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ABSTRACT

Species-level understanding of tberynopuntia schottii complex C. aggeria, C. densispina,
C. emoryi, C. grahamii, andC. schottii) within the USA has long been confused and misunderstood.
Most recent taxonomic treatments are incomplete and/ccunate regarding four of the species
(excludingC. emoryi). The present study helps clarify all species concepteiBig Bend region of
Texas through 97 chromosome counts, 186 pollen stainability nesasots, 272 new voucher
specimens, and review of previously existing herbarium sgasm Significant findings include (1)
documentation of. schottii as a hexaploid species that occurs from deep South Tejas veest of
the Brewster County line and outside of Big Bend Natioreak,P(2) confirmation of the previously
reported chromosome numbers for the remaining taxa, despievering widespread meiotic
irregularities inC. grahamii and extremely plastic morphology ©f aggeria, (3) a range of fertility
between and even within populations of all species, andcliddmosomal and morphological
evidence of hybridization and introgression in most taxastiriguishing characters, keys to the
species (for both living and dried material), distributimaps, photographs of each taxon, and
corrections to erroneously labeled published photographs exeded. The Big Bend endemic
Corynopuntia densispina (Ralston & Hilsenb.) J. Fenstermacheaomb. nov, is formally
transferred fromOpuntia/Grusonia. Evolutionary origins of the taxa and their larger geogaghtd
evolutionary context (including Mexico and the broader souttenesUSA) are discussed and
avenues for future research are suggested.

For over 100 years, taxonomic delineations within the Opuntioltteve been fraught with
difficulty in large part due to a high level of interspectiybridization, extensive vegetative dispersal
and reproduction, paucity of taxonomically meaningful morphologicdaracters, and
environmentally influenced morphologic variability (Pinkavaakt1998; Rebman & Pinkava 2001,
Powell & Weedin 2004). Several of the most recent authimgtéaaxonomic treatments involving
Opuntia [sensu lato] occurring in the USA (e.g., Pinkava 2003; A&&v&Veedin 2004; Hunt 2006)
include statements to the effect that parts, or everemkieety, of this group is in need of critical
study. For example in Texas, Powell and Weedin (2004) remed)25 “normalOpuntia (s.1.) taxa
as occurring in the Trans-Pecos, while suspecting that eetd@ and 20 potentially recognizable
species were overlooked; they further emphasized that tregfickatson of Opuntia (s.l.) into species
and varieties “remains little more than a goaltfar future.”

Several recent molecular studies have attempted to atacidtrafamilial relationships in
Cactaceae (Nyffeler 2002; Wallace & Dickie 2002; GriffithRérter 2009; Barcenas et al. 2011,
Hernandez-Hernandez et al. 2011; Majure et al. 2012c); howevViaitide clarity at the generic and
specific levels still remains elusive. Several recesit fstudies based on chromosome counts and
morphologic observations have revealed new taxa and broadededstanding of taxon concepts
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and evolutionary history (Baker et al. 2009; Donati 2010, 2011; M&uribbens 2012; Majure et
al. 2012a, 2012b; Baker & Cloud-Hughes 2014; Breslin & Donati 2014; rretgal. 2014). The
resurgence of non-molecular-based research addresses zedogroblems implicated in obscuring
clarity of opuntioid systematics including inadequatdicefive chromosomal sampling, limited in-
depth, field-based observations capturing detailed morphol@gis &ind breeding system data, and
limited distributional context of studies (Pinkava et 2398; Rebman & Pinkava 2001; Béarcenas
2004; Rebman 2006; Majure & Ribbens 2012; Majure et al. 2012a, 2012b, 2012c;&Be&koud-
Hughes 2014). The present study adds new, non-molecular insighitratgeneric relationships of
the Big Bend Texas area club chollas. Data for the presedy were accumulated over 10 years
beginning in 2004 via field observations, chromosome countserpaliains, review of existing
herbarium specimens, and new voucher collections.

Taxonomic History

The specific taxonomic conundrum focused upon here has engag@edllists for over 60
years. Known from the 1950’s as th®puntia schottii complex,” (Anthony 1956) the group now
comprises five taxaCorynopuntia aggeria, C. densspina, C. emoryi, C. grahamii, andC. schottii, all
five referred to herein as ti@ schottii complex (CSC). These five species are part of a |atgde
of small-cylindroid cacti that over time have been varippthced in different genera, most recently
within Grusonia while also giving support for a modifiedorynopuntia concept (Barcenas 2015).
Several recent studies, including the examination of seeghology (Stuppy 2002) and molecular
analyses (Griffith 2002; Griffith & Porter 2009; Barcenasle 2011; Barcenas 2015), while lacking
repeatable phylogenies for the entdgindropuntia tribe (sensu Hunt 2006), have shown that within
the concept ofCorynopuntia one subgroup consistently segregates as monophyletic, sefpante
others that regularly shift affiliations. The subcladeslived are most clearly resolved in Griffith
(2002). Strict monophyletic interpretation in Griffith (2002) étdppy (2002) leads to placing all
cylindroid cacti (includingCylindropuntia) into Grusonia. However, the amalgamation, as Griffith
stated, obscures the natural diversity evident in the linéeayding Griffith to resurrect older generic
concepts includingMicropuntia and Corynopuntia, also utilized by Stuppy (2002). Though a
perfectly repeatable, monophylet@orynopuntia has yet to be shown, the consistently-segregating
subgroup of club chollas includes the Big Bend species and elpestedly fall withirCorynopuntia.
Applying this generic designation, as opposedtasonia, would seem to be the most appropriate
because the subclade is bound by both morphologic similarity @rgistent segregation in genetic
analyses (Griffith 2002; Griffith & Porter 2009; Barcenaale2011; Barcenas 2015).

The two foundation taxa for the Big Bend club cholla comp@orynopuntia [Opuntia]
schottii andC. grahamii, were described by Engelmann (1856, 1859) based on collections made by
Wright, Bigelow, and Schott during the 1851-53 U.S. and MeBicondary Survey.The western
taxon, C. grahamii, was initially collected near El Paso and is known fromtsaut New Mexico
south along the Rio Grande into Texas’s Big Bend (Fig. 1;@grynopuntia [Opuntia] schottii was
the eastern taxon, the type having been collected nearaindn of the Pecos River in present day Val
Verde County, Texas. Its documented range in the USA&an thought to extend from south Texas
upriver into the Big Bend region of southern Brewster Co(Rtg. 1; B). Both taxa have been
reported as ranging much further south of the internatiooraler than they do north of it (Hernandez
et al. 2004; SEINT 2014). These two taxa have been variously treated asasepspecies
(Engelmann 1856; Britton & Rose 1919; Schulz & Runyon 1930; Anthony 1956;g@/eh®88;
Ralston & Hilsenbeck 1989; Anderson 2001; Pinkava 2003; Hunt 2006grieties ofO. schottii
(Benson 1969, 1982; Correll & Johnston 1970; Pinkava et al. 1985; Powede&lin 2004; Powell
et al. 2008), and not all authors have believed both tagadur in the Big Bend (Weniger 1988).

To keen in situ observers (Anthony 1954; Ralston 1987), fieldacteistics easily
distinguishCorynopuntia schottii andC. grahamii: both taxa have readily disarticulating distal stem
segments (joints), but differ in distribution, phenology, joir@wth origin, mound habit, and
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Figure 1. Previously known range extents for@oeynopuntia schottii complex in the USA (Texas, New
Mexico, Arizona) based on Pinkava (2003) and Powell, WeediPg\well (2008). AC. grahamii. B. C.

schottii. C.C. emoryi. D.C. aggeria, dotted circleC. densispina, solid oval.
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morphology of joints, spines, and roots. Despite theseptautlistinctions, the major floristic works
involving Big Bend area cacti (Benson 1969; Correll & Johndi®n0; Weniger 1988; Anderson
2001; Pinkava 2003; Powell & Weedin 2004) were inconsistent inttieaitments of these taxa, with
only one identification guide (Powell et al. 2008) clearly tdgimg all previously known basic
characters enabling definitive identifications of eacltigsein the study area.

The critical key characters of the CSC species mayhaste been widely apparent to
scientists who work, in large part, from dried herbariuncspens. Unfortunately much of the
taxonomic effort over the past century likely has been basedamor incomplete vouchers (i.e., no
roots, solitary joints) and/or incomplete label dataardmg important field characteristics (e.g., ease
of stem disarticulation, growth habit). Additionally, @ffecient breadth of exsiccatae material may
also have been lacking. As noted by other specialisgs, (@ebman & Pinkava 2001; Powell &
Weedin 2004; Majure & Ervin 2008), opuntioid species (s.l.yegalarly under-collected in light of
their fiberglass-like small spines (glochids), difficulty processing collections for mounting
purposes, and in some species distal joints that eas#ygldeind become embedded in footwear,
clothing, and flesh by virtue of their retrorsely-barbedegips. Perhaps most confounding is the
subfamily’s propensity for autogamy plus high frequencynvérspecific hybridization, leading to
poorly segregated arrays of intermediate morphotypes.

Certainly a major confusing influence concerning CSC spementifications was the
regional perception, first discussed by Anthony (1956) thehrigresl in Benson (1969), that there
was a large area of distributional overlap in BrewsteurfBg Texas, where the two foundation
species supposedly freely intergraded. Anthony was thetdinwork specifically on the Big Bend
Opuntiae (Anthony 1949) and as part of her work she proposedral ligxon (Anthony 1956) to
account for what was perceived as an apparent abundamterafiediate individuals. This concept
lasted throughout the following 20 years until, based both on trdlald collections and newly
advanced research techniques (i.e., chromosome coungs) ptainability, phytochemistry), Ralston
(1987) determined that the two CSC foundation species wdeed distinct with little evidence of
intermediate individuals. Then Ralston and Hilsenbeck (198®8)odstrated that Anthony's
“putative hybrid” was actually a distinct, fertile, diploihtity: Corynopuntia aggeria. It was
described as the predominant club cholla occurring in Big Betinal Park (Fig. 1 C), where&s
grahamii andC. schottii were stated to occur there sympatrically withaggeria but in a limited,
undefined area without evidence of intergradation.

Ultimately, Ralston and Hilsenbeck (1992) described anathér cholla species from Big
Bend National Park,Corynopuntia densispina, based on distinct morphology and tetraploid
chromosome number. Seemingly restricted to clay substimaian isolated area just north of the Rio
Grande (Fig. 1 C)C. densspina was not widely accepted by cactus specialists, who natdde
overlap with the concept . schottii. The newest species was omitted, placed in synonomy, or
simply not mentioned in the majority of subsequent, auttoré floristic treatments and checklists
(Anderson 2001; Pinkava 2003; Barcenas 2004; Hernandez et al. 20020d6t

Separate from the confusion over the two foundation taxardadiub cholla,Corynopuntia
emoryi, had been discovered to occur in western Texas in thel®0s (Weedin & Powell 1978).
More commonly known from southeastern Arizona, southern Newddegind adjacent Mexico, its
small disjunct population in southern Presidio County is jusveipfrom the core distribution of the
other CSC species (Fig 1 D). As a geographically peripS3& member, the tetraplo@ emoryi
has not typically been involved in any of the associtrdnomic problems.

Despite the description of two new speci€rynopuntia aggeria and C. densispina,
taxonomic relationships of the four “core” western Texas chdilas C. aggeria, C. densispina, C.
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grahamii, C. schottii) remained unclear in many ways: (1) contemporaneous andctiogfllabels
proliferate on more than a few herbarium sheets of ea@nt (2) published chromosome counts for
vouchers identified a€. schottii (last summarized in Pinkava 2002) reflect continued desagent
regarding ploidy level (n = 11, 22, 33), (3) identities of chreomeal vouchers fo€. schottii were
considered ambiguous (Powell & Weedin 2004), (4) significant megmd pollen stainability
irregularities were observed in populations assumed t&.bgchottii (Ralston 1987; Powell &
Weedin 2004), and (5) polyploid chromosome counts were made frpolapons that appeared
morphologically to beC. aggeria despite its reportedly diploid nature (Powell & Weedin 2004).
Perhaps most tellingly, incorrectly identified photos apdcimens, omission of important characters
(e.g., ease of disarticulation, chromosome number),oandaccurate descriptions have persisted
even in recent authoritative literature (Pinkava 2003; Basc@@®4; Hunt 2006; SEBN 2014;
USDA, NRCS 2014).

The current study aims to clarify species distinctioms @elationships within the Big Bend
club chollas via chromosomal, pollen stainability, and mompdiol data. The long-standing
confusion and inconsistent reports regarding speciespmmdmgic characteristics and distributions
are addressed, easy to use keys for both field and herbase are provided, and the incidence of
hybridization between several species, potential novel tadgy@ssible mechanisms for evolutionary
development are examined. Several avenues showing promidertfeer investigation are also
discussed.

MATERIALS AND METHODS
Chromosome counts. The majority of chromosome numbers were obtained thramgiotic
observations. Flower buds were removed from the plant andtdiséangitudinally to view
developing anthers for the appropriate size. If buds ebexdwere not sufficiently developed to
yield the appropriate meiotic stage, the entire joint waseséed with bud still attached, kept indoors
in a sunny location, then harvested after a few days dieéugrowth. Immediately upon harvest
buds were fixed in modified Carnoy’s Solution (4:3:1) generalrnight. Anthers were then
removed from buds with forceps and macerated in acetowastain (Turner & Johnston 1961) and
observed immediately. All counts were made by the aathdfor A. Michael Powell, except for two
meiotic and two mitotic counts provided by Marc Baker.

