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Abstract

In 2005-2006, the National Park Service’s Northern Colorado Plateau Network received funding

to develop a revised checklist of the vascular plant flora of Pipe Spring National Monument. This
entailed a thorough review of existing literature, re-examination of specimens from the Pipe Spring
National Monument herbarium and other state and national museum collections, and additional field
work to corroborate unverified species reports or locate new species. Based on this study, 277 vascu-
lar plant taxa have been confirmed or reliably reported as occuring in the monument (215 are known
from validated herbarium specimens and 62 from unvouchered literature reports). Another 15 species
formerly considered part of the monument flora have now been shown to be falsely reported. The
current flora of Pipe Spring National Monument represents 6.5% of the known flora of Arizona and
11% of the flora of northern Arizona and the Arizona Strip. Although no federally listed threatened or
endangered species are known from the monument, two occur in the vicinity. Three plant species from
Pipe Spring National Monument are currently tracked as species of concern by the State of Arizona’s
Natural Heritage Program. Introduced plants make up nearly 21% of the monument flora (58 species),
of which only 4 species are considered noxious weeds by the State of Arizona. Further surveys in Pipe
Spring National Monument are likely to find additional new species (46 are known from similar habi-
tats outside the monument boundary), especially among late-season flowering, weedy, or wetland taxa.
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1 Introduction

In 2006, the National Park Service (NPS) estab-
lished a cooperative agreement with the Univer-
sity of Wyoming, through the Rocky Mountains
Cooperative Ecosystem Studies Unit, to produce
a series of technical reports summarizing the vas-
cular plant flora of each of the 16 national park
units of the Northern Colorado Plateau Network
(NCPN). These reports are based on existing in-
formation in the park service’s NPSpecies data-
base system and augmented by further data min-
ing, reviews of state and regional herbaria, and
new field surveys to resolve the status of many
reported and unconfirmed species. The objec-
tive of these reports is to summarize the current
state of knowledge of the flora of each park for
the benefit of NPS biologists and interpretive
staff, outside researchers, and the general public.
The following report addresses the vascular flora
of Pipe Spring National Monument, in northern
Arizona. Other NCPN park units are addressed
in separate reports.

1.1 Background and justification

One of the primary missions of NPS is “to con-
serve unimpaired the natural and cultural resourc-
es and values of the national park system for the
enjoyment of this and future generations” (NPS
2000). Due to their high degree of protection and
distribution across a wide variety of habitat types,
the nation’s national park units make a signifi-
cant contribution to the protection of biological
diversity (Noss and Cooperrider 1994). Unfortu-
nately, the full contribution of the NPS system is
not known, as many park units have traditionally
lacked comprehensive biological inventories or
monitoring programs to identify the composition
and condition of their biota. Knowing the status
of park flora and fauna is critical for effective park
management and for systematically identifying
and filling gaps in the nation’s protected area net-
work (Margules and Pressey 2000).

To rectify this shortcoming, Congress passed the
National Parks Omnibus Management Actin 1998
to provide guidance and funding for an inventory
and monitoring program across the entire Na-
tional Park System. Since 2000, the NCPN Inven-
tory and Monitoring Program has been develop-
ing and verifying species lists of vertebrates and
vascular plants for each park unit in the network

(Evenden et al. 2002). This effort has entailed re-
viewing existing species checklists, corroborating
the identification of specimens in park museum
and herbarium collections, locating additional
specimen records from other museums, mining
relevant literature and datasets, and conducting
field surveys to locate new taxa' or confirm un-
substantiated reports. All of these data have been
synthesized in NPSpecies, the park service’s stan-
dardized database for documenting park status
(present, probably present, unconfirmed, falsely
reported), abundance, residency, nativity, and
rarity. With the production of a technical series of
reports on the flora of each park, the NPSpecies
data will now be available to a broader audience.

1.2 Objectives

The objectives of this project are to:

1. Document the current status (present,
reported, potential, or falsely reported) of
all vascular plant species that have been
cited as occurring in Pipe Spring National
Monument based on a review of herbarium
collections and past literature; and

2. Develop an annotated checklist of the flora
of Pipe Spring National Monument with
supplemental information on taxonomic
synonyms, distribution, within-park abun-
dance, flowering period, growth form, nativ-
ity, habitat, and sources for each record.

1.3 Study area

1.3.1 History and setting

As one of the few reliable water sources in a large
desert area, Pipe Spring has been a focal area of
human activity for many centuries. Prior to about
300 B.C., the Arizona Strip was inhabited by semi-
nomadic hunter-gatherers who left little physical
evidence behind. Over the next thousand years,
the region was inhabited by Ancestral Puebloan
peoples who engaged in agriculture and hunting
and produced abundant artifacts, including pit-
house sites, woven baskets, pottery sherds, and
arrowheads. Prolonged drought was one likely
factor that brought an end to the Puebloan cul-
ture in the local area by 1250 A.D. Subsequent
inhabitants of the Arizona Strip were semi-no-
madic Southern Paiute bands; the Kaibab Paiute
occupied the area at the time of contact with

Taxa refer to all named species, subspecies, and varieties.
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European cultures (McKoy 2000, Leach 1999).

