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389
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—

389
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389
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Acmispon greenei (Wooton & Standi.) Brouillet, comb, nov—390
Acmispon haydonii (Orcutt) Brouillet, comb, nov—390
Acmispon heermannii (Greene) Brouillet, comb, nov—390
Acmispon heermannii var. orbicularis (A. Gray) Brouillet, comb, nov

—

390
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Acmispon junceus (Benth.) Brouillet, comb, nov—391
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391
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Arabidopsis petraea subsp. umbrosa (Turcz. ex Steud.) Elven & D.E Murray, comb, nov—439
Aristida sorzogonensis f. orizabensis (E. Fourn.) Strahan & Allred, comb, nov—322
Artemisia kruhsiana subsp. alaskana (Rydb.) D.E Murray & Elven, comb, et stat. nov—443
Baccharis apicifoliosa A.A. Schneid. & Boldrini, sp. nov.—45

Baccharis flexuosiramosa A.A. Schneid. & Boldrini, sp. nov—48
Besleria neblinae Feuillet, sp nov—269
Besleria yatuana Feuillet, sp. nov—271
Bistorta elliptica (Willd. ex Spreng.) VV Petrovsky, D.E Murray & Elven, comb, nov—435
Calamagrostis purpurascens subsp. laricina (Louis-Marie) Elven, comb, et stat. nov.

—

434

Calyptranthes websteri B. Hoist & M.L. Kawasaki, sp. nov—297
Colicodendron bahianum X. Cornejo & H.H. litis, sp. nov—76
Colicodendron valerabellum H.H. litis, T Ruiz & G.S. Bunting, sp. nov—82
Coptidium x spitsbergense (Hadac) Elven, comb. nov.

—

437



Cotoneaster floridus J. Fryer & B. Hylmo, sp. nov—55
Cotoneaster qungbixiensis J. Fryer & B. Hylmo, sp. nov.

—

53

Cotoneaster series Sterniani J Fryer & B. Hylmo, ser. nov.—53
Crataegus mollis var. incisifolia Kruschke, var. nov.—473
Crataegus schuettei var. gigantea Kruschke, var. nov.

—

473

Cuatresia amistadensis D.A. Soto & A.K. Monro, sp. nov.

—

41

Cyperus karthikeyanii Wad. Khan & Lakshmin., sp. nov.

—

379

Dryas punctata subsp. hookeriana (Juz.) Jurtz., comb. nov.

—

441

Dysphania andicola (Phil.) Mosyakin & Clemants, comb. nov.

—

428

Dysphania bonariensis (Hook, f.) Mosyakin & Clemants, comb, nov—428
Dysphania burkartii (Aellen) Mosyakin & Clemants, comb, nov

—

428

Dysphania congolana (Hauman) Mosyakin & Clemants, comb. nov.

—

429

Dysphania dissecta (Moq.) Mosyakin & Clemants, comb. nov.

—

429

Dysphania dunosa (L.E. Simon) Mosyakin & Clemants, comb. nov.

—

428

Dysphania mandonii (S. Watson) Mosyakin & Clemants, comb, nov—429
Dysphania melanocarpa (J.M. Black) Mosyakin & Clemants, comb. nov.

—

427

Dysphania microcarpa (Phil.) Mosyakin & Clemants, comb. nov.

—

428

Dysphania minuata (Aellen) Mosyakin & Clemants, comb, nov

—

429

Dysphania nepalensis (Colla) Mosyakin & Clemants, comb, nov—428
Dysphania oblanceolata (Speg.) Mosyakin & Clemants, comb. nov.

—

428

Dysphania procera (Hochst. ex Moq.) Mosyakin & Clemants, comb. nov.

—

429

Dysphania pusilla (Hook, f.) Mosyakin & Clemants, comb. nov.

—

427

Dysphania retusa (Juss. ex Moq.) Mosyakin & Clemants, comb, nov—428
Dysphania saxatilis (P.G. Wilson) Mosyakin & Clemants, comb, nov—427
Dysphania sooana (Aellen) Mosyakin & Clemants, comb, nov.—428
Dysphania stellata (Standley) Mosyakin & Clemants, comb, nov—429
Dysphania tomentosa (Thouars) Mosyakin & Clemants, comb. nov.

—

428

Dysphania truncata (PG. Wilson) Mosyakin & Clemants, comb. nov.

—

427

Dysphania venturii (Aellen) Mosyakin & Clemants, comb, nov—428
Episcia duidae Feuillet, sp nov—275
Episcia rubra Feuillet, sp. nov.

—

277

Episcia sect. Trematanthera (Leeuwenb.) Feuillet, sect, nov—277
Equisetum arvense subsp. alpestre (Wahlenb.) Schonswetter & Elven, comb, et stat. nov

—

433

Eugenia concava B. Hoist & M.L. Kawasaki, sp. nov—299
Eugenia grossa B. Hoist & M.L. Kawasaki, sp. nov.

—

299

Fimbristylis naikii Wad. Khan & Lakshmin., sp. nov—381
Gentianopsis barbata subsp. raupii (A.E. Porsild) Elven, comb. nov.

—

442

Geum donianum (Tratt.) Weakley & Gandhi, comb. nov.

—

417

Guadua chaparensis Londono & Zurita, sp. nov.

—

31

Guadua incana Londono, sp. nov—26
Hedysarum boreale subsp. dasycarpum (Turcz.) D.F Murray & Elven, comb, et stat. nov

—

441

Heuchera woodsiaphila PJ. Alexander, sp. nov

—

448

Hosackia crassifolia var. otayensis (Moran ex Isely) Brouillet, comb, nov—388
Hosackia oblongifolia var. cuprea (Greene) Brouillet, comb. nov.

—

388

Hosackia stipularis var. ottleyi (Isely) Brouillet, comb, nov.—388
Ixora araguaiensis Delprete, sp. nov.—456

Ixora congestiflora Delprete, sp. nov.—456

Ixora irwinii Delprete, sp. nov—459

Koeleria pyramidata subsp. seminuda (Trautv.) Elven, comb, nov

—

434

Kohleria hypertrichosa J.L. Clark & L.E. Skog, sp. nov—20
Lasiambix Poinar, Chambers & Brown, gen. nov.

—

464

Lasiambix dominicensis Poinar, Chambers & Brown, sp. nov.

—

464

Limnorchis aquilonis (Sheviak) Rebrist. & Elven, comb, nov

—

434

Limnorchis huronensis (Nutt.) Rebrist. & Elven, comb. nov.

—

434

Matelea costata var. goodfriendii (Proctor) Krings, comb, nov—150
Matelea dictyopetala (Urb. &Ekman) Krings, comb, nov—130
Matelea proctori Krings, nom. nov—151

Matelea pubescens (Griseb.) Krings, comb, nov

—

131

Meliosma antioquiensis X. Cornejo, sp. nov.

—

57

Micranthes hieraciifolia subsp. longifolia (Engl. & Irmsch.) Elven & D.E Murray, comb. nov.

—

439



Micranthes lyallii subsp. hultenii (Calder & Savile) Elven & D.E Murray, comb, nov—440
Micranthes merkii (Fisch. ex Sternb.) Elven & D.E Murray, comb, nov.—440
Micranthes nelsoniana subsp. aestivalis (Fisch. & C.A. Mey) Elven & D.F Murray comb. nov.

—

440

Micranthes nelsoniana subsp. insularis (Hulten) Elven & D.E Murray comb, nov—440
Micranthes nelsoniana var. porsildiana (Calder & Savile) Gornall & H. Ohba, comb, nov—395
Micranthes porsildiana (Calder & Savile) Elven & D.E Murray, comb, nov—440
Micranthes redofskyi (Adams) Elven & D.E Murray comb, nov—441

Monilicarpa X. Cornejo & H.H. litis, gen. nov—67
Monilicarpa hrasiliana (Banks ex DC), X. Cornejo & H.H. litis, comb, nov—71

Monilicarpa tenuisiliqua (Jacq.) X. Cornejo & H.H. litis, comb, nov—70
Munrochloa M. Kumar & Remesh, gen. nov.

—

374

Munrochloa ritchiei (Munro) M. Kumar & Remesh, comb, nov

—

376

Myrcia suhcordifolia B. Hoist & M.L. Kawasaki, sp. nov.

—

303

Myriopus candidulus (Miers) Feuillet, comb. nov.

—

264

Myriopus maculatus (Jacq.) Feuillet, comb. nov.

—

264

Myriopus paniculatus (Chamisso) Feuillet, comb, nov—264
Myriopus paniculatus var spigeliiflorus (A DC.) Feuillet, comb, nov—264
Nemacladus australis (Munz) Morin, comb, et stat. nov—398
Nemacladus calcaratus Morin, sp nov—399
Nemacladus californicus (A. Gray) Morin, comb. nov.

—

397

Nemacladus orientalis (McVaugh) Morin, comb, et stat. nov.

—

398

Nemacladus secundiflorus var. robhinsii Morin, var. nov.

—

399

Nemacladus tenuis (McVaugh) Morin, comb, et stat. nov—398
Nemacladus tenuis var aliformis Morin, var nov—398
Orthaea laurifolia (M. Martens & Galeotti) Luteyn, comb, nov—244
Pachyphyllum sect. Capitulum E.A. Christ, sect, nov—288
Pachyphyllum sect. Orchidotypum (Kraenzl.) E.A. Christ., stat. nov—287
Packera hyperborealis subsp. wrangelica (Jurtz., Korobkov & VV Petrovsky) Jurtz., Korobkov & VV

Petrovsky comb, nov—443
Papaver labradoricum (Fedde) Solstad & Elven, comb, et stat. nov—438
Pappostipa (Speg.) Romaschenko, P.M. Peterson & Soreng, comb, et stat. nov—181

Pappostipa ameghinoi (Speg.) Romaschenko, comb. nov.

—

1 84

Pappostipa ameghinoi var. digona (Parodi) Romaschenko, comb. nov.

—

184

Pappostipa ameghinoi var. precordillerana (EA. Roig) Romaschenko, comb. nov.

—

184

Pappostipa atacamensis (Parodi) Romaschenko, comb. nov.

—

184

Pappostipa barrancaensis (EA. Roig) Romaschenko, comb, nov—184
Pappostipa braun-blanquetii (EA. Roig) Romaschenko, comb, nov

—

183

Pappostipa chrysophylla (E. Desv) Romaschenko, comb. nov.

—

185

Pappostipa chrysophylla var. cordillerarum (Parodi) Romaschenko, comb. nov.

—

185

Pappostipa chrysophylla var. crispula (Kuntze) Romaschenko, comb. nov.

