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ABSTRACT

A floristic account is provided for the ferns, lycopodad agymnosperms as part of the
vascular plant flora of the contiguous protected aréa®rgan Pipe Cactus National Monument,
Cabeza Prieta National Wildlife Refuge, and the TinajiéssARegion in southwestern Arizona—the
heart of the Sonoran Desert. This floristic treatmealudes identification keys, common names
when available in English, Spanish, and the local O’odremguage, brief descriptions, local and
global distributions, fossil records from packrat middettsn@otanical information, natural history
observations, and specimen citations. This is the tointribution for our flora and follows Felger et
al. (2013a, 2013b). We also include a brief explanation of tineafofor the species accounts in this
and forthcoming contributions. These contributions are alsdegapen-access on the website of the
University of Arizona Herbarium (ARIZ).

This publication is a floristic account of the ferngsdpods, and gymnosperms as part of the
vascular plant flora of the contiguous protected aréa®rgan Pipe Cactus National Monument,
Cabeza Prieta National Wildlife Refuge, and the TinajiéssARegion in southwestern Arizona—the
heart of the Sonoran Desert (Figure 1). The florisgattnent includes identification keys, brief
descriptions, common names when available in English, Spamdhthe local O’odham language,
local and global distributions, fossil records from packradldens, ethnobotanical information,
natural history notes, and specimen citations. Thikdaghird contribution for this flora and follows
Felger et al. (2013a, 2013b) and includes a brief explanatioormiaf and contents for the species
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accounts for the present and forthcoming treatments. eldwributions are also posted open access
on the website of the University of Arizona Herbarium (ARIZ)
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SPECIES ACCOUNTS - THE FLORA

Plants in this flora are grouped as pteridophytes gfemd lycopods or “ferns and fern
relatives”), gymnosperms (cone-bearing plants), magno(gdsly angiosperms, or early dicots),
eudicots (eudicotyledons, dicotyledons in general), and mon@amisocotyledons). Within these
categories the plants are listed alphabetically byilfjangenus, species, and infraspecific taxa
(subspecies or varieties). The accepted scientific ®ameein bold. The authors of scientific names
are not in bold. Selected synonyms of scientific namegadiczed within brackets [--]. Vernacular,
or common names, follow the scientific names or synonyms &ed wnown or deemed worthwhile
are given in English, Spanish, and the Hia C-ed O’odhaleatjaespectively. The Spanish-language
names are italicized. The O’odham orthography generalligws that of Alvarez and Hale (1970),
with the exception that is substituted fow. In Hia C-ed O'odham speechandw are both used,
depending on context (Gary Nabhan in Felger et al. 1992; Felgal. 2007b). Plant family
designations follow the APG IIl system (Angiosperm Phylogeryu@r Stevens 2011).

All specimens cited are at the University of Arizona bdeium (ARIZ) unless otherwise
indicated by the abbreviations for herbaria at Cabeza Pagianal Wildlife Refuge (CAB), Organ
Pipe Cactus National Monument (ORPI), and the starmEddabbreviations for herbaria (Index
Herbariorum, Thiers 2013). This is a specimen-based flulaath specimens cited have been seen or
verified by Felger or co-authors unless otherwise not8dme records are verified by a scanned
image of a herbarium specimen; others records are nstedcamented by an observation, photo, or
a published report. The date of collection, name of theatoll and collection number are provided,
or if no collection number is provided on the herbarium labeh the specimen is identified by the
date of collection, for exampléjarbison 6 Mar 1937. Additional specimen records can often be
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found in the Southwest Environmental Information Network [&&EI2013), and/or the regional
herbaria including ARIZ, ASU, DES, SD, and the herbati®rgan Pipe Cactus National Monument
(ORPI) and Cabeza Prieta National Wildlife Refuge (GAB cases where more than one collector
is listed on a label, generally only the first collectaré&ame is given. In a few cases the herbarium
accession or identification number follows the herbarium afdtren in order to avoid confusion and
provide additional accuracy.

Area designations are as follov@P = Organ Pipe Cactus National MonumedE = Cabeza
Prieta National Wildlife RefugeTl = Tinajas Altas region. Non-native plants established as
reproducing populations in the flora area are indicated witlstnisk (*), and non-native species or
taxa not established as reproducing populations are markbadiwat asterisks (**). (All ferns,
lycopods, and gymnosperms in the flora area are natiMae) identification keys are for the modern
flora, although some extirpated on not-established non-nativescloted in the keys. The deep
history plant records (fossils) of ones not found in tiedern flora are not included in the keys.
Fossil specimens and taxa known only from the fossil recerchdicated with a dagger symbol ().
The two states of the Baja California Peninsula atediby their formal names, Baja California for
the northern state and Baja California Sur for the southate, sind Baja California Peninsula refers
to both states or in cases where the specific stat isnown.

An effort has been made to use key features (key ckesathat can be readily seen and are as
non-technical as possible. The drawback to such user-fri&egly/ can be loss of precision, since
more technical features such as detailed floral or o#oductive structures can be more reliable
than many vegetative features. But the flora area is extdmsd flowers and fruits, or reproductive
structures are often not available, and even leaves mayei@vailable in times of drought.
Borderline cases will often key out in more than one choikia order to make the keys user
friendly there may be redundancies. The keys, however, cé@entitally user-friendly and 100
percent accurate—for some difficult specimens you sometiniédave to go to more than one
choice in the keys and then look at the descriptions andrdtigis, or even other, more detailed
regional floras (e.g., Felger 2000) or more general flstash as the Vascular Plants of Arizona
(Vascular Plants of Arizona Editorial Committee 1992)e Tepson Manual (Baldwin et al. 2012), the
Flora of North America volumes, etc.

FERNS (PTERIDOPHYTES) AND LYCOPODS (LYCOPHYTES)

Sixteen species of non-seed-bearing vascular plantertieeand lycopods, are known from
the flora area. These plants make up 2 percent of tla¢ floca as compared to 4 percent of the
world flora of vascular plant species. These plantsiregnoist conditions for active growth and
with the exception oMarsilea in the Sonoran Desert they are restricted to rocky plaspecially at
higher elevations and north-facing exposures—places where oftere is shade and extra soil
moisture. These plants often occur in microhabitats dnaamong rock, rock crevices, and ledges that
protect the gametophytes (the small plants of the sexaakplor young plants and rhizomes of adult
plants (sporophytes)Marsilea in a low-lying desert habitat with seasonal flooding, taken on a
desert annual (ephemeral) way of life, which is unusomng pteridophytes.

Pteridophyte species richness correlates with rainfdillersity is highest in the Ajo
Mountains and drops off sharply westward in the more @gibns. All excepMarsilea occur in
Organ Pipe. The Ajo Mountains and other higher rang€&rgan Pipe support 13 species and 5 of
them do not occur elsewhere in the flora area. CabeetaRras only 6 species awidtrolepis
cochisensi@ndCheilanthegarryi are the only ones found in the hyper-arid Tinajas Altasritions.
The two lycophytesSelaginella occur in Organ Pipe and Cabeza Prieta, and $rdgemophilais in
the Tinajas Altas region.
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Desert pteridophytes generally desiccate with dry conditéomts rehydrate with return of
moisture, and therefore are often called “resurrectioantsl or “resurrection ferns,” especially the
arid-inhabiting spike—mosseSdlaginella and cheilanthoid ferns (the Pteridaceae genera in tlee flor
area). The leaflets, leaves, and also the stems icafeof the spike-mosses, curl up and desiccate
during dry times, which is the majority of the time. [Dgrdry conditions you won't see much or any
green surface in these plants, but they quickly unfold weirn of rain. The spike-mosses become
green again and photosynthetic. However, “with the fdhvere is a limit to how long a leaf can
remain desiccated before dying. Most of the time whanse®e dried up ferns before the summer
rains start, their leaves don't revive, but rather new kave produced. It is true that in many cases
one can soak a specimen in water overnight and because wietianical response get a decent
pressing [for a herbarium specimen] the following morning [oretones in a few hours]. However,
those leaves generally are dead and also create a wingeineearound the emergent rhizome tip”
(George Yatskievych, pers. comm. 2013).

“Much of the research on ferns has focused on the abiligametophyte tissues to survive
desiccation (or grow back from just a few cells) and tigh lkconcentrations of solutes that
accumulate in cells during this phenomenon. A wide varietgrof gametophytes are physiologically
adapted to drought tolerance, not just those in desdBsdrgje Yatskievych, pers. comm. 2013).
Many of the xerophytic adaptions are derived from tropiesht(e.g., Watkins et al. 2007). Other
adaptations to xeric conditions include apogamic reproductdugced leaf surface area (e.g., smaller
leaves and leaflets), dense induments of scales, haulsfaasna (waxy coverings), especially on
surfaces remaining exposed during dry times, and inhabitirdlyj\davorable microhabitats such as
north-facing exposures among rocks (e.g., Hevly 1963; NbB&B; Quirk & Chambers 1981,
Rothfels et al. 2008; Sigel et al. 2011).

1. Leaves less than 4 mm long, scale-like and sessile.............ccccciiiiiiiiiiinnns Selaginellaceae
1. Leaves more than 10 mm long, with prominent petioles.

2. Leaves resembling a “4-leaf clover,” with 4 |leafldtagex of petiole .............. Marsileaceae
2. Leaves deeply divided (pinnatifid) or with more than fdes not resembling a clover leaf
........................................................................................................................ Pteridaceae

MARSILEACEAE - Water-clover Family
MARSILEAVESTITA Hooker & Greville
[M. mucronataA. Braun]
Hairy water-clover. Figure 2.