Mormon missionary Jacob Hamblin passed
through Pipe Spring in 1858; five years later, St.
George, Utah, resident James Whitmore estab-
lished a cattle ranch there. In January 1866, Whit-
more was murdered during a trip to retrieve live-
stock driven off by an Indian party (Leach 1999,
McKoy 2000). The Church of Jesus Christ of
Latter-Day Saints acquired the property in 1870,
constructed a fort (Winsor Castle) that controlled
the outlet of Pipe Spring, and managed the site as
atithing ranch. During the 1870s, the native desert
grasslands were subjected to grazing by more than
2,500 head of cattle and 11,000 sheep (Alexander
1998a). The ranch passed into private ownership
in 1895, and remained as such with the establish-
ment of the Kaibab Paiute Indian Reservation in
1909 (McKoy 2000).

While traveling to Zion National Park in 1920,
National Park Service Director Stephen Mather
hatched the idea of preserving the site as a nation-
al monument. With the support of local boosters
anticipating improved road access and tourism
income, President Warren Harding established
Pipe Spring National Monument in May 1923,
to “serve as a memorial of western pioneer life.”
(McKoy 2000). The monument’s mission has
since been expanded to also convey American In-
dian culture and history and to protect the spring
and associated natural environment (Evenden et
al. 2002).

Pipe Spring National Monument is located about
15 miles west of Fredonia in eastern Mohave
County, Arizona (Figure 1.3.1). The monument
is situated on the northern end of the Uinkaret
Plateau, below the Vermilion Cliffs within the Ari-
zona Strip (the northern portion of the state cut
off by the Grand Canyon). The entire monument
covers 40 acres (16 ha) and is embedded within
the Kaibab Paiute Indian Reservation. Elevation
within Pipe Spring National Monument ranges
from 4,923 to 5,100 feet (1,500-1,555 m). Winter
temperatures vary from 0 to 40°F, while summer
temperatures reach highs of 90-115°F (Evenden
etal. 2002).

1.3.2 Geology

The sandstone ridge to the northwest of Win-
sor Castle is comprised of Jurassic-age Navajo
Sandstone deposited as part of a Sahara-like dune
system that extended from Nevada to Wyoming
approximately 180 million years ago. The Navajo

formation overlies Kayenta strata derived from
early Jurassic river sediments. Navajo Sandstone
is more permeable than the Kayenta, and the con-
tact between the two formations is notable as a
source of springs throughout the Colorado Pla-
teau. The juxtaposition of this contact zone with
the Sevier Fault (separating the mesa from the
adjacent Moenkopi and Chinle beds to the east)
accounts for the size and flow of the three springs
in the monument (Pipe Spring, itself, and the
smaller Tunnel and Cabin springs). Holocene-age
alluvium covers the eastern and southern ends of
the monument, burying the Triassic Chinle and
Moenkopi formations (Billingsley 2004).

1.3.3 Vegetation

Unfortunately, the pre-settlement vegetation of
Pipe Spring and the Arizona Strip was never stud-
ied in detail using modern scientific methods.
Anecdotal reports by local ranchers describe the
Strip as a “sea of grass” in the late 1860s (Alex-
ander 1998a). In 1882, geologist Charles Dut-
ton wrote that the Pipe Spring area had changed
from being “covered with abundant grasses, af-
fording rich pasturage to horses and cattle” to a
place where “hardly a blade of grass is to be found
within ten miles of the spring, unless upon the
crags and mesas of the Vermilion Cliffs behind it”
in just 10 years (Dutton 1882, cited in Alexander
1998a). Based on historic diaries, archives, and
photographs, Alexander (1998a) reported that
the mesa northwest of Pipe Spring was devoid
of trees by the time NPS took over management
in 1923, and the flats surrounding the fort were
mostly bare ground.

Vegetation has slowly recovered in the monu-
ment. Today, three main plant communities can
be recognized. Sandy flats and south-facing mesa
slopes are inhabited by desert shrub vegetation,
dominated by greenish rabbitbrush (Chrysotham-
nus nauseosus), fourwing saltbush (Atriplex ca-
nescens), and sand sagebrush (Artemisia filifolia)
(Alexander 1998b). Steeper Navajo Sandstone
slopes are dominated by open Utah juniper (Juni-
perus osteosperma) and two-needle pinyon (Pinus
edulis) woodlands with an understory of turbi-
nella live oak (Quercus turbinella) and Utah ser-
viceberry (Amelanchier utahensis). Wet meadow
vegetation consisting of baltic rush (Juncus arcti-
cus), rabbitbrush, and scratchgrass (Muhlenbergia
asperifolia) occurs below Cabin Spring (by West
Cabin). A human-made pond, located just out-
side Winsor Castle, is dominated by planted white
poplar (Populus alba), Fremont cottonwood (P.
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Pipe Spring National Monument
Utah

Legend:

Established May 31, 1923 *7>«__ Intermittent Streams ﬂ Park Boundary (NPS)

1,500-1,555 meters elevation - Kaibab Reservation (IR)
0 01 02 03 (4,923-5,100 feet elevation) Paved Road

e Kilometers 16 hectares (40 acres) —— Unpaved Road

0 0.1 0.2 o.?w es - — = Unimproved/4WD Road

Figure 1.3.1. Location of Pipe Spring National Monument, Mohave County, Arizona. Map created by Aneth Wight of
NCPN (derived from Evenden et al. 2002).
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[fremontii), Carolina poplar (P. X canadensis), Si-
berian elm (Ulmus pumila), and tree-of-heaven
(Ailanthus altissima). Much of the remainder of
the grounds is dedicated to cultivated orchards
and a replica pioneer garden.

