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Abstract 
Opuntia Web (https://www.opuntiads.com/) was built over the past 18 years. Nearly 100 species of Unit- 

ed States-occurring Opuntia are described. Though initially validly published, many are unstudied by bota- 
nists today, perhaps owing to the fact that identification of Opuntia species is difficult because some organs 

are ephemeral, morphology is sometimes plastic, or many species have been conflated with others. The goal of 
Opuntia Web is to aid in the identification and study of the many USA-occurring Opuntias. We provide photo- 
graphs taken in habitat, historical information, and other resources to help diagnose the various species. 

Introduction 
Opuntias are unique and attractive cacti. They are 

often prominent components of many ecosystems. 

Additionally, they grow well in gardens and are pop- 
ular for the distinctive look they add and their large 

and colorful flowers. However, there is often confu- 

sion surrounding the identification of the various spe- 
cies for a variety of reasons. For instance, many spe- 

cies have been synonymized and their names largely 
ignored; herbarium specimens are not always correct- 

ly identified; and many species are not mentioned in 
guidebooks. Herein, we identify nearly 100 United 
States-occurring Opuntia (L.) Mill. species (Table 1), 

and our website provides information about them to 

aid in their identification. Our goal is to unravel the 

conflicting and confusing information that encom- 
passes United States-occurring opuntias. 

We have an editorial board consisting of a Pub- 

lisher and Executive Editor (Joseph Shaw), Executive 

Editor and Senior Scientific Editor (David J. Fergu- 

son), Editor for the Mojave Desert (Nanette Hussey), 

and Editor for Florida (Daniel Green). Collective- 

ly, we visited Arizona to study cacti in their habitat 
(e.g., O. curvispina Griffiths); the southern Atlan- 

tic states to observe cacti in those regions (e.g., 

O. tunoidea Gibbes); the Great Plains to exam- 

ine O. polyacantha Haw.; and New Mexico to study 

O. gilvescens Griffiths; and many more locations 
(Fig. 1). In fact, our Senior Scientific Editor visited 

multiple populations of Opuntia in every state where 

the genus has been reported, studied type speci- 
mens in multiple herbariums, visited type locali- 

ties in the United States and Mexico, and has grown 
and observed living material for nearly all published 

names of USA-occurring Opuntia species. We pres- 
ent little- and well-known species. However, for the 
most part, we do not address horticultural selections 

of opuntias, nor discuss hybrids because they are so 
rare in nature. 
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Table 1 Opuntia Species addressed on Opuntia Web with citations to recently published information. Taxa are listed alphabetically by 
row. For more information on the author(s) of the taxa, cf. POWO (https://powo.science.kew.org/) or IPNI (www.ipni.org). 

O. abjecta, Majure et al., 2012b 0. aciculata, Newland and 

Crosswhite, 1985; Hunt, 2016 

0. alta, Garcia-Morales, et al., 2022 (O. 

xalta); Shaw, 2025 

O. ammophila, Majure, 2007 0. anahuacensis, Cato et al., 2023 0. angustata 

2024 

O. arenaria O. arizonica O. atrispina, Griffith, 2001 

O. aurea O. aureispina O. austrina 

O. azurea O. basilaris O. bentonii, Shaw and Ferguson, 2025 

O. blakeana O. cacanapa, Shaw and Ferguson, O. caesia 

0. camanchica, Griffith, 2003 O. charlestonensis O. chisosensis, Ferguson, 1986 

O. chlorotica var. chlorotica 0. gosseliniana (0. chlorotica 

var. gosseliniana (F.A.C. Weber)) 