Annuals (ephemerals), apparently non-seasonal in the dl@@ Highly variable in size
depending on quantity and duration of water, those in tra firea known as small, stunted land
forms producing dense tufts of nodes, leaves, and sporodagpses densely hairy, less so with age
and size, resembling a “4-leaf clover” with four closebt, fan-shaped leaflets at the apex of the
petiole. (Submerged aquatic forms, characteristic ahger plants, have not been observed in the
flora area, but presumably would be present; thesearam lbng rhizomes, floating leaves, and are
glabrous). Land forms have functional pulvini that oridet eaflets during the day and cause them
to fold together at night. The sporangia are enclosedtiike, drought-resistant bony sporocarps on
short stalks.

In the flora area known only from Las Playas and atamd in similar large playas in
adjacent northwestern Sonora, where it likewise is annepta or desert annual (Felger 2000). In
these placedMarsilea can be seasonally abundant at the margins of temgqgraois or rivulets in
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Marsilea vestita subsp. vestita

Figure 2. Marsilea vestitavar.vestitaand sporocarp dfl. oligospora lllustration by Linda Ann
Vorobik (Hickman 1993).
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water-logged, muddy, clayish soils. Thasarsileaplants have been observed as emergent from very
shallow water and persisting in the drying mud and wesible for about 6-8 weeks after the water
dried up. No signs of the plants were found during drycsseasMarsilea at Las Playas is often
found beneath or close to mesquite shrubs bordering tlyaspkand in close proximity or with
Eryngium nasturtiifoliumEuphorbia spathulateandTeucrium cubense

Western two-thirds of North America from Canadadntral Mexico.

Marsilea vestitais the only Sonoran Desert terrestrial pteridophyte eofumnctionally
ephemeral and the only one found away from rocky habitats.afiingal habit is also known among
M. vestitafrom south of the Sonoran Desert (eSpnders 9247and among otheaviarsilea species
such asM. ancylopodaA. Braun and\. deflexaA. Braun, which “does not persist as sporophytes
with viable rhizomes through the dry season, but new plastsparduced each wet season by
dehiscence of sporocarps” (Mickel & Smith 2004: 184).

“Marsilea requires an aquatic environment to reproduce via spores.spidnecarps open
when water penetrates their innards to extrude a largéngeis ring of hydrophilous material, to
which the sori are attached. These eventually releas®-nand megaspores and the sperm have to
swim to the egg for fertilization. What's different abbdlarsilea is that the whole process, from
dehiscence of the sporocarp to the emergence of the next genefatporophytes, takes only about
a week. So, there doesn’t need to be water presentriptorey” (George Yatskievych, pers. comm.
2013).

Spores in sporocarps taken from 77-year-old herbarium rspesi of Marsilea vestita
originally collected in California produced viable planésd century-old spores from a herbarium
specimen of the closely relatétl oligosporaGoodding also produced plants (Johnson 1985). Birds
are likely agents of dispersal because the sporocarps survileanaged after passing through the
digestive tract of certain waterfowl that feed on the tslars well as sticking to their muddy feet
(Malone & Proctor 1965).Marsilea shares “many characteristics with those of weedy seadspl
such as long propagule dormancies, self-compatibility, rapaty, and occurrence in early
successional habitats” and “further differs from most fernsin its use of biotic rather than abiotic
dispersal agents” (Johnson 1986: 27).

CP: Las Playas: Under Brosopison the bank of a channel, wiuphorbia spathulataTeucrium
cubensel14 Mar 1993Harlan 366-CB 28 Nov 2001Felger 01-571 Clayish soil with mesquite shrubs, 11 Jan
2002,Felger 02-36

Sonora, Mexico [Municipio] Huatabampo, Rio Mayo region, S of Huatapamon road to
Huatabampito, 26°44’ N, 109°35'W, 49 ft elev., dried pool near roadsideid coastal scrub, uncommon
annual on bed of dried pooal, fertile, 4 Sep 19B8nders 9247{UCR, det. A.R. Smith, Nov 1989).

PTERIDACEAE — Maidenhair Fern Family
Throughout the Sonoran Desert the ferns in this familyesteicted to rocky substrates, such
as among rocks and in crevices on cliffs and canyon wallsaee often referred to as cheilanthoid
ferns. Among the 13 species in the flora area, Ghlgilanthes parryandNotholaena californicare
not known from the Ajo Mountains. These two fern speaiesharacteristic of the driest parts of the
Sonoran Desert, where fern species are indeed few.

Some cheilanthoid ferns are apogamous and of hybrid owofi@n(triploid or tetraploid),
e.g., Argyrochosmaimitanea members of th&€heilanthes lindheimercomplex, andNotholaena
californica.  These ferns are well adapted to relatively dry condit since they do not have
gametophytes that require water for fertilization aad develop new sporophyte plants with viable
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spores under conditions difficult for sexual species. Thasélower surface” or “below” refer to
the abaxial surface of the leaf or leaflet, and the “uppdace” is the adaxial surface.

Native Americans in the Southwest used various cheilantbioid as medicinal herbs and for

medicinal and non-medicinal tea. Moreman (2003) cited 21 fosd2ellaeain the Southwest and
only few uses for other genera.

1. Leaves once pinnate, the blades more than 5 times asdamge, the petioles about 1/8 as long as
(or shorter) than the blade ... e Astrolepis

1. Leaves 2- or 3-times pinnate or deeply pinnatifid, the bledsghan 4 times as long as wide, the
petioles mostly at least half as long as the blade.

2. Leaf blades less than twice as long as wide.

3. Leaf blades conspicuously hairy on both surfaces; nob&# ......................... Bommeria

3. Leaf blades not obviously hairy; conspicuously white-oyell or golden-farinose on the
lower surface (sometimes sparsely so on the upper surfacgips

4. Rhizome (stem) scales with toothed margins; leaf bldiseted into separate small,
bead-like SegMENtS .. ....cooiiiiiii Notholaena californica

4. Rhizome scales with entire margins; leaf blades divict® deeply dissected segments
but these not bead-like.

5. Leaf blades with (3) 5 major segments, these mors®pkmately arranged; lower
leaf surfaces with golden farina (in the flora areaglespread including Ajo Mts.

............................................................................................. Notholaena standleyi
5. Leaf blades usually with 5-10+ major segments, these piyaatanged and

progressively smaller towards the leaf tip; lower leafaces with whitish farina; Ajo
VIS, e e e anaas Pentagramma

2. Leaf blades twice to mostly more than twice as Eswide.

6. Leaves conspicuously scaly and/or hairy ......cc........Cheilanthes(exceptC. wrightii)
6. Leaves not scaly or hairy on the blades or segments{ii$ sometimes with few hairs or
scales).

7. Lower (abaxial) surfaces of leaf segments conspicuaste-farinose Argyrochosma
7. Leaf segments green on both surfaces (although oftenhmow).

8. Rhizome scales uniformly light brown; leaves less thafi3pcm long; ultimate
(distal) leaf segments pinnately lobed and not wholly separat..Cheilanthes wrightii
8. Rhizome scales bicolored—with a narrow, blackisheresttipe and narrow, pale
brown margins; leaves often more than 15 cm long; ultinthséa() leaf segments
completely separate, oval Or OVate ..........ccccccemiiiiiiiiiiiiiii e Pellaea

ARGYROCHOSMA LIMITANEA  (Maxon) Windham subspIMITANEA
[NotholaendimitaneaMaxon varlimitaned
Powdery cloak fern. Figure 3.

Small compact, tufted ferns. Leaf blades broadly tritamguwvate with 4 or 5 pairs of
pinnately arranged major pinnae, bearing numerous smaglinesgs, pale green above and
conspicuously white-farinose below, the leaves otherwider@ls. Sporangia near margins of the
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leaf segments. The white farina is remarkable and uragueng the ferns of the flora area—it is
easily rubbed off and under magnification it looks like powdergw.

Known from the flora by a single record from the Ajo MourgainThe nearest known
population is in the Sand Tank Mountains of the SonorarerDéational Monument (Arrowhead
Mtn, 29 Nov 2003Rutman 20031129-21

Subspeciedimitanea occurs in southeastern California to Utah and New Mesdnd in
Chihuahua and Sonora. Another subspecies occurs in southe@sgema and the Chihuahuan
Desert region to Hidalgo. Both subspecies are asexpiidis, producing spores asexually.

Figure 3A. Argyrochosma limitaneaubsplimitanea A. Sand Tank Mountains, Sonoran Desert National
Monument, Maricopa Co., Arizona, 29 Nov 208&jtman 20031129-2photo by Sue Rutman.
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AR }
Figure 3B. Argyrochosma limitaneaubsplimitanea Lower leaf surface with mature sporangia. Percha B
eastern foothills of Black Range, Sierra Co., New Mexic@ct 2008; photo by Patrick Alexander.

A congener that ranges from New Mexico to WyomiAggyrochosma fendler{Kunze)
Windham, is reported as a remedy for cold sores dfiepulverized and applied to the lips (Robbins
et al. 1916).

OP: Pitahaya Canyon, 3400 Rjchol 23 Feb 19390RPI 1376).

ASTROLEPIS — Star-scaled Cloak-fern

Small to medium-sized densely tufted ferns with shaéging, scaly stems. Leaves linear,
once pinnate, the leaf-axis scaly; leaflets somewhakehad, the upper surfaces with deciduous
stellate to coarsely ciliate or dendritic scalesr{steped or variously coarsely fringed or tree-like),
the lower surfaces densely covered with overlapping ciliairegéd) scales and an underlying layer
of stellate scales. Sporangia arranged along veindeadlat margins and partially hidden by scales.