1.3.4 Previous botanical studies

The first botanist to visit Pipe Spring was proba-
bly Ellen Powell Thompson, sister of John Wesley
Powell and resident of Kanab, Utah, in the early
1870s (Alexander 2004). It is not known wheth-
er Thompson collected specimens at the future
monument. Marcus E. Jones investigated the flora
of Kanab and the Arizona Strip in the 1880s, but
itis also unknown whether he specifically collect-
ed at Pipe Spring. Albert Siler, a pioneer rancher
and naturalist in southern Utah, collected the
type specimen of Utahia sileri (later renamed
Pediocactus sileri), Siler’s pincushion cactus, from
“Cottonwood Springs and Pipe Springs, southern
Utah” (actually Arizona) in 1883 (Benson 1982).
This collection is now believed to have come from
just outside the monument on the Kaibab Paiute
Indian Reservation, as the exacting habitat condi-
tions required by this rare cactus are not present
within monument boundaries.

The holotype of Pipe Spring pricklypear (Opun-
tia erinacea var. aurea, O. basilaris var. aurea, or
O. aurea, depending on one’s taxonomic pref-
erence) was collected “1/2 mile north of Pipe
Spring” by McCabe and McCabe in 1930 (Ben-
son 1982). This locality is either within or barely
outside the monument’s boundary, but the spe-
cies is well documented elsewhere in Pipe Spring
National Monument. If accepted as being col-
lected in the monument, the McCabe collection
would stand as the earliest known specimen from
the area (Table 1.3.4, Figure 1.3.4).

Leonard Heaton, custodian of Pipe Spring Na-
tional Monument (PISP), began collecting plants
for the PISP herbarium in 1934. Over the next
seven years, Heaton and J. Whitehead collected
112 specimens for the herbarium, representing 98
species. Heaton (1935) compiled the first check-
list of monument flora in 1935, citing 42 species
and estimating that another 100 remained to be

discovered (in hindsight, areasonable prediction).
Robert Peebles (co-author of Arizona Flora) and
A.R. Purchase added six new species in 1936, and
later found two more in a 1940 visit—including
the first report of Opuntia pinkavae (Pinkava’s
pricklypear), not recognized as a new species to
science until 1997. Utah botanist Walter Cottam
and Kathy Parker also collected a few new taxa in
the 1940s.

Over the next quarter century, relatively little bo-
tanical work was done in the monument, except
for some sporadic study in the early to mid-1960s.
Ruth Nelson visited Pipe Spring twice starting
in 1971, and added five new species to the flora.
Richard King, a range conservationist with the
Fredonia office of the Soil Conservation Service,
compiled a species list in 1977 that included 82
plant species (with an emphasis on shrubs and
grass species) (King 1977). King’s list contained
39 new species for the monument, of which all
but 18 have since been confirmed with vouchers.

The most intensive botanical surveys of Pipe
Spring National Monument since the mid-1930s
have taken place in the last decade. Zion National
Park biologists Karen Mason and Bill LaBarre,
who conducted a noxious-weed inventory in
1997, reported 13 new species for the monument
(Kurth 1998). In 1998, Jason Alexander was hired
by the NPS to research vegetation change within
the monument and compile a revised species list.
Alexander (1998b) documented 166 taxa for Pipe
Spring National Monument, of which 63 repre-
sented new species. In 2001, Alexander, Denise
Louie of Zion National Park, and Angie Even-
den of the NCPN staff in Moab, Utah, collected
116 vouchers for the PISP herbarium (more than
doubling it in size) and recorded 22 new species
for the flora. This team also verified 60 previous
literature reports with specimen vouchers (Table
1.3.4). More recently, we, along with Janet Coles
of the NCPN vegetation staff, found 10 new spe-
cies for the monument in fall 2007, and relocated
18 more species known only from historical or
unvouchered reports.

Additional details on plant-collecting efforts at
PISP can be found in Table 1.3.4.
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Table 1.3.4. Chronology of plant-collecting efforts in Pipe Spring National Monument.

