitation
that comes with the summer monsoon season. The majority of species in this
floristic element are sub-shrubs, herbaceous perennials, and winter annuals. The

genera Camissonia, Gilia, and Opuntia reach their maximum richness here, and
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Atriplex, Cryptantha, Mentzelia, and Phacelia also have a high degree of species

richness (McLaughlin 2008).

Harquahala Valley

Figure 3. Arizona Upland and Lower Colorado Desert subdivisions of

Sonoran Desert (Brown 1994).

Biotic communities . Within the biotic communities of the southwestern
United States the Eagletail Mountain Region lies in the Sonoran Desertscrub
division. Within that division, parts of the region are included in the Lower
Colorado River Valley subdivision, which includes the Harquahala Valley to the
north and east of the Eagletail Mountains range and the open valley immediately

to the south of the range (Figure 3). The Eagletail Mountains, Granite Mountains,



and Cemetery Ridge are included in the Arizona Upland subdivision (Brown
1994).

The Lower Colorado River Valley subdivision is the driest subdivision in
the Sonoran Desert due to a combination of high temperatures and low
precipitation. This subdivision includes mainly the large open valleys and lower
elevation bajada slopes of southwestern Arizona. The majority of vegetation
grows along the washes that intersect the valleys. The difference between this
subdivision and the Mohave Desertscrub division to its north is that winter
temperatures in the Mohave Desertscrub division average 4 degrees C colder
than in the Sonoran Desert. The difference between the Lower Colorado River
Valley subdivision and the Arizona Upland subdivision is that the Arizona Upland
has higher summer rainfall and lower winter temperatures.

Species common to the Lower Colorado River Valley subdivision that
occur in washes include Chilopsis linearis, Olneya tesota, Parkinsonia florida,
Prosopis velutina, and Psorothamnus spinosus (Brown 1994). In the Eagletall
Mountain Region all these species are common except that C. linearis and P.
spinosus are found only in washes at lower elevations near Cemetery Ridge on
the southern edge of the region. They do not occur in the Eagletail Mountains.

Shreve (1951) reports that in the Lower Colorado River Valley
subdivision, Larrea and Ambrosia represent 90 i 100% of all vegetation found in
open areas with trees such as Olneya tesota, Parkinsonia florida, and Prosopis
spp. growing along washes. Moreover, Shreve noted that that Ambrosia dumosa
is dominant at lower levels on the bajada slopes and valleys but is replaced by

Ambrosia deltoidea on higher bajada slopes.



The Arizona Upland subdivision usually occurs on higher elevation
slopes, broken ground, and multidissected sloping plains. The vegetation
consists of scrubland or low woodland leguminous trees with layers of shrubs
and perennial succulents in contrast to the Lower Colorado River Valley
subdivision in which the woodland species are found only along the drainages.
The woodland species are the same as those found in the Lower Colorado River
Valley subdivision and include Acacia greggii, Carnegiea gigantea, Olneya
tesota, Parkinsonia florida, Parkinsonia microphylla, and Prosopis spp. In
southwestern Arizona this subdivision covers the higher elevations whereas in
the valleys the Lower Colorado River Valley subdivision predominates (Brown
1994).

In the Arizona Upland subdivision, the Larrea/Ambrosia plant series is
common along the margins of the valleys as they make contact with the bajada
slopes. As elevation increases, Ambrosia dumosa is replaced by Ambrosia
deltoidea (Brown 1994). In the Eagletail Mountain Region the opposite occurs in
that the valleys have a mix of A. dumosa and A. deltoidea and the higher bajada
elevations have only A. dumosa.

The Interior Chaparral division within the biotic communities in Arizona is
normally found between 1,050m (3,445 ft) and 2,000 m (6,562 ft), runs below the
Mogollon Rim, and receives rainfall averaging 350 mm (13.8 in). The dominant
plants in this area have small evergreen sclerophyllous leaves with a deep tap
root and they sprout from a root crown, so can be quite old. Common species in
the more xeric parts of this division include Acacia greggii, Bouteloua

curtipendula, Canotia holacantha, Quercus turbinella, Simmondsia chinensis,



and Eriogonum wrightii among others (Brown 1994). These species are also
found in the Eagletail Mountains.