Ferguson, Majure et al,, 2012b 

O. santa-rita Griffiths&Hare Rose (O. 

chlorotica var. santa-rita Griffiths & 

Hare), Majure et al., 2012b 

O. confusa, Green and Ferguson, 

2011 

O. covillei O. curvolilspina, Majure, 2022 

O. cyclodes O. cymochila, Majure et al., 2012b, | O. debreczyi 
POWO 

O. dillenii O. diploursina O. discata, Green and Ferguson, 2011 

O. dulcis 0. engelmannii O. ficus-indica 

O. flavispina* O. fragilis O. fusco-atra 

0. gilvescens, Powell and Weedin, 

2001; Green and Ferguson, 2011 
0. gomei, Garcia-Morales, et al., 

2022 

O. humifusa 

O. keyensis, Majure et al., 2012b O. laevis O. lata, Raf ssp. lata [Small] Majure, 

O. leptocarpa O. lindheimeri O. littoralis, Mayer and Rebman, 2021 

O. lubrica, Green and Ferguson, 

2011 

O. mackensenii O. macrarthra, Holmes, 2016 

O. macrocentra O. macrorhiza O. martiniana, Majure, 2022 

O. mesacantha, Majure et al., 2017 O. mojavensis O. nemoralis, Majure et al., 2017 

O. nicholii O. nitens, Majure et al., 2017 0. occidentalis 

O. ochrocentra, Majure et al., 2014 O. orbiculata, Majure, 2012b, POWO O. oricola, Majure et al., 2012b 

O. phaeacantha O. pinkavae, Majure et al,, 2012b O. polyacantha var. erinacea 

O. polyacantha var. hystricina O. polyacantha var. juniperina O. polyacantha var. polyacantha 

O. polyacantha var. rhodantha O. polyacantha var. schweriniana O. polyacantha var. utahensis 

O. polycarpa, Majure et al., 2017 O. pottsii O. pusilla 

O. pyrocarpa, Green and Ferguson, 

2011 

O.riparia O. rufida, Kéhler al., 2023 

O. rugosa O. sanguinicola O. semispinosa 

O. spinosibacca, Griffith, 2003 O. stricta Q. strigil, Griffith and Porter, 2009 

O. tardospina O. tortispina, Majure et al., 2012b, 

POWO 

O. toumeyi 

O. trichophora O. tunoideae, Holmes, 2016 O. turbinata 

O. valida O. vaseyi, Majure et al., 2012b O. woodsii 

0. wootonii O. xanthoglochia, Majure et al., 
2012a 

O. zebrina, Majure, 2010 

O. zuniensis 

*Nomenclatural note: Opuntia flavispina (L.D.Benson) D.J.Ferguson, Joe J.Shaw, N.Hussey stat. nov. Opuntia phaeacantha var. flavispi- 

na L.D.Benson Cactus & Succulent Journal (US) 46(2): 79.1974. Holotype: POM 306987 col. A.A.Nichol, Apr 1939, Alamo Cyn., Ajo 

Mountains, Organ Pipe Cactus NMon, AZ, alt. 2300 ft. [non Opuntia flavispina Hort.Berol. ex C.F.Férst. 1846. nomen nudum] 
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Fig. 1 Examples of species and locations visited. (A) Opuntia curvispina Griffiths, northwest of Dolan Springs, Arizona. 
(B) O. tunoidea Gibbes, Edisto Beach, South Carolina. (C) O. polyacantha Haw. var. polyacantha, Great Plains. (D) O. gilvescens Griffiths, 

Belen, New Mexico. Photos: Cherie Labelle: B, David J. Ferguson: C, D, Joseph Shaw: A 

Materials and Methods 
We researched plants extensively in habitat to 

understand their occurrence, sympatric associations, 

and populations, etc. We grew them in culture to 

examine the morphology of ephemeral organs (e.g., 

leaves), reproductive organs, and phenology close- 
up. We consulted herbarium specimens in person and 

online; historical photographs from the Smithson- 
ian Institution Archives, GGN; Shaw, 2024, the cur- 

rent literature (e.g., Griffith 2003, Green and Fergu- 

son 2011, Powell and Weedin, 2004, Majure et al., 

2017); original citations; and multiple online resourc- 

es, including BHL, CCH2, Flora of the Southeastern 

United States, GBIF, IDB, Internet Archive, IPNI, 

NLM, POWO, SEINet, SERNEC, the Smithson- 

ian Museum of Natural History Institution Depart- 

ment of Botanical Resources, Smithsonian Institu- 

tion Archives, Smithsonian Institution Learning Lab, 

Tropicos, and WFO. Moreover, we corresponded and 

collaborated with other scientists. 