Year Collector(s) # of new Comments
taxa
1883 A. L. Siler 0 Albert L. Siler collected the holotype of Pediocactus sileri from “Cottonwood
Springs and Pipe Springs, southern Utah” [Arizona] in 1883. Based on the
specific habitat requirements of this species, it is now believed that the
collection came from the adjacent Kaibab Paiute Indian Reservation rather
than Pipe Spring National Monument, itself.
1930 McCabe and 1 McCabe and McCabe collected the holotype of Opuntia erinacea var. aurea
McCabe “1/2 mile north of Pipe Spring” within or very near Pipe Spring National
Monument.
1934-1939 L. Heaton, J. 98 +7  Leonard Heaton, custodian of Pipe Spring National Monument,
Whitehead, A.R.  reported compiled a vascular plant species list with 42 species in 1935 and noted
Purchase, and “there are about 100 more plants that have not been [n]lamed or classified...”
R. H. Peebles (Heaton 1935). All but 7 of these species have been subsequently vouchered.
From 1934-1939, Heaton and J. Whitehead collected 104 voucher specimens
for the PISP herbarium and documented 92 plant taxa. In 1936, Robert H.
Peebles discovered 4 new species for the monument and A.R. Purchase added
2 new grass species.
1940-1946 R. H. Peebles, 9 R. H. Peebles discovered 2 new species for PISP in 1940, including the first
W. Cottam, L. record of Opuntia pinkavae (later described as a new taxon by Bruce Parfitt
Heaton, and K. F. in 1997). Walter Cottam and Leonard Heaton found 6 new taxa in 1941,
Parker including the earliest report of Lepidium montanum var. stellae (Stella’s
pepperwort; later described as a new taxon by Stan Welsh in 1978). Kathy
Parker discovered Convolvulus arvensis (field bindweed) in the monument in
1946.
1961 F. Fanning 1 F. Fanning collected Amsonia jonesii (Jones’ amsonia) in the monument
(specimen at the Desert Botanical Garden herbarium).
1965-1967 E. Lehto and M. 5 Ganz and Lehto made at least 16 collections at Pipe Spring (deposited
Ganz at Arizona State University, University of Arizona, and Northern Arizona
University).
1971-1973 R. A. Nelson and 5 Ruth Nelson and M. G. MacLeod made collections at PISP during visits in
M. G. MaclLeod 1971 and 1973 (specimens are deposited at Arizona State University and the
University of Wyoming).
1977 R. J. King 21+ 18 Richard King, range conservationist with the Soil Conservation Service in
reported Fredonia, Arizona, compiled an annotated checklist of 82 species for the
monument (King 1977), including 39 that had not previously been reported.
In subsequent years, 21 of King’s new taxa were documented with vouchers.
1995 A. M. Phillips Il 1 Arthur Phillips made 9 collections in the monument, including the first of Rhus
aromatica var. simplicifolia (squawbush).
1997 K. Mason and B. 8+5 Zion NP biological science technicians Karen Mason and Bill LaBarre conducted
LaBarre reported a weed survey of PISP, reporting 13 new species for the area (Kurth 1998), of
which 8 have been subsequently vouchered.
1998 J. Alexander 34 +29 Alexander (1998b) examined historic records and conducted a ground survey
reported of the monument to compile a revised checklist of 166 vascular plant taxa for
PISP. This list included 63 new species, of which 33 were later vouchered (29
are still known only from literature reports).
2001 J. Alexander, D. 22 Jason Alexander, Denise Louie, and Angie Evenden collected 116 voucher
Louie, and A. specimens (doubling the size of the PISP herbarium) and documented 22 new
Evenden species as well as making vouchers of over 60 previously reported taxa.
2007 W. Fertig and J. 10 Walter Fertig and Janet Coles conducted surveys and vegetation sampling

Coles

and added 33 specimens for the PISP herbarium, including 10 new to the
monument and 18 that were previously considered historical or had been
reported without a voucher.
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2 Methods

Under contract with the National Park Service,
Jason Alexander reviewed all mounted speci-
mens in the PISP herbarium in 2004 to determine
whether each was correctly identified to species,
subspecies, or variety following the nomenclature
of Welsh et al. (2003). As necessary, he made cor-
rections and annotations to each specimen and to
the voucher records in PISP’s Automated Nation-
al Cataloging System (ANCS+) and NPSpecies
database. Based on Alexander’s herbarium work,
we developed a revised checklist of species that
were present in the monument (confirmed by an
authenticated voucher) and those that were re-
ported in the literature but not corroborated with
a voucher (equivalent to “probably present” in
NPSpecies terminology). Species that were now
known to be misidentified or highly questionable
were moved to a third list of rejected taxa. Finally,
we developed a list of potential species (“uncon-
firmed” in NPspecies) known from the vicinity of
Pipe Spring National Monument using an unpub-
lished list generated by Dr. N. Duane Atwood of
Brigham Young University.

Each list was annotated with supplemental infor-
mation on life form, geographic range (within the
context of Arizona), population size in the monu-
ment (derived from Jason Alexander’s NPSpecies
dataset for PISP and field observations), flower-
ing period, distribution across general vegetation
types, nativity, data source (collector and collec-
tion number from a sample specimen or literature
citation), year of earliest collection (from herbar-

ium records), and relevant synonymy and taxo-
nomic problems (based on review of Barkworth
et al. 2003, 2007, Barneby 1989, Cronquist 1994,
Cronquist et al. 1972, 1977, 1984, 1997, Dorn
2001, Flora of North America Editorial Commit-
tee 1993, 1997, 2000, 2002a, 2002b, 2003, 2005,
2006a, 2006b, 2006¢c, Holmgren et al. 2005, Mc-
Dougall 1973, and Weber and Wittmann 2001).
The annotations to these lists and label data from
the PISP herbarium review were then incorpo-
rated into the NPSpecies database for the monu-
ment.

Work in 2007 focused on confirmation of report-
ed and potential species for the monument flora
through field surveys and review of collections
from state and regional herbaria. We made one
collecting trip to PISP, in October 2007, to target
missing species, emphasizing under-sampled wet-
land, weedy, and late-flowering taxa. Herbarium
studies were undertaken at Brigham Young Uni-
versity, Utah State University, and the University
of Wyoming in March, June, and October 2006,
and February and March 2007. We also docu-
mented monument specimens from the digital
herbarium database of Arizona State University
(http://seinet.asu.edu/seinet/collections/selec-
tion.jsp?cat=plantae) and its links to comparable
databases for the Desert Botanical Garden, Uni-
versity of Arizona, and Northern Arizona Univer-
sity. Finally, we conducted an internet search of
the virtual herbarium database of the New York
Botanical Garden (http://sciweb.nybg.org/sci-
ence2/hcol/intf/index.asp) and examined plot
data from the NCPN vegetation mapping crew
(NCPN, ined.).