—

185

Pappostipa chrysophylla f. minuta (EA. Roig) Romaschenko, comb, nov—185

Pappostipa chrysophylla f. modica (EA. Roig) Romaschenko, comb. nov.

—

185

Pappostipa sect. Chrysovaginatae Romaschenko, sect. nov.

—

184

Pappostipa chuhutensis (Speg.) Romaschenko, comb, nov—185
Pappostipa chubutensis var. hirsutissima (EA. Roig) Romaschenko, comb. nov.

—

185

Pappostipa frigida (Phil.) Romaschenko, comb. nov.

—

185

Pappostipa frigida var. parvispicula (Parodi) Romaschenko, comb, nov

—

185

Pappostipa hieronymusii (Pilg.) Romaschenko, comb. nov.

—

183

Pappostipa humilis (Cav) Romaschenko, comb. nov.

—

185

Pappostipa humilis var. decrescens (Kuntze) Romaschenko, comb. nov.

—

185

Pappostipa humilis var. ruiziana (Parodi) Romaschenko, comb. nov.

—

185

Pappostipa ibarii (Phil.) Romaschenko, comb, nov—184
Pappostipa ibarii var anomala (Parodi) Romaschenko, comb, nov—184
Pappostipa ibarii f. pallescens (Parodi) Romaschenko, comb, nov—184
Pappostipa maeviae (EA. Roig) Romaschenko, comb, nov—183
Pappostipa major (Speg.) Romaschenko, comb, et stat. nov—184
Pappostipa malalhuensis (EA. Roig) Romaschenko, comb, nov—183

Pappostipa nana (Speg.) Romaschenko, comb, nov

—

184

Pappostipa nicorae (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa sect. Pappostipa, sect. nov.

—

182



Pappostipa parodiana (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa patagonica (Speg.) Romaschenko, comb. nov.

—

183

Pappostipa ruiz-lealii (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa semperiana (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa sorianoi (Parodi) Romaschenko, comb, nov.—184

Pappostipa speciosa (Trin. & Rupr.) Romaschenko, comb. nov.

—

182

Pappostipa speciosa f. abscondita (EA. Roig) Romaschenko, comb. nov.

—

182

Pappostipa speciosa var. atuelensis (EA. Roig) Romaschenko, comb. nov.

—

182

Pappostipa speciosa var. breviglumis (Parodi) Romaschenko, comb. nov.

—

182

Pappostipa speciosa var. ciliata (EA. Roig) Romaschenko, comb, nov

—

182

Pappostipa speciosa f. horrida (EA. Roig) Romaschenko, comb. nov.

—

182

Pappostipa speciosa var. manqueclensis (EA. Roig) Romaschenko, comb, nov—182
Pappostipa speciosa var. media (Torres) Romaschenko, comb, nov—182
Pappostipa speciosa var. parva (EA. Roig) Romaschenko, comb. nov.

—

182

Pappostipa vaginata (Phil.) Romaschenko, comb. nov.

—

182

Pappostipa vaginata var. argyroidea (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa vaginata f. contracta (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa vaginata var. dilatata (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa vaginata f. inmersa (EA. Roig) Romaschenko, comb, nov—183

Pappostipa vaginata f. laevis (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa vaginata f. rigida (EA. Roig) Romaschenko, comb. nov.

—

183

Pappostipa vatroensis (EA. Roig) Romaschenko, comb. nov.

—

184

Passiflora insueta Feuillet & MacDougal, nom. nov.

—

267

Passiflora tecta Feuillet, sp. nov—281
Potentilla anserina subsp. yukonensis (Hulten) Sojak ex Elven & D.E Murray, comb. nov--441

Potentilla jepsonii Ertter, nom. nov—202
Puccinellia phryganodes subsp. neoarctica (A. Love & D. Love) Elven, comb, et stat. nov.

—

435

Puccinellia phryganodes subsp. sibirica (Hadac & A. Love) Elven, comb. nov.

—

435

Pycnanthemum sect. Californicae K.L. Chambers & H.L. Chambers, sect, nov.—195

Ranunculus subborealis subsp. pumilus (Wahlenb.) Elven, comb, nov—437
Ranunculus subborealis subsp. villosus (Drabble) Elven, comb, et stat. nov—438
Rhododendron tomentosum subsp. decumbens Elven & D.E Murray, comb. nov.

—

441

Rosaceae tribus Lyonothamneae Brouillet, tribus nov.

—

385

Scorzoneroides autumnalis subsp. pratensis (Hornem.) Elven, comb, nov—443
Silene involucrata subsp. furcata (Raf.) VV Petrovsky & Elven, comb, et stat. nov—436
Silene soczavana var. macrosperma (A.E. Porsild) VY Petrovsky, D.E Murray & Elven, comb, e

nov.

—

436

Silene villosula (Trautv) VV Petrovsky & Elven, comb, nov—437
Silene violascens (Tolm.) VV Petrovsky & Elven, comb, nov—437
Siphonandra nervosa Luteyn & E.M. Ortiz, sp. nov—256
Siphonandra santa-barbarense Luteyn & E.M. Ortiz, sp. nov.

—

256

Solidago multiradiata subsp. arctica (DC.) Korobkov & Elven, comb, et stat. nov—443
Stuckenia filiformis subsp. borealis (Raf.) Tzvelev & Elven, comb, nov.^433

Tetrazygia paralongicollis Judd, lonta, Clase & Skean, sp. nov—35
Vaccinium beamanianum Wilbur & Luteyn, nom. nov—219
Vaccinium campanense Wilbur & Luteyn, sp nov—234
Vaccinium cbihuahuense Wilbur & Luteyn, sp. nov.

—

220

Vaccinium uliginosum subsp. vulcanorum (Kom.) Alsos & Elven, comb, et stat. nov

—

442

Vahlodea latifolia subsp paramushirensis (Kudo) Elven, comb nov—435
Xyris panacea L.C. Anderson & Krai, sp. nov.—

1



XYRIS PANACEA (XYRIDACEAE)—A NEW YELLOW-EYED GRASS

FROM THE FLORIDA PANHANDLE

Loran C. Anderson Robert Krai

An intensive plant survey by the senior author of the St. Marks National Wildlife Refuge included discovery

of an unusual Xyris that in normal years would probably have been accessible only by boat, but the drought

for the spring months of 2007 was the most severe on record for the Florida panhandle (USA). This enabled

the new Xyris grows on floating islands. The species description follows the format and terminology of Krai

(2000).

Xyris panacea L.C. Anderson & Krai, sp. nov. (FigS. 1-2). Type: U.S.A. Florida. Wakulla Co.: St. Marks National Wildlife

Robust, solitary to cespitose perennials 7-10(-13) dm long, the bases typically slightly bulbous, firm,

ascending branches (internodes) and new "rosettes," the older, more basal nodes producing dense mats of

pale, spongy roots, whereas new nodes produce spreading-arching stolons tipped with new plants. Princi-

pal leaves subdistichously in narrow fans, ca. 32-45(-50) cm long, longer than the scape sheaths, entire,

multicostulate, green proximally shading to red, flat or slightly twisted, 3-5 (-8) mm wide, 1-2.5 times

shorter than the sheathes, gradually narrowed to incurved-acute tips; sheathes entire, narrowly convex at
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2.5mm 5mm 07mm Jmm

Fig. l.Xyris panacea {Anderson 23438). a. Habit sketch showing vertical rhizome-like stem and stolon, b. Leaf base, mid-sector, and apex, c Spike, d.

ifade, stamen (measurementtaken by Krai from revived material; larger petals and stamens observed by Anderson

rial), g. Staminode (left); beard hair (right), h. Capsule (right); gynoecium at anthesis (left), i. Seed.
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Fig. 2. Comparative digital photographs ofXyris fimbriate {Anderson 23476) and X. panacea [Anderson 23477) floral features, from transplanted plants,

a. Lateral view of spikes and supporting scapes; X. fimbriata on left showing scape with scabrid ridges and spike with prominently exserted fimbri-

ate sepals, X. panacea on right showing narrower, smooth scape and long, i nailer exserted sepals, b. Distal views of

flowering spikes; X. fimbriata on left with style branches hidden by the staminodia, X. panacea on right showing much larger petals and horizontally

disposed style branches.

very base, there laterally 1-11.5 cm wide, lustrous dark red aging red-brown or deep brown, distally keeled,

gradually narrowing into blade, reddish shading to green, eligulate. Scape sheaths shorter than principal

leaves, proximally convolute, sharply keeled, lustrous brown or red-brown, twisted, shallowly multicostate,

distally opening to an erect, keeled blade. Scapes slender, erect, 60-115(-130) cm long, red-brown shading

to green distally, oval or elliptic in cross-section and 1-1.2 mm wide with one firm, smooth costa. Spikes

usually narrowly cylindric, also narrowly ovoid to narrowly ellipsoid, 2-4(-4.5) cm. long, obtuse, multi-

bracteate, the bracts imbricate in high spiral, convex, ecarinate (except sometimes with carinate basal pair),

broadly to narrowly obovate, entire and distinct dorsal areas. Sterile bracts several, shorter than the fertile

and grading into them; fertile bracts 7-8 mm, lustrous dark to pale brown, in contrast to the subapical,

broadly ovate to elliptic, gray-brown to dark green dorsal areas. Lateral sepals free, narrowly oblanceolate,

7-8.5 mm long, inequilateral, the keel above middle (often) pilose, thence distally increasingly lacerocili-

ate or pilose-ciliate, with tip acute and slightly to noticeably exserted. Petal blades broadly obovate, 8-9.5

mm long, 6-7 mm wide, apex shallowly rounded, denticulate. Staminodia 3-4.5 mm long, bibrachiate,

branches elongate-penicillate. Anthers oblong, 2.5-3 mm long, on stout filaments 0.5-0.8 mm long. Styles

4.5-5 mm long, first ascending, then spreading horizontally between petals with age. Capsules narrowly

obovoid, ca. 5 mm long, adaxial side plane, abaxial side convex; placentation 3-parietal. Seeds narrowly

to broadly fusiform, 0.7-0.8 mm long, light brown, translucent, longitudinally strongly multiribbed with

Etymology.—The specific epithet commemorates its geographical area (no curative powers are

known).
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Common name.—"St. Marks yellow-eyed grass" would be an appropriate common name.

Phenology.—Transplants of all relevant collections were potted in orginal substrate and cultivated in

a flooded wheelbarrow in Anderson's backyard for observation. The new species blooms from late June to

early October. Flower buds unfurl and petals are fully expanded around 11:30 am (EDT); in a close associ-

ate, X.fimbriata Elliott, the flowers open around 1:00 pm and stay open about two hours, whereas those of

X. panacea remain open until around 4:00 pm. Flowers of X. smallinana Nash (in this region) open around

5:00 pm, and their flowering does not overlap with the other species. Flowering observations among the

transplants were confirmed in the field.