Southwestern USA to South America and West Indies; @espe

1. Leaves usually 10-20 (28) cm long, 1-1.5 cm wide; leaflets ugi4dllynm long; scales on lower
leaf surface 0.5-0.8 MM IONG. ...oooviiiiiiiiiiiiii Astrolepis cochisensis
1. Leaves often 20-37 cm long, 3—-3.5 cm wide; leaflets usually than 15 mm long; scales on
lower leaf surface 1.6—2.1 MM IONG. ..ccoooviiiiiiiiee Astrolepis sinuata
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Astrolepis cochisensigGoodding) D.M. Benham & Windham
[Notholaenacochisensissoodding. Cheilanthes cochisens{&oodding) Mickel]
Small star-scaled fern. Figure 4.

Rhizome (stem) scales 6—7.5 mm long. Leaves (6) 10—20 (28) xdmnlpgetioles (1.5) 2—
4.5+ cm long. Larger leaflets 4.5-8 mm long, shallowly Iolbgger surfaces dark green with few to
many scales; lower surfaces obscured by dense, overlappimg €c&-0.8 mm long (to 1.0 mm
including cilia at the tip and base), these scales deaterrowly lance-attenuate, brown at middle
with irregularly ciliate-fringed membranous margins.

Widely scattered across the flora region to mountainngtsnamong rocks, especially on
north-facing and/or shaded exposures, and often common ey (calcic) substrates such as caliche
and limestone.

Southwestern USA and the northern two-thirds of Mexico.

=5

',E'.':th LR - i : L

Figure 4A. Astrolepis cochisensisSouth Fork, Alamo Canyon, Ajo Mountains, Organ Rjaetus NM, 26
Mar 2009; photo by Sue Rutman.
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Figure 4B. Astrolepis cochisensisUpper leaf surface. Boynton Canyon, near Sedona irRBekl Secret
Mountain Wilderness Area, Yavapai Co., Arizona, 8 Dec2@Boto by Max Licher (from SEINet).

This fern extends into more arid habitats than dagslepissinuataand is distinguished by
having smaller plants, leaves, and leaflets, and onljost lobed leaflets. The rhizome scales of
both species are similar, but the scales on the lowketlsarfaces are larger & sinuata.

In the Flora of North America, Benham and Windham (1968ygnized three subspecies of
Astrolepiscochisensistwo of which are apogamous and occur in southwesterora including the
flora area: subsgochisensisind subsparizonicaD.M. Benham. The taxa in this polyploid complex
are relatively cryptic morphologically and have been sepdnatimarily based on genetic rather than
morphological differences. In thefteridophytes of MexicaMlickel and Smith (2004) treated the
subspecies of Benham and Windham as cytotypes. “As & twrf) there is more going on with the
complex in terms of past hybridization than even theetsubspecies in FNA can account for. That
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said, the three basic units within what has been ca#ledochisensigio not interbreed (in part
because the two polyploids are apomictic), which is why kiesyatists would want to separate them
at some taxonomic level” (George Yatskievych, pers. comm.,ol@iNber 2012).

Subspeciearizonicais reported as “favoring limestone and other calcarsobstrates” and
subspcochisensiss “favoring granite, quartzite, and other non-calcareabstrates, occasionally
on limestone” (Benham & Windham 1993: 141).

Figure 5A. Astrolepis sinuatasubsp.sinuata South Fork of Alamo Canyon, Ajo Mountains, 28 Feb 2009.
Photo by Sue Rutman.
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Figure 5B. Astrolepis sinuataubsp.sinuata Upper leaf surface. South Fork of Alamo Canyon, 102045;
photo by Sue Rutman.
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OP: Alamo Canyon, 21 Nov 194G ooddingd5541. Quitobaquito Hills, rocky NE slope of granitic
hills, 1200 ft, 18 Mar 1945Darrow 2418 (annotated as subspochisensidy D.M. Benham 1989). Senita
Basin,Beale & Beale 13 Nov 198§©DRPI 6380). Lost Cabin Min&Yirt 24 Nov 199QORPI 14171). 1 mi E of
Senita BasinWirt 26 Feb 1991 W of Bates Well Road, N boundary, upper bedrock portidmafstone hill, 8
Mar 2003,Rutman 2003-265 Middle fork of Alamo Canyon near crestline of Ajosyitt5 Mar 2003Rutman
2003-348(ORPI 15182). Bates Mts near Growler Pass, 7 Mar ZR08nan 2003-2250RPI 15181). Puerto
Blanco Mts, 31 Oct 200&utman 20033103(ORPI 15178).

CP: Scarface Mt, E-facing rocky, limestone slopgthes 20 Mar 1992ASC, annotated: 32 spores
per sporangium (apomictic), mean spore diameter 78.amlames E. Beck, Duke University, 2010; therefore
this would be subsmrizonicg. Childs Mt, 2240 ft, rocky, N-facing slope, basalt witluch calcium carbonate
caliche, 2240 ft, 25 Feb 199elger 93-29

Astrolepis sinuata(Lagasca ex Swartz) D.M. Benham & Windham subspiata
[Cheilanthes sinuatéLagasca ex Swartz) DomimNotholaena sinuatgLagasca ex Swartz) Kaulfuss]
Wavy star-scaled cloak fern. Figure 5.

Rhizome scales narrowly linear-attenuate, mostly 5—7.5 lomg, chestnut brown with
narrow, membranous (whitish), and minutely toothed mar@askening with age). Leaves often
20-37 x 3-3.5+ cm; petioles 2-9+ cm long. Larger leaflets (15) 18—3domgn with 3 or 4
conspicuous lobes on each side; upper surfaces olive-gigefew to many scales; lower surfaces
obscured by dense, overlapping scales, each 1.6-2.1 mm long, naapedyattenuate, brown at
mid-base with white ciliate-fringed broad membranous margins

Larger mountains in Organ Pipe, at least in the Ag Bates Mountains, especially at higher
elevations; abundant above 3200 feet in the Ajo Mountaifiten©n shaded and north-facing slopes.
This species and the cliff brakiedllaea truncataare the largest of the 13 ferns in the flora area.

Subspeciesinuatais an apogamous triploid; Arizona to Texas and Southrismethe Baja
California Peninsula, Georgia, and the West Indies. SulespaexicanaD.M. Benham is a sexually
reproducing diploid occurring in Texas and New Mexico to 2é@merica.

OP: Pitahaya Canyon, 3400 ftjchol 23 Feb 19392 sheets, ORPI 1375 & 1416). Alamo Canyon,
21 Nov 1941 Goodding 462-41 Kino Mt, Hoy Feb 197)(ORPI 4443). Arch Canyon, 900 m, 2 Dec 1990,
Felger 90568 (ORPI 14172). Arch CanyoRutman 14 Aug 199@RPI 14428). Middle fork Alamo Canyon
near crestline, 15 Mar 200Butman 2003-32{ORPI).

BOMMERIAHISPIDA (Mettenius ex Kuhn) Underwood
Copper fern. Figure 6.

Small ferns with creeping stems. Young leaves dauk,gieen, often becoming coppery
with age. Leaf blades conspicuously hairy on both surfaeggagonal in outline, reaching ca. 7 cm
wide, about as long as wide, and divided into 3 major segnesath again deeply dissected almost to
their midribs. Upper (adaxial) surfaces with short,iglahairs; lower surfaces densely covered with
scales and crowded straight as well as coiled, cuitg hesembling wood shavings. Sporangia along
distal leaf veins, especially near the leaf margins.

Higher elevations in the Ajo and Santa Rosa Mountainestlyn in shaded, mesic
microhabitats.
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Figure 6B. Bommeria hispida Upper leaf surface. Pima Canyon, ca. 3800 ft, Santa
Catalina Mountains, Pima Co., Arizona, Jan 2013; photanbyw@rrier.
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Eastward in southern Arizona, southern New Mexico, aeskern Texas, and southward to
Michoacan and Estado México, and in Baja CalifoSe.

OP: Alamo Canyon, 17 Dec 193Blarbison 26314SD). Notch near Santa Rosa Pe&tieenbergh 1
Mar 1962(ORPI 4390). Bull Pasturéloy Feb 197 ORPI 4447). Upper part of south fork of Alamo Canyon
Rutman 7 Mar 19980RPI 14427). Middle fork of Alamo Canyon, near crestthdjo Mts, 3400 ft, 15 Mar
2003,Rutman 2003-3420RPI 15184).

CHEILANTHES — Lip Fern

Small ferns; rhizomes (buried stems) relatively thickl ahort or long, with scales that
darken with age. Leaves mostly 2- or 3-pinnate, hatalyswaxy, or glandular especially on lower
(abaxial) surfaces, or glabrous. Costae (stalks supponigngitinae or clusters of leaf segments) with
or without scales or hairs. Sporangia in sori nealgims of leaf segments or leaflets, the margins
sometimes folded over the sori.

Cheilanthesis the most diverse fern genus in the Sonoran Desednrégge Windham &
Rabe 1993). A complex of several similar-appearing speciesouthwestern North America,
including C. lindheimerj C. wootonij andC. yavapensisare of hybrid origin. These ferns have
bead-like leaf segments and can be challenging to distinguidteilanthes lindheimerand C.
yavapensioccur in the Ajo Mountains and nearby ranges north and &alsé dlora area, and can
form rather extensive local colonies or populations. AnotherMountain species with bead-like
segmentsC. villosg apparently is not closely related to e lindheimericomplex. Cheilanthes
with about 150 species worldwide, is the largest genus ohddgted ferns.

1. Leaves glabrous (or essentially glabrous) ...........ccccooiviiiiiiii e, Cheilanthes wrightii
1. Leaves conspicuously scaly or hairy.

2. Lower leaf surfaces densely hairy, without scalesnate leaf segments not bead-like, the
larger ones 3—5 MM IONG ...oovuiiiiii e Cheilanthes parryi
2. Lower leaf surfaces densely scaly, hairs absenconspicuous; ultimate leaf segments bead-
like, the larger ones not more than 3 mm long.