Chapter 2: Methods
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3 Results

3.1 Summary of the flora of Pipe
Spring National Monument

In 2004, Jason Alexander completed a thorough
review of the 227 vascular plant vouchers in the
PISP herbarium (only 112 of which were col-
lected prior to 2001). He found that 8 specimens
were misidentified (3.5%), 3 needed to be revised
to a more current name (1.3%), 27 needed vari-
ety or subspecies names added (11.9%), and 189
were correctly determined (83.3%). Based solely
on these collections, the confirmed flora of Pipe
Spring National Monument stood at 162 taxa.
From 2005 to 2007, we located an additional 27
taxa from collections at the University of Wyo-
ming’s Rocky Mountain Herbarium and speci-

mens found through a database search of the
Arizona State University digital database. Field
surveys in 2007 netted another 26 new species
(including 16 that were previously reported with-
out a voucher). Overall, the documented flora of
Pipe Spring National Monument has increased
by 53 species (24.7%), bringing the total number
of vouchered taxa to 215 (Table 3.1, Appendices
A, D).

Currently, 62 additional taxa have been reported
for PISP but have yet to be corroborated with a
voucher specimen (Table 3.1, Appendix A). Of
these, 7 were reported by Heaton (1935), 18 by
King (1977), 5 by Kurth (1998), and 32 by Alexan-
der (1998b). Taken together, the number of con-
firmed and reported vascular plant taxa in Pipe
Spring National Monument stands at 277 taxa
(Table 3.1, Appendix A).

Table 3.1. Statistical summary of the flora of Pipe Spring National Monument.

Category

confirmed

Number Number
additionally Total
in park reported for park

Taxonomic diversity

Total taxa 215 62 277
(including varieties and subspecies)
Full species 203 59 262
(excluding varieties and subspecies)
Families 54 2 56
Life form diversity
Tree taxa 8 2 10
Shrub taxa 34 6 40
Perennial forb taxa 72 26 98
Annual forb taxa 72 9 81
Perennial graminoid taxa 21 15 36
Annual graminoid taxa 8 4 12
Fern taxa 0 0 0
Biogeographic diversity
Introduced taxa 35 23 58
Native taxa
Locally endemic taxa 4 0 4
Regionally endemic taxa 14 7 21
Disjunct taxa 0 0
Peripheral taxa 4 1 5
Sparse taxa 1 0 1
Widespread taxa 157 31 188
Total native taxa 180 39 219

The number of taxa and families is based on taxonomic concepts of Welsh et al. (2003). See Appendices,
“Codes and Definitions”, for an explanation of the various categories.
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Entering the 2007 field season, 41 taxa were rec-
ognized as potentially occurring in PISP based
on the proximity of the monument to known
populations (Alexander NPSpecies database).
Including five additional species identified by
Duane Atwood, the current number of potential
species for Pipe Spring National Monument is 46
(Appendix B).

Based on his evaluation of the PISP herbarium,
Jason Alexander found 8 taxa that were falsely re-
ported due to misidentification. We consider an
additional seven species cited (but not vouchered)
by Heaton (1935) and King (1977) to be question-
able based on the absence of suitable habitat or
the distance of Pipe Spring National Monument
to the known or expected range of each species
(Appendix C).

The confirmed and reported flora of Pipe Spring
National Monument represents 6.5% of the 4,241
native and naturalized taxa documented for the
state of Arizona by Kartesz (2003) and 34.8% of
the state’s 161 plant families (Table 3.1). Within
Mohave County, the monument flora captures
17.4% of the 1,588 taxa reported by Kartesz
(2003). At the ecoregional scale, Pipe Spring Na-
tional Monument contains 11.0% of the 2,517
species of seed plants and pteridophytes reported
for northern Arizona by McDougall (1973) and
the Flora of North America Editorial Committee
(1993).

3.2 Life form and biogeographic
diversity

Although ecologically dominant, tree and shrub
species make up only 18% of the confirmed and
reported plant taxa of Pipe Spring National Mon-
ument (Table 3.1). Perennial forbs are the most
species-rich life form in the monument’s flora,
with 98 known and reported taxa (35.4% of the
total flora). Annual forbs and grass-like plants are
unusually species-rich in the monument (relative
to other floras in the Colorado Plateau), compris-
ing 33.5% of all taxa. Like trees and shrubs, pe-
rennial graminoids are ecologically important but
relatively species-poor, representing just 13% of
the total flora. No ferns or fern-allies have been
found in PISP (Table 3.1).

Of the monument’s 219 native taxa, 188 (85.8%)
are widespread across Arizona and western
North America. Only four species (1.8% of the
monument’s native flora) have extremely limited
global distributions (local endemics found within

an area of less than 1° of latitude x 2° of longi-
tude; see Appendix A for complete definitions
of biogeographic categories). Regional endemics
(largely restricted to the Colorado Plateau) com-
prise an additional 9.6% of the monument flora
(Table 3.1). Species at the edge of their range (pe-
ripheral) or found sparsely across the state make
up just 2.8% of the total flora.