Habitat.—The. Refuge Comprehensive Conservation Plan (U.S. Fish and Wildlife Service 2006) lists

ponds in the Panacea unit variously as "coastal depression ponds" or "basin lakes" or "flatwoods lakes."

The St. Marks yellow-eyed grass grows either in mucky, loosely matted sandy loam in shallow depression

ponds in longleaf pinewoods (with stems bases submerged in 10 or more centimeters of water or in poorly

congealed loam of floating islands in those depression ponds (with stem bases only slightly submerged).

Some ponds are ringed with a thicket of Cyrilla racemiflora L., whereas others are bounded by Hypericum

fasciculatum Lam. The new species was vouchered from five ponds in the area; it is presumably present in

several other ponds that Anderson planned to visit, but his 2007 field season was terminated abruptly with

a broken leg.

Associated species.—Frequently seen taxa (other than other Xyris) at one or more sites include: Bacopa

caroliniana (Walter) B.L. Rob. , Burmannia biflora L., Cyrilla racemiflora, Decodon verticillatus (L.) Elliott,

Drosera intermedia Hayne, Eleocharis baldwinii (Torr.) Chapm., E. elongata Chapm., E. equisetoides (Elliott)

Torr., Eriocaulon compressum Lam., Fuirena breviseta (Cov.) Coville, F. scirpoidea Michx., Habenaria repens

Nuttall, Hydrocotyle bonariensis Comm. ex Lam., Hypericum fasciculatum, Lachnanthes caroliana (Lam.) Dandy,

Ludwigia alata Elliott, Lycopodiella appressa (Chapm.) CranfilL, Mayaca iluviatilis Aubl, Myriophyllum laxum

Shuttlew. ex Chapm., Nuphar advena (Aiton) W. Aiton ssp. orbiculata (Small) Padgett, Nymphaea odorata

Sol., Nymphoides aquatica (J.F. Gmel.) Kuntze, Panicum verrucosum Muhl., Pontederia cordata L, Rhynchospora

careyana Fernald, R. cephalantha A. Gray, R. tracyi Britton, Sagittaria lancifolia L., Scleria reticularis Michx.,

Triadenum virginicum (L.) Raf., Utriculariafloridana Nash, U.juncea Vahl, and U. purpurea Walter.

The common associate Xyris in these ponds is X. fimbriata, a species of similar habit and pigmentation but

with two scabrid scape costae (rather than a single, smooth one), with spikes mostly shorter and of broader

outline, with lateral sepals strongly exserted, their keels densely fimbriate (Fig. 2). Also, a few diminutive

flowering plants of X. jupicai L. Rich, were seen at the type locality. Ponds 3.8 km and 4.3 km NE of the

new taxon's range had the "X. panacea zone" replaced with X. smalliana exclusively; see Anderson 23456,

23457 (FSU, VDB). In the general area, though not an associate, is X. stricta Chapm., another tall species

with similarly ascending, long-sheathed, slender-bladed leaves and similar pigmentation. This taxon also

has narrowly ellipsoidal to subcylindric spikes with similar design of bracts. However, this taxon has scapes

distally broader, flatter, actually 2-edged, its lateral sepals are broader, with broader, firmer, ciliolate keels

whose tips are not exserted; its seeds are typically farinose.

The St. Marks yellow-eyed grass is distinctive with a suite of vegetative and floral features. The dark

red stem bases are somewhat bulbous and firm (being pale green and soft in X.fimbriata or pale green and
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mucilagionous inX. smalliand); larger plants have stout vertical, rhizome-like stems and more delicate stolons.

The flowering scapes are smooth with weakly developed ribs below the spikes. The spikes are cylindric,

longer than those of any other taxa in North America (Krai 2000). Flowers open earlier in the day and are

larger than those of other species (equally large petals are found in X. caroliniana Walter, but that species

differs in habitat and very many aspects of morphology). More attention needs to be given to style position

amongst North American species; the horizontally spreading style branches in X. panacea may be exclusively

unique. The known range of the new species is sufficiently small to warrant designating it a threatened or

endangered species.
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phenomenon in plants, with numerous clearly documented examples (e.g., Grant 1980), but there are still

questions regarding its evolutionary significance. Of perhaps greatest interest is hybridization between

species of lineages that have diverged morphologically to the point of being recognized as distinct genera.

This represents a potentially dramatic reversal of the process of evolution, which is normally considered

to be divergent, and it also presents a challenge to systematic classification based on phylogeny. It is thus

of considerable interest to examine closely possible cases of intergeneric hybridization to be able to assess

how frequently this phenomenon occurs.

A persistent myth is that intergeneric hybridization is common and perhaps even pervasive within

Asteraceae. For example, Robinson (1983) and King and Robinson (1987) invoke intergeneric hybridiza-

tion as an explanation for discordant distribution of morphological characters in Liabeae and Eupatorieae,

respectively. A search of the literature, however, reveals few well documented cases of natural intergeneric

hybridization in Asteraceae. Naturally occurring intergeneric hybrids have recently been documented by

McKenzie et al. (2004) and Saito et al. (2006). In some cases, artificial intergeneric hybrids have been made

successfully (e.g., Powell 1985; Carr 2003), and studies have found incongruence between nuclear and

chloroplast markers suggestive of past wide hybridization (Schilling & Panero 1996; Fehrer et al. 2007).

But documentation of intergeneric hybrids in most groups remains elusive. This prompted us to undertake

a detailed study of a putative case of intergeneric hybridization within the Astereae.

The name of the horticultural plant known as Solidaster cv. Lemore (Fig. 1) reflects its presumed

hybrid origin as a cross between species of Solidago L. and Aster L. The plant is unknown in the wild, but

appeared in European gardens after the import of plants from North America (Nesom 1993). Its status as an

intergeneric hybrid depends in part, however, on the classification of one of its putative parents, the Upland

White Aster, which has been variously placed in Aster, Solidago, and Oligoneuron Small. The Upland White

Aster, S. ptarmicoides (Torrey & A. Gray) B. Boivin, has long been a source of puzzlement for taxonomists.

Its superficial outward appearance, especially its open corymbose capitulescence and relatively large heads

with white rays and disk flowers, seems clearly that of an aster, as traditionally conceived, and is reflected

in its common name. Despite this, considerable evidence has suggested a closer affinity to the goldenrods,

including the observation of abundant natural hybrids with species of Solidago (Boivin 1972), considerations

of phytogeography and technical features of morphology (Brouillet & Semple 1981), and a chloroplast DNA

restriction site study placing it within Solidago L. (Semple et al. 1999). Nevertheless, it is still widely referred

to as an Aster s.l. Another, somewhat different interpretation involves segregation of the genus Oligoneuron as

distinct from Solidago (e.g., Nesom 1993), which would include the Upland White Aster as well as five other

species. Although the second parent of Solidaster has generally been considered to be a Solidago, particularly

S. canadensis (Brouillet & Semple 1981), Nesom (1993) suggested that based on morphology it was more

likely to be Euthamia graminijolia (L.) Nutt.

The taxonomic history of the Upland White Aster, Solidago ptarmicoides, has been reviewed by Brouillet

and Semple (1981), and only a brief summary will be presented here. Not only the generic placement but

also its species epithet has varied. The plant was originally described by Nuttall in Inula L., where it received

the appropriate epithet alba for its white rays and disk flowers. When transferred to either Aster or Solidago

this epithet proved to be already occupied, and the alternative ptarmicoides (from its resemblance to Achillea

ptarmica L., a widely cultivated garden plant; Fernald 1950) was proposed by Nees. When placed in still

another genus, such as Oligoneuron (e.g., Nesom 1993), it reverts to the epithet album. Over its taxonomic

history, the species has been placed in nine separate genera by various authors (Semple & Cook 2006).

The taxonomic treatment of Solidago has been notoriously difficult (Semple & Cook 2006). Although

there are a large number of relatively similar species in eastern North America, no clearcut morphological

apomorphy has been discovered that unequivocally defines the genus. Similarly, delimitation of infrageneric

groups has been elusive as has recognition and identification of individual species, many of which differ

from one another by minute details of inflorescence form or pubescence. The situation is further compli-

cated by the frequent occurrence of both interspecific hybridization and polyploidy. Some representatives
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lly, Solidago taxa have become invasive in Europe (Weber 2001)

and the general evolution and ecology

:s (Van Kleunen & Schmidt 2003; Jakobs et al. 2004; Meyer et al. 2005). The abundanc

and ecological importance of Solidago therefore make a sound taxonomy highly desirable.

A number of studies have applied molecular data to the resolution of systematic problems in Astereae

(Suh & Simpson 1990; Morgan & Simpson 1992; Lane et al. 1996; Zhang 1996; Noyes & Rieseberg 1999;

Roberts & Urbatsch 2003; Urbatsch et al. 2003; Beck et al. 2004), so a considerable body of molecular data

has begun to accumulate for the tribe. Other than a chloroplast DNA restriction site analysis (Zhang 1996;

Semple et al. 1999), there has been no focus as yet for DNA sequence analysis on Solidago, although a few

sequences are available from other work. As part of an initial survey for suitable molecular markers, we

analyzed ITS and ETS sequence variation for several samples of Solidago that represented the major subunits

of the genus, as delimited by Semple and Cook (2006). Although the lack of suitable variation in these

markers led us to abandon any attempt to make a complete survey of the genus, one of the species that we

sampled was 5. ptarmicoides, and sufficient data have been acquired to allow for an assessment of its generic

placement, as well as to clarify the parentage of its hybrid offspring, Solidaster cv. Lemore, which we report

Plant Material

A sample of Solidaster cv. Lemore (Fig. 1) was grown from material obtained commercially (Bluestone

Perennials, Ohio, USA). Samples of Solidago (Appendix) were either collected in the field or obtained from

herbarium specimens. Sampling was designed to include at least one member of each of the currently rec-

ognized sections and subsections of the genus (Semple & Cook 2006). To evaluate intraspecific variability,

multiple accessions of four species (S. canadensis, S. riddellii, S. ptarmicoides, and S. nitidd) as well as an

additional sample of Brintonia discoidea were analyzed. Note that we have elected to follow the most recent

treatment of Solidago (Semple & Cook 2006), which deviates from nomenclature used in our earlier paper
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(Beck et al. 2004) by including Oligoneuron within Solidago but recognizing Brintonia as separate from it; the

classification of related genera also follows the Flora of North America treatments.