3. Rhizomes (stems) short, plants growing in discrets;tsfales on the lower leaf surfaces
erose (minutely and shallowly toothed) but not ciliatel{aut marginal hairs)
........................................................................................................ Cheilanthes villosa
3. Rhizomes (stems) forming long runners (long creeping)igfarming mats (unless
confined by rocks); scales on the lower leaf surfadegeciwith marginal hairs), the cilia
poking through to the upper leaf surfaces.

4. Rhizome scales uniformly brown (concolored); upper leahsargrayish or silvery,
appearing densely hairy from a tangled mat of the long;ateli curly cilia of the scales of
the lower leaf surface ...........cccoooiiiiiiieii Cheilanthes lindheimeri
4. Rhizome scales with a dark central stripe or ckatem and paler margins (bicolored);
upper leaf surface green, appearing sparsely hairy frooo#iee cilia of the scales of the
lower leaf surface, which do not form a tangled mat................ Cheilanthes yavapensis
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Figure 7A. Cheilanthes lindheimeriArch Canyon, Ajo Mountains, 16 Sep 2006; photo by Sue Rutma
Cheilanthes lindheimeriHooker
Fairy swords. Figure 7.

Plants usually with long, creeping rhizomes, often forntagse colonies. Rhizome scales
concolored (uniformly brown). Leaf blades mostly lanceoldt¢imes divided, grayish above,
densely tomentose and rusty brown below; costal scalespicoously ciliate, leaf segments bead-
like, covered below (abaxially) with ciliate scales, tii@ ceaching over and enveloping the upper
(adaxial) surfaces, the adaxial surfaces actually glabroweatiethe enveloping cilia from the lower
surfaces. This species is an apogamous triploid of unknorentpge.

Ajo Mountains especially at higher elevations and llpaa the Puerto Blanco and Santa
Rosa Mountains.

Eastward in southern and central Arizona, southern Nesxidd, and western Texas,
southward to Michoacan and Hidalgo, and in Baja Caliéo8ur.

OP: Alamo Canyon, 12 Dec 1938larbison 26234(SD). Top of notch, NW of Santa Rosa Peak,
Steenbergh 1 Mar 196 DRPI 4389). Bull Pasture, 5 Nov 19Bhwers 941ORPI 1600). Alamo Canyon, W
slope of south forkEllarson 8 Mar 1981(ORPI 4491). Arch Canyon, 900 m, 2 Dec 1986lger 90-559
Middle fork of Alamo Canyon, near crestline, 15 Mar 20R@tman 2003-351



Felger, Rutman, Malusa, and Van Devender: Flora of sw Arizona: Ferns, lycopods, and gymnosperms 18

Figure 7B-C.Cheilanthes lindheimeriEstes Canyon, Ajo Mountains, 28 Feb 2009; photos byr8traan.
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Cheilanthes parryi (D.C. Eaton) Domin
[Notholaena parryD.C. Eaton]
Parry’s lip-fern. Figure 8.

Small tufted ferns with short-creeping rhizomes. Leai®s8-15 x 1.8-3.6 cm (fully
expanded); leaf blades oblong-lanceolate, twice pinnate, Igemnselly; leaflets with tangled hairs
obscuring the surfaces and extending beyond the margins, whitish appée (adaxial) surfaces,
and white to brown and denser on the lower surfaces.

o
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Figure 8. Cheilanthes parryi Black Canyon, just N of Black Canyon City, Yavapai,@rizona, 3 Mar 2001;
photo by Max Licher (SEINet).

Mountains westward from the west-central and southwegtart of Organ Pipe, with
specimens and observations documented for the Bates MwintBhis fuzzy little fern is the most
arid-inhabiting fern in the Sonoran Desert.
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Arid and semi-arid regions in western Arizona, southBewvada, southwestern Utah,
southern California, Baja California, and northwestemdéa.

OP: Kino Mt, Hoy Jan 197XORPI 4445). Kino Peak\irt 5 Dec 199QORPI 14177). NW of Kino
Peak, 2000 ft, 20 Mar 200Butman 20050320-3®RPI).

CP: First canyon N of Heart Tank ravingimmons 21 Nov 1964Sheep Mt, NE part of Agua Dulce
Mts, steep N-facing granitic slope, 31 Jan 1992ger 92-7 Tule Mts, 1160 ft, 2 Feb 199Eelger 92-47
Tuseral Tank, 1350 ft, N-facing rocky slopes, 14 Jun 1%@Mjer 92-597 Childs Mt, basalt with much
calcium carbonate caliche, 25 Feb 1988lger 93-41 0.5 mi S of Sunday Pass, 2600-270@#jn 15 Nov
2003

TA: Tinajas Altas, 29 Mar 193Kearney &Harrison 6575 Tinajas Altas, crevices of rock, 18 Apr
1976,Engard 920(DES). Tinajas Altas, above tinaja containifgpha 1500 ft, shady crevices where only
reflected light penetrates, vertical granite faultddd@ 1984,Hodgson 2725DES). Borrego Canyon, 3 Feb
1990,Felger, observation. Vicinity of Raven Tank, Tinajas AltassV29 Mar 2010F-elger, observation.

Cheilanthes villosaDavenport ex Maxon
Hairy lip-fern. Figure 9.

Tufted ferns, not forming long rhizomes; rhizome scaleslbred. Leaves clustered, the
larger leaves often 20—-30 cm long; leaf blades mostly lanee@ator 4-times divided, green to
grayish; costal scales not ciliate or rarely witbr few cilia, the ultimate leaf segments bead-like with
the lower (abaxial) surfaces densely pubescent with whitzssfs—these hairs often tangled and
enveloping the upper (adaxial) surfaces (like thog@.dindheimer) and the upper (adaxial) surfaces
also bearing hairs. An apogamous triploid of unknown pagenta

LS

Figure 9A. Cheilanthes villosa Upper leaf urface. Bear Den Canyon, San Andremlsam, Sierra 'C-':o.,

New Mexico, 24 Apr 2010; photo by Patrick Alexander.
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Figure 9B. Cheilanthes villosa Lower leaf surface. Bear Den Canyon, San Andresnitéins, 24 Apr 2010;
photo by Patrick Alexander.

Higher elevation in the Ajo Mountains. At least somecspens (from the flora area) have
grayish and densely hairy leaves like thos€ olindheimerj but the bicolored rhizome scales, costal
scales not markedly ciliate, and hairs actually attatbetie upper (adaxial) leaf segments serve to
distinguishC. villosa At least sometimes growing together wthyavapensis Cheilanthes villosa
is characteristically found on limestone in much sefringe (Patrick Alexander, pers. comm. 2013).
Although the Ajo Mountains do not have limestone, theresatsstantial areas of calcic or caliche
soils (se€éAstrolepis cochisensis

Arizona to western Texas and adjacent northern Megi&atatecas.

OP: Steep N-facing slope below cliff E of Saddle betwesth/Aand Boulder Canyons, 2947 ft, 26 Oct
2003,Rutman 2003-1026-1Trail from The Cones to Mount Ajo, 4025 ft, 10 Apr 20B8|ger 05-267(ARIZ,
MO, ORPI).

Cheilanthes wrightii Hooker
Wright's lip-fern. Figure 10.

Small rhizomatous ferns. Leaves glabrous (or essgnsia)land mostly lanceolate to ovate,
mostly 5-15+ cm long, delicate and bright to dark green, 2 @) times longer than wide, 2 (3)
times divided. Leaf segments oblong to linear, mostty flad not bead-like.

Ajo Mountains and locally in the Bates Mountains; amoogks and grasses, often on north-
facing slopes and commonly in thick matsSeflaginella
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Figure 10. Cheilanthes wrightii Pima Canyon, Santa Catalina Mts, Pima Co., ca. 320arf 2013;
photo by Jim Verrier.

Eastward in southern and central Arizona to west Teaad, Sonora to Coahuila and
Durango, and Baja California Sur.

OP: Ajo Mts, Goodding 21 Nov 194(ASU). Bates Mts, 31 Oct 1948|lark 11153(ORPI 1378).
Ajo Mts, E side,Hoy Feb 1971(ORPI 4448). Above Pitahaya Canyon, 2500 ft, 16 Jan 12hiips 76-8
Bull Pasture Trail, 5 Nov 197Bowers 95QORPI 1602). Alamo Canyon, 2800 ft, 28 Jan 1®Bt8yers 1003
Arch Canyon, 900 m, 2 Dec 199%%¢lger 90-567 Middle fork of Alamo Canyon, near crestline of AjodiL5
Mar 2003,Rutman 2003-355Bull Pasture, 10 Apr 2005¢lger 05-203

Cheilanthes yavapensig. Reeves ex Windham
Yavapai lip-fern. Figure 11.

Small ferns with slender creeping rhizomes; rhizomeeschicolored. Leaves often close
together but not conspicuously clustered. Leaf blades mdstipglanceolate, 4-times divided into
many bead-like segments; upper (adaxial) leaf surfaces gred sparsely pubescent; lower (abaxial)
leaf blades whitish when young, becoming brownish with age, demdely covered with ciliate
scales. This species is an apogamous tetraploid.