3.3 Plants of special concern

Pipe Spring National Monument has no plants
listed as threatened or endangered under the U.S.
Endangered Species Act (ESA). Siler’s pincush-
ion cactus (Pediocactus sileri), listed as threatened
under the ESA, is known from adjacent areas of
the Kaibab Pauite Indian Reservation (Siler’s type
specimen comes from “Pipe Spring”), but is not
thought to occur within the monument itself due
to a lack of suitable gypsiferous Moenkopi soils
(ARPC, no date). The federally threatened Jones’
cycladenia (Cycladenia humilis var. jonesii) is also
known from Chinle soils west of Pipe Spring, but
is unlikely to be found in the monument.

The Arizona Game and Fish Department (AGF)’s
Heritage Data Management System (2008) tracks
three cactus species from PISP as species of con-
cern (Table 3.3). All are listed as Salvage Restrict-
ed (collection prohibited except with a permit)
under the 1993 Arizona Native Plant Law (ARPC,
no date). Atwood’s wild-buckwheat (Eriogonum
thompsoniae var. atwoodii) and Morton wild-
buckwheat (E. mortonianum) are also tracked as
species of concern by AGF and known from the
Kaibab Paiute Indian Reservation, but have not
been documented in Pipe Spring National Monu-
ment.

Two recently described species with narrow geo-
graphic ranges currently lack any protective status
but might warrant management attention. Stella’s
pepperwort (Lepidium montanum var. stellae) is
restricted to southern Utah and northern Arizona
(Welsh et al. 2003), where it typically occurs on
gypsum-rich, Moenkopi-derived soils. Leon-
ard Heaton collected this species at or near Pipe
Spring in 1941 (suitable habitat is more likely just
outside the monument), but it remained uniden-
tified until annotated by Jason Alexander in 2004.
Pinkava’s pricklypear (Opuntia pinkavae) is also
restricted to the Utah—Arizona border and was
first recorded at Pipe Spring in 1940 by Robert
Peebles. The holotype of O. pinkavae comes from
Bulrush Canyon, south of Pipe Spring (Parfitt
1997).
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Table 3.3. Plant species of conservation concern from Pipe Spring National Monument.

Family Species Common name 'rl':lnck?Iobal Federal legal status  AZ status?
Cactaceae Opuntia erinacea var. aurea (O. Pipe Spring G3 None Salvage
basilaris var. aurea) pricklypear Restricted, S3
Cactaceae Opuntia whipplei var. whipplei ~ Whipple's cholla  G4?T4? None Salvage
Restricted, S1
Cactaceae Sclerocactus whipplei var. roseus  small-flower GAT3? None Salvage
(S. parviflorus ssp. intermedius) fishhook cactus Restricted, S2

This list is derived from Arizona Game and Fish Department Heritage Data Management System (2008) and Arizona Rare Plant Committee (no date).
'TNC global rank assesses abundance and conservation priority on a scale of 1-5 (1 being extremely vulnerable and 5 being secure) for full species (G)
and varieties or subspecies (T) across their entire range. A “?" indicates uncertainty in the rank. A comparable scoring system is used to measure state

abundance (S) in Arizona under the column “AZ status”.

2AZ status includes protection afforded under the 1993 Arizona Native Plant Law.

3.4 Noxious weeds

Introduced plant species (not historically native
to Arizona or North America) make up 20.9% of
the confirmed and reported flora of Pipe Spring
National Monument (Table 3.1). This figure is
substantially higher than the statewide average
of 12.7% non-native species (Kartesz 2003). Of
the 58 introduced plant species confirmed or re-
ported for PISP (Table 3.1), only four are listed as
noxious by the State of Arizona (ADAPSD 2005).
Scotch thistle (Onopordum acanthium) is on the
state’s prohibited and restricted noxious weed
lists, while field bindweed (Convolvulus arven-
sis), common purslane (Portulaca oleracea), and
puncturevine (Tribulus terrestris) are listed as
prohibited and regulated noxious weeds.

Kurth (1998) cited 34 non-native species of man-
agement concern, based on a 1997 survey of the
monument by Karen Mason and Bill LaBarre
of Zion National Park. These consisted primar-
ily of introduced ornamental trees that have be-
come weedy or exotic forbs and grasses that are
common agricultural or rangeland pests. Using a
matrix of significance of impact and feasibility of
control, Kurth classified these species into four
groups: low threat/easy to control, low threat/
hard to control, serious threat/easy to control,
and serious threat/hard to control. Four species
were recommended for immediate control: tree-
of-heaven (Ailanthus altissima), white poplar
(Populus alba), tamarisk (Tamarix chinensis), and
Siberian elm (Ulmus pumila).
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4 Discussion