Pollen stainability. Pollen for stainability measurements was collectedhfeither living or dried
specimens. Anthers were collected in the field from dpmmers, or joints with the most mature
buds were harvested and placed in a sunny location etilawers opened. Recently closed flowers
were sampled rarely, when an individual or location wgsoimant to sample but no buds or open
flowers were present. Herbarium specimens (when flowerg ywounted with reproductive parts
facing up) were an extremely valuable source for pollen aisalyFloral remnants in packets were
preferentially sampled. Otherwise anthers were remewtgdforceps from mounted flowers. The
standard sample size was four anthers from one flowarel\R when direct access with forceps was
not possible, pollen was instead tapped out of partiallgeclo mounted buds or inconveniently-
oriented mounted flowers. Pollen grains were stasadl macerated in cotton blue in lactophenol
following Powell et al. (1991) and left at least overnight befobservation. Pollen stainability
percents were based on a count of ca. 200 grains or, is ch$aw pollen productivity, the total
amount of pollen grains contained in the four-anther samfsgepollen grains sampled were derived
from macerated anthers, the incidence of mixed pollen framer lants was considered to be
insignificant for purposes of this study; non-Opuntiae polleains were noted in a handful of
samples, identified easily by different size, shap®l surface projections. Low-staining pollen
samples were those with a lower than 50% stainabilityltresligh-staining samples were those with
above 70% stainability.
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Field observations, voucher specimensVoucher specimens were open-air dried without the use of
ETOH. Tepal samples from various populations acrosgptaes’ ranges were collected and placed
in plastic vials with silica gel, enabling future genetiedy by interested researchers. All specimens
and tepal samples, unless otherwise noted, are housd®Sal. SAIl five of the CSC taxa were
observed in the field across their known ranges in the USAlu@rg Corynopuntia emoryi
populations outside of Texas). All key morphological charesttesi (often not apparent once pressed
and dried as a specimen) were recorded as label dalizding joint shape, ease of joint
disarticulation, root morphology, joint growth origin, and rfilent color. Herbarium specimens of
CSC taxa, in addition to some associated species irsdbthwestern USA and Mexico, were
examined via loans from the following herbaria: ASC, NMSUCM| TEX-LL, UNM. Digital
images of specimens were also utilized (SEIN2014; JSTOR Plant Science 2014). Primary
collector names are used to cite specimens; use df’ ‘etdicates that secondary collectors are listed
in label data.

Collector abbreviations and names used frequently sngaper, including the appendices,
are as follows: ADZ = Alan D. Zimmerman; AK = Ad KoningdMP = A. Michael Powell; AS =
Anna Strong; BER = Barbara E. Ralston; BGH = BarryH@ghes; BHW = Barton H. Warnock; CJ =
Chris Jackson; DB = Daniel Brailovsky; DJP = Donaldidk&va; DOK = Don O. Kolle; DW = Del
Weniger; EUC = Elzada U. Clover; GCR = GeraldRaun; GW = Gil Wiens; JEH = Jean E. Hardy;
JF = Joselyn Fenstermacher; JFS = James F. Scudday; Jawes F. Weedin; JL = Janice Lewis;
KHS = Karl H. Schwerin; LCH = Leon C. Hinckley; MAB Marc A. Baker; ME = Michael Eason;
MSA = Margery S. Anthony; PRM = Patricia R. Mannind)W® = Richard D. Worthington; RM =
Roy Morey; SL = Shane Lee; TG = Tony Gallucci; TPem Patterson; WW = Wendy Weckesser.

RESULTS

A total of 272 new collections were made and utilized as venscfor cytologic studies as
well as to provide populational and morphologic documentatiglore than 75 potted specimens
were used for cytologic and morphologic study as part of agliedllection maintained at a Sul Ross
State University greenhouse. Several individuals remaialiivation at the Chino Valley, Arizona,
garden of Marc Baker. Tepals from over 100 individuals ardadlaifor genetic study. Cursory
measurements of stomata, pollen grain size, and avexagata density revealed no correlation with
ploidy level.

Chromosome counts.New chromosome data are reported for 81 individuals repregdaur of the

five CSC species and three putative hybrids (AppendixCajynopuntia emoryi was not counted.
The results of the present study support the previously repohi@iosome numbers for CSC
species (Appendix B). ThoudB. schottii has been widely believed to be a tetraploid, the new
hexaploid counts (2 = 33 Il) reported here support one previously published hexaploid count
reported for the species (Yuasa et al. 1973) though theadatanverifiable as no voucher exists
(Govorounova, pers. com. 2015). Meiosis was observed to be teotlgisegular inC. aggeria
whereas irregular meiosis, including univalents and mudinta, was observed i@. densispina, C.
grahamii, andC. schottii. No collections ofC. aggeria were meiotically sterile, i.e., having irregular
and/or absent microsporocytes, whereas the remainingespdemonstrated varying degrees of
sterility (Table 1). The first pentaploid and tripladunts known for the genus were made from
individuals identified a<C. grahamii. Triploid counts were also made for putative hybridsCof
aggeria x C. densispina andC. aggeria x C. grahamii. Tetraploidy, as well as meiotic sterility, were
observed in multiple putativ@. aggeria x C. grahamii individuals. An additional putative hybri@,
grahamii x C. schottii, proved to be meiotically sterile, i.e., microspgtes were entirely absent in
the sample.
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Table 1. Incidence of absent or irregular microspdexcin flower bud samples used for chromosomal analysis
in the Corynopuntia schottii complex speciesC. emoryi was not sampled for chromosomal analysis.
C. aggeria C.densispina | C. emoryi C. grahamii | C. schottii

Proportion sterile samples:
total samples 0:34 2:26 n/a 4:10 36

% sterile samples

0 8 n/a 40 50

Pollen stainability. Pollen stainability was measured from 185 individual floweqgresenting at
least 147 individuals (Appendix C, D). For several voucher sg@sma populational sample of
flowers was made additional to harvesting flowers directiynfthe vouchered individual. Average
percent stainability differed somewhat between spéd€igs 2 A), butCorynopuntia aggeria andC.
densispina had the greatest proportion of higher staining grairge @&B) and the least proportion of
pollen sterility (i.e., anthers lacked pollen entiretpmpared to the other taxa (Fig. 2 A). Pollen
sterility was observed in all taxa, most commonlyCingrahamii (Fig. 2 A). All species showed a
range in fertility both within populations (Fig. 2) antt@ss the geographic ranges (Appendix C). At
least one sample from each of the CSC species containear tmore sizes of pollen grains, which
were variously stained and unstained (Appendix C).

SomeCorynopuntia schottii flowers observed in populations had few functional anthts
little pollen, yet stained at high percentage 2404, 2434). Another individual sampled had flowers
with smaller filaments/anthers and few, low-staining grams well as flowers with longer/larger
anthers containing abundant pollen staining around 5%@2430). OtherC. schottii collections
were found to lack pollen entirehNBER 103), or were noted as having abnormal meiocytes via
chromosome samplingAMP 6248); both vouchers also contain flowers with abundant and high-
staining pollen (Appx. D).

Geographic/morphologic data. The known ranges of CSC species across Texas as well as
southeastern New Mexico and northern Mexico are now hettirstood by plotting new collections
and verified herbarium records (Fig. 3 A-B). Field obseovst and examination of herbarium
specimens, bolstered by cytologic work, uncovered multipdgaheristics that reliably distinguish
the CSC species (Appendix E), summarized in the treasnbehbw. Despite the wide variability in
C. aggeria spination, the characters recognized as taxonomicalgbtelfor the Big Bend Opuntiae
(Anthony 1956), i.e., habit of stem and root growth, joirdps) and form and color of spines as
opposed to the size of joints and the length and numbeapioks, do appear to consistently
distinguish Big Bend club chollas. Several collections, detdikdow, are putatively identified as
hybrids based on mixed morphologic characters relatinglgléa sympatric taxa. Additional
collections from three geographic areas, the O2 flatsitiBrewster County, TexadViGA 1174,
1304 MICH; CJ 364, 310, 265 SRSC), south of Sierra Blanca in Hudspeth Countxa3eKHS
4123/UNM 52089, 52508 UNM), and southwestern Otero County, New MexiGu\(3809-A, 3809B,
3811, 3843, sn./UNM 67866, s.n./UNM 86355 UNM), have not been confidently identified because
their characters represent non-sympatric taxa; detailgieen under the respective treatments below.

Notes on terminology used in species treatments beldimportant terms are inold):

Crientation. Many terms can be employed in reference to a locatioweaor below an imaginary
horizontal line bisecting an areole or other cactus streidie.g., chain of cladodes/joints, single
joints, spines) in half (Fig. 4). For example, wherirfg@an areole straight on, adaxial refers to the
upper half of the areole; synonyms for adaxial include apitisial, upper, and above. The term
abaxial refers to the lower half of the horiadigt bisected areole; synonyms for abaxial include
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Figure 2. Pollen stainability in th@orynopuntia schottii complex. A. Average stainability relative to pollen
sterility (lacking pollen entirely); error bars shomga of stainability measured in each species; n isthe t
number of samples measured. B. Percent of fertiteoless that were “well stained” (>70%) and “low staining”
(<70%).
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Figure 3. Representative voucher collection locationhfe fiveCorynopuntia schottii complex species. A.
Texas and adjacent Mexico.
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Figure 3. Representative voucher collection locationhfe fiveCorynopuntia schottii complex species. B.
Big Bend National Park, Texas, and environs.
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Figure 4. An idealized, representative areol€afynopuntia schottii complex species showing all relevant
structures, spine architecture, and orientation vocapulBEhe four ‘core’ central spines are labeled N, SME
representing points of the compass for ease of individeatification.
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basal, proximal, lower, and below. In structures largen #n areole, for example, apical would refer
to the furthest-from-the-root portions of the plant, where Ibadars to the closest-to-the-root but
above-ground portions of a plant. Apical also refethédtips of plant components such as spines or
joints, and basal—as its opposite—refers to where thosestes are attached.

Roots. Cacti are often described as having either “tuberous™filbrous” roots but more subtle
designations are needed to accurately describe the variat®ig Bend club chollas. For the current
study,tuberous rootsare considered conic-fusiform shaped: those that aregedi2-3 cm broad or
even wider, elongated (not round or turnip-shaped), and frdguemstricted at the root origin but
always constricted towards the distal end of the tuber. cFeamy-white, fibrous interior of a
tuberous root is covered with a papery, shedding, protectideremal layer. Plants with tuberous
roots may also grow relatively more diffuse roots, widah emanate from the tuber or adventitiously
from stems at edges of mounds. These may or may notiayéusiform-shaped swellings, but in
species described as having tuberous roots there wdlyallwe a central core of one or more thick,
fusiform tubers as the main underground structure.

Diffuse roots do not contain any swellings, lumps, or bumps within or atbegoot tissue.
Diffuse roots are always fibrous in nature and includé batkened and filiform roots. #ickened
root refers to the existence of one central taproot whictigarly the widest and longest of the
underground structures, and is either the same width akienigth or tapers evenly towards the tip.
Along with a thickened tap root, many other diffuse roots (2+ wnde) are usually present and are
covered by a papery, shedding, epidermal layer, as are the tlickedduberous rootsFiliform
roots, are fine and hair-like in nature (<2 mm wide) and genefadl the papery epidermal layer,
instead having a fuzzy covering of very fine root hairsvtuch fine particles of substrate often
remain attached, regularly persisting and notable in pedg@rbarium specimens.

Plant structures. Following Barcenas (2004) the following structures are hdneedle areoles on the
green photosynthetic stems are cabedal areoles modified stem tissue surrounding the flower is
the pericarpel; and areoles on the pericarpel pexicarpelar areoles Newly termed here is the
pericarpel rim: the junction of the pericarpel and the base of the telpeds,seen at the bud stage of
flower growth (Fig. 5). Inflated tubercles are those with a rounded or humped abaxial profile and
that, when dry as in an herbarium specimen, maintaguaded and mammillate appearance (Fig. 6
A). Such tubercles are always clearly laterally congmésand are raised in obvious relief from the
central stem surfaceDeflated tubercleshave a relatively flattened abaxial profile, do not appear
linear in shape nor laterally compressed when turgid, vainein pressed and dried they appear
flattened, as if lacking internal structure, and do nigimea rounded or mammillate appearance (Fig.
6 B).

Soination. Newly detailed here are two distinguishing charactrsiature areoles of Big Bend area
club cholla species: 1) the presence or absencaitmfentral spines(Powell & Weedin 2004) —
shorter and thinner, lower central spines (Fig. 4); and 2jdlagéive length of therimary radial
spine pair, i.e., the two radial spines most abaxial in the areBf@nation has the potential to be very
confusing in the CSC species, but there is an abiding carefsie in the spine habit for all five
species: central spines are oriented around a core graspally four spines in a “crucifix” pattern,
easily represented by the cardinal directions (N, SVE,radials occur along the areole periphery;
and newer ‘upper’ central spines emerge at the apex of ¢ébkantermixed with glochids (Fig. 4).
When subcentrals are present, there are three of therhendre located below the main four central
spines (Figs. 4, 7). Aiminutive subcentral is a medial subcentral that is noticeably shorter, thjnner
and lighter in color than the lateral subcentrals anckety so in comparison to the central spine
directly adaxial to it (Fig. 7 C-D).
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Figure 5. Pericarpel rim location, indicated by blackws. A-B.Corynopuntia aggeria. C. C. grahamii.
Note the difference between species regarding numbeistie spines at the pericarpel rim as well as the
amount of wool in, and density of, pericarpelar areoles.

Figure 6. Examples of tubercle morphology types. Aatied, Corynopuntia grahamii. B. Deflated C.
schottii.
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Figure 7. Subcentral spines in Big Bebatynopuntia. A-B. Spine clusters dE. emoryi with arrows showing
the three equal subcentrals. C-D. Spine clustets shottii with arrows indicating the one diminutive
subcentral spine.

Despite being slighter in size, the subcentrals are lactba oldest spines in the areole, apart
from the primary pair of radials. Following the “mixed” seque of spine maturation (Gibson and
Nobel 1986), after the subcentrals emerge at the adaxiatererof the areole, they are subsequently
pushed downwards abaxially in the areole as they are eclipiednblocation and in robustness by
the successively generated central spines (Fig. 8). Sublsettaving been the first to develop, are
thus situated below the main centrals, and the moshttgcemerged central spines—or “upper”
centrals, are situated above the main centrals in mspime clusters.
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glochid

radial spine

main central spine

subcentral spine

upper central spine

Figure 8. Central spine genesis ordeCanynopuntia schottii complex species, with 1 being first i.e., oldest.
A) Order when subcentral spines are not present. ré&rQvhen subcentrals are present. After Gibson &
Nobel (1986).
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Generally, radial spines occur at the periphery of stezoles, usually in the abaxial half of
the areole. In the Big Bend club chollas radial spines ameho a more descending or appressed
orientation than the more globally-radiating central spin€onsistently across CSC taxa, radial
spines occur in radially-symmetric “pairs.” The first, painyy or 1° pair — the one that emerges
earliest — is the longest and most basal in the areole swittessive pairs (i.e., 2°, 3°) ascending the
periphery of areole to about the 3 o’clock/9 o’clock positiemen as high as 1-2 o'clock/10-11
o’clock in C. grahamii (Figs. 4, 9). As the radials ascend the areole perigheyydecrease in length
with each pair.