Ajo Mountains mostly at higher elevations to the cnestlioften growing witfCheilanthes
lindheimeri

East and northeast in Arizona to western Texas, bothsst#teBaja California, and
presumably in northern Sonora. This fern is an apogatetraploid of hybrid origin.
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Figure 11A-C. Cheilanthes yavapensig\bove Bull Pasture, 10 Apr 2005; photos by Sue
Rutman. A. Habit. B. Lower leaf surface. C. Uppef semface.
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OP: Alamo Canyon: 3000-3800 ft, 31 Mar 19&uld & Darrow 3863 2800 ft, 29 Jan 1978,
Bowers 1004ORPI 1601). Above Pitahaya Canyon, 3200 ft, 16 Jan Fhibips 76-6 Arch Canyon, 900 m,
desertscrub with lowermostuquelinia 2 Dec 1990Felger 90-5594ARI1Z, MO). Middle fork of Alamo
Canyon near crestline of Ajo Mts, 15 Mar 2088itman 2003-34@0RPI 15191). Steep N-facing slope below
cliff E of Saddle between Arch and Boulder Canyons, 294%6fOct 2003Rutman 2003-1026-32Trail from
Bull Pasture to crestline, base and N side of Thee§dB565 ft, 10 Apr 200%5elger 05-243ARIZ, ASU, MO,
ORPI, UC, SD). Trail from Bull Pasture to crestliadove The Cones, 3940 ft, 10 Apr 20B8lger 05-256
(ARIZ, ASU, MO, ORPI).

NOTHOLAENA —Cloak Fern

Plants often similar tcCheilanthes. Lower leaf surfaces with white or yellow farina
(glandular exudate). Sporangia in more or less continuous lmambbaflet margins, the unmodified
leaflet margins recurved and partially covering the sporangia

1. Rhizome scales with toothed margins; leaves divided eéparate small segments
............................................................................................................ Notholaena californica

1. Rhizomes scales with the margins entire to slighilyged but not toothed; leaves deeply dissected
but not divided into separate Segments. .........ccoocceeriiiiiiiiei e Notholaena standleyi

Notholaena californicaD.C. Eaton subsgalifornica
[CheilantheglesertiMickel]
California cloak-fern. Figure 12.

Small tufted ferns or with very short rhizomes. Rhieostales dark red-brown, with
membranous (translucent) to orange-brown and toothed matigensenter becoming blackish with
age. Petioles (2.5) 4-12.5 cm long, dark brown. Leaf bladesytiiar-ovate to pentagonal, 2-5.5 x
1.5-4.8 cm, 3- or 4-times divided, with small separate bikadskegments; upper surfaces bright
green to olive-green, dotted with small yellowish glanks,|ower surfaces often obscured by pale to
bright golden yellow glandular exudate (farina). Apogamous.

Widespread and common across Cabeza Prieta, in the Tiltgass Mountains, and the
southwestern part of Organ Pipe. Among rocks in moungaidshills, mostly on north-facing slopes.

This species occurs in southern California to the CapgioReof Baja California Sur,
southwestern Arizona, and northwestern Sonora. A secametyacharacterized by white farina,
does not occur in Arizona. This species &iilanthes parryare the most arid-inhabiting ferns in
the Sonoran Desert.

OP: Quitobaquito, N-facing rocky slope, 29 Mar 1988|ger 88-135

CP: Tule Tank,Wiggins 26 Mar1932. 7 mi E of Papago Wells, 15 Mar 19B&rbison 16858 SD).
Bassarisc Tank, 1400 ft, under rocksnmons 11 Jan 1963Agua Dulce Pass, 1600 §jmmons 4 Mar 1964
(CAB). Christmas Pass, Cabeza Prieta Mts, 110fft,Devender 9 Mar 1980Buckhorn Tank, Cabeza Prieta
Mts, 14 Jun 199Zelger 92-600Childs Mt, rare, 5 Mar 199&elger 94-14

TA: Tinajas Altas, 6 Mar 193 Harbison 16826SD). Tinajas Atlas Mts, N side below peak, 26 Oct
2004, Felger (observation). Tinajas Altas Mts, Surveyors Canyon, 380 m, rock ceevin N-facing steep
slopes, 29 March 2016glger 10-204
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Flgure 12. Notholaena caI|forn|ca;ubspcallforn|ca thobaquno H|IIs Organ Plpe Cactus NM, 4 Feb 2005;
photo by Sue Rutman.

Notholaena standleyiMaxon
[Cheilanthes standleyMaxon) Mickel]
Star cloak-fern. Figure 13.

Small tufted ferns. Rhizome scales with a dark reavhrcenter, the margins membranous to
orange-brown and entire to slightly ragged, the center begdotackish with age. Petioles (3) 5-13
cm long, dark brown. Leaf blades pentagonal in outline, @a7wvide, about as long or slightly
longer than wide, divided into (3) 5 major, deeply cleft pianginnae or segments; upper surfaces
olive-green, the lower surfaces often obscured by golden yé&diina.

Flgure 13A. Notholaena sandley|Ch|Ids latite i |n Chuckwalla H|IIs Organ Pipe CacNM 23 Feb 2009;
photo by Sue Rutman.
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Figure 13B. Notholaena standleyiEstes Canyon, Ajo Mountains, 16 Mar 2008; photo by Sumé&n.

Southern and central Arizona to Texas, Oklahoma, and &twpboth states of Baja California,
and northern Mexico to Sinaloa and Tamaulipas to Oaxate. Sonoran Desert plants are usually
smaller than those in more mesic regions. Probably kdiplaids.
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Seigler and Wollenweber (1983) found three geographic cheraivas of this species. Those
in the flora area belong to the western “golden race,” kedchecause of the golden-colored exudate
or farina on the lower surface of the leaf blades.

Widespread in hills and mountains to their summitesecOrgan Pipe and Cabeza Prieta except
the western portion. This is the most common and widetsitalised fern in the flora area.

OP: Pitahaya CanyoniNichol 23 Feb 1939 Quitobaquito Hills, 17 Mar 194%arrow 2421
Dripping Springs, Puerto Blanco Mts, 18 Mar 198&;row 2441 Kino Mt, Hoy Jan 197XORPI 4446). East
Loop, 3.3 mi from Rte 87 [Hwy 85], rock crevices of butte, 24 11672,Pinkava 9966DES). Montezuma'’s
Head, 2500 ft, 16 Jan 197hillips 76-11 Senita Basin, 6 Dec 1978pdgson H-204 Alamo Canyon, 14 Mar
1981, Yatskievych 81-92Arch Canyon, 900 m, 2 Dec 19%&Iger 90-544ORPI 14176). E end Growler Mts,
7 Mar 2003 Rutman 2003-2470RPI 15194). W side and base of Sierra Santa Rosa, 12 MarF20& 03-
326, Puerto Blanco Mts, 1733 ft, 14 Mar 20@uytman 2003-3090RPI 15192.). Middle fork of Alamo
Canyon, near crestline, 15 Mar 20G3),tman 2003-347 Bull Pasture, 10 Apr 200%elger 05-205(ORPI
15895).

CP: Vicinity Agua Dulce Pass and Agua Dulce Tank, 2080 ft, 131.9@2,Felger 92-575 Sheep Mt,
31 Jan 1992elger 92-6 Childs Mt, 2240 ft, 9 Apr 199Felger 93-272

PELLAEA TRUNCATA Goodding
Spiny cliff-brake. Figure 14.

Tufted ferns with short, thick rhizomes. Leaves glabrtusa. 40 cm long but usually much
shorter in Organ Pipe, the blades triangular in outlinen2gt divided; leafstalks dark brown or black
and shiny; leaflets (leaf segments) small, firm, nwoasy separate, short-stalked, bright green when
young, becoming bluish gray with age, and minutely acuminaéaf segment becoming folded or
grooved when dry; margins inrolled, forming false indusia.

1 - %-1

Figure 14A. Pellaea truncata Habit. Middle Fork, Alamo Canyon, Ajo Mountains, Bar 2005; photo by
Sue Rutman.

i
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Figure 14B. Pellaea truncata Lower surface. Estes Canyon, Ajo Mountains, 28 Fe@9; photo by Sue
Rutman.

Common among rocks and in crevices; Ajo Mountains, edpeoiranorth-facing slopes and
at higher elevations, and locally in the Bates and P@atoco Mountains. This species and the star-
scaled cloak-fernAstrolepis sinuatpare the largest ferns in the flora area.

Southeastern California and western and southern Arizohdtath, Colorado, and western
Texas, both states of Baja California, Sonora, and Chifaua

OP: Ajo Mts, Sierra del Alamos\lichol 16 May 1937 Dripping Springs, Puerto Blanco Mts, N slope
of volcanic hill, 18 Mar 1945Darrow 2439, Gould, & Haskell Arch CanyonJackson? 14 Jan 196®RPI
4539). Kino Mt,Hoy Jan 197X ORPI 4444). W slopes of Montezuma'’s Head, 3150 ft, 16 Jan Poinbps
76-7. Bull Pasture, 5 Nov 197Bowers 940(ORPI 1598). Bull Pasture Trail, 2800 ft, 9 May 19B8wers
1701 Alamo Canyon, S-slope of South FoEd|arson 8 Mar 1981(ORPI 4489). Dripping Springs, near
springs, 6 Mar 198&inkava 14363 ASU, ORPI 9777). Arch Canyon, 900 m, Dec 2 199¢iger 90-516
(ORPI 14180). Middle fork of Alamo Canyon, near crestlit® Mar 2003Rutman 2003-3240RPI 15199).
Saddle between Arch and Boulder Canyons, 2335 ft, 26 Oct Rd@fian 20031026-2@0RPI 15196). N of
Pinkley Peak, 2335 ft, 31 Oct 20@3,;tman 20031031-3DRPI 15195).
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PENTAGRAMMA TRIANGULARIS  (Kaulfuss) Yatskievych, Windham & E. Wollenweber subsp.
MAXONII (Weatherby) Yatskievych, Windham & E. Wollenweber

[Pityrogrammatriangularis (Kaulfuss) Maxon vamaxoniiWeatherby]

Goldback fern. Figure 15.