Brown (1978) studied the occurrence of interior chaparral and woodland
flora found in mountains in the Sonoran Desert in Arizona. He looked at only
those mountain ranges with an elevation of at least 1,300 m (4,265 ft) and found
that 17 of 22 of these ranges included in their flora some typical species found in
the Interior Chaparral division such as species of Berberis, Ceanothus,
Cercocarpus, Juniperus, Quercus, Rhus, and Vauquelinia. He considered these
plant groups to possibly represent relictual populations of Interior Chaparral. Van
Devender and colleagues (Van Devender et al. 1987) also considered Quercus
turbinella to be relictual in southwestern Arizona ranges as this oak is capable of
regeneration by basal sprouting. Moreover, these plants can persist as clones for
thousands of years (Neilson & Wullstein 1983). In the Eagletail Mountains, Q.
turbinella was collected in nine locations and seen in other locations, but only
once was this species seen with acorns, so it is most likely maintaining its
population by cloning from the root crown.

Brown (1978) did not include the Eagletail Mountains in the ranges he
evaluated as its highest elevation is only 1,005 m (3,300 ft), but he did mention
them in his report. The flora of the Eagletail Mountains includes several possible
relictual species: Berberis haematocarpa, Bouteloua curtipendula, Canotia
holacantha, Eriogonum wrightii, Juniperus coahuilensis, Quercus turbinella, Rhus
aromatica, and Simmondsia chinensis. These species are found in slot canyons,
rock outcrops, and upper bajada slopes on the north-facing side of the Eagletail
Mountains at elevations from 609 m1 702 m (1,998 ft i 2,303 ft). These plants

are found at higher elevations between 1,050 m i 1,850 m (3,445 ft 1 6,070 ft) in
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the taller mountain ranges in the Sonoran Desert and in their typical Interior
Chaparral habitat. With the exception of Q. turbinella and S. chinensis, the other
relictual species found in the Eagletail Mountains are rare; only a few individuals
are present in a small number of locations. Simmondsia chinensis is also
relatively common, found in more than one habitat and at lower elevations than
the other species.

Paleobotany of region. A paleobotanical history of the southwestern
United States was conducted by collecting and analyzing the content of packrat
middens at various locations (Betancourt et al. 1990). While packrat middens
were not collected in the Eagletail Mountain Region, some locations in the
surrounding area were explored including the Kofa Mountains and New Water
Mountains to the west and Eagle Eye Mountain to the northeast of the Eagletail
Mountains. Findings and conclusions that resulted from an analysis of these
collections would probably apply to the Eagletail Mountain Region as well.

During the late Wisconsin (22,0007 11,000 years before present, YBP)
lands now characterized as the Sonoran Desert in southwestern Arizona were
covered by a Pinyon i Juniper woodland at elevations as low as 550 m (1,804 ft).
Other plants such as Artemisia tridentata, Atriplex confertiflora, Larrea tridentata,
and Yucca brevifolia were also present.

During the early Holocene (11,000 i 8,000 YBP) the Pinyon i Juniper
woodland was replaced by a Juniper i Oak woodland. This woodland was found
at elevations down to 600 m (2,000 ft). Also during this period, the Ambrosia
dumosa/ Larrea sp. plant community became established below 300 m (900 ft)
around the mouth of the Colorado River. Species collected during this time

period from the New Water Mountains, which are west of the Eagletail Mountain
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Region, include Acacia greggii, Ferocactus acanthoides, Larrea tridentata, and
Quercus turbinella (Van Devender & Spaulding 1979). Yucca whipplei and Nolina
bigelovii were also present as low as 305 m (1,000 ft) (Van Devender et al.
1987).

In the middle to late Holocene (8,000 YBP i present) the woodlands were
rapidly replaced with modern desert vegetation. The species Acacia greggii,
Parkinsonia florida, and Prosopis velutina had been growing on south-facing
rocky bajada slopes prior to this time but then retreated to become riparian
species that grew only along the washes (Van Devender et al. 1987). Fouquieria
splendens invaded the southwest and Carnegiea gigantea, Olneya tesota, and
Parkinsonia microphylla also moved north from the Mexican lowlands (Van
Devender et al. 1979).

The climate of southwestern Arizona has changed over the last 22,000
years, becoming hotter and drier. During the late Wisconsin the climate was one
of significant summer cooling and winter precipitation with mild winter
temperatures. There may have been some sign of moderate summer rainfall in
the eastern half of Arizona. Overall, precipitation during this period was greater
than it is today. During the early Holocene winter precipitation continued to be
greater than today, but summer temperatures were beginning to increase and the
summer monsoon was strengthening but not as strong as it is presently. The
middle Holocene resulted in a climate essentially like that of today with the
summer monsoon stronger than it is now. In contrast, winter freezes were more
frequent and severe in southern Arizona than they are today. In the late

Holocene, which began 4,000 YBP, the modern climate was in effect with a



reduction in freezing winter temperatures. The deserts of North America
expanded to their greatest size during this time (Van Devender et al. 1979).