Molecular Methods

Preparations of total DNA made from fresh (0.5-2.0 g) leaves generally followed the procedure of Doyle and

Doyle (1987), and those from herbarium material (ca. 0.1 g) were performed with the Dneasy Plant Minikit

(Qiagen, Valencia CA). The crude DNA extracts of some samples required further purification using the

Wizard Kit protocol (Promega, Madison, Wisconsin). Methods for DNA amplification and sequencing were

as described in Schmidt and Schilling (2000). Amplification and sequencing reactions for the ITS region

were both performed using primers "ITS-4" and "ITS-5" (White et al. 1990). Amplification and sequencing

reactions for the ETS region were performed using primers Ast-1 (Markos & Baldwin 2001) and 18-S-ETS

(Baldwin & Markos 1998). All PCR products were checked by agarose gel electrophoresis. Sequencing was

done at the University of Tennessee Automated Sequencing Facility, utilizing the ABI Prism Dye Terminator

Cycle Sequencing reaction kit on an ABI 373 or ABI 3100 DNA sequencer (Perkin-Elmer Inc. Foster City,

CA). The initial sequence data text files were edited following comparison with the same data displayed in

four-color electropherograms before further analysis. Sequence alignment was performed using the Clustal

X (version 1.6) program (Thompson et al. 1994).

Cloning of the ITS region for the sample of Solidaster cv. Lemore was undertaken to confirm ITS poly-

morphisms inferred from direct sequencing. The purified PCR products were ligatedinto pGEM-T (Promega,

Madison, Wisconsin) according to the manufacturer's instructions. Competent ToplO F' (Invitrogen, San

Diego, California) cells were transformed via electroporation and the resulting colonies were screened for

plasmids with inserts by PCR using the original amplification primers. Plasmids were isolated from single

recombinant colonies using an alkaline lysis/PEG precipitation protocol (Sambrook et al. 1989). Sequences

were obtained for ten independent clones.

Data for additional ITS and ETS sequences for Solidago were obtained from GenBank, as well as for

all of the samples placed in the same clade as Solidago s.s. in Beck et al. (2004; "Clade III"). Two data sets

were analyzed, the first of which utilized ITS sequences from a broad sampling of Solidago, with samples

of Brintonia discoidea as outgroups. The second utilized both ITS and ETS data with a broader sampling

of related genera (Appendix) to assess the placement of Solidago ptarmicoides and of Oligoneuron relative to

other Solidago, and samples of Sericocarpus tortifolius and Cuniculotinus gramineus were added as outgroups

for this analysis. Phylogenetic relationships were analyzed using both maximum parsimony and Bayesian

approaches. Parsimony analysis was implemented using PAUP* 4.0bl0 (Swofford 2003), with gaps treated as

missing data, using a heuristic search with 1 ,000 random addition replicates and with TBR branch swapping.

Bootstrap analysis (Felsenstein 1985) was performed with 10,000 replicates using the FASTSTEP search

option. Bayesian analysis was implemented in MRBAYES 3.0B4 (Huelsenbeck & Ronquist 2001) run for

ten million generations with four separate chains and trees saved every 100 generations. The number of

trees to discard as "burn-in" was assessed by plotting likelihoods of trees sampled throughout the run and

discarding all trees prior to the stable likelihood plateau (in both analyses the first 10% were discarded). An

appropriate maximum likelihood model of sequence evolution (GTR+I+G; General Time Reversible model

with a proportion of invariant sites and gamma distributed rates) for the Bayesian analysis was chosen for

both analyses using Modeltest (Posada & Crandall 1998).

RESULTS

Newly obtained ITS sequences for Solidaster cv. Lemore and for Solidago were consistent in length with

previous reports for the genus. In particular, there was extraordinarily little variation in length among any

of the sampled members of the genus; individual sequence lengths varied from 627-629 bp. Insertion of

single 1 bp indels were required for five samples (three insertions and two deletions) to produce a completely

aligned matrix of length 631 bp for the entire ITS region. Similarly, there was little sequence length varia-

tion in allied genera, with individual sequences varying from 627-630 bp, and the aligned matrix was of
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length 634. There was also only limited sequence variation between species of Solidago for the ITS region;

pairwise comparisons revealed sequence divergence of generally less than 1%, with total differences between

samples of 1-10 bp. Samples of other genera were generally, although not always, more divergent, with

pairwise divergence values of 1-3% and total differences of 7-19 bp. The sample of Sericocarpus tortifolius

differed from all Solidago samples for at least 15 bp, but was still relatively similar, with overall divergence

values of 2-3%; the sample of Cuniculotinus gramineus was somewhat more divergent, differing by 23-29

bp (4% overall divergence) from samples of Solidago. In the five species (S. canadensis, S. riddellii, S. nitida,

S. ptarmicoides, and Brintonia discoided) where multiple accessions were examined there was at most one bp

difference among samples and no evidence of nonmonophyly.

The ITS sequence for Solidaster cv Lemore was very similar to other Solidago sequences, but displayed

bp polymorphisms (Fig. 2) at the following positions: 18 (A/G), 106 (C/A); 514 (C/T), 611 (G/T), 612 (C/T),

613 (A/G). Visual inspection revealed that this pattern of bp polymorphisms would fit exactly with a com-

bination of the ITS sequences characteristic of 5. ptarmicoides and S. canadensis (Fig 2.) Cloned ITS repeats

from Solidaster cv. Lemore exhibited ITS sequences that matched closely either those of 5. ptarmicoides or

those of 5. canadensis. Phylogenetic analysis in comparison to a broad sampling of Solidago showed that

consensus sequences from the clones clustered with some statistical support with those from S. ptarmicoides

and S. canadensis (Fig. 3), which provided supporting evidence that the polymorphisms obtained from direct

sequencing could have originated from a combination of the sequences from these species. The ITS sequence

of Euthamia graminifolia, proposed by Nesom (1993) as the second potential parent of Solidaster, has been

shown to be relatively divergent from those of Solidago (Noyes and Rieseberg 1999), and its reported ITS

sequence (GenBank AF046982) differs from that of S. ptarmicoides by 4 indels as well as a minimum of 32

bp. Because the ITS sequence of Solidaster cv. Lemore did not show any evidence of indel polymorphisms,

and only a few bp polymorphisms, Euthamia graminifolia is clearly not one of its parents.

Approximately 450 bp of the ETS region were amplified for each sample of Solidago with the primer

pair 18S-ETS and Ast-1. Removing regions of poor sequence and uncertain alignment produced a matrix

with a total length of 444 bp, including 18 bp of 18S coding sequence. As with ITS, length variation among

sequences was minimal among Solidago samples: only a single 1 bp deletion in 5. patula, and only a single

1 bp insertion in Stenotus and a 3 bp deletion in both outgroup taxa, Cuniculotinus and Sericocarpus, were

required for complete alignment of this portion of the ETS region. Levels of sequence divergence for ETS

were similar to those for ITS, with pairwise divergence values among Solidago samples of 0-1% (0-4 bp)

and among all samples reaching a maximum of 4% (17 bp). The ETS sequence of Solidaster cv. Lemore was

basically identical to that of 5. ptarmicoides, although each sequence exhibited a single, non-informative bp

polymorphism (position 124 in Solidaster, 36 in S. ptarmicoides; both A/G). Other than the polymorphic

positions, the ETS sequence of S. canadensis differed from those of S. ptarmicoides at only a single position,

and there was no evidence of polymorphism in the sequence of Solidaster cv. Lemore at this position.

For phylogenetic analysis to assess the placement of S. ptarmicoides relative to Solidago, the ITS and

ETS sequence data were analyzed together, producing a combined matrix of 1078 bp in which there were

46 potentially parsimony-informative characters and 85 additional variable but parsimony-uninformative

characters. The results of phylogenetic analyses (Fig. 4) reflected the overall low levels of divergence in

providing a poorly resolved tree with relatively low levels of support for many branches. The results of the

parsimony and Bayesian analyses were topologically consistent although the Bayesian tree was more resolved.

A monophyletic group corresponding to clade III of Beck et al. (2004) was defined relative to Cuniculotinus

gramineus and Sericocarpus tortifolius with a posterior probability of LOO (Bayesian) and 100% (bootstrap),

respectively. At the next level of branching there was a large polytomy in the strict consensus tree, within

which there was a strongly supported clade formed by the three species of Chrysothamnus, C. scopulorum,

C. stylosus, and C. viscidiflorus (LOO; 99%), a variably supported clade with Petradoria and Stenotus (0.97;

57%), and a strongly supported clade formed by Solidago, Chrysoma, and Brintonia (1.00; 76%). Within the

last clade, there was a Chrysoma + Brintonia clade (0.79; <50%) that was sister to a Solidago s.s. clade (LOO;

69%). Within the Solidago s.s. clade, there was little resolution in the consensus tree, with the only bootstrap
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support greater than 80% for multispecific clades going to a strongly supported S. canadensis + S. gigantea

clade (1.00; 94%); weaker support was provided to clades consisting of S. rigida + S. ohiensis (0.99; 64%), 5.

caesia + S. riddellii (0.62; 64%), and S. arguta + S. patula (0.50; <50%). The three samples of S. ptarmicoides

were placed in a large polytomy with other members of the genus (Fig. 4). Results of the Bayesian analysis

also provided weak to strong support for clades that received less than 50% bootstrap support, including

Petradoria/Stenotus with Solidago/Chrysoma/Brintonia (0.94) and clades not present in the strict consensus tree:

Oreochrysum + Tonestus (0.51), with sequential addition of Lorandersonia (0.52), and Eastwoodia (0.76), and

this clade combined with the three species of Chrysothamnus (0.60). These results are completely congruent

with those presented by Urbatsch et al. (2003) in placing Oligoneuron within Solidago as well as showing

Chrysoma as a near outgroup to Solidago relative to Sericocarpus. They also support the revised classification

of Chrysothamnus and related genera presented by Urbatsch et al. (2005).