Beginning with Leonard Heaton’s first species list
in 1935, the known flora of Pipe Spring National
Monument has grown from 42 species to 277
taxa (Tables 1.3.4 and 3.1, Figure 1.3.4, Appendix
A). Based on available habitats and proximity, at
least another 46 plant taxa may occur within the
monument (Appendix B). Should all of these po-
tential species be found, the documented flora of
PISP would increase by nearly 14%. Many of the
“missing” potential or reported taxa consist of
cryptic species that flower late in the growing sea-
son, or occur in undersampled wetland or weedy
habitats. Confirmation of reported species should
remain a high priority, as some of these taxa may
ultimately prove to be erroneous. Pipe Spring also
has a high percentage of plants known only from

historic records (pre-dating 1970) that should
be a priority for re-location to confirm that they
are still extant. Further examination of monu-
ment collections from other herbaria in Arizona
or major national collections (such as Harvard
University’s Gray Herbarium, the New York Bo-
tanical Garden, and the Smithsonian Institution’s
U.S. National Herbarium) may result in the confi-
mation of additional records of historical species
for the monument. Additional field studies would
also be useful to better refine the abundance
and distribution of species of high management
interest (especially rare plants and invasive non-
natives). Surveys following wet winters would
likely lead to the discovery of new annual native
and exotic species. Lastly, better documentation
of plant species previously or currently grown in
the monument’s orchard and pioneer garden is
needed.
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6 Appendices

The following appendices contain annotated
checklists of the vascular flora of Pipe Spring Na-
tional Monument.

Appendix A lists all species that have been con-
firmed for the flora with an authenticated vouch-
er specimen (including extant and historical re-
cords), or that have been reliably reported for the
monument in the literature (Heaton 1935, King
1977, Alexander 1998b). Vouchers were exam-
ined from the PISP herbarium and collections
from Brigham Young University (BRY), the Uni-
versity of Wyoming (RM), and the digital muse-
um databases of the New York Botanical Garden
(NY), Northern Arizona University, Arizona State
University, University of Arizona, and the Desert
Botanical Garden. Species entries in Appendix A
are organized alphabetically by family and genus.

Species listed in Appendix B are known from the
vicinity of Pipe Spring National Monument, but
have not previously been reported or confirmed
for the monument; that is, these species may po-
tentially occur within PISP, based on the prox-
imity of the monument to other populations or
the presence of suitable habitat. Species on this
list are derived from a checklist of potential spe-
cies for NCPN parks prepared by Dr. N. Duane
Atwood, of Brigham Young University, in 2001,
and Jason Alexander for the PISP NPSpecies da-
tabase. Some species from Appendix C could be
considered as potentially occurring in the monu-
ment, but are not included here.

Appendix C lists species that have been previ-
ously reported for Pipe Spring National Monu-
ment from published and unpublished literature
(Alexander 1998a, Heaton 1935, King 1977) or
from herbarium specimens, but are now consid-
ered erroneous because they were based on mis-
identified specimens (False Reports or FalsRep),
questionable literature records, or because the
monument is well outside the known or expected
range of the species (Questionable or Ques?).

Appendix D contains the same confirmed, his-
torical, and reported taxa as in Appendix A, but
organized by life form rather than by family in or-
der to better meet the needs of NPS interpretive
specialists.

The codes and references for each field in the ap-
propriate appendices are summarized below.

Family (Appendices A, B, C, and D)

Family concepts and nomenclature follow A Utah
Flora (Welsh et al. 2003). Alternative family names
and treatments from other regional floras (Dorn
2001, Flora of North America Editorial Commit-
tee 1993, 2002b, Holmgren et al. 2005, Kearney
and Peebles 1960, McDougall 1973,Weber and
Wittman 2001) are listed in parentheses.

Species name (Appendices A, B, C,
and D)

Nomenclature for scientific names and taxonom-
ic concepts are derived from Welsh et al. (2003).
Scientific names are listed in alphabetical rather
than phylogenetic order.

Synonyms/Taxonomic notes
(Appendices A, B, and C)

Pertinent synonyms are included for species with
alternative scientific names in other recent state
and regional floras (Barkworth et al. 2003, 2007,
Barneby 1989, Cronquist 1994, Cronquist et
al. 1972, 1977, 1984, 1997, Dorn 2001, Flora of
North America Editorial Committee 1993, 1997,
2000, 2002a, 2002b, 2003, 2005, 2006a, 2006b,
2006¢, Holmgren et al. 2005, Kearney and Peebles
1960, McDougall 1973, and Weber and Wittmann
2001). No effort has been made to identify ad-
ditional synonyms from monographs and floras
preceding the early 1970s.

Common name (Appendices A, B, C,
and D)

Common names are derived primarily from
Welsh et al. (2003) and the Intermountain Flora
(Barneby 1989, Cronquist 1994, Cronquist et al.
1972,1977, 1984, 1997, Holmgren et al. 2005).

Life form (Appendices A, B, C, and D)

Life form is based on the stature and growth habit
of typical members of a species at reproductive
maturity. Annual Forbs (AnnF) are broad-leaved
dicots or monocots with non-woody stems that
complete their life cycle (mature, flower, and die)
in one year. Annual Graminoids (AnnG) are lin-
ear-leaved, grass-like monocots that complete
their life cycle (mature, flower, and die) in one
year. Ferns and fern-allies (Fern) are non-flow-
ering vascular plants that reproduce by spores.
Perennial Forbs (PerF) are broad-leaved dicots or
monocots with non-woody stems (at least above
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ground level) that live for multiple years. Perenni-
al Graminoids (PerG) are linear-leaved, grass-like
monocots that live for multiple years. Shrubs are
woody perennials with one to many trunks aris-
ing from near the base of the plant and are usually
less than 3.5 m tall. Trees are woody perennials
with a single stem or trunk and are typically over
3.5 m tall.