Figure 9. Example of radial spine aspect in Big BEnod/nopuntia. All species will have at least the primary
(1°) pair of radials most abaxially in the areole whsf& grahamii, especially those with ‘classic’ morphology
as shown above, will often have three or more radiasp

Glochids in distal joints are borne in the upper third @fture axial areoles, sometimes
mixing with incipient centrals. As described in B#mas (2004), stem and pericarpelar areoles of
Corynopuntia [Grusonia] can have different shapes and spine arrangement$fie @SC species this
includes occasional production of small apicedchyblasts (Fig. 4): raised, wooly structures in the
most extreme adaxial areolar position that contain onlghidis (Fig. 10). Several CSC species
commonly also haverotruding basal areoles: stem-tissue areoles in the lower-most parts of the
plant just above the ground, which are raised significdriy the stem surface in part due to their
abundant villous wool. Though these protruding basal aréemd&scentral spines they do contain
abundant, usually radially-symmetric glochids (Fig. 11).areoles of the pericarpel rim, of all CSC
taxa, instead of glochids there agstle spines occurring with conic leaves. Bristle spines are
longer than glochids, more flexible and slender than akspines, have retrorsely-barbed tips, and
are easily detached (e.g., Fig. 5 C).
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Figure 11. Protruding basal areoleCorynopuntia aggeria. Note radially-symmetric aspect of glochids and
abundant wool.

Soine color and form.  Coloration and form of spines have been suggested to betaamtbmic
characters in opuntiads (s.l.), though both charaateg exhibit some variability in different
environmental settings (Anthony 1956). In CSC taxa, the colomtfatespines can be longitudinally
streaked with white, usually with the amount of white increasingtaly (Fig. 12 A). Alternatively,
central spines can tsaturated with color (i.e., no white streaking, Fig. 12 B). Itwated, the tone
of color is often blotchy, i.e., having 3-5 subtly lighterd@n darker transverse bands along the
lengthof the spine. The thickness of the spine epiderayar influences spine color. Indicative of
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Figure 12. Spine color characteristics in Big B&8uodynopuntia. A) Streaky central spines ©f aggeria. B)
Saturated central spines@fgrahamii. C) Iridescent bulbous central spine basés. gf ahamii.

Corynopuntia, the layer of sclerified epidermal cells appears &kia’ or a ‘sheath’ covering the

spine’s fibrous core (Mauseth 2006), and is shed only at theoftippines as they mature. The
remaining indehiscent, tightly-attached epidermal cellscaffiee way spine color appears to the
naked eye, especially in that they create differing sutfgoegraphy and cell patterns. Thicker layers
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of epidermal cells make the spine appear whiter as thamal&asingly obscure the underlying color,
observable in radial spines of most species. Thinnesy@n absent, cell layers allow more of the
underlying color of the spine to appear; this is especigipaeent in the iridescent and comparatively
boldly-colored spine bases Gf grahamii (Fig. 12 C).

Differences in spine epidermal cells, epidermal cell padteand spine surface topography

for club chollas were also noted by Barcenas (2004); seltated modified for use here include:
ridged — irregular projections of the spine surface resembling amatesslerified trichomes which
occur either singly, in pairs, or as several in a serfésh coalesce into rough slanted ridges, the
“ridges and valleys” making the spine surface appear payitathe naked eye (Fig. 13 A-C);
farinose — thick, whitish or light-gray epidermal cells, ofteritwmicroscopic black globular
markings, the cells particularly thick at spine edges (BdD); longitudinally striate — longitudinal
grooves and microscopic black streaks not globules (Fig..13 E)

FIELD KEY TO BIG BEND CORYNOPUNTIA

1. Joints (especially distal ones) weakly attached, Isedidarticulating.

2. Distal joints ovoid-obovate; new joints originating from ap#reoles; central spines terete,

pink to red-brown (no white); roots of one to several cdmiform tubers; central spines of

mature areoles all of similar length; flowers yellowcasionally dusky pink
................................................................................................. Corynopuntia grahamii

. Distal joints clavate, J-shaped; new joints origimtafrom lateral areoles; central spines
flattened, tan to red-brown, often with white margists diffuse, the majority filiform (well-
established plants may also have a slightly-thicker tagiroot, possibly several times longer
than the height of the plant); central spines of matweles include three subcentrals with the
medial spine being shorter than the two lateral subceminals 1/2 the length of the main
central spine; flowers yellow ..., Corynopuntia schottii

1. Joints firmly attached.

3. Joint length usually exceeding 9 cm; central spines (madibhbaxial) flat, uppers often terete,
with all spines tan-brown (no white) and evenly colorem@lthe entire length of the spine;
spine bases (centrals only) not bulbous nor differently edltwan the rest of the spine; one
main central spine (longest, broadest); subcentrals préisesg, of generally equal length; near
Candelaria or Porvenir in extreme southwestern Presiolimi§, Texas
..................................................................................................... Corynopuntia emoryi

. Joint length usually less than 9 cm; central spingeffilad and variously colored (including
white, especially distally); spine bases (all) bulbous affidrdntly colored than the rest of the
spine; no clear dominant central spine; subcentrals aliseaiithern Brewster and Presidio
counties.

4. Habit a well-defined, contiguous to patchy mound of yghisociated stems; joints clavate
and erect-oriented, growing from mostly lateral argobentral spines 1-4(-7); primary radial
spine pair (the most abaxial) less than half the lengtiertifal spines; roots conic-fusiform
100 01T () I Corynopuntia aggeria

4. Habit an open, sprawling mound of loosely-aggregateassieints clavate (often slightly J-
shaped) and erect-oriented to sprawling in chains, gigoWwom lateral areoles; central spines
7-11+; primary radial spine pair (the most abaxial) gretgan half the length of the central
spines; roots diffuse/adventitious, usually with a long, thickedstally tapering tap root

S PRTRRPRRTRRY & ¢ 1Y/ (o] o 18 [g1 1= Wo (=10 1K o] g1
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Figure 13. Central spine epidermal characters of Big Bemghopuntia. A-B) Ridged surfaces &. emoryi.
C) Ridged surface . grahamii. D) Farinose surface @. aggeria. E) Smooth, longitudinally striate surface
of C. schottii.
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HERBARIUM KEY TO BIG BEND CORYNOPUNTIA

1. Joints ovate; central spines terete, less than 1 &) mumbering no less than 4, colored mauve,
peach, or darker red, with saturated tone (no white) a@mdowlbous, iridescent bases; radial
spines (4-)6 or more, terete, white, bulbous iridescent bases.......... Corynopuntia grahamii

1. Joints clavate; central spines flattened, greaser ¢ih equal to 1 mm wide, of various numbers and
colors; radial spines generally 2—4, flattened, white toldases bulbous/iridescent or not.

2. Central and radial spines the same color (tan-bromchyaturated, containing no white (rarely
with lighter-colored margins in largest central spines)..................... Corynopuntia emoryi

2. Central spines variously colored but all with at lsaste white/gray in the most mature
clusters; radial spines white or significantly lightecaior than central spines.

3. Central spines tan, copper, or dark red-brown, andadad, the only white being at the
extreme margins of most mature central spines; dimintdiver central spine present; radial
spines lighter in color than central spines ........cccccveiiiiiinnld Corynopuntia schottii

3. Central spines colored variously but containing some whéddition to or other than along
spine margins; diminutive lower central spine absent; ragiaks white.

4. First radial pair greater than or equal to halfiémgth of lower central spines; central
spines 7—11+; roots diffuse perhaps with one thickened, disiqiéring taproot
....................................................................................... Corynopuntia densispina

4. First radial pair less than half the length of thetial spines; central spines 1-4(-6—7);
roots conic-fusiform tuber(s) ..........ooooiiimm e Corynopuntia aggeria

TAXONOMIC TREATMENTS

CORYNOPUNTIA AGGERIA (Ralston and Hilsenb.) M.P. Griff., Haseltonia 9: 91. 20@puntia
aggeria Ralston & Hilsenb.Madrofio 36: 226. 1989Grusonia aggeria (Ralston & Hilsenb.)
E.F. Anderson, Cact. Succ. J. (Los Angeles) 71: 324. 199%E: USA. Texas Brewster
Co.: Big Bend National Park, Tornillo Flats, 2800 ft., 1948,M.S. Anthony 856 (holotype:
MICH!). AGGLOMERATED CLUB CHOLLA Figs. 14-15.

Plants ofCorynopuntia aggeria are most abundantly found in upper Cretaceous, gypsiferous
and/or clay-containing limestone soils on gravelly adinslopes and hummocksCorynopuntia
aggeria is commonly found in mixed or closely associated populatasrS. grahamii as well as
sympatrically withC. densispina (Fig. 3; B), althouglC. aggeria appears to occur in slightly more
elevated locations tha@. densispina. Corynopuntia aggeria is consistently diploid despite wide
morphologic variation, especially in spine color, abundaremed form, within and between
populations.

In addition to chromosome numbeCorynopuntia aggeria is distinguished from other
species by the following: (1) habit of discrete, cushion-hkeunds, (2) taproots conic-fusiform-
tuberous, from which may emerge a few fibrous-tuberous raditsyith a shedding papery-cork
epidermal layer, (3) stems ascending, without clear abawadrcentral point of growth, (4) joints
clavate, laterally-growing, firmly-attached, tightlgsociated, (5) central spines flat adaxially and
angled abaxially, containing white coloration especiallyadlis (6) radial spines four or less and
relatively short, and (7) filaments red/pink (recor@sdgreen in Ralston & Hilsenbeck 1989, though
original type description stated red, Anthony 1956). Thecpaselar areole€. aggeria are less
dense, have fewer glochids, and have fewer bristle spindseopeticarpel rim than the often co-
occurring C. grahamii. Also, C. aggeria is earlier to bud and flower thab. grahamii and C.
densispina, although their flowering seasons do overlap.
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Figure 14. Corynopuntia aggeria. Clockwise from top left. A. Habitat. B. Root gjetht habit. C. Spine
cluster, front view. D. Spine cluster, profile vie&. Bud. F. Fruit. G. Flower.
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Figure 15. Corynopuntia aggeria morphotypes. A. Dense. B. Decurved. C. BoquillasGérhidiate. E-F.
Sparse.
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Several basic morphotypes ©@brynopuntia aggeria are common in its populations (Fig. 15),
generally graded by robustness of joints and central spimber/character. One population along
the Boquillas Canyon road in Big Bend National Park, in aafito including basic morphotypes,
also contained diploid individuals with elongated clavate-cyilinghints, long thin spines, and roots
apparently all thickened-fibrous, i.e., no clearly tuberopsotat (e.g.,JF 1563, 2344, 2345). One
herbarium specimen matching many characteristic€.adggeria (clavate joints, few spines, red
filaments) has been collected approximately 161 kilometstsa El Paso, which appears to be just
west of Van Horn Neuman s.n. DES); attempts to relocate this population have beeuacaassful
and because the locality is significantly outside the knoamge for the species, a confident
identification is difficult without root or joint attachent information.

CORYNOPUNTIA DENSISPINA (Ralston & Hilsenb.) J. Fenstermacheromb. nov. Opuntia
densispina Ralston & Hilsenb., Madrofio 39: 281, fig.1. 199Grusonia densispina (Ralston
& Hilsenb.) Pinkava, J. Arizona-Nevada Acad. Sci. 34: 2802. TyPE: USA. Texas
Brewster Co.: Big Bend National Park, on River Road 5.3 mi E of Mariscal Mine
[erroneously recorded as Solis Ranch in the originatrgesn] near Solis junction, May
1989, B.E. Ralston 200 (holotype: SRSC!; isotype: SRSC!, TEX). ENBELY-SPINED CLUB
CHOLLA. Fig. 16.

Previously known only from the isolated type locality withlde-lying, extremely clay-rich
soils, new populations were found during this study thatrekfi@ae known range by ca. 26 kilometers
and the habitat to include low-lying, gravelly, fine-sarldgm as well as higher, tighter, rockier
limestone. Corynopuntia densispina, in all known populations, occurs sympatrically withaggeria
(Fig. 3; B) butC. densispina is more abundant in lower-lying areas with high clay eoint

Corynopuntia densispina is consistently tetraploid across its range, and is iaddity
distinguished from other species by 1) habit of loosely-agtgdgaprawling mounds, 2) roots
consisting of one long, slender, tapering taproot with maraggly, diffuse roots adventitiously
growing from lateral stems, all roots with a shedding paperk epidermal layer, 3) stems
ascending-to-prostrate without a clear above-ground centrat pbi origin, 4) joints clavate,
laterally-growing, firmly attached, robust, 5) centralngsi>7, flat adaxially, angled abaxially, 6)
primary radial spines relatively long, and 7) filamentd, nr@nk, or green. At a distance, sunlight
reflection from some mounds Gf densispina appears as a silvery sheen due to the higher number of
relatively thin and long, grey- to straw-colored censfahes. This can help distingui€hdensispina
from mounds of nearb§. aggeria in some locations. The morphologic similarity of theaploid C.
densispina to the denser-spined, more robust morphotype of the diglogdigeria, along with their
contiguous distributions (and often ecologic segregationsaseveral populations, suggest tGat
densispina is an autopolyploid derived fro@. aggeria.