DISCUSSION

Molecular data showed that Solidaster cv. Lemore is not an intergeneric hybrid by providing evidence not

only to identify its parents (Figs. 2, 3) but to show clearly that both are accurately placed as members of

Solidago (Figs. 3, 4). The combination of Solidago ptarmicoides and 5. canadensis as its progenitors fits well

with what is known of the origin of Solidaster, and has been proposed previously (e.g., Brouillet & Semple

1981). It has been clear based on morphology that 5. ptarmicoides was one of the parents, and S. canadensis

was one of the few goldenrod species naturalized near the nursery where Solidaster was first discovered

(Nesom 1993). Although Solidaster does not show complete additivity in morphological features relative to

S. ptarmicoides and S. canadensis (Nesom 1993), there are now numerous well documented cases of hybrids

failing to exhibit one or more seemingly characteristic traits of their progenitors (Rieseberg 1995). Note

that these results apply specifically to the cultivar Lemore, and other material marketed as "Solidaster" (or

in florists shops as "Aster"), which may exhibit somewhat different morphologies, may not have a common

origin. Laureto and Barkmann (2005, pers. comm.) present molecular-based evidence for the hybrid origin

of another species, S. houghtonii Torr. & A. Gray ex A. Gray, that involves members of sect. Ptarmicoidei (5.

riddellii) and sect. Triplinerve (5. gigantea), and similarly does not show additivity in morphology. Exclusion

ofEuthamiagraminifolia as a potential parent of Solidaster also refutes another potential intergeneric hybrid-

ization hypothesis (Nesom 1993).
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The major conclusion from phylogenetic analysis of ITS and ETS sequence data is that there is strong

support for the inclusion of 5. ptarmicoides within Solidago. Phylogenetic analysis clearly placed it in the clade

corresponding to Solidago s.s (Fig. 4), and it differed in total sequence (ITS and ETS combined) from other

members of Solidago by as little as a two bp differences (vs. S. shortii). There was also no support from sequence

data to segregate Oligoneuron, represented in the data set by five of its six species including S. ptarmicoides,

as a distinct genus; the combined ITS and ETS data in fact placed one of the Oligoneuron species, S. riddellii,

with 5. caesia from sect. Solidago, albeit with only weak support (Fig. 3, 4; see asterisks). The sequence data

did, however, provide weak support for restricting the limits of Solidago to exclude Brintonia and Chrysoma,

although the group formed by inclusion of these genera with Solidago would be monophyletic. These results

largely mirror those presented by Zhang (1986; reproduced in Semple et al. 1999) based on chloroplast

DNA restriction site data, and provide additional support for the most recent and comprehensive taxonomic

treatment of the abovementioned taxa (Semple & Cook 2006).

A notable aspect of the ITS and ETS sequence data was the striking lack of divergence among mem-

bers of Solidago. By contrast, ITS divergence in Eupatorium L. another genus of Asteraceae with a similar

geographic range and occurrence in old field habitats, is 2-6% between species (12-43 bp differences;

Schmidt & Schilling 2000; Schilling et al. 2007); Eupatorium is further differentiated from Eutrochium Raf.,

which are widely treated as congeners, by two indels (loss of a 13 bp region in Eupatorium and addition of

a 3 bp region in Eutrochium) in addition to a minimum of 8% (33-61 bp) divergence. It should be noted

that a previous chloroplast RFLP analysis (Zhang 1996) reports a higher level of variation within Solidago,

and the resulting phylogeny strongly supports certain previously hypothesized groups. These contrasting

levels of phylogenetic signal are best explained by the relative amount of DNA sequence scored in each

study Extrapolating from the values reported in Lane et al. (1996), approximately 2.5-3 kb of chloroplast

sequence was assessed for variation in the Zhang study, compared to the approximately 1.1 kb ITS/ETS

dataset analyzed here. In addition, previous work in Asteraceae indicates that chloroplast RFLP datasets

can be more informative relative to those from ITS sequence (Morgan 1997). The most obvious possible

source of the lack of ITS divergence in Solidago is that species level divergence is very recent. Other possible

contributing factors include relatively large effective population sizes and the potential for homogenization

through widespread interspecific hybridization followed by concerted evolution. Hybridization is tradition-

ally viewed as widespread within Solidago (Cronquist 1980), and homogenization via concerted evolution

is potentially a rapid process following hybridization (Franzke & Mummenhoff 1999). The relative lack of

differentiation in ITS sequence between relatively distantly related congeners, which because of geographical

considerations are unlikely to be part of a larger hybridization network, suggests that the primary cause is

recency of divergence. This suggests that the striking ecological differences between Solidago species may

have arisen during relatively short periods of time and indicates that resolving the phylogeny of Solidago

will be a major challenge that will require markers evolving more rapidly than ITS and ETS.

Collections of Solidago and related genera sampled for molecular analyses, with collector and herbarium or literature refer-

ence and GenBank numbers (ITS, ETS).

Solidago L. Solidaster cv. Lemore, Schilling 07-06 (TENN), EU1 25353, EU1 25374. Sect. Solidago, Subsect. Argutae, 5. arguta

Aiton, Beck481 (MO), EU1 25354, EU eck482 (MO), EU1 25355, EU1 25376. Subsect. Glomeruliferae, S.

caesia L, Beck483 (MO), EU1 25356, El Kress et al. 2005, DQ005979. Subsect. Humiles, 5. simplex Kunth,

Kress et al. 2005, DQ005982. Subsect. Juncea, S.juncea Aiton, Kress et al. 2005, DQ005981 . Subsect. Maritimae, 5. sempervirens

L, Urbatsch et al. 2003, AF477668, AF477732. Subsect. Nemorales, S. nemoralis Aiton, Estes 1521 (TENN), EU1 25357. Sub-

sect. Solidago, 5. virg )), EU1 25358, EU1 25378; 5. decurrens Lour., GenBank Record, EFT 03140. Subsect.

Squarrosae, 5. specioi (TENN), EU 1 25359. Subsect. Thyrsiflorae, 5. petiolaris Aiton, Noyes & Rieseberg

1999, AF046968. Subsect. Triplinerve, S. canadensis L, Urbatsch et al. 2003, AF477665, AF477729; Laferriere 3564 (TENN),

EU125360, -; Weidon 1 7/22/81 (TENN), EU125361; 5. gigantea Aiton, Beck509 (MO), EU125362, EU125379; 5. shortiiTon. & A.

Gray, Beck et al. 2004, AY523854, [submit]. Subsect.Venosae, 5. fistuiosa Mill, Urbatsch et al. 2003, AF477666, AF477730. Sect.

Ptarmacoidei (Oligoneuron), S. ptarmicoides (Torrey & A. Gray) B. Boivin, Brandt 2603 (MO), EU1 25363, EU1 25380; Dietrich 524
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(MO), EU1 25364, EU1 25381 ; Anderson M0221, EU1 25365, EU1 25382; 5. nitidaJoney & A. Gray, Thomas 141724 (MO), EU1 25366,

EU125383; Thomas 97470 (MO), EU125367, EU125384; Thomas 138143, EU125368, EU125385; 5. ohiensis Riddell, Krai 48497

(MO), EU125369, EU125386; 5. riddeilii Frank, Smith 3617 (MO), EU125370, EU125387; Vogt 506 (MO), EU125371, EU125388;

Luges s.n. (MO), EU1 25372, EU1 25389; 5. rigida L, Becket al. 2004, AY523851, EU1 25390. Brintonia Greene, B. discoidea (Elliott)

Greene, Roberts & Urbatsch 2003, AY1 70930, AY1 69727; Anderson 20021 (MO), EU1 25373, EU1 25391. Chrysoma Nutt, C
paucifloscuiosa (Michx.) Greene, Urbatsch et al. 2003, AF477637, AF47770 1 . Chrysothamnus Nutt., C scopulorum (M.E. Jones)

Urbatsch, R.R Roberts & Neubig, Roberts & Urbatsch 2003, AY1 70956, AY1 69753; C styiosus (Eastwood) Urbatsch, R.P. Roberts

& Neubig, Roberts & Urbatsch 2003, AY1 70973, AY1 69770.C viscidiflorus Nutt, Roberts & Urbatsch 2003, AY1 70947, AY1 69744.

Columbiadoria G.L Nesom, C hallii (A. Gray) G.L Nesom, Roberts & Urbatsch 2003, AY1 70948, AY1 69745. Cuniculotinus

Urbatsch, R.P. Roberts & Neubig, C gramineus (H. M. Hall) Urbatsch, R.R Roberts & Neubig, Roberts & Urbatsch 2003, AY1 70936,

AY1 69733. Eastwoodia Brandegee, £ elegans Brandegee, Roberts & Urbatsch 2003, AY1 70949, AY1 69746. Lorandersonia

Urbatsch, R.R Roberts & Neubig, L tinifolia (Greene) Urbatsch, R.P. Roberts & Neubig, Roberts & Urbatsch 2003, AY1 70936,

AY1 69737. Oreochrysum Rydb., O. parryi Rydb., Roberts & Urbatsch 2003, AY1 70958, AY1 69755. Petradoria Greene, P.pumila

Greene, Roberts & Urbatsch 2003, AY1 70959, AY1 69756. Sericocarpus Nees, 5. tortifoiius Nees, Urbatsch et al. 2003, AF477664,

AF477728. Stenotus Nutt, S. acaulis Nutt., Roberts & Urbatsch 2003, AY1 70960, AY1 69757. Tonestus A. Nelson, Tpygmaeus

A. Nelson, Roberts & Urbatsch 2003, AY1 70972, AY1 69769.
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RESUMEN

Kohkria (Gesneriaceae, tribe Gloxinieae) d

cuador, en donde es una especie endemica

The most recent treatment of the genus Kohkria Regel is that by Kvist and Skog (1992), who recognized 17

species. More recently, Roalson et al. (2005a) transferred the two species of the genus Capanea Decaisne ex

Planchon to Kohkria making it currently a genus of 19 recognized species. The revised circumscription of

Kohkria to include Capanea (Roalson et al. 2005a) is based primarily on molecular data from the nuclear

ribosomal DNA internal transcribed spacer region, the chloroplast DNA trnL intron and trnL-trnF intergenic

spacer region (Roalson et al. 2005b). Traditional Kohkria (e.g., the recent monograph by Kvist and Skog,

1992) would be paraphyletic with the exclusion of Capanea. Thus, many of the features that differentiated

Capanea are autapomorphic for a well-supported clade nesting in Kohkria (Roalson et al. 2005b).

The new species described here has a history ofbeing collected in the Carchi province where it is locally

abundant in cloud forests. It was initially assumed to be a new species of Capanea by Hans Wiehler when
it was collected and appeared in a photograph in the horticultural journal The Gloxinian (McDowell 1995).

Images ofK hypertrichosa also appeared in the GesneriadJournal as a new species of Capanea in a report of

a collecting expedition to Ecuador (Dunn 1997). The species was assumed to be a member of this formerly

recognized genus because of the woolly pubescence, the shape of the corolla, and its epiphytic habit.