Small tufted ferns with short-creeping rhizomes. dpedi glabrous, 8-26 cm long. Leaf
blades 5-12 cm long, somewhat triangular or pentagonal in owloet as wide as long, soft and
thin (especially compared to other ferns in the flora ar@ad pinnatifid; pinnae (leaf segments)
lobed, pale green above with golden, bead-like glands, anghvfarinose below.

Common in shaded canyons, cliff bases, and north-facipgsia the Ajo Mountains.

This subspecies occurs eastward and northward in sougimerrcentral Arizona, and in
southeastern California, southwestern New Mexico, Eagéifornia, and northern Sonora. Three
other subspecies range from British Columbia to Baja @al.

OP: Pitahaya CanyoriNichol 23 Feb 1939 Bull Pasture Trail, 5 Nov 197'Bowers 930 Arch
Canyon, 900 m, 2 Dec 199%kelger90-514 Crestline of Ajo Mts, middle fork of Alamo Canyabs Mar 2003,
Rutman 2003-355

[

e |
Figure 15A. Pentagramma triangularisar. maxonii Estes Canyon, Ajo Mountains, 28 Feb 2005; photo by
Sue Rutman.
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Figure 15B. Pentagramma triangularisar. maxonii Bull Pasture Trail, Ajo Mountains, 6 Apr

2010; photo by Sue Rutman.
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SELAGINELLACEAE - Spike—moss Family
SELAGINELLA — Spike-mossflor de piedra

The two spike-moss species in the flora area are theooely that truly extend into the core
of the Sonoran Desert. These species are low, creplaints forming dense mats, often 1-3 cm tall,
sometimes to 5+ cm in shaded areas, firm and wiry wheradd visibly green only during the brief
wet periods. The stem tips and leaves curl inward duripgveather and rapidly unfold when wet;
even dry, dead plants open when wet. Leaves dimorphic orappgaring densely and spirally
arranged, the base abruptly adnate to the stem, the midveimpnbran the abaxial (lower or outer)
side and extended into a deciduous awn-like or hair-like apger(data), the margins ciliate, the tip
sharply pointed; and with a minute ligule at the base oatltaial (upper) side of the leaf blade; leaf
surfaces minutely striated. Leaves of the adaxial (upgierh side lanceolate, green to yellowish
green when hydrated, the base abruptly adnate to the stemdifearing in color from the stem.
Leaves of the abaxial (lower) stem side at first greetherupturned stems tips, becoming gray to
brown as the stems become prostrate; leaf base abrup#jeadnthe stem and with age similar in
color to the stem. Strobili (when present) solitary antinaips, 4-sided, the sporophylls different
from the vegetative leaves and without a terminal seBeladinelladescriptions based largely on
Yatskievych & Windham 2009 and the specimens cited here.)

Anthony Ernest-Fiorentino Baniaga of the University dizdna (abaniaga@email.arizona.edu)
is currently studying the genus in southwestern Arizona anddea the following summary:

This genus is composed of more than 700 species with aopoltan distribution and
concentration of species diversity in the tropics. Tiawmhlly, the genus has been organized
into subgenera based on shared morphological characteiswever, recent molecular
evidence indicates that several of these phenetic grougiegartificial and do not accurately
portray evolutionary relationships (Korrall & Kenriclo@, 2004), indicating an interesting
history of convergent phenotypic evolution.

The two spike-moss species in the flora argagfizonicaand S. eremophila
belong to subgenugetragonostachys This subgenus represents a clade of about 50 species
with a center of diversity in the southwestern dissand semi-arid regions of North America
(Tryon 1955; Valdespino 1993). These taxa are characterizegspbglly arranged
monomorphic and dimorphic microphylls, four-ranked sporophylls t@gresence of dorsal
rhizophores (Korrall & Kenrick 2002). Additionally, a spectrofimorphological adaptations
to xeric habitats is found in these species. These raogerfiicrophyll orientation to reduce
exposure to direct sunlight, to “resurrection” phenotypesrevistems curl inward when dry,
remain dormant for an extended period, and unfurl upon thaleof rains. BothS. arizonica
andS. eremophilgossess the resurrection phenotype.

Selaginella arizonicandS. eremophilaare also closely related but they inhabit
different ecological niches that correspond with terpee and precipitation gradients
(Arrigo et al. 2013). Selaginella arizonicg600—2000 m) is found from central Arizona to
northern Mexico with disjunct populations found in west Teaad adjacent New Mexico.
Selaginella eremophil§130—-1000 m) has a narrower range, endemic to the Sonoran;Deser
southern California, southern Arizona, and northwest Mexico imduBlaja California. These
plants are generally locally abundant on north to eastdaslopes, and occupy rocky outcrops
to gravelly areas on igneous, volcanic, and at times sedimentatyaseths

In the flora area in southwestern Arizona, hybrids betwbee two species are
found in the desert mountains in the transition zone fromLthweer Colorado Valley to
Arizona Upland (Shreve 1951) roughly corresponding to Highway 85 thr@rgan Pipe



Felger, Rutman, Malusa, and Van Devender: Flora of sw Arizona: Ferns, lycopods, and gymnosperms 32

National Monument and the vicinity of Ajo. Hybrids genbrapossess intermediate
morphological characters to both parents including micropimg setae shape (Yatskievych &
Windham 2009). Interestingly, several different hybrid popoteti have been observed.
These include hybrids with one or both parents as wdiybsds with neither of the parents.
Correspondingly, considerable variation has been observedbiid Hertility. Hybrids are
found with abortive megaspores as well as populations agigiarently fertile spores that are
larger than both of the parents, indicative of cryptic seeia diploid hybrid or allopolyploid
speciation (Therrien 1996). Further field and moleculakvimmwarranted to characterize the
hybrid zone and to investigate patterns of chromosomal timoas well as to understand the
content, function, and network connectivity of genes experiencitiggression. Current
investigations regarding the relative contributions atptal taxa to the hybrid transcriptome
are ongoing for homoploid hybrid and allotetraploid populations found ihythed zone.

1. Bristle at leaf tip straight, firm, thickish, and gistent or breaking off above a persistent base

............................................................................................................... Selaginella arizonica
1. Bristle at leaf tip squiggly, slender, and quickly deciddoms the base (look for bristles among
NEWESE GrOWEN) ... eee e e e e eeenens Selaginella eremophila

Selaginella arizonicaMaxon
Arizona spike-moss. Figures 16 & 18.

Plants rooting along prostrate to semi-prostrate stémasnats close to the ground, mostly 1—
3 cm tall, sometimes to 5+ cm in shaded areas. Leavesptio, the upper stem leaves somewhat
smaller than the lower stems leaves. Leaf margins niynsgerate; leaf tips with a straight stiff and
deciduous bristle (seta), this bristle often bent {atbase) downward from the leaf blade; ligule
minute but larger than oBelaginella eremophilaUpper (adaxial) stem leaves 0.6—2.2 mm long (not
including the bristle tip), lanceolate with a truncateebalLower (abaxial) stem leaves lanceolate.

Figure 16. Selaginella arizonica Ajo Mountains, 28 Feb 2009; photo by Sue Rutman.



Felger, Rutman, Malusa, and Van Devender: Flora of sw Arizona: Ferns, lycopods, and gymnosperms 33

Widespread in the Ajo Mountains and rocky slopes and tams elsewhere in the
Monument. In Cabeza Prieta known only from granitic §apeghe Agua Dulce Mountains where it
is locally abundant from near the base to peak elevatidheonorth side of the mountain. It was in
the Ajo Mountains 1200 years ago.

Southern and central Arizona to Texas, Sonora, BajéoGaé, and Chihuahua.

OP: Alamo Canyon, N side of cliff, 17 Apr 195Zottam 12891(mixed collection withS.
eremophild. Bull Pasture Trail, about 3000 Bezy 25 Oct 1964Alamo Canyon, 16 Feb 197Bpwers 1561
(ORPI 1599). Bird’s Eye Point, Ajo Mtn DrivBeal & Beale 6 Mar 19880RPI 6368). Arch Canyon, 900 m,
2 Dec 1990Felger 90-566(0ORPI 14204). Puerto Blanco MiRutman 8 Mar 200ZORPI 15205). Alamo
Canyon, 29 Mar 2003elger 03-410 Bull Pasture Trail, 3500 ft, 10 Apr 200bglger 05-198 tAlamo
Canyon, stems, leaves, 1150 ybp.

CP: Sheep Peak, NE part of Agua Dulce Mts, 31 Jan 19925 .seeemophilaFelger 928 (mixed
collection withS. eremophila Agua Dulce Mts, near base of mountain, canyon below Aguee Pass, N-
facing granitic slope, locally abundant among rocks, 14203 Jun 1992Felger 92-578(2 sheets: ARIZ
301788; ARIZ 302117, possible hybrid with eremophila

Selaginella eremophilaMaxon
Desert spike-moss. Figures 17 & 18.

Plants resemblin@elaginella arizonicabut with a different leaf-tip bristle (seta) and the
leaves tend to be smaller, and the minute ligule is evatiesmLeaves lanceolate, dimorphic or not.
“The tortuous, delicate, and early deciduous setae isesficies off from all others. The setae are
attached only on the young leaves in the apical bud and are@wspicuous that they had been
overlooked until C. Weatherby noted them in 1943” (Tryon 1955: S0je setae tend to break off
even more readily when the plants have been dried andratégd

Figure 17. Selaginella eremophilaHill near Sheep Mountain along Camino del
Diablo, 1700 ft, Cabeza Prieta NWR, 21 Mar 19v8son 3371 & Yatskievych
(MO); photo by Ann Larson, Missouri Botanical Garden (alsown in
Yatskievych & Windham 2009).
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F G H | J

Figure 18. Selaginella arizonicandS. eremophila Top row S. arizonica N side of Hat Mountain, Barry M.
Goldwater Range, Maricopa Co., 10 Mar 200&8lger 03-207 A. Young leaf from upper (adaxial) side of the
stem; lower (abaxial) suface. B. Upper (adaxial) serfaote ligule at base of blade and decurrent leaf base
C. Lateral view shows the somewhat fleshy leaf.Y@ing leaf from lower (abaxial) side of the stem; upper
(adaxial) surface; note ligule at base of blade andrdett leaf base. E. Lower (abaxial) suface. Bottom

S. eremophila Tinajas Altas Moutaing;elger 92-619.F. Young leaf from upper (adaxial) side of the stem;
lower (abaxial) suface. G. Upper (adaxial) surfacee tigule at base of leaf blase. H. Young leaf fromdr
(abaxial) side of the stem, lateral view, showssibreewhat fleshy leaf; most of the fragile setaliraken off.