CORYNOPUNTIA EMORY! (Engelm.) M.P. Griff., Haseltonia 9: 91. 200@puntia emoryi Engelm.,
Proc. Amer. Acad. Arts 3: 303. 1857Grusonia emoryi (Engelm.) Pinkava, J. Arizona-
Nevada Acad. Sci. 32: 50. 199@puntia stanlyi Engelm. ex B.G. Jacks., Notes of a Military
Reconnaissance, 7. 1848rusonia stanlyi (Engelm. ex B.D. Jacks.) H. Rob., Phytologia 26:
176. 1973. Corynopuntia stanlyi (Engelm. ex B.D. Jacks.) F.M. Knuth, Kaktus ABC, 114.
1936. LECTOTYPE (Barcenas et al. 2012JEXICO . Chihuahua. Arid soil south and west
of El Paso, especially between the Sand hills and Lakta34aria,J.M. Bigelow s.n. (MO!
sheet 178185; isolectotype: NY). Other original materkatgel mann s.n., MO; Parry+ s.n.,
NY!; Wright s.n., MO). DEVIL CLUB CHOLLA. Fig. 17.

Corynopuntia emoryi has a limited range in the western Big Bend, occurringchy, silty-
sandy soils near the Rio Grande communities of Porvenir andelaria in Presidio County. It is
highly likely that C. grahamii occurs sympatrically wittC. emoryi, based on distribution both
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Figure16. Corynopuntia densispina. Clockwise from top left. A. Mound habit. B. dts. C. Spine cluster.
D. Flowers. E-F. Fruit. G. Bud. H-I. Roots. J.uvid habit.
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Figure 17.Corynopuntia emoryi from Candelaria, Texas, population. Clockwise from tap laf Habitat and
habit. B. Joint habit. C. Spine cluster. D. BudFimits. F-G. Flowers. H. Roots.
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downriver and upriver from th€. emoryi populations (Fig. 3; A), but this is not yet scientifically
documented.

Distinguishing characteristics @orynopuntia emoryi include (1) habit of open clumps to
mats, (2) roots diffuse, filiform, adventitious, and geflg of a fragile or delicate nature lacking a
papery-cork epidermal layer, (3) stems erect, in largds mwithout clear above-ground central point
of origin; 4) joints clavate, laterally-growing, firmbttached, long, robust, (5) central spines flattened
(not angled abaxially), shorter/sparser relative to joiné $n comparison with other Big Bend
species, one main central spine and three smaller sullseatravenly colored tan with no white, (6)
radial spines essentially equal in color to central spiaed (7) filaments green. Specimens of Big
Bend area plants are less robust and spiniferous in caopdo material of the same species from
Arizona and New Mexico. While not typically confused witthes CSC species, one specimen
(consisting of two individual joints) had been to thanpaonisidentified a€C. schottii (BER 112).

CORYNOPUNTIA GRAHAMII (Engelm.) F.M. Knuth, Kaktus ABC, 116. 193%0puntia grahamii
Engelm., Proc. Amer. Acad. Arts 3: 304. 1850puntia schottii var. grahamii (Engelm.)
L.D. Benson, Cact. Succ. J. (Los Angeles) 41: 124. 19&sonia grahamii (Engelm.) H.
Rob, Phytologia 26: 176. 1973.ECTOTYPE (Béarcenas et al. 2012)ISA. Texas [El Paso
Co.]: Sandy soil in the bottom of the Rio Grande, near Eb,Pawd for a distance of about
100 miles along the river, 185C, Wright 10 (MO sheet 2015356!; epitypBalmer 386 MO
sheet 2511550; isoepitypes: K, NY, US; other matevilight s.n. GH!). GRAHAM’S CLUB
CHOLLA. Figs. 18-19.

Corynopuntia grahamii occurs in sandy to rocky limestone soils across its randeoften in
soils with some clay content in the central/southernBgd region. Populations Gf grahamii in
Brewster and Presidio counties are frequently mixed or closely associated with. aggeria (Fig.

3; B). Corynopuntia grahamii is marginally associated witG. densispina in a limited area of
southern Brewster CountyCorynopuntia grahamii andC. schottii appear to be sympatric in eastern
Brewster CountyNISA 977, 981 MICH); both species are sympatric with aggeria in Mexico near
Cuatro Cienegas, nearly 325 km directly south from the arsgngbatry in eastern Brewster County
(DJP 5279, 5714, MAB 12817 ASC). Plants ofC. grahamii across their geographic range are
consistently tetraploid and exhibit a high percentageenilisy (e.g., JF 694, 2342, 2352; Appx. A,

C).

Plants ofCorynopuntia grahamii with typical morphology, i.e., individuals similar to g
found near the type locality, are readily distinguished fodher species by (1) habit of open clumps
to small mounds, (2) roots of conic-fusiform tubers withdslivey papery-cork epidermal layer, (3)
stems erect-ascending, emanating from a clear, aboveeemniral core of the plant, (4) joints
ovate, apically-chaining, readily-disarticulating, openlyeagsed, (5) central spines terete, with
iridescent bulbous bases, colored pink to red-brown, datuveith no white, (6) radial spines six or
more, terete, white, and with differently-colored bulbbases, and (7) filaments green.

In Corynopuntia grahamii, the higher number of central and radial spines combinéd wi
generally smaller joints can give the plants a particulanitly appearance making it difficult to see
the epidermal surface of joints. Flowers are usuallyoyellrose to salmon-pink tepals are an
uncommon but consistent feature in populations across the rBugigg the spring season, new joint
growth inC. grahamii develops at the same time as buds are produced in popsilatC. aggeria;
in mixed populations the phenologic stages can be an additienéification aid.

Corynopuntia grahamii in the Big Bend region are often more robust than tipecay
morphology found near the type locality (Fig. 19). RobugtEBendC. grahamii have central spines
— terete to flattened above and angled below — that &ee welite-streaked and/or with deeper red
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Figure 18. Corynopuntia grahamii. Clockwise from top left. A. Habitat and habit; naggcally-chaining,
erect stems. B. Roots and joint shape. C. Sping&eclub. Bud. E. Typical bloom with yellow tepals. F.
Occasional pink-tepal bloom. G. Stem/joint habitalfust Big Bend form; note fewer central spines and
radials but consistent apical chain and globose ghiape.
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Figure 19. Morphologic comparison between wes@arynopuntia grahamii (left) and Big Bend area (right)
plants. Note smaller joint size, denser tubercles gnighine number of the western morph and the inedeas
glochids, fewer radial spines, and more robust hatfteBig Bend morph.

coloration as opposed to the saturated, paler mauve/peaclegiorkconsistently seen in western
populations. Most Big Ben@. grahamii also tend to have fewer spinesq centrals< 4 radials),
may show more growth from lateral areoles, and may exduloite atypical clavate joint morphology,
while maintaining ease of disarticulation, tuberous roopscadly-chaining obovate joints, and
tetraploid chromosome number (eJf 2415, AMP 6152). Two C. grahamii-like collections JF
2325, JF 1558/MAB 17814) were documented as tetraploids and have typical robargthomlogies as
seen in the Big Bend region, but roots were scraggly amasdijf not containing any tubers. The
typical morphology of smaller joints and more numerous smgiaase found in the Big Bend — it is
just not as widespread as the robust morph.

CORYNOPUNTIA SCHOTTII (Engelm.) F.M. Knuth, Kaktus ABC, 114. 19350puntia schottii
Engelm., Proc. Amer. Acad. Arts 3: 304. 185%rusonia schottii (Engelm.) H. Rob.,
Phytologia 26: 176. 1973LECTOTYPE (Benson 1982)JSA. Texas [Val Verde Co.:] Arid
hills near the Rio Grande, between the San Pedro and Pearss 1853 A. Schott s.n. (MO
sheet 2015355!; isotype: NY sheet 00688043!; other original mat8cfadtt 80, F!; Schott
s.n., NY sheet 00688042! (€. grahamii); Schott sn., NY sheet 00688042Mright 227,
MO). CLAVELLINA . Fig. 20.

Corynopuntia schottii occurs most abundantly in deeper, loamy-silty soitepabh it can also be
found in rockier locations with shallower soils. The oezdyoccurring species is the marginally
sympatricC. grahamii, occurring at the extreme western extent ofGhschottii range both in the
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Figure 20. Corynopuntia schottii. A. Habitat and habit (south Texas). B. Stem habite bud origin on
medial joint. C. Spine cluster; arrow indicates diminusubcentral; note origination at base of larger, main

central. D. Spine cluster, profile; arrow highligtight association of diminutive subcentral and adeceaitral
spine. E. Bud proliferation. F. Flower. G. Ripe frui. Root habit.
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USA (Fig. 3; B) and Mexico, althoug@. aggeria was collected within 10 km of &. schottii
population at Cuatro Cienegas, MexidoJP 5714, MAB 12817 ASC). Plants ofC. schottii are
hexaploid at both the eastern and western USA extertts rafnge.

Aside from chromosome numbeZprynopuntia schottii is quickly distinguished from other
species by (1) a habit of ground-hugging stems that camndense, extensive mats, (2) roots diffuse,
filiform, adventitious, generally more fragile or delieavithout shedding papery-cork epidermal
layer, (3) stems prostrate and creeping, developing into m#tsutvan obviously central, above-
ground origin, (4) joints clavate or J-shaped, latgrelflaining, readily-disarticulating, (5) central
spines flat/angled abaxially, colored copper/red/dark-brawth many mature spines having white
margins and abruptly narrowing at the barbed tips, medialestiat central spine diminutive and
lighter in color than other central spines, (6) radial spilighter in color than centrals, and (7)
filaments green. When compared side-by-side, typicalsstéi@. schottii andC. grahamii are truly
distinctive based on the above listed characters (Fig. 21).

LIVING Carolina Biological Supply Company PRESERVED
CULTURES Burlington, NC 27215 MATERIAL

METRICY |
i

Figure 21. Joint comparison betwedeorynopuntia schottii (left) andC. grahamii (right). Note inC. schottii:

(1) clavate/J-shaped joint, (2) broad, ill-defined tuberd@) relatively long, copper-colored, erect main central
spines in the top third of stem areoles, (4) descendingestrial spines, (5) few radials, (6) few glochids, (7)
abundant, persistent spine sheaths, and (8) abundstie bgines at the pericarpel rim. This contrasts @ith
grahamii: (1) ovate/globose joint shape, (2) laterally-compresedidied tubercles, (3) thinner (terete) peach-
colored, central spines in at least the top half of steroles, (4) lack of subcentral spines, (5) numeroualradi
spines, (6) abundant glochids, (7) fewer and less obviosstest spine sheaths, and (8) fewer pericarpel-rim
bristle spines.
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Additional distinct characters apart from all other sgecof the CSC include (1) stem
tubercles commonly appearing deflated when dry (Fig. 6; Bl fléttened abaxial profiles and not
laterally compressed when turgid, (2) flower buds appearingiots two or three more basal than
the terminal joint of a stem as opposed to the four aipecies where buds appear on only terminal
joints, buds also commonly proliferating from pericarpef@okes (not documented in the other CSC
species), and (3) pericarpal rim areoles having longer tesnes and more bristle spines than in the
other four species. The fruits Gbrynopuntia schottii are similar to those dof. emoryi (and differ
from C. aggeria, C. densispina, andC. grahamii) in that they turn yellow when mature, are more
elongate-fusiform shaped, less tuberculate, and have gldb@sdes with radiating glochids.
However, as noted in Powell and Weedin (2004), unlik€.imemoryi, mature fruits ofC. schottii
persist on the plants often into the next reproductive season.

SomeCorynopuntia schottii plants collected in the western part of its range (eagrell Co.,
AMP 6248, BER 107, JF 2406, Lee 30; Val Verde Co.JF 2404) show slightly modified stem and
root morphology from the more typical traits encounteredaanth Texas. Modified traits of the
western plants include (1) roots of smaller, clumpy tslafightly thickened and centralized, neither
tuberous nor filiform, (2) both ovate and clavate/J-shagietsj and (3) joints with inflated tubercles
and joints with deflated tubercles occurring in the samidual.

Putative hybrids (see map, Fig. 22)
Corynopuntia aggeria x C. grahamii

Putative hybrids betwee@Gorynopuntia aggeria and C. grahamii were found in numerous
locations across the southern Big Bend area (Fig. 22) andak@veved to be sterile, i.e., either
producing malformed meiocytes, or meiocytes entireliitay; (e.g.,JF 2334a, 2341a, 2341b, 2359,
2368b). One putative hybrid dE. aggeria andC. grahamii was triploid F 2334). The putativeC.
aggeria x C. grahamii hybrids do not seem to fit one consistent morphologic prafistead each
individual displays varying degrees of parental traits. éxample, one individual encounterelff (
697) has clavate, laterally-growing joints that easily disalate plus terete, dark-red central spines;
another JF 2353b) has ovate, robust joints that grow both laterally andadlyi sometimes
disarticulating with more effort than is typical f@. grahamii, with 3 or 4 short flat stout white
central spines and only one pair of radials, and perhaps gwéntepals and red filaments.
Frequently the tuberous roots of putative hybrid€ofaggeria andC. grahamii appear to be more
slender than typical of either parent species. Flowérsrad filaments and abundant pollen, as well
as flowers with green filaments lacking pollen are botmébin putative hybrids. Near the Maverick
Road in BBNP and in the Cedar Springs area of Terlinquzi® plants with red-filamented flowers
had fruits that seemed to lack developing seeds, whildgsplaith green-filamented flowers had
maturing fruits with well-formed seeds. Red filameaitso appear to be associated with more robust
plants that have fewer overall spines, whereas green filanseem to be associated with smaller-
sized joints.