Eagle Eye Mountain, one of the locations in which packrat middens were
collected and studied, is on the east side of the Harquahala Mountains and is 60
km (36 mi) northeast of the Eagletail Mountains. Like the Eagletail Mountains it is
located in the Arizona Upland subdivision of the Sonoran Desertscrub division.
Its highest point is 850 m (2,788 ft) and average annual rainfall is 200 mm (7.9in)
which is slightly more than the Eagletails at 179mm (7 in).

Eleven packrat middens were collected at Eagle Eye Mountain covering
22,000 years of botanical history (McAuliffe &Van Devender 1998). The
elevations at which these middens were collected ranged between 800-825 m
(2,600171 2,700 ft). A summary of the species collected from five of these middens
follows. Those species with an asterisk (*) have been collected in the Eagletail

Mountain Region and grow there presently.

Wisconsin-22,000 YBP:

Allionia incarnata* Keckiella antirrhinoides*
Artemisia tridentata Quercus turbinella*
Ephedra nevadensis Sphaeralcea spp.*
Ericameria cuneata Thysanocarpus curvipes*
Ericameria laricifolia Yucca baccata

Juniperus osteosperma*

Early Holocene-10,400 YBP:

Acacia greggii* Ericameria laricifolia
Agave deserti Euphorbia revolta
Anemone tuberosa* Ferocactus cylindraceus*
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Artemisia ludoviciana
Boerhavia. wrightii*
Boerhavia erecta*
Bouteloua repens
Carnegiea gigantea*
Cirsium sp.
Crossosoma bigelovii*
Cryptantha barbigera*
Daucus pusillus*
Ditaxis sp.*

Ephedra nevadensis

Middle Holocene-6,400 YBP:

Acacia greggii*

Allionia incarnata*
Boerhavia wrightii*
Brickellia atractyloides
Cylindropuntia acanthocarpa*
Cylindropuntia bigelovii*
Encelia farinosa*
Ephedra nevadensis
Eriochloa acuminata
Eriogonum fasciculatum*
Erioneuron pulchellum*
Ferocactus cylindraceus*

Gallium stellatum*

Middle Holocene-4,500 YBP:

Acacia greggii*
Allionia incarnata*

Boerhavia wrightii*

Juniperus osteosperma*
Keckiella antirrhinoides*
Lotus sp.*

Lupinus sp.*

Opuntia chlorotica*
Parietaria hespera*
Quercus turbinella*
Rhus aromatica*
Sphaeralcea* sp.
Thysanocarpus curvipes*
Yucca baccata

Hyptis emoryi*
Janusia gracilis*
Kallstroemia sp.*
Larrea tridentata*
Lotus sp.*

Lupinus sp.*
Parkinsonia florida*
Phoradendron californicum*
Physalis sp.*
Setaria leucopila
Sphaeralcea sp.*
Trixis californica*

Viguiera deltoidea*

Larrea tridentata*
Lotus sp.*

Lupinus sp.*
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Boerhavia erecta*
Carnegiea gigantea*
Caulanthus lasiophyllus*
Cylindropuntia acanthocarpa*
Dalea mollis*

Draba cuneifolia*

Encelia farinosa*
Ephedra nevadensis
Eriochloa acuminata
Ferocactus cylindraceus*
Gallium stellatum*

Hyptis emoryi*

Janusia gracilis*

Kallstroemia sp.*

Late Holocene-1,900 YBP:

Acacia greggii*
Boerhavia wrightii*
Carnegiea gigantea*
Chaenactis stevioides*
Cryptantha maritima*
Dalea mollis*

Daucus pusillus*
Draba cuneifolia*
Encelia farinosa*
Ephedra nevadensis
Erioneuron pulchellum*
Gallium stellatum*
Hyptis emoryi*

Larrea tridentata*

Lepidium sp.*

Machaeranthera pinnatifida*
Mammillaria grahamii*
Parietaria hespera*
Parkinsonia florida*
Parkinsonia microphylla*
Phoradendron californicum*
Physalis sp.*