I. Lower (abaxial) suface. J. Upper (adaxial) surfdtastration by Margaret Pope.
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Granitic, north-facing slopes in the Tinajas Altasuvitains and many or perhaps all ranges
in Cabeza Prieta, especially at higher elevations, exbepeastern margin where it is replaced by
Selaginella arizonica In Organ Pipe on mostly north-facing slopes, esgigagranitic slopes in the
western half of the Monument. An exceptional enigmatitecobn from the Ajo MountaingJottam
12891 seems to be a mixed collection with arizonica Another possibility is that the Cottam
specimen and many from Cabeza Prieta might be hybrids (Yatski& Windham 2009).

Spike-moss is surprisingly scarce in the vicinity of theajas Altas waterholes, which is
likely a result of grazing by desert bighorn that frequbetwaterholes. Tim Reeves, an expert on
desert ferns, made the following entry in his field notebimoki2 February 1977, at Tinajas Altas:
“All ferns [the three species] green and healthy. Sugdesiy recent rain. Area searched for
Selaginella eremophilanone seen, various good habitat [for it].” It is, howef@ind elsewhere in
the Tinajas Altas Mountains, mostly in small, lozai areas and quite common on north-facing
slopes near the road through Tinajas Altas Passearparhaps not frequented by desert bighorn.

Selaginella eremophil#és the most arid-inhabiting spike-moss in North Ameiacal one of
the few pteridophytes endemic to the Sonoran Desert. Souénweand central Arizona,
northwestern Sonora, southeastern California, and Bédija@Ga.

OP: Alamo Canyon, N side of cliff, 2500 ft, 17 Apr 19%2pttam 12891(mixed collection withS.
arizonicg. Quitobaquito, granitic hill, 29 Mar 198Belger 88-113 E end of Growler Mts, base of NE-facing
tuff cliff, ca. 2000 ft,Rutman 7 Mar 2003

CP: Hill near Sheep Mtn along Camino del Diablo, 1700 ftiM&t 1979,Mason 3371 & Yatskievych
(MO). Ca. 6 mi. NW of Tule Well, 6 Apr 1978ghto L-23548ASU). SW of Buckhorn Tank, one patch on
steep N-facing slope, 32°13'54”N, 113°48'30"W, 1230 ft, 20 Mar 18&ichenbacher 921Sheep Peak, NE
part of Agua Dulce Mts, 1974 ft at summit, steep N-facing slopg@mon in open, non-vegetated areas, 31 Jan
1992, Felger 928 (mixed collection wittsS. arizonicg Eagle Tank, Pinta Mts, 1400 ft, abundant on N-facing
slopes, 13 Jun 199Belger 92-585 Canyon S of Heart Tank, Sierra Pinta, 14 Jun 1B8Rer 92-594ASU).

TA: 0.8 mi SE of Tinajas Altas camping area on Caminddhlo, steep N-facing slope S of road,
32°17°'38"N, 114°2’35"W, 1360 ft, a patch, 3010 m,Reichenbacher & S.F. Hale 28 Mar 1985E side of
Tinajas Altas Mts, ca. 2 mi SE of Tinajas Altas, 32°18&4°02'W, 1300 ft, dense, locally extensive mats, not
seen elsewhere, 16 Jun 19%2|ger 92-619 Tinajas Altas Canyon, among rocks, ca. 0.7 km SW of upper
tinaja, 1800 ft, shaded niche at canyon bottom, localizetsgen elsewhere in vicinity), 19 Mar 1988|ger,
observation.

GYMNOSPERMS

Two unrelated families of cone-bearing plants occuthen modern flora of southwestern
Arizona and the Pinaceae is represented in the Iceldige f

1. Large shrubs or small trees; twigs covered withigterst, alternate, green scale leaves, the

internodes very short, not readily Visible ... Cupressaceae
1. Shrubs; twigs bare with deciduous or semi-persistpppte, brown scale leaves between long
0= Lo =PRI Ephedraceae

CUPRESSACEAE - Redwood or Cypress Family
JUNIPERUS — Juniper
Leaves scale-like or slender and pointed (subulate). Poleseed cones on separate trees,
exceptluniperus osteosperméeed cones semi-fleshy and berry-like, the cone sealeseparating.
Four species are known for flora area by fossils and oneespsccommon today in the higher
mountains in Organ Pipe.
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Figure 19A. Juniperus arizonicaAjo Mountains, 20 June 2006. Photo by Howard Morris, all rigkgerved,
uploaded 1 Feb 2013, from www.flickr.com/photos/8985381@N02/.

tJuniperus arizonicaR.P. Adams

[J. coahuilensigMartinez) Gaussen ex R.P. Adams eaizonicaR.P. Adams.J. erythrocarpaCory,
in part]

Arizona juniper;huatg tascate Figure 19.

Large shrubs to small trees with thick, sometimesgurfar trunks, often branching from near
the base. Bark grayish and longitudinally shredding in lagged strips. Twigs with pointed scale
leaves. Pollen and seed cones on separate plants. Seed@wopdike, rounded, 6-7 mm wide,
reddish orange beneath a rosy-glaucous surface, seedset (®np, and maturing in one year. The
“berry” pulp is soft, juicy, relatively sweet and edibleollen shed December to February. The seed-
cone coloration and sweet-tasting flesh are distinctivengnunipers of southwestern USA.

Ajo Mountains, higher elevations to the peak and extendmgndinto larger riparian
canyons sometimes as low as 2500 ft (760 m) in Alamo Canyon)ssmohahe Pinkley Peak area in
the Puerto Blanco Mountains. In the Puerto Blanco Monsitand at the lower-elevation limits in the
Ajo Mountains it often grows hidden among large rock @ewviin shady places. In December 1990
Marc Baker and Richard found a gnarled tree in the umgzathes of Arch Canyorr¢lger 90-508
that had extensive die-back and subsequent recovery. ré@denad fallen years earlier and was
reclining and about 10 m long with a thick trunk and one livip sfrbark. Junipers are common in
open, exposed areas along the Ajo Mountain crest.udh places they tend to be large shrubs or
compact, small trees. These junipers are often fouadigg with many desert species such as
ocotillo (Fouquieria splendens buckhorn cholla Qylindropuntia acanthocarpa and jojoba
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(Simmondsia chinengjsand especially at higher elevations also in the compihyrgentine bush
(Ericameria laricifolia), California rosewood Mauquelinia californicy and scrub oakQuercus
turbinelld).

The nearest populations are small, isolated groups afed@remore plants near the summits
of the Sand Tank, Javelina, and Table Top Mountains aniddpa and Pinal CountiesJuniperus
arizonica occurs in grassland—oak-juniper woodland ecotone in Arizeoathwest New Mexico,
northeast Sonora, and northwest Chihuahua.

Figure 19B. Juniperus arizonicaMiddle Fork of Alamo Canyon, Ajo Mountains, 26 Mar 20p&pto by Sue
Rutman.
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This species is the modern juniper and this juniper dosely related one seems to have
migrated into the region at the end of the late Wisconsirdandg the early Holocene, as the Utah
and Rocky Mountain junipers disappeared. The Arizona popusati@re known asluniperus
monospermdEngelmann) Sargent and later Jaserythrocarpa,and most recently a% arizonica
Juniperus arizonica, J. coahuilensid pinchotii Sudworth {. erythrocarpd, andJ. monosperma
sensu stricto form a complex of related 1-seeded junipdte southwestern USA and northern and
central Mexico.

In his detailed work on junipers, Adams (1994) recognized pharthe more broadly
interpretedJuniperus coahuilensias the distinct specieks arizonica In addition to the cone color
and apparent different time of coning, Adams (1994) distihgalid. arizonicaas having statistically
fewer conspicuous resin glands on the scale leaves andd34sidechlets (formed by the scale
leaves), whilel. monospermaas more resin glands and 4-sided branchlets (Adams2€i04).

The herbage, bark, seed and pollen cones of a broadlpretestJuniperus monosperma
were widely used medicinally by Southwest Native Americams the seeds cones ("berries”) were
sometimes prepared as seasoning and a minor food (Mo288ah

OP: Alamo Canyon, 17 Dec 193Barbison 26263SD). Spring CanyorBean & Fouts 10 Feb 1950
(ORPI). W slopes of Montezuma Head above Pitahaya Cafgodan 1976&Phillips 76-5 Arch Canyon, N-
facing slopes below W side of the arch, witiuquelinia, Rhamnu®odonaea900 m, 2 Dec 199Felger 90-
508 NNE of Pinkley Peak, Puerto Blanco Mts, 32.006222, -112.8545% ft, ridgeline of high-angle
bedrock tuff with low plant cove)odonaea 31 Oct 2003Rutman 20031031-18 fAlamo Canyon, twigs,
seeds, 1150 to 9570 ybp (4 samples).

tJuniperus californica Carriere
California juniper
Shrubs or small trees; easy to recognize by its largedyseeds.