Corynopuntia aggeria x C. densispina

One chromosome-documented putative hybrid from the Ernst Tirega BBNP (i.e., n=14-
16; JF 635), demonstrates the following mixed traits: (1) 4-6 censpines broader than
Corynopuntia densispina and similar to some robu€l. aggeria morphotypes, (2) primary radial
spines longer than i€. aggeria but shorter than typical i€. densispina, (3) tuberous roots, (4)
unusually abundant glochids at the apex of terminal joints(8nbud production much earlier than
in surroundingC. densispina. Early bud production was how this putative hybrid individual was
initially noticed. Other putative hybrid vouchet®-(702, 703) were made from a mixed population
of C. densispina andC. aggeria in the Solis area, BBNP, with various buds yielding closome
formations that suggested triploidy and tetraploidy with ivaikents.
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Figure 22. Hybrid voucher collections ©@brynopuntia schottii complex species. A. Texas, adjacent New
Mexico, adjacent Mexico. B. Big Bend National Park, Beand environs.
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Corynopuntia densispina x C. grahamii

Individuals were collected from two different locations withi km of each otherdE 2355,
2390, 2391); both locations were also in the vicinity of populationdofh parent species. Putative
hybrids of Corynopuntia densispina andC. grahamii stood out as clearly distinct, in comparison to
the surrounding plants (individuals Gf densispina), by virtue of the following mixed traits: 1)
thickened taproots as well as abundant, straggly, diffusts,r2) robust joints, both clavate and ovoid
shaped, with most growing apically and disarticulatingtinetyy easily, 3) long, flat, white (one
individual with terete and mauve) central spines, 4) radbtilong 1° radial pairs, 5) protruding basal
areoles with radiating glochids, 5) striking fuchsia-pink flsM@F 2391).

Corynopuntia grahamii x C. schottii

The collection made in Terrell County, Texal (s.n.) is within the range expected for
Corynopuntia schottii (Fig. 1 B) and slightly further east than expecteddograhamii. The voucher
displays mixed morphologic characters. Traits reminisoér@. grahamii include (1) ascending,
apically-chaining stem habit, (2) ovate joint shapejr{ated tubercles, and (4) terete central spines.
Traits reminiscent o€. schottii include (1) diffuse roots, (2) lateral growth, (3) flat, mkeed-colored
central spines, (4) diminutive subcentral spines, and (5) llifepation. The one bud collected for
chromosomal analysis was meiotically sterile.

Unidentified populations of Corynopuntia in the Big Bend region(see map, Fig. 22)

Brewster and Hudspeth counties, Texas

Several specimens collected Brewster County, in Greafey/ (“O2 Flats,” ca. 42 miles
south of Alpine), do not fit the profile of any one CSC spedies rather a mixture of traits
attributable to four of the CSC speciéSorynopuntia aggeria, C. grahamii, C. emoryi, and C.
schottii. Two recent collectionsCJ 285, 310) align most closely withC. grahamii in their (1)
cylindric joints, (2) thin, terete, papillate, saturatedgiecentral spines, (3) multiple radials, and (4)
bulbous/iridescent spine bases. Howe@8r285 and 310 also exhibit subcentral spines (asGn
emoryi andC. schottii) as well as diffuse roots (as@ emoryi andC. schottii), tightly attached stems
(as inC. aggeria, C. emoryi), and some lateral growth (asGnaggeria, C. emoryi, C. schottii).

An additional recent collection in the same a@a 364, Fig. 23) includes mixed characters
suggestingCorynopuntia aggeria, C. grahamii, andC. emoryi: (1) thick, clavate-cylindric joints, (2)
large tubercles similar t6. emoryi, (3) wide, flat areoles with short, felt-like wool asGnemoryi or
C. schaottii, (4) central spines of varying shapes/aspects includinfata erect, and robust lik€E.
schottii, (b) some areoles with upper centrals terete and one fladilower central like irC. emoryi,
and (c) some central spines streaked with white liké. iaggeria, but with most colored a saturated
dark red-brown seen i8. grahamii andC. schottii, and (5) numerous radials like @ grahamii.
The collectionCJ 364 also exhibits a novel trait as yet unobserved in CSC spetiésast five
subcentral spines — one medial subcentral and two paireddllaubcentrals — which is more than
the one pair of lateral subcentral spines knowg.iemoryi andC. schottii. The position of these
additional subcentrals are analogous to the pattern ofdl2‘apairs of radial spines (Fig. 9) but are
clearly situated in an intermediate aspect overlying thesanding radials yet underneath the main
central spines (Fig. 23 C).

Historic collections from the O2 flatdMGA 1174, 1304 MICH) similarly show affinity to
multiple CSC species, mostly strikingly in that some r@@rdgpines have white margins as seen in
Corynopuntia schottii, and in that the radial spines have bulbous and iridesceas zes inC.
grahamii (despite their flattened, not terete, shape). Alssgmt inVISA 1174 and1304 are decurved
main central spines and central spines streaked with \wthite far known only irC. aggeria/C.
densispina. A similar mixed-character specimen from Hudspeth Gowauth of Sierra Blanc&HS
4123 UNM), sharing characters from what could b&satered theC. schottii/C. emoryi cohort”
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\ \+— Robust
A \diminutive

3710/111211314l18l1.
Figure 23. Unidentifie€Corynopuntia from the O2 flats, Brewster County, Tex&d 864). A-B) Habit. C)
Spine cluster; arrows indicate the relatively robuststiitdiminutive subcentral spine, plus 1° and 2°

subcentrals. The position of these subcentrals dslglmtermediate, overlaying the white, thin radial ggin
and underneath the thicker, more robust main central spines
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(one flat lower centradpine, terete uppers, subcentral spines) as well a<tlgeehamii/C. aggeria
cohort” (protruding basal areoles, saturated-papillatetetetpper centrals with bulbous iridescent
bases, abundant glochids).

Otero County, New Mexico

A second unidentifiedCorynopuntia population consists of several collections from
southeastern Otero County, NI@W 3809A, 3809B, 3811, 3843, s.n./UNM 67866, s.n./UNM 86335
UNM). These collections have characters known fi@ntlavata in addition to some of the CSC
species (Fig. 24). Diffuse roots, robust habit, laterdigiring clavate stems, and kinked or twisted
radials suggest. densispina or C. aggeria. Additional characters suggest clavata, known from
northern Otero County, ar@ grahamii, known from SW Otero County (e.@W 3829 UNM), and
possibly C. schottii. The specimens do not consistently exhibit the exace saorphology but
generally theC. clavata characters include (1) diffuse roots, (2) laterally wimagj, robust, short-
clavate joints, (3) robust, numerous, flat/broad, longituljyirsdriate, whitish central spines with only
one main central spine being the widest and whitest, (4) rohdml spines, and (5) long, robust
glochids. Characters suggesti@g grahamii include (1) protruding basal areoles, (2) saturated,
peach-colored central spines, (3) terete, upper centralsspiile bulbous iridescent bases, and (4)
numerous radial spines. Characters that could bedssad C. schottii traits include strongly J-
shaped clavate joints and central spines that abruptipwat the tips, though these traits are also
seen irC. clavata.

DISCUSSION

The current study significantly expands the breadth and depih 6SC species concepts,
and helps resolve the persistent confusion between the 9p&ces. Perceptions of widespread
intermediacy, genetically-mediated variability, and poedmplete/limited study specimens all
contributed to the historic lack of clarity. The véioa in characters that was once attributed to
widespread hybridization betwee@orynopuntia grahamii and C. schottii was provisionally
explained by the discovery of a separate spe€iesggeria, and is now well documented through
broadly based field observations and vouchered chromosoméscoGarynopuntia aggeria is a
distinct, consistently diploid species displaying extremedyied morphology both within and
between populations. The lack of clarity between speciesepts was likely due not only to the
plasticity of C. aggeria across its range but also the now-documented and apparenthypnemi®s
introgression ofC. grahamii with C. aggeria. Moving east from its type locality, the progressively
more robust morphology &. grahamii, in addition to multiple instances of mixed populationse
hybrid morphologies, and triploid and tetraploid counts wigndpulations ofC. grahamii, provide
evidence that the variations are not environmental nor aydhibeesult of a plastic phenotype as in
C. aggeria. Hybrids are known between other species but in veryitechhreas and are unlikely to
have contributed to the historic perception of widespreadmediacy.

Viewing plants in isolation, especially prepared specimanay have increased the
possibility of confusion between some species. The origmblished description dforynopuntia
aggeria (Ralston & Hilsenbeck 1989) states the filaments asngreThe type specimeM@A 856
MICH) does not contain floral material; the original typsaetion (Anthony 1956) states filament
color as red. It is not clear whether the Ralston ansleHdeck description of filament color was
derived from subsequent collections or field observationsnBuhie current study, all filaments@
aggeria observed were pink at minimum, but most were deep maroonB&denas (2004) reported
that the majority ofCorynopuntia [Grusonia] species, including the five CSC species, have red
stigma lobes. However the coloration noted by Barcenashaag been an artifact of the drying
process; during the present study all live flowers of Cg&Ciss observed in the field or in cultivation
had yellow or cream colored stigma lobes, which in theesyent dried specimens actually appear
light pink.
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Figure 24. Unidentifie€Corynopuntia from the Brokeoff Mountains, southeastern Otero Cew Nlexico. A-
B) Weins 3809 UNM: few, short central spines including one broadinneantral spine, plus terete, bulbous-
based upper centrals. C-Einss.n./UNM 67866 UNM: numerous, long central spines with iridescent
bulbous bases.

Lack of context appears to be wlprynopuntia densispina was for so long disregarded as a
distinct species. Two specimens collected by Margathony in 1948 were identified at the time as
C. schottii (MSA 273, 1137). They are in facC. densispina and are now considered the first known
collections of that species. Commingling these distmditviduals into one broadly inclusive species
concept helped propagate much subsequent taxonomic confusioghbwouthe CSC history.
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Superficial similarities, namely clavate joint shapel diffuse roots, do exist betwe€ndensispina
andC. schottii. This likely contributed to the fact th@t schottii has been widely cited as a tetraploid
(Yuasa et al. 1973; Weedin & Powell 1978; Pinkava et al. 1985tdRalsHilsenbeck 1989; Weedin
et al. 1989; Powell & Weedin 2001, 2005; Pinkava 2002). After moitesie voucher specimens
were reassigned based on improved morphologic and chromosomal umtiegsthy 2004 there was
only one remaining chromosome count attribute€tachottii (Powell & Weedin 2004DOK 53).
Now, the morphology displayed by that remaining tetraploid voudpercimen, bolstered by
chromosome counts showi@y schottii to be hexaploid, both suggest the voudd@K 53 is actually
C. dengspina. Even if disregarding the difference in ploidy level, thearcldistinctions involving
disarticulation, spination, habitat, and distributions betw@edensispina andC. schottii eliminate
the possibility that they are the same species.

Future Research

As a result of the present study, more coherent definitmm€$C species now exist to help
guide future explorations of these and related taxa wibnynopuntia. The details of morphology,
habitat, distribution, and chromosome number discussed abieadya clearly demonstrate the
distinctness of each species. Many unresolved is$iwegever, were uncovered in the course of
study, including potentially new identifying charactdisa with unknown chromosome numbers,
and possible new species/taxa. These all warrant fustody; several topics are offered below to
inspire continued study of the CSC and @meynopuntia genus as a whole.

Soine surface characteristics. Barcenas (2002) and | note that the spine surface charact
consistently differs between some CSC species, from thendantly farinose surfaces of
Corynopuntia aggeria and C. densispina to the variously ridged surfaces and appressed/sclerified
trichomes inC. emoryi and C. grahamii, as opposed to the relatively smooth spine surfac€s in
schottii. Similar interspecific differences in epidermal mienorphology have been documented in
at least one other Cactaceae gerushjnicarpus, Mosco 2009). Additionally, | have observed that
the rudimentary spine sheaths, occurring only at the tipsrifal spines, persist much longer@n
grahamii and C. schottii than in the other three CSC species. SEM analysisbban used to
demonstrate some differences in spine morphology between Opustidi genera (Robinson 1974),
but the study lacked infrageneric comparisons and analysisnbBktepine tips. Perhaps targeted
morphologic analysis withirCorynopuntia species would not only better document the above-
mentioned micro-morphological differences but explore a posdihletsral basis for my extensive
anecdotal experience that both glochids and central spit@gadhamii andC. schottii puncture and
lodge more readily and securely into shoes and skin tharodbid$ and central spines ©f aggeria,

C. densispina, or C. emoryi. More robustly-barbed spine tips in readily disarticulagpgcies would
be consistent with adaptations for increased effectigenbsegetative propagation via mammalian
vectors, especially considerir@ grahamii and C. schottii showed the lowest pollen stainability
percentages (i.e., lower fertility) among CSC speciekearcurrent study.

Disarticulation. Ease of joint detachment has long been an inconsisteaiyded and/or
appreciated character state for CSC species. Thefasition of this character appears to be
consistent across USA populations of CSC species, biodipeinot in Mexico. According to Davide
Donati (pers. comm.), there may be a seasonal or peramall-correlated relationship affecting
disarticulation in some species.

Secondary compounds.  Freshly cut stems dforynopuntia aggeria release a strong odor
which was not observed in freshly cut stems of other §%Cies (JF pers. observ.). Many different
chemicals are known in Cactaceae and there seems to leelsoeh of differentiation between
alkaloids found in som€orynopuntia species (Trout 2014). In one example, mucilage flavor was
cited as a character distinguishi@grynopuntia from Grusonia andCylindropuntia (Hamilton 1970).
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Perhaps a targeted study of secondary compounds @brgthopuntia species would help elucidate
infrageneric relationships.

Extra-floral nectaries/spine secretions. Extra-floral nectaries (EF)$ave been observed in
Corynopuntia emoryi, C. invicta, andC. wrightiana as well as spine tip secretions — and associated
interest by ants — i€. emoryi andC. schottii (Felger et al. 2014). In my Alpine, Texas, research
collection | also observed liquid droplets at the tipgmiergent central spines @ emoryi andC.
schottii (Fig. 25; A-C). Similar to the related reports indee et al. (2014), | also observed in my
collection non-native rover ant®8r@achymyrmex patagonicus), multiple times during two spring
seasons (2014-15), visiting areoles of new stem growth and mpenépt'spine grooming” behavior
(i.e., rapid paddling of antennae) on the tips of emergenitatespines ofC. schottii, C. emoryi, C.
aggeria, and ofC. aggeria x C. grahamii andC. grahamii x C. schottii putative hybrids (Fig. 25; D-
E). In south Brewster County (near Lajitas and in Bend National Park, June 2015) | observed
workers of a different, presumably native, ant speaieabundance on in sitG. aggeria plants,
visiting and performing spine grooming behavior in areolasegily growing stems. In addition, in
my Alpine research collection, | observed over two seasonsigspfil4, 2015) numerous prickly
pear cactus bug nymph€Hhelinidea vittiger) in and among the tubercles of the above-mentioned
putative hybrids, often with their probosci embedded in teelar wool (Fig. 25; F).