Vegetatively Kohkria hypertrichosa appears similar to Monopyle because of the strongly anisophyllous leaves

and dorsiventral shoots. In the type locality of Kohkria hypertrichosa, the species Monopyle macrocarpa Benth.

is also abundant (cf., field collection ]. L. Clark 6298). The two species often grow side-by-side and telling

them apart vegetatively is challenging.

The species described here is remarkable in that it has been collected and specimens annotated as be-

longing to Monopyle or Capanea, but not Kohkria. The correct placement of this new species has perplexed

many Gesneriaceae workers because of its habit (facultative epiphyte instead of the more typical terrestrial

habit in Kohkria)] thick wooly pubescence on the outer surface of the corolla (more typical of Capanea); and

strongly anisophyllous leaves (more typical of Monopyle). The key synapomorphy for recognizing traditional

Kohkria is a fruit dehiscing by a single dorsal slit from apex to base (Figs. ID and 2G). The presence of this

type of fruit in this species was unknown until it was observed and photographed in 2001 (cf., field collec-

tion J.L. Clark 6288). Many other collectors (e.g., Tirado and Hoover) had documented this new species in
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flower, but not in fruit, thus making it a difficult species to place without molecular data. The presence of

a bilobed stigma is a notable feature that K. hypertrichosa shares with most congeners. A stomatomorphic

stigma is present in Monopyle and is an autapomorphy in the two traditionally recognized species of Capanea

that were recently combined in Kohleria (Roalson et al. 2005a).

Another morphological feature of many species in Kohleria, which is also present in K. hypertrichosa, is

the presence of a ventricose apical pouch on the lower side of the corolla. The ventricose pouch in K. hyper-

trichosa is sometimes obscured after anthesis and on pressed herbarium collections (e.g., the pouch was not

apparent in early photographs and collections such asJ.L. Clark & R.W. Dunn 2406 andJ.L. Clark et al. 2408).

The generic placement of K. hypertrichosa is also strongly supported by molecular data from the nuclear

ribosomal DNA internal transcribed spacer region, the chloroplast DNA trnL intron and trnL-trnF intergenic

spacer region (Roalson et al. 2005b). One of the samples that appeared in the phylogeny published by Roalson

et al is a tissue sample from silica gel-dried leaves of a paratype of K. hypertrichosa (cf., field collection J.L.

Clark& R.W. Dunn 2446). The specific collection is noted in Roalson et al. (2005b) as,
li

Kohleria sp. nov. 2446"

where it was shown as being strongly supported as the sister taxon to Kohleria villosa (Fritsch) Wiehler.

Kohleria hypertrichosa J.L. Clark & L.E. Skog, sp. nov. (Figs. 1-2). Type: Ecuador. Carchi: Canton Espejo, Par-

00°49'46"N
)
78

o07'03"W, 1600-2000 m, 5 Jul 2003, J L. Clark, S.G. Clark, E. Folleco & B. Syka 8450 (holotype: US; isotypes: AAU,

BRIT, C, CAS, COL, E, F, GH, K, MO, NY, QCA, QCNE, SEL, UNA, US, W).

Facultative epiphytic climber; rarely terrestrial, stems dorsiventral to erect, frequently branched, to 2 m
long, subwoody to herbaceous, terete, glabrescent below, densely pilose to sericeous above. Leaves opposite,

unequal in a pair; larger leaf with petioles terete, 3-10 mm long, green, densely sericeous, blade subcoria-

ceous when dry, elliptic to slightly falcate, 6-14 x 1.5-4 cm, base acute and occasionally asymmetrical, apex

attenuate, margin serrate, adaxially pale green, sparingly to densely pilose (especially on veins), abaxially

green to reddish-green, uniformly pilose; smaller leaf with petioles sessile to 3 mm long, green, densely

sericeous, blade subcoriaceous when dry, broadly ovate (rarely narrowly ovate), 1-2.5 x 1-1.5 cm, base and

apex rounded, margin serrate, adaxially pale green, sparingly to densely pilose (especially on veins), abaxially

green to reddish-green, uniformly pilose. Inflorescence epedunculate, reduced cyme, appearing fasciculate,

with 1 (rarely 2) flower per node at or near stem apices; bracteoles absent; pedicels longer than the petiole,

1.5-3 cm long, densely sericeous. Flowers zygomorphic, not resupinate; calyx lobes 5, ventral lobe free, lateral

and dorsal lobes basally connate for 3-5 mm, lobes erect at anthesis, reflexed in fruit, equal, ovate, 1.5-2.0

x 0.5-1.0 cm, apex acute, margin nearly entire with 1-3 pairs of serrations, bright red, outside densely

sericeous, inside sparsely sericeous; corolla horizontal in calyx; 2.5-3.0 cm long; base 1 cm in diameter,

middle ampliate, becoming apically ventricose on lower surface, throat slightly constricted, appearing laterally

compressed, to 1 cm wide (at mouth), outside yellowish-white, covered with dense villous white pubescence,

inside mostly yellow with red spots, mouth with glandular trichomes, lobes glabrous, red, subequal, rotund,

to 3 mm long, to 5 mm wide, rounded, entire; nectary of five separate glands evenly distributed around

ovary, each 1.0-1.5 mm high and 0.5-1.5 mm wide at base, glabrous; stamens 4, didynamous, included;

filaments 1.6 cm long, adnate to the base of the corolla tube, pilose; anthers longer than broad, ca. 2 mm
long, ca. 1.5 mm wide, dehiscing by longitudinal slits; staminode not observed; ovary inferior, villous, 2-5

x 3-6 mm, style 9-12 mm long, sericeous, stigma included, forked. Fruit an oblong capsule, 20-30 mm
long, diameter 4-8 mm, dehiscing by a single dorsal slit from apex to base; seeds numerous, subglobose,

irregularly striate, 0.4 x 0.3 mm, dark brown.

Phenology.—Flowering in January, April, May, November, and December. The only collections with

fruits are from May, July, and December.

Distribution.—Kohleria hypertrichosa is known from northwestern Ecuadorian cloud forests on the

western Andean slopes of the Carchi and Esmeraldas provinces from 1100 to 2000 meters. It is locally
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abundant sometimes covering trees and trailsides, especially in the Mirador de las Golondrinas, a private

reserve managed by Fundacion Golondrinas and the Gualpi area near the Reserva Awa (collections exist

both inside and outside the Territorio Awa). No collections of Kohleria hypertrichosa have been made outside

of the Carchi and Esmeraldas provinces, but it is likely to also occur in the adjacent Department of Narino,

Colombia where limited recent botanical exploration has taken place.

Etymology.—The epithet hypertrichosa is derived from the congenital condition of generalized "Hyper-

trichosis," the medical term referring to a condition of excessive growth ofbody hair in humans. The condi-

tion is commonly known as "Werewolf syndrome" which comes from a mythological werewolf of which the

person is completely covered in hair or fur. Although not commonly grown in cultivation, the plant species

is known among horticulturalists as "Chewbacca," for the famous hairy biped character ("Wookie") from

the popular cult phenomenon 1977 movie Star Wars IV: A New Hope.

Detween the village Las juntas and la Cabana

Espejo,

:anton Espejo, Bosqi e Protector Mira or de Golondrinas, between the village Las Junt

1996 J.L. Clark,

" (MO, QCNE, SRP, I

000 m, 10 Apr 1996J.L

the village of Qu

fr)J.L. Clark &O.Mejia 6288 (MO, QCNE, US)

3WN, 78°34'W, 1200-1800 m,7D c 2001 (fl, fr)J.L. Clark O.Mejia& E.Diaz 63.

11 Aug 1992 (fl), G. lipaz, b.
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TWO NEW SPECIES OF GUADUA (BAMBUSOIDEAE: GUADUINAE)

FROM COLOMBIA AND BOLIVIA

Ximena Londono Eneida Zurita

During a 1987 field trip to Caqueta and Putumayo, Colombia (Colciencias-Inciva Project No. 2108-07-009-85),

sterile specimens of a new species of Guadua (Londono & Quintero 144 & 214) were collected. A living rhizome

was brought to the bamboo germplasm bank of the Juan Maria Cespedes Botanical Garden in Tulua, Valle

del Cauca, Colombia, and after 14 years in cultivation (1987-2001), accessions Londono 144 & 214 flowered

and made possible their identification.

Because of the absence of flowering material in the majority of woody bamboo herbarium specimens

(in part, a result of their long flowering cycles), several species of bamboo are described from vegetative

material alone, e.g., Eremocaulon setosum Londono & L.G. Clark, Chusquea riosaltensis L.G. Clark and Ch.

caparaoensis L.G. Clark (Londono & Clark 2002a; Clark 1992). Vegetative characters such as culm leaves,

buds, branches and rhizomes have been utilized to delimit many new species (McClure 1966; Judziewicz

et al. 1999; Soderstrom & Young 1983). We waited 14 years for the opportunity to describe G. incana with

flowering material, but for the new species from Bolivia, G. chaparensis Londono & Zurita, we decided to

describe it on the basis of sterile material alone, in order to provide a name for this distinctive species.

In addition to the vegetative and reproductive characters used to delimit G. incana, the genetic AFLP
analysis done by Marulanda et al. (2002) reported a clear genetic differentiation between G. incana and G.

angustijolia (accessions, varieties and biotypes), and also between G. incana and Guadua uncinata Londono

& L.G. Clark (2002b), a species that is sympatric with G. incana. This genetic result helped corroborate the

diagnostic morphological features that identify Guadua incana as a new species.

Guadua chaparensis was collected by the second author in central Bolivia. It occurs not only in the type

locality (Comunidad Israel) but in various communities such as Capinota, Hermanos Ledesma, Agua Rica,

24 de Septiembre, Monte Sinai, Villa Jerusalen, Villa Imperial, Valle de Sajta, Valle Ivirza, Villa Nueva, Alto

San Pablo, Tarija and Puerto Aroma, all of them in the Chapare area.

The two new species, G. incana and G. chaparensis, are clearly referable to Guadua based on their long-necked

rhizomes, white bands on the culms, thorny branches, triangular culm leaves, and, in the case of G. incana,

pseudospikelet structure with winged-keeled palea (Judziewicz et al. 1999). Both species are closely related,
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grow in lowland tropical rain forests, and appear to be endemic to the localities in which they were collected.

Both are also utilized by local communities for corrals, fences, water conduction and light rural construction.

Guadua weberbaueri, the taxon most closely allied to the two new species, was described by Pilger

(1905), who selected as the holotype number 4562 collected by the German botanist August Weberbauer

(1871-1948) in Moyobamba, Peru. As with many other collections by Weberbauer, the type chosen by

Pilger and deposited in Berlin (B) was destroyed during World War II. In 1991, the first author visited the

herbarium of the Universidad Nacional Agraria, La Molina (MOL) in Lima, Peru, and found a complete du-

plicate of Weberbauer 4562. This isotype, which we have selected to serve as the lectotype, includes a foliage

leaf complement and one inflorescence branch.