We match all the species we characterize with their 

basionyms as we understand them, and we provide 
PDF copies of their original descriptions. For instance, 

the basionym for O. atrispina Griffiths was published 
in the Annual Report of the Missouri Botanical Gar- 

den, 21:172, 1910, and we provide a copy of that 

description. We consider the basionyms that we pres- 
ent to be the correct names of the taxa we describe. 
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Fig. 2 Distinctive leaves and spines. (A) Strongly recurved leaves of Opuntia cacanapa Griffiths and Hare. (B) Thick, ovate, gently 

recurved leaves of O. ammophila Small. (C) Outstretched and deflexed, yellow spines of Opuntia flavispina (L.D.Benson) D.J.Ferguson, Joe 

J.Shaw, N.Hussey. (D) Divergent, erect, white spines of O. discata Griffiths. Photos: Daniel Green: B, Joseph Shaw: A, C, D 

DNA and Ploidy 
As it becomes available, we include DNA-based 

evidence demonstrating the hybrid origin of certain 

species and/or their reticulate evolution, e.g., O. spi- 

nosibacca M.S.Anthony (Griffith 2003); that cer- 

tain groups of species are constellations of similar- 
appearing taxa (Griffith and Porter 2009, Majure et 
al., 2012a); the occurrence of cryptic species (Majure 

2022); phylogenetic relationships (Majure and Puente 

2014); and that polyploidy has likely played an impor- 

tant role in speciation (e.g., Majure et al., 2012b, Gra- 
nados et al., 2022). We provide ploidy information 

where it has been published (e.g., Weedin and Pow- 

ell 1978, Pinkava and Parfitt 1988, Baker et al, 2009). 

We also provide information about DNA sequences 
deposited at NLM (e.g., GenBank locus JQ245720 for 

O. nemoralis Griffiths at NLM). We are a living 

resource because we incorporate new information as 

it becomes available. 

Results 

Unstudied Species 
Of the many Opuntia species in the United States, 

many have been unstudied since their original descrip- 
tions were published. Many botanists dont know 
about them because some species were placed in syn- 
onymy (e.g., Benson 1969a, 1969b, 1969c¢, and 1982), 
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Fig. 3 Opuntia phaeacantha Engelm. in different seasons and locations. (A) Summer, Kingman, Arizona. (B) Early spring, Leeds, Utah 

(C) Late spring, Conchas Lake, New Mexico. (D) Winter, Mt. Potosi, Nevada. 

Opuntia phenotypes are sometimes difficult to inter- 

pret, species may be morphologically plastic (Majure 
2007), or some authors advanced the hypothesis that 

various populations of opuntias are collections of 
hybrids and do not represent discrete species (e.g., 
Baxter, 1935; Benson, 1982; Nobel and Bobich, 2002; 

Parfit, 1991; Rebman and Pinkava, 2001), thereby 

negating interest in studying various taxa. Nonethe- 

less, we document the existence of such species and 
provide evidence of the differences between them so 
that visitors to our website can understand the mul- 

tiple species. 

Some taxa are cryptic, and only close inspec- 

tion can diagnose them (e.g., Opuntia mesacantha 
Raf. subsp. mesacantha and O. mesacantha Raf. ssp. 

lata [Small] Majure). Thus, casual observation might 

indicate one taxon where there are two or more (e.g., 

Majure et al., 2017). We use the literature and photo- 

graphs to untangle such species. 