Breeding systems. Widespread lack of pollen and/or withered anthersCanynopuntia
grahamii, in addition to lack of fruits across its range, suggegiroductive dysfunction rather than a
nascently-evolving cryptic breeding system. However cryfaitlity cannot be ruled out iiC.
schottii or C. emoryi. In the south TexaS. schottii populations, fruits are uncommon yet still present
in the densely-matted, extensive colonies. No clear rpatté perfect and pistillate-flowered
individuals was immediately apparent in the field, but paamability did seem to segregate evenly
to higher and lower levels 8. schottii (Fig. 2), suggesting a possible evolution toward differéntia
floral fertility. OneC. emoryi specimen examinediAB 11638) includes flowers with no pollen
(Appx. C) but also a fruit with seeds; a sepatemoryi specimenAZ 2348) includes flowers with
abundant and high-staining pollen (Appendix C) as well as latel ribting fruits were observed in
the population. These inconsistencies may indicate rharegimple sampling error. Subdioecy is
correlated with polyploidy and is known in Cactaceae (Ashetah 2013). Recently, another report
was made of gynodioecy f@ylindropuntia (Baker & Cloud-Hughes 2014), adding to the five other
gynodioecious species in the genus (Rebman 1998); as yet gynodioemydasumented in
Corynopuntia. Different levels of fertility within a population woulde expected especially in the
hexaploidC. schottii but data collection for the current study was not designalfaw definitive
conclusions regarding fertility levels. The possibilityasfptic dioecy or agamospermy in bdth
schottii andC. emoryi should be investigated.

Chromosomal studies. The unexpected discoveries of various ploidy levels in BegdB
Corynopuntia populations should encourage more attention to this linagefiry, both to support
investigations into regional polyploid evolution as well asfudher elucidate lesser understood,
regionalCorynopuntia species. The Mexica@. vilis, known from Coahuila to San Luis Potosi, is
uncounted. Highly similar in features to the tetraplidgrahamii, C. vilis is distinguished most
obviously by its purple-pink flower. This makes the ocwaasi but consistent presence of salmon-
orange pink flowers in typicaC. grahamii populations across its USA range especially intriguing.
Flower color and extreme morphologic similarity suggest tbesibility thatC. grahamii is an
autotetraploid derivative of a diploi@. vilis. The Mexican diploidC. moelleri, despite being
regularly included as an extant member of the ChihuahuarrtDehsle cholla cohort (Bravo-Hollis
1978; Anderson 2001; Barcenas 2004; Hernandez et al. 2004; Hunt 2000 déedén documented
by only one chromosome count in the literature (Pinkava &itPa©82) and with only a brief
literature description based solely on what could be dersil unrepresentative, cultivated material



Fenstermacher: Club chollas of the Big Bend 40

Figure 25. Extra-floral nectaries and spine secretioBsy BendCorynopuntia. Arrows indicate apparent
spine-tip secretions from emergent central spines iB.&noryi (PM s.n.) and B—C)C. schottii (TP s.n.). D)
Chelinidea vittiger nymph with proboscis in areolar wool ©f grahamii (JF 2302). E—F)Brachymyrmex
patagonicus “grooming” spine tips with antennae @agrahamii (JF 2302). 9 July 2014, cultivated plants in
pots, Alpine, Texas.
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(Bravo-Hollis 1978; Wright 1932). Donati (2011) reexamined the tamahe field and concluded
via chromosome analysis, morphology, and geographyCthabelleri is a well defined species that
— despite having various morphotypes — does exclude charaactelam with especiallyC.
bulbispina, yet is similar in aspect to the northern dipl@dclavata. The existence of uncounted
morphotypes inC. modlleri, as well as its sympatry and past confusion with variotreer
Corynopuntia species including the little known and uncoun@guccini andC. nigrispina (Donati
2010, 2012), support the need for further study.

Hybridization. Unreduced gametes are believed to account for mosheoforigins of
polyploid Opuntia (s.l.) (Pinkava et al. 1998) and are implicatedCiytindropuntia hybridization
(Baker & Pinkava 1987). Evidence for the existence ofduwed gamete production in Big Bend
Corynopuntia is suggested by multiple observations: (1) the existencgptdid individual within a
C. densispina population JF 635), (2) observation of heteromorphic bivalents and univalents
samples from &. densispina population, (3) a suggested triploid meiotic pairing in e from a
mixed population ofC. aggeria andC. densispina (JF 703), (4) observations of two sizes of pollen
grains within a single pollen grain sample, most ofteted in samples frort. aggeria and C.
densispina, and (5) a pentaploi@. grahamii individual JF 2416). The formation of autopolyploids
such asC. densispina via the triploid bridge mechanism (Ramsey & Schemske 1998) lisely
scenario, where triploids form in a diploid populationtbg production of an unreduced gamete and
then either self-fertilize or backcross to a diploithe&i of which results in a tetraploid.

The Big Bend area, with its high desertic temperatwieemes and frequent drought
conditions, may be a particularly well-suited location fa production of unreduced gametes as they
occur more frequently as a result of environmental stiRasgey & Schemske 1998). There are
now more vouchers suggesting gene exchange between BigdBeymbpuntia species, but the true
extent of hybridization and/or introgression betw€egrahamii andC. schottii is unknown. So too
is the extent and/or mechanism and significance of the appaidespread introgression betwean
grahamii andC. aggeria. Additionally, unidentified specimens (discussed below} tto not align
with any one known species concept raise the distinct possibfliadditional hybrid evolutions;
these taxa require further study.

Novel taxa. The more robust character descriptions developed herein f@@3kespecies
resulted in several specimens defying definitive identificesti The collections from mid-Brewster
and northern-Hudspeth counties show affinities to mul$€ species, and those from the Brokeoff
Mountains in southeastern New Mexico contain charastgggestive o€. clavata andC. grahamii.

In addition, | encountered two unus@lemoryi specimens from southeastern ArizoRaghte 1624,
Rebman 1850, DES) that suggest an affinity @ schottii in that the joints were strongly J-shaped,
with long spines relative to the shorter/smaller joinke (bpposite is true in typic&l. emoryi), as
well as copper-colored central spines with white margifsirther documentation of these mixed-
morphology populations will help inform possible evolutionaonnections between these species.
Hybrids have not only been documented in areas disjunctgarental taxa (Pinkava et al. 1998) but
taxa resulting from the introgression of three parental gesasnot impossible (Soltis & Soltis
2009). Discoveries of as-yet unknown taxa, including situationdasitoithe long-unacknowledged
C. dengspina, are a significant possibility (e.g., Donati 2014; Nesom 2@%5)ore of the geographic
range of the genus is explored and more extant specimensvéewed, utilizing the most up-to-date
species characterizations.

Biogeographic context, evolutionary relationships. The true relationship between CSC
species and Mexicaforynopuntia is unknown. Newly described species li&e guccini from
southern Coahuila with its striking red flowers (Donati 2053)well as new data (Donati 2011) that
enrich the species concept 6f bulbispina and re-energize the protologue-only conceptCof
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agglomerata (Berger 1929), are exciting additions to the regional podCarfynopuntia genomes.
Further, the similar morphology of the latter two spe¢ee€. grahamii andC. vilis (ovate joints,
tuberous roots, terete spines) suggest some level of genometcmmneéAn additional indication of
possible gene exchange involves the occurrence of red filamdntsthe USA population®f
Corynopuntia, maroon-red filaments are a true, consistent charaftemly C. aggeria. Fully
maroon-red filaments are occasionally seenQn densispina, but this could be considered
unsurprising for an autopolyploid-derived taxon. Red filamergsagso known in some individuals
resemblingC. grahamii but only in populations with robust morphologies, i.e., intesged witlC.
aggeria.  In Mexican club cholla species, red filaments are redofor C. bulbispina and C.
agglomerata (Donati 2011) but apparently also as a consistent cha@dc@ergrahamii (Donati pers.
com.).

Following the above and other character traits through poposathay yet add new depth to
existing species concepts as well as lead to the discot@swCorynopuntia species, especially in
northern Mexico where the cactus diversity is high (reviewed énn&hdez et al. 2004) and
geographical rarity is common (Herndndez & Gomez-Hinostrosa 286fandez et al. 2010).
There, habitat divergence and genetic isolation results fregiomal climatic patterns and
topographically separated basins (Hernandez & Barcenas 1886yhtarea biodiversity was likely
initially influenced by virtue of being an environmental g@fum during the last glacial maximum
(Van Devender 1986, 1990; Betancourt et al. 1990; Fenstermache?@&).

Similarly, the southwest desert of the USA has also baggested as a Pleistocene refugium
— and as such serving as a hub for post-glacial expansiOpuafia (s.s.) diversity (Majure et al.
2012b, c). Recalling som@puntia (s.l.) species’ propensity for disarticulation, this exgiam of
range and/or diversity may have been aided by the movememteisfocene megafauna (Majure
2012c) as well as humans and related domestic animals dbeindong history of migration across
the northern Chihuahuan Desert region (Keller 2005). Perha@Siids a young, localized remnant
of the proposed post-glacial diversification event, comsigehe relatively small species ranges and
sympatric distribution of diploid and polyploids (Stebbins 1971).

Molecular systematics. There is much potential to further elucidate relatigoshwithin
Corynopuntia. Barcenas et al. (2011) showed resolution of@eo/nopuntia clades, each containing
a diploid —C. parishii andC. modlleri. These two clades separate well based on both morphologic
and geographic qualifications. Western USA club cholla spettend towards having one main
spine, numerous centrals, and less morphological distiscbetween radial and central spines —
incidentally all characteristics @ylindropuntia. Southern/eastern species, including the CSC, have
fewer central spines and distinctly different radial aedtral spine morphologies as well as locations
in the areole. The subcentral spine€oémoryi andC. schottii seem to exist in an intermediate state
between the two otherwise-separated clades.

Béarcenas et al. (2011) did not include the other known diploi@oiopuntia, C. aggeria
andC. clavata, in the molecular analysis so it is still unknown if molades may be shown in the
genus. The likelihood of reticulate evolution @orynopuntia poses challenges to ultimate
infrageneric resolution, however methods exist to elucidaseitifiuence (Griffith 2003). Recent,
strongly field-based studies in the Opuntioideae, esie€iglindropuntiae and Corynopuntiae, are
resulting in species concept revisions (Majure 2012b; Felgér2284), amendments (Donati 2011),
and even new species discoveries and descriptions (RebmanD@gj 2010, 2011, 2012; Baker
and Cloud-Hughes 2014). It is hoped that the current stuydess inspiration towards more such
efforts.
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Appendix A. New or previously unpublished meiotic chromosome counts faEdhgopuntia schottii
complex. Unless otherwise indicated, counts were made by the authar/&M# pcollection localities
are within Texas, and vouchers are housed at SRSC. See Methods araldfatatames associated
with collector abbreviations. Symbolsunivalents observed; multivalents and/or tetravalents
observed; * count by MAB; ** mitotic count, by MAB.

Corynopuntia aggeria

n=11. usA TEXAS. Presidio Co. Ruidosa/Pinto Canyon Roa8ER 130 [previously
unpublished, count by BERBrewster Co. Terlingua, Saltgrass Drauf- 2329a, 2329b, 2329c.
Big Bend National Park: West Entrandg, 2330, 2332; Glen Spring Road]F 409, 2321, 2322,
River Road, 22.9 mi E of CastoldBER 123; River Road, SolisJF 2350; Rooney’s Plac&DZ
2449; Rt. 11: mi. 6.7,JF 2334b; Rt. 11 mi. 7 JF 2353a; Rt. 12 mi. 15JF 2312a, 2312f, 2314;
Dagger Flat RdJF 2339; Old Ore Rd. (OOR), Telephone Canyon trailhed1620; OOR, La
Noria jct.,JF 2343; OOR, Ernst Tinaja jctJF 640, 641; OOR, Candelilla campsite arelx, 630,
631, 632, 633; Boquillas Canyon Road (BCR), flats in first mili§; 2351d; BCR, N of Barker
House JF 1574a, 1574b, 1576, 2344a, 2344b, 2344e, 23453, 2345b; BCR, first Boquillas
overlook,JF 1562, 1563.

Corynopuntia densispina

n = 22. USA. TEXAS. Brewster Co. Big Bend National Park: River Road, Solis jd&,2397b,
2399, 2212*; River Road, 1.9 mi. E of Solis jctlF 2349a, 2349b.1, 2349b.2, 2349dt, 2349d.1%;
Old Ore Rd. (OOR), Carlotta Tinajdf 32380a, 2380b, 2385, 2387; OOR, N of La Noria jct.JF
23829, 2382i, 2382kt; OOR, La Noria jct.JF 2392%; OOR, Ernst Tinaja jctJF 691%, 23934,
2393bt, 2394+, 23953, 2395b; MAB 17815 / JF 2218a** (SRSC, ASC); OOR, Candelilla
campsite arealF 2378, 2378b, 2378ct.

Corynopuntia grahamii

n = 22. USA. TEXAS. Brewster Co. Elephant Mtn. Wildlife Mgmt. Area: southern wildlife
viewing area,JF 2372. Big Bend National Park: West Entranb#AB 17814 / JF 1558**
(SRSC, ASC); Nine Point Draw campsif€, 2415; North Rosillos Road mi. 1JF 2338b; Rt.
11 mi. 19.7 JF 2336; River Road, Gravel Pit jctJF 2361%.

n=24 —-31.UsA. TEXAS. Presidio Co. Marfa: Casa Piedra Rd., 36.8 mi S of Madfa2416.

Corynopuntia schottii

n= 33. USA. TEXAS. Val Verde Co. Langtry,JF 2404t%t. Starr Co. S of Escobare®/AB 17635
I ASs.n* (SRSC, ASC, US). Eastern edge of Rio Grande ORy2430. Hidalgo Co.
Mission, adjacent to The Nature Conservancy Chihuahua $veserve]F 2434.