Morphological study reveals that Guadua weberbaueri Pilger, G. tagoara (Nees) Kunth and G. sarcocarpa

Londono & Peterson (1991) share several features with each other and the two undescribed species, forming

the basis for a group within Guadua, here recognized informally as the G. weberbaueri Group (Tablel). The

following combination of characters delimits this group: a) culms erect at the base with the apical portion

leaning on or pendent from trees; b) internodes hollow, with walls up to 1.5 cm thick, elongated up to 90 cm;

c) culm leaves with persistent blades, these 1/4 to 1/5 as long as the sheaths; d) culm leaves with canescent

inner ligules; e) synflorescences terminating in leafy or leafless branches with capitate coflorescences in

the earliest state of development; f) pseudospikelets with wide-winged palea keels (0.8 to 2.5 mm); and g)

ovaries fusoid in shape.

These five species, Guadua weberbaueri, G. sarcocarpa, G. incana, G. chaparensis and G. tagoara, grow

in very humid, lowland forests and they have in common the presence of water inside of the hollow in-

ternodes. Herbarium labels from Guadua sarcocarpa (Calderon & Soderstrom 2348-US#2810196 and Smith

5275-US#3080541), the description for G. tagoara in Londono and Clark (2002b), and Louton et al. (1996)

for G. weberbaueri reported the presence of internodes filled with water. This internal water phenomenon

seems to be associated with very high relative humidity and a high water table. Why water accumulates

inside the internodes is still uncertain. It may occur after strong changes of temperature that break tissues

allowing water to leak into and accumulate in the lumen.

A key to the species of the G weberbaueri group based on vegetative characters is presented here.

KEY TO SPECIES OF THE GUADUA WEBERBAUERI GROUP

.Culm leaves abaxially puberulous to pubescent, the indument detached only with difficulty from the surfaces,

the margins slightly discontinuous at the junction of the sheath and blade.

ially pilose

_G. weberbaueri

lulms erect below,archingapica!ly, lacking spreading branches above and not leaning on or pendentfrom trees.

I Foliage leaf sheaths glabrous, fimbriae at the summit, fimbriae 4-5 mm long; inner ligules glabrous;

leaf blades abaxially subglabrous; pseudopetioles abaxially glabrous; Colombia

abaxially glabrous; pseudopetioles abaxial

Guadua incana Londono, sp. nov. (Fig. 1
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Fig. 1 . Gww/i/a moum. A. Culm leaf, adaxial view. B. Detail of culm leaf showing blade base and sheath summit adaxial surface. C. Foliage leaf ligular

area, abaxial view. D. Mid-culm node with branch complement of leafy flowering axis. E. Pseudospikelet showing basal gemmiparous bracts, a sterile

lemma, fertile florets, and terminal rudimentary florets. F-G. Prophyll, abaxial view and apex. H-l. Basal gemmiparous bracts, abaxial view and apex.

J-K. Lemma, abaxial view and apex. L-M. Palea, abaxial view and apex. N. Gynoecium with three stigmas. O-Q. Caryopsis with a stylar column; dorsal

view showing the hilum (0), frontal view showing the embrotegium (P), and lateral view (Q). (A-C, Londono 144, TULV; D-Q, Londono 972 TULV).
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Woody, thorny bamboo. Rhizomes pachymorph. Culms 10-15(-18) m tall, 7-9(-12) cm in diam., erect

at base, arching apically, whitish-green when young; internodes (20-)30-55(-65) cm long, cylindrical,

hollow, some filled with water, the wall 1-1.5 cm thick, the surface whitish-green pubescent when young,

becoming evidently whiter below the nodal line, covered by very appressed, white, soft, slender, retrorse

hairs; nodes solitary, the nodal line horizontal, with a supranodal band 1-1.7 cm wide of appressed, white,

soft, slender hairs, and an infranodal band 1.5-2 cm wide of long, soft, slender, white, appressed hairs,

the two bands unambiguously evident, the supranodal ridge slightly pronounced, the canescence from the

infranodal band extending 2/3 along the internode; bud single, triangular, the shoulders of the prophyll

ciliate. Culm leaves (22-)30-44 cm long, 29-44 cm wide at the base, coriaceous, deciduous, triangular,

blade and sheath conspicuously distinguished by color and pubescence when young; sheaths (19-)24-33

x 29-44 cm, whitish-green with yellowish spots when young, becoming whitish-brown to stramineous,

abaxially canescent-hispid, densely covered by two different types of hairs (1) short, matted, white and wavy

hairs, looking like wool and easily detached, and (2) straight, stiff, sharp, amber hairs, up to 3 mm long,

adaxially glabrous and shiny, the margins papery, the overlapping one ciliate, the cilia transparent, up to

2.5 mm long; inner ligules 0.5-1.0 mm long, truncate, straight to slightly curled in the middle, extending

completely from margin to margin, adaxially glabrous, abaxially canescent, densely ciliate on the margin,

the cilia up to 0.6 mm long, whitish in color and conspicuous; blades (3.5-)5-10 x 7-12 cm, 1/4-1/5 as

long as the sheath, triangular, erect, persistent, inflated, green to reddish-green when young then brown,

abaxially glabrous at the central inflated part, sparsely hispid and pubescent through the apex and margin-

ally, adaxially densely pubescent between the nerves, covered by two types of hairs (1) firm, stiff, transpar-

ent hairs up to 2.5 mm long, and (2) short, soft, loose hairs up to 0.5 mm long, the margins papery, shiny

and smooth at the middle and upper portion, basally ciliate, wrinkled at the junction with the sheath and

bearing conspicuous fimbriae and cilia, the cilia up to 2.5 mm long, hyaline, rubbing off at the middle and

upper portion, the fimbriae 3-5 mm long, ivory, wavy to curled, basally scabrid, apically smooth, the apex

strongly mucronate and usually split in two parts, the mucro up to 1 mm long. Branching intravaginal,

consisting of one main branch and 1 to 2 secondary branches, the branches manifestly armed, thorns 1

to 3(-4) per node, the central one dominant, bigger and straight to slightly curved, the other two slightly

curved to curved. Foliage leaves 5 to 8(-10) per complement; sheaths abaxially pubescent to glabrous,

usually with a patch of villous hairs on one side of the midnerve at the upper portion, green when young

then stramineous, the overlapping margin conspicuously ciliate, the underlapping one minutely cililate to

smooth and papery, bearing a few fimbriae at the summit; fimbriae 4-5 mm long, ivory, basally straight and

scabrid, apically wavy to curled and smooth; inner ligules 0.2-0.3 mm long, short, brown, puberulous,

ciliolate to smooth at the margin; outer ligules 0.3-0.4 mm long, stramineous, glabrous, shiny, the margin

ciliolate to smooth; pseudopetioles 2-4 mm long, adaxially scabrous toward one margin, otherwise gla-

brous, abaxially glabrous, pulvinate, the pulvinous villous, stramineous to brown; blades (3. 5 -)1 1-13 (-16)

x (0J-)l_2(-2.2) cm, L:W = 5-14:1, 13-15 nerved, linear-lanceolate, adaxially glabrous to subglabrous,

with scattered, strigose, transparent hairs up to 1.2 mm long, with 4-6 raised scabrid submarginal nerves

on one side, becoming basally evidently scabrous by one side, abaxially glabrous to subglabrous, with

scattered strigose, transparent hairs up to 1 mm long, papillose and tessellate, the midnerve and primary

nerves prominent and yellow in the middle and lower portion, one margin scabrid, the other scabridulous,

the apex acuminate, with a mucro 2-3 mm long. Synflorescences terminating usually leafy branches of all

orders, polytelic, consisting of l-4(-6) coflorescences with l-3(-5) multiflowered pseudospikelets; main

axes basally glabrous, apically pilose; subtending bracts varying in size and shape through the main axis,

from fully developed and similar to a small foliage leaf to triangular with a reduced apiculus, the blades
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Table 1. Comparison of vegetative morphological characters ofGuadua incana, G. chaparensis, G. tagoara, G. w

Pseudopetiole

Foliage leaf blade,

Fruit type

Geographical

(3.5-)7-12

22-70

0.5-4 x 0.2-0.6

weberbaueri sarcocarpa

when present deciduous, the sheaths adaxially pubescent and bearing fimbriae at the summit, the overlap-

ping margin conspicuously ciliate. Pseudospikelets 2-4 x 0.4-0.7 cm, linear-lanceolate, straight to slightly

curved, green when young becoming stramineous, consisting of a subtending bract, a prophyll, l-4(-5)

gemmiparous bracts, 1-2 sterile lemmas, 5-7 functional florets, terminating in a rudimentary anthecium;

prophylls 4x2 mm, with the 2 keels winged, the sulcus membranaceous, abaxially glabrous except sericeous

at the tip and strigillose along the keels, the enfolding margins glabrous and shiny, except strigillose along the

keels, with the margins ciliolate, the wings 0.2-0.3 mm wide, pubescent on both sides, conspicuously ciliate

on the margin, the cilia up to 0.5 mm long; gemmiparous bracts l-4(-5), 5-9 x 3-6 mm, 7-11-nerved,
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ovate to ovate-lanceolate, deciduous, adaxially shortly pubescent toward the upper third, otherwise glabrous

and shiny, abaxially sparsely pubescent, with the midnerve strongly marked, the apex mucronate, the mucro

0.5-0.7mm long, the overlapping margin conspicuously ciliate, the underlapping one minutely ciliolate except

basally; sterile lemmas 1-2, 6.5-8 x 5-6 mm, 10-16-nerved, ovate-lanceolate, stramineous, slightly lighter

in color than the lemmas, mucronate, the mucro 0.5 mm long, abaxially glabrescent, adaxially pubescent

on the upper V2, being densely pubescent toward the apex, the overlapping margin minutely ciliolate, the

underlapping one smooth, enclosing a rudimentary palea or not; rachilla segments 3-4.5 mm long, shortly

pubescent except at the most lower portion, with a rim of hairs at the uppermost portion, disarticulating

below the attachment of each lemma and falling attached to the floret. Fertile florets 5-7, 10-11 x 2-4 mm,

with the winged palea keels exceeding the lemma margins, the lemma exceeding the palea apically only by

the mucro; lemmas 9-11.5 x 6-8 mm, 16-18-nerved, ovate-lanceolate, green when young with purplish

margins, becoming stramineous, abaxially glabrous, except with a patch of very short hairs dorsally, and

a purplish-tinged to darker color line along the margins, adaxially pubescent on the upper half otherwise

glabrous, the apex mucronate, the mucro 0.5-1 mm long, the margins smooth, papery; paleas 9-11 x 4-5

mm, stramineous, the apex acute, the sulcus 2 mm wide, 3-4-nerved, strigillose, covered by transparent,

short, appressed hairs, the enfolding margins 2-3-nerved, glabrous, the margins smooth, the keels winged,

the wings 1-1.2 mm wide, wider apically than basally, 2-nerved, purplish to stramineous, abaxially glabrous

and shiny, adaxially strigillose along the sulcus and apically, otherwise glabrous and shiny, not prolonged

at the apex, the margins ciliolate on the upper half, basally sparsely ciliolate. Lodicules 3, 2.5-5 x 0.7-1.8

mm, 8-12-nerved basally, membranous, acute, the upper half puberulous and thinner, covered by hyaline

prickles, basally glabrous, thickened, nerved and darker, the margins sparsely ciliolate at the tip, the anterior

pair slightly asymmetrical, the posterior one symmetrical, narrower than the anterior pair. Stamens 6, the

anthers 4-5.2 x 0.1-0.5 mm, brown, basally sagittate, apically apiculate, the filament free, up to 2 mm long.