Photographs 
The greatest power of our website resides in its 

photographs. We provide over 2,000 photographs of 
plants, most taken in habitat and most taken by mem- 
bers of the Editorial Board. Even though Opuntias 
are plastic in morphology, we capture the look and 
feel of each species so that they may be differentiated. 
Unique leaves or spination are depicted (Fig. 2). Pho- 
tographs are taken in different seasons or locations 
(Fig. 3). The flowers of multiple species are presented 
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Fig. 4 Opuntia flowers (A) Open, yellow flowers of Opuntia orbiculata Salm-Dyck ex Pfeiff., dark green stigmas, Guadalupe Mountains 
National Park, Texas. (B) Orangish, afternoon flower of O. pyrocarpa Griffiths, Reimer’s Ranch Park, Texas. (C) Flowers that open yellow 

and fade to pink, salmon, or apricot, pale stigmas, O. atrispina Griffiths, Brackettville, Texas. (D) Small flowers with green stigmas, 

O. polyacantha var. schweriniana (K.Schum.) Backeb., Colorado. Photos: David J. Ferguson: D, Joseph Shaw: A, B, C 

(Fig. 4). Also, we capture the phenology of many indi- 

vidual species (Fig. 5). Moreover, we provide photo- 

graphs depicting the aspects of plants in their habitat 

(Fig. 6). Finally, for all species, we provide images of 
herbarium vouchers (over 700 in total) that we judge 
appropriately represent them (Fig. 7). 

Current Information 

We keep up to date and provide references and 
access to current literature. Though some species were 

not studied for many years, over 45% of the species 
we present have been resurrected and mentioned or 

addressed in the recent literature (Table 1). 

Summary 
Some Opuntia species were described as long as 

100 years or more ago and have been missing from 
the literature but are entering the mainstream. Many 

are addressed in the recent literature (Table 1), and 

we describe them and provide citations. We hope that 
these species will soon be entered into guidebooks and 

herbariums to assist in their identification in habitat. 

Likewise, we hope their recognition and our treatment 

of them in Opuntia Web will inspire ecological stud- 

ies, enabling conservation efforts. 
For instance, multiple large Western Opuntia spe- 

cies are conflated with O. engelmannii Salm-Dyck ex 
Engelm., but we feel they are distinct, and we present 
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Fig. 5 Opuntia cymochila Engelm. (A) Flowers showing characteristic ruffled petaloid tepals. (B) Fruit with uniquely pinched umbilical 
rim. (C) Full plant in bloom displaying shaggy look. (D) Close-up of cladode with reflexed spines. Photos: David J. Ferguson 

them on Opuntia Web. One of these is O. orbiculata 
Salm-Dyck ex Pfeiff., which was ignored for over 100 
years but is now accepted as a full species by POWO. 

The misidentification of O. orbiculata and conflation 

with O. enge/mannii probably causes conclusions about 

that latter taxon to be distorted. Small species have 
also been ignored over time, but are now recognized 
by POWO (e.g., O. fortispina Engelm. & ].M.Bigelow, 

O. cymochila Engelm. & J.M.Bigelow). We describe 
both of these small species. 

We are a strong resource for people who want 
to enjoy or study opuntias of the United States. We 

present historical and current information, includ- 

ing reproductions of the actual text of original 

descriptions, photographs in habitat, images of her- 
barium vouchers, text discussions, and references to 

available DNA data. Where available, we provide links 

to recently published information or opinions. We 
know that future studies will provide information 

that will change how we treat the various species. And 
we will incorporate that information into Opuntia 

Web as it becomes available. Opuntia Web is a liv- 

ing resource. 
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Plants of Texas 

Cactaceae 
Opuntia spinosibacca M. Anthony 

United States, Texas, Brewster County, Big Bend 
National Park, off of River Rd., just E of Rooney's 
Place. 29.07418N, -103.10471W, Elev: 593m. 
rocky limestone soils; shrubs to 1 m tall, new growth dark 
red, inner tepals yellow with red bases; fruit spiny 
Associated species: Argythamnia, Cryptantha, Dasyochloa, 
Diospyros texana, Encelia, Guaiacum angustifolium, Larrea, 
Melampodium, Nama, Prosopis, Thymophylla, Ziziphus 
Collected under permit # BIBE-2015-SCI-0014. 

Lucas C. Majure 5667 CEsEaT e ey e 

DUAMAMIRINT - winrerence c. mare 
DES00066716 Desert Botanical Garden Herbarium (DES) | 

Fig. 7 Opuntia spinosibacca Anthony, herbarium voucher, collector L.C. Majure, Desert Botanical Garden Record No. DES00086715 
(retrieved from SEINet). 
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