Prosopis velutina*

Senna covesii*

Setaria leucopila

Silene antirrhina*
Sphaeralcea sp.*

Trixis californica*

Viguiera deltoidea*

Lotus sp.*

Machaeranthera pinnatifida*
Mammillaria grahamii*
Muhlenbergia microsperma*
Parkinsonia microphylla*
Pectocarya recurvata*
Phacelia crenulata*
Phoradendron californicum*
Physalis sp.*

Plantago fastigiata*
Sphaeralcea sp.*

Tridens muticus*

Trixis californica*

Viguiera deltoidea*

12



In summary, a total of ninety-five species were identified from the
middens, and eighty-one of those species, 85% of the total, have been collected
in the Eagletail Mountain Region. A significant number of the species that have
been found over the last 22,000 years continue to grow in the region.

Six of the species identified in the Wisconsin are found in the Eagletail
Mountain Region today. but there are some major exceptions,Artemisia tridentata
(big sage brush), and Yucca baccata. The species A. tridentata is currently found
in the vicinity of Flagstaff and Yucca baccata is found at higher elevations north
and east of Eagle Eye Mountain along the Mogollon Rim and in the Sedona area.

Beginning in the early Holocene, Acacia greggii occurred on Eagle Eye
Mountain but its habitat was on south-facing bajada slopes and not in the washes
as presently found in the Eagletail Mountain Region. Also, Agave deserti was
found on Eagle Eye Mountain but disappeared in subsequent periods.

In the middle Holocene, Acacia greggii accompanied by Parkinsonia
florida were the principal large trees on bajada slopes and hillsides (McAuliffe et
al. 1998). Presently, they have retreated to large washes at lower elevations. In
the Eagletail Mountains A. greggii is currently found in two habitats, the edge of
large washes at lower elevations, as expected, and north-facing bajada slopes
around the 610 m (2,001 ft ) level whereas P. florida is only found along major
washes. The species Setaria leucopila (streambed bristlegrass) was also found
on Eagle Eye Mountain during the middle Holocene. This species no longer
occurs there, which may indicate that the summer monsoon was stronger during
the middle Holocene than it is today as this species is presently found in
southeastern Arizona, which has a strong summer monsoon (McAuliffe et al.

1998). In the Eagletail Mountains this species is not found; however, in two

13



locations, deep canyons with extra runoff, Bouteloua curtipendula grows. This
species is also normally found in areas that receive more monsoon rain than
what occurs in the Eagletail Mountain Region presently. At the end of the middle
Holocene, Parkinsonia microphylla shows up in the region. This contrasts with
Carnegiea gigantea which appears in the early Holocene, at least 6,000 years
earlier than P. microphylla. The reasons for these time differences may be
related to different modes of seed dispersal. Carnegiea gigantea seeds are small
and are dispersed by birds that cover long distances. The seeds of the species
A. greggii and P. florida, whose pods stay on the plant for several months after
maturity, can also be dispersed by birds and also appear much earlier than P.
microphylla. P. microphylla pods fall off the plant soon after maturity and its
seeds are mainly dispersed by rodents, a much slower dispersal agent (McAuliffe
et al. 1998).

It is interesting that Olneya tesota does not occur in the midden
collections of Eagle Eye Mountain nor does it appear in collections of the existing

flora from the region. It should be found on south-facing locations along washes.

Habitats of the region. The habitats and locations in which | found the
plant species became a key part of this project. To identify these habitats |
looked at various environmental parameters such as climate, aspect, soils, and
slope. | was able to identify eight habitat types and their characteristic plant
associations. The plant species that | found in these habitats may have occurred
in only one or two locations, so to be able to identify where a plant can be found

one must look at both the habitat and location in which it grows.
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Figure 4. Bottom of sandy wash. Photo credit: Liz Makings, April, 2008.

1. Bottom of sandy/gravelly washes (Figure 4). This habitat covers the

deep coarse sandy or gravelly bottoms of the drainages that usually run to the
south from the Eagletail Mountains. The majority of plant species found in this
habitat are annuals. However, three perennial species are found here as well.
The species Asclepias nyctaginifolia and Proboscidea parviflora grow in these
soils, have very large leaves in comparison to most desert plants, and grow
during the warm season. Penstemon subulatus grows in cracks in exposed
volcanic ash bedrock in wash bottoms during the winter/spring season where
water and sediments accumulate. The species listed below commonly grow in

this habitat.
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