Corynopuntia aggeriax C. densispina

n=14 — 16.UsA. TEXAS. Brewster Co. Big Bend National Park (BBNP): Old Ore Rd., Ernst
TinajaJF 635T%.

n=16 — 22.USA. TEXAS. Brewster Co. BBNP: River Road, SolislF 703at; JF 703b%. Hybrid
identification based on morphological intermediacy as aslthromosome count.

Corynopuntia aggeriax C. grahamii

n=14 — 16.UsA. TEXAS. Brewster Co. Big Bend National Park, Rt. 11 mi. 6JF 2334c.

n = 22. USA. TEXAS. Brewster Co. Saltgrass Draw]F 2325; near Agua Fria Rd. entrance to Hwy
118,JF 2360a; Big Bend National Park, Rt. 11 mi. J5 2353. Hybrid identification based
on morphological intermediacy not chromosome count.

Corynopuntia densispinax C. grahamii
n =20 —22.UsA. TEXAS. Brewster Co. Big Bend National Park, Old Ore Rd., Ernst Tindf,
2355.
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Appendix B. Previously published somatic chromosome numbers fda€dhgopuntia schottii complex,
based on the summary in Pinkava (2002) with my updated determinaiilicetéd, see symbols below.
Unless otherwise noted, collection locations are within Texdspecimens are housed at SRSC. Where
relevant, species names under which the counts were ongidllished are included in brackets; any
additional annotations are subsequently listed in chronolodar.oiSymbols® = specimen does not exist
at SRSC, location unknown, reassignment based on chromosomezsoupdated determination from
last publication (Pinkava 200%,: locality unreported in literaturé= corrected collection number from
last publication (Pinkava 2002):= locality unreported in literature, now known as “Mexico”
(Govorounova, pers. com. 2015%).

Corynopuntia aggeria

22 Baker et al. 2009Mexico, Chihuahua. MAB+ 12390, MAB 15667 (ASC).

22 Pinkava et al. 1985, Baker et al. 2089ewster Co. RDW 9714 (UTEP, ASC) Dpuntia
schottii var. schottii].

22 Powell and Weedin 200Brewster Co. AMP 5216, AMP+ 6006.

22 Ralston and Hilsenbeck 198Brewster Co. AMP 5216, 5383; BER 114, 118, 120, 128,
135, 136, 152.

22 Weedin et al. 198Brewster Co. JFW 1152 [O. schottii var. schottii]®.

22 Weedin and Powell 1978rewster Co. AMP 3074a, b [O. schottii var. grahamii] 2.

Corynopuntia densispina
44 Ralston and Hilsenbeck 199Rrewster Co. BER 200 (SRSC, ASC, TEX).
44 Weedin et al. 198Brewster Co. DOK 53 [O. schottii] 2.

Corynopuntia emoryi
22 Yuasa et al. 1973. Y-72-402-020, Btanlyi (sic)].?
44 Baker et al. 2009Arizona, Graham Co. MAB 11638 (ASC).
44 Pinkava et al. 1983vrizona, Pinal Co. MAB+ 4645 [ASC, asO. stanleyi var. stanleyi].
44 Powell and Weedin 200Presidio Co. CandelariaAMP+ 5996".
44 Ralston and Hilsenbeck 198Bresidio Co. Capote CreelBER 113.
44 Weedin and Powell 197&®residio Co. CandelariaDOK 9 [O. stanleyi].

Corynopuntia grahamii
44 Pinkava et al. 198%I Paso Co. El PasoRDW 6910.5 (UTEP, ASU) P. schottii > O.
grahamii].
44 Powell and Weedin 2008rewster Co. Heath CanyonAMP+ 6152 [O. schottii var.
schottii].

Corynopuntia schottii
44 Yuasa et al. 1973Mpxico]. Y 68-402-090 Q. shotii (sic.)].”
66 Yuasa et al. 1973Mpxico]. Y-72-402-019 P. shotii (sic.)].”

C. aggeriax C. grahamii (putative)
44 Weedin and Powell 197&rewster Co. BBNP, La Noria JFW+ 237 [O. grahamii, O.
schottii, O. aggeria] %
44 Powell and Weedin 200Brewster Co. Terlingua,GGR 93-52 [O. schottii] %

*Locality unreported in original publication of count (Yaast al. 1973), but via a translator Yuasa
was contacted and asked about the collection location & fpeximens; apparently the plants were
in cultivation at the Izu Shaboten Park, Ito, ShizuBkefecture, with original material (possibly
seeds) having come from Mexico. Email conversation wigm&Govorounova, May 2015.
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Appendix C. Pollen stainability data for th@orynopuntia schottii complex including putative hybrids.

Total
samples
measured

# samples
containing
pollen

Average %
stainability

# samples
lacking
pollen

% samples
lacking
pollen

Range in
stainability %

% stained
grains
>70%

% stained
grains
> 80%

C. aggeria

37

35

69

1-97

60

54

©
£
g =
-
g O
27 5
22 3
70 77
5 2
19 40
28-94  45-96
64 67
a1 67

C. grahamii

47

13

47

34

72

0-87

15

15

C. schottii

x €
58
S5
© O
0o
24 1
18 1
56 26
6 0
25 0
0-94 n/a
56 0
39 0

C. aggeriax

C. grahamii

42

13

43

29

69

0-98

15

15

C. densispina x
C. grahamii

93

50

n/a

100

100

C. grahamii x
C. schottii

100
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Appendix D. Pollen stainability measurements of @@ ynopuntia schottii complex. Percentages for
each flower sampled per voucher are listed in brackets. Bil#ginevas measured by the author and
vouchers are housed at SRSC unless otherwise noted. Undedilestion numbers indicate
chromosome number vouchers. See Methods and Materials for namesatadsaeith collector
abbreviations. Symbols: n/a = pollen sterile (i.e., flower lackedrpelirely); * = sample showed two
or more sizes of pollen grains.

Corynopuntia aggeria

USA. TEXAS. Presidio Co. Ruidosa, 4.3 mi NE on Pinto Canyon RBER 130 [91]; Marfa, 39.5
mi S on FM 169/Casa Piedra R, 2417 [96]*. Brewster Co. Lajitas, 0.5 mi. NAMP 6006
[94]. Terlingua, Saltgrass Dravlf- 2327 [50], 2329a [14], 2329b [93], 2329c [87], 2329d [n/a],
2329e [93], 2329f [86]. Terlingua Ranch, 14 mi. E on Terlingua Ranch RER 127 [75]. Big
Bend National Park: West Entrandg, 2330 [93], 2332 [96]; Maverick Rd. BER 120 [36];
River Road, 12 mi E of CastoloBER 128 [n/a]; 20 mi E of CastolorBER 152 [22]; River
Road, Solis jct.JF 2350 [88]; Glen Spring Rd. (GSR), Juniper Canyon jif. 392 [33]; GSR,
Black Gap jct. JF 409 [93]; GSR, S of Glen SprindF 2321 [19], 2322 [1]; GSR, N of River
Road jct.,JF 23709 [85], 2370i [92]; Rt. 11, mi. 6.7JF 2334b [77]; Rt. 11, mi. 7 JF 2353a
[94]; Rt. 12, mi. 13.6BER 118 [93]; Old Ore Rd. (OOR), La Noria jctIF 2343 [89]*; OOR,
Ernst Tinaja arealF 640 [27], 641 [44]; OOR, Candelilla campsite arel, 630 [54], 631 [42];
Boquillas Canyon Rd. (BCR), flats in first mil#; 2351d [68]; BCR, N of Barker Hous&F
2344a [58], 2344b [97]*, 2344e [92], 2345a [52, 85]*, 2345b [13, 54].

Corynopuntia densispina

USA. TEXAS. Brewster Co. Big Bend National Park: River Road, 5.3 mi NE of SBlanch,BER
200 [73]* River Road, Solis jctJF_2397b [52], 2399 [90], 2400 [n/a]; River Road, 2.8 mi W of
Glen Spring Rd. jct.JF 2349a [74], 2359d [67], 2396 [n/a, 84]; Old Ore Rd. (OOR), Carlotta
Tinaja,JF 2380a [92], 2380b [86]; OOR, S of Carlotta TinajdF 23829 [28], 2382i [35]*, 2382)
[n/a], 2382k [85], 2385 [49], 2387 [75]; OOR, N of La Noria jct.JF 2392 [n/a]; OOR, Ernst
Tinaja trailhead parkinglF 691 [85], 2393b [50]*, JF 2218a/MAB 17815 [55]; OOR., Ernst
Tinaja jct. areaJF 637 [n/a], 638 [94], 2394 [53], 2395a [72]; OOR, Candelilla campsite arek,
2378 [90]*, 2378b [88], 2378c [73].

Corynopuntia emoryi

USA. ARIZONA. Graham Co. 6km SW of Gila PeakylAB 11638 [n/a]

UsSA. NEW MEXICO. Hildalgo Co. NW of Lordsburg, 13 mi. NW of Hwy 90 jctAZ 2348 [96].

USA. TEXAS. Presidio Co. Porvenir, along the riveBHW 47473 [n/a]; Chamber’'s Ranch, .6 mi N
of Capote CreekBER 113 [45]* Candelaria, 1.2 mi SE of villag@MP 5996 [89]*.

Corynopuntia grahamii

MEeXico. CHIHUAHUA. 52 mi S of Ciudad ChihuahuBJP 13374 [87].

MExico. COAHUILA. Cuatro Cienega®)JP 5279 [O].

UsSA. NEW MEXICO. Dofia Ana Co. SW base of Bishop’s Cap MtAK s.n .[n/a, n/a, n/a, n/a, n/a,
n/a, n/al.

USA. TEXAS. Hudspeth Co. Indian Hot SpringsGGR 98-49 [n/a]; Sierra Blanca, .5 mi S of 110 on
FM 1111 JF 2429 [n/a]. Presidio Co. Marfa, 36.8 mi S on FM 169/Casa Piedra BH.2416
[65]. Brewster Co. Elephant Mtn. Wildlife Mgmt. Area, southern wildlife weng area, JF
2372 [n/a, nla, n/a, n/a, n/a, n/a, nlAMP 6291 [n/a]; Terlingua Ranch, just NW of Cedar
Springs Rd. and Marathon Road jdf, 2420 [n/a]; Big Bend National Park: N Rosillos Road,
0.5 mi W of Rt. 11,JF 2338a [0], 2338b [n/a], 2338c [n/a]; N Rosillos Road, 1 mi W of Rt. 11,
JF 2338c [0]; Nine Point Draw campsitdF 694 [33], 2337 [n/a], 2401 [52], 2415 [n/a]; Dagger
Flat Road (DFR), 2.3 mi E of Rt. 1JF 2352 [n/a]; DFR, 5.5 mi E of Rt. 11F 783 [n/a]; Rt. 11
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mi. 20,JF 695 [64]*; Rt. 11 mi. 19.7,JF 2336 [n/a, n/a, n/a, n/a, 46, 53, 83]; River Road, 0.3 mi
N of Gravel Pit jct. JF 2346 [n/a]; JF 2361 [n/a]; Old Ore Rd. (OOR), mid-wayF 2403 [44];
OOR, SW of Ernst Tinaja jctJF 692 [n/a]; OOR, Ernst Tinaja spur roaik 2354 [n/a]; OOR, at
La Noria jct.,JF 2342 [n/a]; OOR, 4 mi S of N endF 696 [n/a]. Heath Canyon Ranch: near La
Linda crossingBER 111 [43]; just N of airstrip AMP 6152 [47].

Corynopuntia schottii

MEXICO. COAHUILA. Cuatro Cienega®)JP 5714 [75]*; JL 75413 [O].

USA. TEXAS. Terrell Co. N of Sanderson, E of 285 on FM 2400: 13 @i. 2406 [n/a]; 15 mi.,JF
2407 [n/a]; 16 mi.,BER 106 [n/a]; 17 mi.,JF 2408 [n/a], BER 107 [n/a, n/a, 0]; 17.6 miBER
108 [78]; 30 mi. S of Sheffield on Hwy 349_ 26 [0]. Val Verde Co. Langtry:AMP 6248a
[82]; at entrance off Hwy 9QIF 2404 [n/a, 71, 84, 94)JF 2405 [77, 87, 93]; 1.4 mi S of Hwy 90,
BER 103 [n/a, 94]. Pandale: 13 mi. N of Hwy 90 on 10B&R 101 [82]; 2 mi. E of Pandale on
1024,BER 102 [89]; 9 mi. N of Hwy 90 on 10248ER 100 [1]. Starr Co. Rio Grande City: East
of downtown on Hwy 83JF 2430 [44]; N of EscobaresASs.n./MAB 17635 (SRSC, ASC, US)
[30]*. Hidalgo Co. Mission: Chihuahua Woods PreserMi s.n. [61]; adjacent to Chihuahua
Woods PreservdF 2434 [64].

Corynopuntia aggeriax C. densispina
USA. TEXAS. Brewster Co. Big Bend National Park, Old Ore Rd., Ernst Tinaja, j#= 635 [26].

Corynopuntia aggeriax C. grahamii

USA. TEXAS. Brewster Co. Hwy 118: 0.5 mi W on Agua Fria RdF- 2360a [0, 50, 64],2360b [38,
69]; Terlingua, South County Rd. 8 mi. N of FM 13B,2325 [59], 2368a [n/a], 2368b [n/a];
Terlingua Ranch, Red Bluff HilJFS 820 [n/a], 821 [98]; just NW of Cedar Springs Rd. and
Marathon Rd. jct.JF 2421 [n/a], 2428 [n/a]. Big Bend National Park: Maverick Rd, 0.8 moN
southern terminuslF 2356 [0, n/a]; Rt. 11 mi. 6.7JF 2334a [5]*, 2334c [n/a], 2334e [n/a, n/a,
n/a, n/a, n/a]; Rt. 11, mi 13F 2335a [n/a], 2335b [24], 2353b [n/a, n/a, n/a, 47]; Old Ore Rd.,
Roy’s Peak jct.JF 697 [83]; 698 [53]; 699 [n/a] 700 [n/a], 2340 [n/a], 2340a [n/a, n/a],2341a
[n/a, n/a, n/a]2341b [n/a, n/a, n/a, n/a, n/a].