Range (Appendices A, B, and C)

Range represents the distribution of a species
within Arizona and the state’s contribution to the
plant’s overall global range. Disjunct (Disj) taxa
have their Arizona distribution separated from
the main, contiguous portion of their range by a
gap of more than 800 km (ca. 500 miles). Intro-
duced (Intro) taxa are those that are not native
to Arizona or North America but have become
naturalized (breeding on their own without hu-
man assistance). Local Endemics (LocEn) are
taxa in which the entire global range is restricted
to an area of less than 16,500 km? (ca. 6,370 mi?,
or 1° of latitude x 2° of longitude). Peripheral
(Periph) taxa have a widespread global distribu-
tion but occur at the margin of their contiguous
range in Arizona and occupy less than 5% of the
state’s area (usually only within a few miles of the
state border). Regional Endemics (RegEn) are
taxa with a global range of 16,500-250,000 km?
(an area about the size of the state of Wyoming).
Sparse taxa occur widely across Arizona or North
America but their range within Arizona is small
and patchy, with populations restricted to special-
ized or uncommon habitats. Widespread (Wide)
taxa have global ranges exceeding 250,000 km?
and occur over at least 10% of the state.

Park status (Appendices A, C, and D)

Park status identifies whether a species is Pres-
ent (Pres), Historical (Hist), or Reported (Rep)
for Pipe Spring National Monument. Species are
considered Present if a confirmed voucher or
documented observation has been made within
monument boundaries since 1970. Historical
species have been confirmed with a voucher from
the monument but have not been relocated since
before 1970. Reported species are listed for the
monument in the literature (Heaton 1935, King
1977, Alexander 1998b), but have not been cor-
roborated with a voucher specimen. Species that
may potentially occur in PISP are listed in Appen-
dix B. Rejected taxa (listed in Appendix C) have
either been falsely reported (FalsRep) in the lit-
erature based on misidentified herbarium speci-

mens or are considered Questionable (Ques?)
because park reports are from well outside their
known or expected range.

Pop. size (Appendix A)

Population size refers to the abundance and fre-
quency with which a species occurs within Pipe
Spring National Monument. Abundance data are
derived from the PISP NPSpecies database and
personal observations. Abundant (Abun) taxa
have large populations, have a broad ecological
amplitude (often being dominant in one to sev-
eral vegetation types), or occur extensively across
the monument. Common (Com) taxa have large
local populations but may be restricted to a single
vegetation type or do not occur across the entire
monument. Uncommon (Unc) taxa have low to
medium-sized populations, typically have a nar-
row ecological amplitude (or at least contribute
relatively little to total vegetative cover), or have
a small range across the monument. Rare taxa
usually have low population numbers and are re-
stricted to a single location within the monument.
A “?” indicates that population size is unknown.

Source (Appendix A)

Sources are the evidence for the assigned park
status. In the case of Present and Historical taxa,
sources are herbarium records (with collector,
collection number, and repository) that were cor-
roborated during this study. For reported taxa,
the source is a published or unpublished refer-
ence citing the species within the monument.
Specimen repositories include the Pipe Spring
National Monument herbarium (PISP), Brigham
Young University (BRY), Utah State University
(USU), New York Botanical Garden (NY), the
University of Wyoming’s Rocky Mountain Her-
barium (RM), Northern Arizona University, Ari-
zona State University, University of Arizona, and
Desert Botanical Garden.

Year doc. (Appendix A)

Year documented indicates the first year in which
a species was confirmed or reported to occur in
Pipe Spring National Monument. This year does
not necessarily correspond with the date of the
voucher specimen cited under Source. “NA”
indicates that the first year is not known (used
mostly for “reported” taxa).
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Comments (Appendices A, B, C, and
D)

This column includes additional comments on
the status of a particular species in the monu-
ment, the place of origin for introduced species,
legal status, and other data.

Nativity (Appendix D)

Nativity indicates whether a species is native to
Arizona or introduced (Intro) based on McDou-
gall (1973) and Kartesz (2003).

Flower time (Appendix D)

Flower Time refers to the months in which a spe-
cies is most likely to be in flower. NA indicates
a species that is a non-flowering fern or gymno-
sperm.

Habitat (Appendix D)

The distribution of species across generalized
habitats in Pipe Spring National Monument is in-
dicated by an “x” in the columns DesSh through
Wet and is derived from the vegetation classifica-
tion used by Alexander (1998b). DesSh = Desert
shrub vegetation of flats and foothills below the
monument’s Navajo Sandstone mesa dominated
by greenish rabbitbrush (Chrysothamnus nauseo-
sus var. consimilis), fourwing saltbush (Atriplex
canescens), and sand sagebrush (Artemisia filifo-
lia). PinJun = Pinyon-Juniper woodlands/rim-
rock dominated by Utah juniper (Juniperus os-
teosperma), Two-needle pinyon (Pinus edulis),
turbinella live oak (Quercus turbinella), and Utah
serviceberry (Amelanchier utahensis). Wet =
Wet meadows associated with natural seeps and
springs. Additional comments are included for
species that are restricted to a particular soil/geo-
logic type or are found mostly in disturbed sites.
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