This was the common low-elevation juniper in southwesterizoAa during the late
Wisconsin age. It grew in the flora area from about 900@dce than 37,000 years ago. The early
Holocene and Late Wisconsin age records from the Butler tdmsnat 240 m are the lowest
elevation records for any juniper in the Sonoran Deggibn. The nearest present-day population
occurs at higher elevations in northwestern Arizona wheres idisjunct from the primarily
distribution along the Pacific side of California and mountainsorthern Baja California.

OP: tAlamo Canyon, twigs, seeds, 9570 to 29,110 ybp (3 samples)toMianco Mts, on ridge,
twigs, seeds, 9070 to 14,100 ybp (3 samples).

TA: tButler Mts, twigs, seeds, 10,360 to 11,250 ybp (3 samplerpjal Altas, twigs, seeds, 8970 to
18,700 ybp (14 samples), & >37,000 ybp.

tJuniperus cf. osteospermgTorrey) Little
Utah juniper
Shrubs or small trees. The seeds are large but siiallethose afuniperus californica

This juniper grew in the Ajo Mountains during the Wisdomsge. The nearest present-day
Utah juniper population occurs north of the Mogollon Rim in nertiieizona.

Utah juniper ranges from California to Montana and M&sxico.

OP: tAlamo Canyon, twigs, seeds, 32,000 ybp. Montezuma’s Hedgk,tseeds, 13,500 to 21,840
ybp (4 samples).
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tJuniperus scopulorumSargent
Rocky Mountain juniper

Small to medium-sized or even large trees, mosthy witndulous branches and notably
slender twigs, small scale leaves, and small, dark-etleeed cones.

It is documented from the Ajo Mountains 13,500 to 32,000 yegosand is probably one of
the most mesic Ice Age woodland species in the flora drkea.nearest present-day population occurs
along the Mogollon Rim. It is the most mesic-inhabiting geniin the Southwest, often growing in
moist canyons.

Widespread in western North America from Canada ttheomn Mexico in eastern Sonora,
western Chihuahua, and Coahuila.

OP: tAlamo Canyon, twigs, 14,500 to 32,000 ybp (3 samples). Momtas Headfwigs, 13,500 to
21,840 ybp (4 samples).

EPHEDRACEAE — Joint-fir Family
EPHEDRA — Joint-fir
Shrubs with green twigs and brownish scales leavese Mwal female cones on different

plants.

1. Scale leaves 2 at each node, soon deciduous; widespread................c........ Ephedra aspera
1. Scale leaves 3 at each node, relatively persistent; dadesand soils near the western margin of
(1T 1[0] = = 1= Ephedra trifurca

Ephedra asperaEngelmann ex S. Watson

[E. fasciculataA. Nelson. E. nevadensisS. Watson varaspera(Engelmann ex S. Watson) L.D.
Benson]

Boundary ephedra, Mormon tezgnutillo; ku'ukpalk. Figure 20.

Woody shrubs usually less than 1 m tall, often with shbitk trunks and lower limbs;
probably long-lived. Twig color may vary among different pdaftom yellow-green to glaucous
blue-green. Leaves scale-like, 2 per node, soon fraying andudas. Seed cones with 1 seed,
ripening usually in April. Pollen produced in March.

Widespread on hills and mountains across the flora afem to the peaks, and sometimes
on upper bajadas and washes near mountains.

Widespread in southern Arizona. Southeastern Califaonldtah and western Texas, Baja
California, and northern Sonora to the Chihuahuan Desgidn.

Two-leaved ephedras have been prevalent in the regionatiteast 37,000 years ago. The
fossils were originally identified aSphedra nevadensksut are more likely to bE. aspera We are
unable to distinguish them on the basis of fossil spe@me

In southern Arizona tea was made from the stems andweeesa number of medicinal uses
for the stems and roots, although especially for diabetesvemereal disease (e.g., Castetter &
Underhill 1935; Curtin 1949; Felger 2007; Owen 1963; Rea 1997; Russell 1908).rtheastern
Baja California the seeds, ripe in spring, were roageolind into flour, and consumed jpigiole
which was reported to be bitter (Aschmann 1959; Meigs 1939)hedfps have an extensive
medicinal history, most notably the Eurasian speciesdimyLE. equisetinaandE. intermedia and
E. sinica the original source of ephedrine. New Wasftkcies are reported to lack ephedrine
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Figure 20B. Ephedra asperaMale cones. Kuakatch Wash near highway 85, Pima8deeb
2005; photo by Sue Rutman.
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Figure 20C.Ephedra asperaFemale cones. Javelina Mountains, Sonoran Desert
National Monument, Maricopa Co., Arizona, 5 Mar 2005; plgt&ue Rutman.

alkaloids although both New and Old World species arb m biactive secondary compounds
(Caveney et al. 2001).

OP: Pitahaya Canyon, 3400 filichol 23 Feb 19390ORPI). Ajo Valley, 20 Apr 1942Cooper 718
Near Quitobaquito SprindRanzoni 13 Jul 19620RPI). Bull Pasture, 2 May 197Bpowers 1266 ORPI).
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Alamo Canyon, 1968-2952 ft, 2 Apr 1982jttmann 2716UCR). tAlamo Canyon, twigs, seeds, 1150 to
13,500 ybp. TMontezuma’'s Head, twigs, seeds, 13,500 ybp. tPuantmoBWts, on ridge, twigs, seeds, 3440
to 15,400 ybp (5 samples).

CP: Buckthorn [Buckhorn] Tank, 20 Mar 19&lias 1078 Cabeza Prieta Peak, 2550 ft, summit, 24
Mar 1995,Yeatts 3653 About ¥2 mi W of Chico Shunie Well, UTM: 12 317363, 3578235, 1%,dA tirainage,
riparian area but outside the scour zone, 2 Feb ZR08nan 2003-21 Sierra Pinta, summit, 15 Nov 2003,
James Cairfobservation).

TA: Tinajas Altas: 26 March 1938inckley 138(2 sheets: 000138,staminate, 000139 pistillate (F-
FS); 12 Feb 1977Reeves R-536PASU). 0.3 mi S of Tinajas Altas, 18 Apr 1983pdgson 210QDES).
Borrego Canyon, 16 Jun 199%2¢lger (observation). tButler Mts, twigs, bracts, seeds, 74150 ybp (7
samples). tTinajas Altas, twigs, seeds, 1230 to 18,700 ififles), & >37,000 ybp.

Ephedra trifurca Torrey ex S. Watson
Long-leaf joint-fir

This large shrub is not known from the flora area, althoughhawee searched for it in
potential places. It is, however, common in nearby angels @& dunes and sand soils in the Butler
Mountains about 1.6 km west of the Tinajas Altas Regiso (sd¢e Felger 2000; Felger et al. 2003).

PINACEAE - Pine Family
tPINUS EDULIS Engelmann varALLAX Little
Single-leaf pinyonpifion Figure 21.
Large shrubs or trees. Leaves relatively short, 1 peicfas Seed cones small and short, the
seeds relatively large, wingless, and dispersed by Airdsmall mammals.

Figure 21. Pinus edulisvar. fallax. Spring Canyon, Florida Mts, Luna Co., New Mexico; phimyoElroy
Limmer, 22 May 2008.
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Pinyons grew in the mountains of the flora area from abb00 to more than 37,000 years
ago. These samples have slender needles characterigticusf edulisvar. fallax. The varieties,
however, are often not recognized (e.g., Farjon & Styles 1994; 1393). Nevertheless, samples
resembling varfallax are widespread in the lowland late Wisconsin Ice Age woodlandsib-
Mogollon Arizona. Tinajas Altas is the lowest elevat®anoran Desert record for a pine in the
Pleistocene.

Variety fallax presently ranges from northwestern to southeastern Arinorregions of
enhanced winter rainfall below the Mogollon Rim and withhe Grand Canyon. There are also
small populations as far southeast as the Florida and Blguotains of southwestern New Mexico.
In the Burro Mountains of Grant County, the single-ne&liiteis edulisvar. fallax abruptly replaces
the two-needle varedulis in limited areas in more xeric, lower-elevation hatsit (Felger &
Kindscher 2010). Northwest of Arizona is the Great Basopg@r and the range & monophylla
Torrey & Frémont. Similar single-needle pinyons had a mgrelater range during Ice Age times.
Single-needle pinyons are presently in Arizona, southwestern Mexico, Idaho, Nevada, Utah,
widespread in California, and mountains in Baja Catior

Taxonomy of theéallax pinyon is far from settled, with this taxon variously eltiad toPinus
edulis or P. monophyllaof the Great Basin. The single needle and larger conesharacters that
fallax shares with botP. monophylleof the Great Basin and the single-needle pinyon of southeastern
California, P. californiarumD.K. Bailey (another disputed taxon), while the very odgds (60-67%
fat) and thicker seed shells are characters thatallex pinyon shares withP. edulisvar. edulis
(Malusa 1992). Studies of the chloroplast DNA of pinyons haveg aihforced this ambiguity
(Gernandt et al. 2003). Similarly, although the single-neeasiteiton seems an obvious adaptation
to drought or drier conditions (Cole et al. 2007; Zavariralet1990), a four-needle pinyoR,
quadrifolia Parlatore ex Sudworth, manages on only 140 mm/year of pegwpit easily the most
arid pinyon habitat (Malusa 1992).

OP: tAlamo Canyon, leaves, female cone scales, sekfi500 to 32,000 ybp (3 samples).
Montezuma’s Head, leaves, seeds, female cone st8|660 to 21,840 ybp (4 samples).
TA: tTinajas Altas, 460 m, leaves, nut fragments, 11,046,680 ybp (4 samples), & >37,000 ybp.
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