Corynopuntia densispinax C. grahamii
USA. TEXAS. Brewster Co. Big Bend National Park: Old Ore Rd., N of La Nodg,2391 [n/a];
Old Ore Rd., SW of Ernst Tinaja jcif 2355 [93].

Corynopuntia grahamii x C. schottii
USA. TEXAS. Terrell Co. North of DrydenJF s.n. [n/a].
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Appendix E. Character comparison of t@erynopuntia schottii complex in the Big Bend region. Unless
otherwise noted, measurements given in cm. Descriptiongi@épspine characters, refer to the most
mature or developed structures of the plant.

C. aggeria C.densispina C. emoryi C. grahamii C. schottii
Chromosome 11 22 22 22 33
number ()
Plant habit Tight mound Open mound Clumps/  Small clumps Small clumps
mound / mat to vast mats
Root habit Tuberous Diffuse, Diffuse, Tuberous Diffuse,
thickened hair-like hair-like
Adventitious No Yes Yes No Yes
roots common
Plant width 30 - 60 30 — 150 30 — 150+ 15-30 15 - 300+
Plant height 15-30 10-30 10 — 30+ 10-20 5-12
Joint attachmen Strong Strong Strong Weak Weak
Joint growth Lateral Lateral Lateral Apical Lateral
origin
Joint length 35-8 6-9 9-15 2-5 2-8
Joint sizeratio 2-3xlongas 2-3xlongas >3xlongas 1-2xlongas > 3xlongas
broad broad broad broad broad
Joint shape Clavate, Clavate, Clavate, Obovateto  Clavate,
elongated elongated elongated cylindric J-shaped
Tubercle shape, Rounded/ Rounded/ Rounded/ Rounded/ Flat/
abaxial profile inflated inflated inflated inflated deflated
Areolar wool Protruding, Protruding, Flat/short, Protruding, Flat/short,
habit; where villous; villous; felt-like; villous; felt-like;
most abundant basally basally apically basally apically
Central 1-46-9) @)7-11(+) 6-8 7-8 6 — 8 (10+)
spine no.
Central spine  Flat/angled Flat/angled Flattened but Terete (rare: Flat/angled;
shape: adaxial/ no angles, slight angle  thinned
abaxial oval profile  below) margins




Fenstermacher: Club chollas of the Big Bend

54

Appendix E, continued. Character comparison ofabriynopuntia schottii complex in the Big Bend
region. Unless otherwise noted, measurements given in cm. Diesw;igspecially spine characters,
refer to the most mature or developed structures of thé plan

Central spine
color; tone

Central spine
base shape /
color

Central spine
epidermis

Main central
spine present

Central spines
often twisted

Subcentrals
present

Diminutive
subcentral

Location of
most mature
joint

Radial spine
color

Radial spine
number (pairs)

Radial spine
aspect (esp.
lowest pair)

spine clusters in

C. aggeria

Various, with
white/gray;
streaked

Bulbous /
differently
colored

Smooth,
farinose,
especially
distally

No

Yes

No

No

Upper half to
third

Bright white;
bases
different

1-2(3)
Appressed

and decurved
at base

C. densispina

Yellowish
(pinkish),
white/gray;
streaked

Flared to
bulbous / diff.
colored

Smooth,
farinose,
especially
distally

No

Yes

No

No

Upper half

Bright

white/gray;

bases various

2-3

Appressed
and decurved
at base

C. emoryi

Tan/golden
brown;
saturated

Flared
(uppers flared
to bulbous)

Variously
ridged, thin
appressed
trichomes
Yes

No

Yes

No

Upper half

Light tan

2 (3)

Descending

C. grahamii

Peach to red-
brown;
saturated,
blotchy

Bulbous /
diff. colored,
iridescent

Lateral
ridges, robust
appressed
trichomes

No
No

No
No
> Upper’/,
White; bases
different,
iridescent

3-4 (5+)

Appressed to
decurved at
base

C. schottii

Tan to red-
brown, white
margins;
saturated,
blotchy
Undifferen-
tiated, hidden
by wool
Smooth,

longitudinal
striations

No

No

Yes

Yes

Upper half

Cream-tan

2-3

Descending
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Appendix E, continued. Character comparison ofabrynopuntia schottii complex in the Big Bend
region. Unless otherwise noted, measurements given in cm. Diesw;igspecially spine characters,
refer to the most mature or developed structures of thé plan

C. aggeria C.densispina C. emoryi C. grahamii C. schottii
Long 1° radial No Yes No Various No
pair
Glochids in Common Common Rare Common Rare
brachyblasts
Glochid/areole Often Often No pattern Often No pattern
habit towards  increased, increased, increased,
base of plant radiating, radiating, radiating,
protruding protruding protruding
Location of Terminal Terminal Terminal Terminal Medial
joints with
flower buds
Conic leaf <5 <5 <5 <5 >5
length,
pericarpel rim
areoles (mm)
Bud No No No No Yes
proliferation
common
Flower color Yellow Yellow Yellow Yellow (pink) Yellow
Filament color Red, pink Green, red, Green/clear Green/clear Green/clear
pink
Stigma lobe Green Green Cream Green Green
color
Fruit color, at Green Green Yellow Green Yellow
maturity
Phenology (Feb-)Mar—  (Mar-)Apr— May—June (Mar-)Apr—  (May-)Jun
Apr(-May) May May (-Jul)
Woody old Yes Yes Yes Yes No
growth
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Appendix F. Specimens used to populate range dot map, additional to tresdyaeferenced in this
report. Specimens were either reviewed via the SEINet portakpalhnotated as a loan, or via photo
request (MO, US). Underlinambllection numbers indicate the specimen is also a chromosome number
voucher. See Methods and Materials for abbreviation explanations.

Corynopuntia aggeria

MExico. CHIHUAHUA. 25 km NE of EscalorylAB 15667 (ASC).

MEXicOo. COAHUILA. SE of TorreonMAB 12819 (ASC); Bolsén de MapinDJK K-8126 ASC);
16.8 mi N of AldaméEL L22846 (ASC); 10 km WSW of Cuatro CienegsA\B 12817 (ASU,
DES).

USA. TEXAS. Presidio Co. N of RuidosaBER 130. Brewster Co. Terlingua,WW 476; Big Bend
National Park, N of Talley MtriMiSA 83 (MICH); S of Chilicotal Mtn,MSA 21 (MICH); Dagger
Flat, AMP 5223; Old Ore Rd. AMP 6078; River Rd,BER 126.

Corynopuntia emoryi
USA. TEXAS. Presidio Co. Porvenir,BHW 47473; near Candelari®ER 113, 9_ 3.

Corynopuntia grahamii

MEXico. CHIHUAHUA. 5 km NW of La Cruz and Rio ConchddAB 15662 (ASC); 54 mi S of
Chihuahua City on Rt 45)JP P-13374 (ASC); Ciudad JuareRDW 11680 (ASC); 2 km W of
JuarezRS 11798 (UTEP).

MEXicOo. COAHUILA. N of OcampoMAB 15672 (ASC); 106 km E of Torreé)JP P-13875
(ASC); Cuatro Cienegas BasbJP 5279 (ASC).

MExico. DURANGO. 20 mi S Leon Guzman Plaza, Rt. BOP P-13458 (ASC); ca. 19 air mi W
Torreon,DJP P-13866 (ASC); 21 air mi SW Torre6i)JP P-13864 (ASC).

USA. NEW MEXICO. Dofia Ana Ca Franklin Mtns Champie 3934 (UNM); Bishop’s Cap Mtn.,
GW 3422 (UNM). Otero Co. Brokeoff Mtns,GW 3829 (UNM).

USA. TEXAS. El Paso Co. El PasoAZ 2631 (DES),RDW 32137 (UTEP); Franklin MtnsFerguson
149 (UTEP); Hueco MtnsikRDW 19354 (DES, UTEP)Jeff Davis Co. 96 Ranch on the Rio
GrandePRM s.n. Hudspeth Co. Indian Hot SpringsiGGR 89-49. Presidio Co. N of Ruidosa,
MSA 1074 (MICH); Solitario,JEH 702 (SRSC) RDW 23061 (UTEP). Brewster Co. Nine Point
Mesa,PRM 988 (SRSC),MSA 909 (MICH); Terlingua,PRM 960, BBNP, River RABER 121,
BBNP, Lone MtnMSA 827 (MICH), BBNP, Chilicotal MtnMSA 21 (MICH); FM 2627 near La
Linda, BER 119; Reagan Canyol8HW 47449 (SRSC)MSA 977, 1005 (MICH).

Corynopuntia schottii

MEXico. COAHUILA. Cuatro Cienegas Basibewis ASU59091, DJP P-5539, DJP 5714, DJP
4123-A (AC).

USA. TEXAS. Brewster Co. Reagan CanyomSA 981 (MICH). Pecos Co.FM 2400,BER 104.
Terrell Co. FM 2400,BER 109; E of Langtry, Trelease DES54522 (DES); Hwy 90 at Pecos
River bridge AMP 6244. Val Verde Co. N of Dryden, S 30; near Comstock8ER 101, DW 40
(UNM); Lake Amistad AMP 3436. Schleicher Co. W of EldoradoJFW 1103. Brown Co.
Brownwood,Palmer 11121 (MO). Webb Co. W of Laredo,DW WA478 (UNM), near Laredo,
DW 221 (UNM). Zapata Co. 5 mi. E of Zapatd.V 2782 (UNM). Starr Co. W of Rio Grande
City, TP s.n. Hildalgo Co. Near Reynos&£UC 1884 (MICH). Cameron Co. Brownsville,
Runyon s.n. (US!).

Corynopuntia aggeriax C. grahamii
USA. TEXAS. Brewster Co. Terlingua RanchJFS821; BBNP, Dagger Flat RAAMP 5223; BBNP,
SE of CastolonMSA 11 (MICH).
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Appendix G. Comments on, and corrected erratum for, previously publishedgsaphs of
Corynopuntia schottii complex species.

Anderson 2001
p. 347. ldentified a€. schottii however the red filaments, tightly bunched habit, and lorigewh
containing central spines indicaleaggeria.

Anthony 1956
p. 241, Fig. 10. Identified & schottii, however based on the locality and tightly mounded habit the
photo show<C. aggeria. Fig. 12 is correct as identified. Fig. 13 sh@vsggeria.

Benson 1982

p. 369, Fig. 367. ldentified & schottii, though considering the tightly bunched habit, flat
white/light-colored central spines, and apparently darkéared filaments, as well as reported
locality of Tornillo Creek, Big Bend National Parkjg photo show€. aggeria.

p. 370,Fig. 368. The drawing dE. schottii includes some typical characters such as lateraltigrow
clavate joints, thin pericarp with longer conic leavegidtaed central spine, and what could be
construed as diminutive central spines, though the spinictlepiction is not exactly
representative. The fleshy mature fruit (Fig. 368, 4) ipiedy, normally being more swollen-
spindle-shaped, tubercles not apparent, with stellate gio@uioh protruding areoles.

p. 371,Fig. 369. Rather than showing only characters representditivegrahamii as identified, this
drawing represents characters knowgirschottii (diminutive central spines, fruit) as well @s
aggeria (tuberous roots; lateral stem growth; elongate-clavatess long, decurved central
spines; few central spines; basally-abundant glochids,)Cagchhamii (tuberous roots; apical
stem growth; small, ovate stem shape (Fig. 369, 2); roundtbeddes; numerous radial spines;
basally-abundant glochids). Drawing taken from original spgmidlication in Engelmann
(1859).

Evans 1998

p. 58: Identified a€. grahamii, however the tightly packed stems, white-grey flat spimed,pink-
red filaments indicat€. aggeria.

p. 70: Identified a€. schottii, however the tightly mounded stems, spines decurved and white, plus
numerous buds and flowers indic&eaggeria.

Hunt et al. 2006

p. 479, 479.1:C. aggeria correct as identified, clearly showing red filamesfsrse spines, and
bunched habit. 479.4C. emoryi correct as identified, with its relatively short gatd and robust
stems; this plant was in cultivation in Alpine, TX, remgtin the discordant background of
volcanic rocks and fallen oak leaves. 479.5: Identified.&oryi however the apical stem
growth, terete central spines, and abundant glochidssasi®eassociated with. grahamii. 479.6:
C. grahamii correct as identified.

p. 481, 481.3: Identified & schottii however the red filaments, purple-white central spines with
iridescent bulbous bases, and bunched habit indiadggeria. 481.4: Identified a€. schottii
however it is likely arC. aggeria morphotype due to the red filaments, white central spimed
abundant glochids

Konings 2009

p. 164: Background photo is Gf schottii, as identified, showing its typical matted habit intho
Texas. Pictures 2 and 3 (upper and lower right corneréikeleof a hybrid betweeg.
grahamii (prominent wool in the globose new stem growth, someeteral pink/brown central
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spines) andC. aggeria (lateral stem growth, some flat white central spineandant buds, pink
filaments, fertile fruits).

p. 165: C. grahamii correct as identified, by its apical stem growth, nous terete central spines,
isolated mounded habit as opposed to extensive, matted growth.

Powell and Weedin 2004, Powell, et al. 2008

Plate 34, 35:C. schottii correct as identified, especially regarding the yellipsning fruit, but
perhaps introgressed with grahamii as it is lacking broad tan-brown central spines wititevh
margins, and obviously clavate, J-shaped stems.

Plate 36:C. grahamii correct as identified, especially regarding the alyiediaining stems at top
center of photo; however flowers appear to have darker, peph@psed filaments which would
indicate a degree of introgression withaggeria. Plants are in cultivation thus the atypical
habitat of volcanic rocks and fallen oak leaves.

Weniger 1988

p. 318: LikelyC. grahamii as identified, however atypical with elongate cylindriogsj white and
tan-red central spines, and tightly associated stého$ pictured in natural habitat.

p. 320: C. schottii correct as identified with the typical clavate stebread and brown central spines
with white margins, and yellow ripening fruits. Not pictd in natural habitat.

p. 321: C. emoryi (C. stanlyi) correct as identified.