Ovary (1.5-)2-3 x 0.4-0.5 mm, fusoid, the basal half receptacle-like, 0.7-1 x 0.5 mm, glabrous, brown,

the upper half cone-shaped, 1-2 x 1 mm, densely antrorse-hispidulous, stramineous; style 2-2.5 mm long,

densely antrorse-hispidulous, darker than the ovary, stigmas 3, plumose, ca. 5 mm long. Fruit 7-9 x 3 mm,

an asymmetric fusoid caryopsis, with a persistent hispidulous style base at the apex, shiny and glabrescent

immediately below the style, the basal two-thirds minutely strigillose, opaque, glaucous; embryo 1.5 x 1

mm, circular, lateral at the base of the caryopsis.

Etymology.—The specific epithet refers to the evidently canescent abaxial surfaces of the culm leaf

sheath when young.

Distribution and habitat—This species occurs in southern Colombia, in the departments of Caqueta

and Putumayo, in the foothills of the eastern side of the Cordillera Oriental de los Andes, at elevations

between 280-1200 m. It grows in the interior of very humid mountain forests, along creeks, but does not

form dominant clumps and is generally uncommon.

Common name.—Guadua (with accent).

Uses.—Farm fences and light rural infrastructure.

Phenology and Fruiting—-The flowering behavior of bamboos is still unexplained and mysterious. The

factors that switch a bamboo plant from a vegetative to a flowering state are not fully understood (Janzen

1976; Judziewicz et al 1999). Guadua incana can flower continuously for at least 2-3 years and without

dying. A flowering culm in this species is leafy and the production of fruit and seedlings is uncommon. As

in G. weberbaueri, only a few culms from the whole clump flower at any given time. Despite this research,

it is still impossible to establish its regular flowering cycle, but we know that it takes at least more than 14

The production of mature fruit in G. incana is scarce. Only one fruit was found in a functional floret

from the middle part of the pseudospikelet. This floret falls along with the rachilla, lemma and palea attached

to the base as in other Guadua species, e.g., G. chacoensis (Rqjas) Londono & Peterson (Londono & Peterson

1992). The dorsal surface of the fruit has a conspicuous linear hilum, purplish in color, extending down the
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length of the fruit and the ventral surface has a prominent embryotegium. The embryo is 1/5-1/6 of the

length of the whole fruit, and is located at the base of the ventral surface. The indument of the fruit is very

peculiar, with the upper l/9th nitid; otherwise, the fruit is strigillose and covered with a whitish waxy coating.

Pseudospikelet.—The pseudospikelet is a synapomorphy for Guadua + Eremocaulon within the subtribe

Guaduinae (Ruiz et al., in press), and among Neotropical woody bamboos is also found only in the genera

Elytrostachys McClure, Alvimia Soderstrom & Londono, and Atractantha McClure, all of them in the sub-

tribe Arthrostylidiinae. The term is used to describe synflorescences of woody bamboos that rebranch to

produce successive orders of spikelets (McClure 1966; Judziewicz et al. 1999; Young &Judd 1992, Bamboo

Phytogeny Working Group 2005). According to Londono and Clark (2002b) the following structures are

all homologous at some level: subtending bracts, gemmiparous bracts, glumes, and both sterile and fertile

lemmas. However, this is not the case with the prophyll, which is homologous to the palea (Stapleton 1997;

Bamboo Phylogeny Working Group 2005). In G. incana, the most proximal bract to the prophyll gives the

impression of being the prophyll itself, because the midnerve is similarly keeled and conspicuously asym-

metrical, the apex bifurcate and shortly mucronate, and always fertile, enclosing a bud (Fig. 1: H-I). The

prophyll when present is conspicuously ciliate but frequently the hairs rub off in situ.

Affinities.—Guadua incana is most similar to G. weberbaueri Pilger and G. sarcocarpa Londono & Peter-

son. The three species share the following characters: a) triangular culm leaves with the margins slightly

discontinuous at the junction with the blade; b) culm leaf blades 1/4 to 1/5 as long as the sheaths, adaxially

pubescent and with a strong mucro at the apex; c) adaxial surfaces of the lemmas pubescent on their upper

halves; d) paleas with pubescent sulcuses; e) conspicuous winged keels more than 0.8mm wide and ending in

an acute apex; f) lodicules strigilllose in the upper third; and g) ovaries and styles antrorse-hispidulous.

However, G incana differs from G. weberbaueri and G. sarcocarpa in having (1) blade and sheath of the

culm leaves conspicuously distinguished by color and pubescence (vs. inconspicuously distinguished by

color and pubescence); (2) subglabrous adaxial surfaces of the leaf blades (vs. entirely glabrous); and (3)

strigillose sulcus of the palea (vs. pubescent) (Table 1).

Guadua incana differs from G. sarcocarpa in its (a) culms erect at base, arching apically (vs. erect at base,

then branching above and reaching over trees for support); (b) white-greenish and hairy culm leaves when

young, (c) conspicuously ciliate overlapping margin of the foliage leaf sheaths, (d) shorter and narrower

pseudospikelets, (e) the winged palea keels marginally ciliolate, and (f) dry caryopsis fruit. It differs from

G. weberbaueri in its (a) longer pseudospikelets, (b) smooth and papery margins of the lemma, (c) abaxially

glabrous but basally sparsely ciliolate winged palea keels (Table 1).

Guadua incana and Guadua tagoara share (a) ciliate foliage leaf sheath margins, (b) similar pseudospikelet

size, (c) gemmiparous bracts with the midnerve strongly marked, (d) the lemma margins exceeded by the

winged-keels of the palea, (e) a palea with two conspicuous winged-keels and a pubescent sulcus between

nerves; and (f) a fusoid antrorse-hispidulous ovary (Table 1).

According to the molecular analysis done by Marulanda et al. (2002), G. incana shows a wide genetic

distance in relation to G. angustifolia and greater genetic similarity with G. amplexifolia which shares a canes-

cent indument on the abaxial surfaces of the culm leaf sheaths, the inner ligule extending from margin to

margin and the strong mucro at the apex of the culm leaves; DNA isolation for G. weberbaueri, G. sarcocarpa

and G. tagora, the three closely allied species, was not successful in the above mentioned research.

isis Londono & Zurita, sp. nov. (Fig. 2). 1
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Woody, thorny bamboo. Rhizomes pachymorph. Culms (15-)18-25 m tall, (3.5-)7-12 cm in diam., erect

at base, arching from the middle to the apical portion, whitish-green when young, dark green at maturity;

internodes 22-50(-70) cm long, cylindrical, hollow, some filled with water, the wall 1-1.5 cm thick, densely

pubescent, with white hairs when young, glabrous and smooth when mature; nodes solitary, the nodal line

horizontal, with a pubescent supranodal band 1.45-2.2 cm wide of dense, white, soft, appressed short hairs,

and an infranodal band 1-2 cm wide ofwhite, appressed hairs, the supranodal ridge pronounced; bud single,

triangular. Culm leaves 29-57 cm long, 35-54 cm wide at the base, coriaceous, deciduous, triangular,
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blade and sheath conspicuously distinguished by color and pubescence when young; sheaths 23-50 cm
long, whitish-green and maculate with red when young then becoming cream-brownish to stramineous,

abaxially sericeous becoming glabrous, covered when young by a single type of hairs, appressed, transpar-

ent or silky hairs up to 1 mm long, looking like wool, easily detached from the surfaces, adaxially glabrous

and shiny, the margins smooth and papery; inner ligules 0.5-1 mm long, straight to slightly curved at the

middle, extending completely from margin to margin, adaxially glabrous and shiny, abaxially canescent,

the margin densely ciliate, the cilia up to 0.6 mm long, whitish or grey in color; hlades (4-)9-15 cm long,

14-17 cm wide, 1/5 as long as the sheath, broadly triangular, erect, persistent, inflated at the central part,

green to reddish-green, abaxially glabrescent, less pubescent than the sheath and different in color, adaxially

densely hispid between the nerves, covered by transparent, non-appressed, stiff hairs, up to 2.5 mm long,

stramineous or brownish when young becoming gray, glabrescent toward the margins, the margins papery,

fimbriae to smooth, the apex mucronate, the mucro 1.2-1.5 mm long. Branching intravaginal, consisting

of one main branch and 1 to 6 secondary branches, the branches manifestly armed, thorns (l-)3-4 per

node, curved or recurved. Foliage leaves 5-8(-10) per complement; sheaths subglabrous, with a patch

of hyaline, villous hairs along the midnerve near the apex, the summit glabrous, the overlapping margin

conspicuously ciliate, the underlapping one ciliolate to smooth and papery; inner ligules 0.3-0.5 mm long,

puberulous, the margin minutely ciliolate to smooth; outer ligules 0.2-0.3 mm long, glabrous and shiny,

stramineous, the margin smooth; pseudopetioles 2-4mm long, adaxially scabridulous, abaxially glabrous

and pulvinate, the pulvinus yellowish, shiny; blades (5-)15-23(-25) cm long, (0.6-)1.3-2 cm wide, L:W
= 8-13:1, 11-14-nerved, linear-lanceolate, adaxially usually glabrous, rarely bearing sparse, transparent,

strigose hairs up to 1 mm long, with 3-5 raised scabrid submarginal nerves on one side, abaxially glabrous,

densely papillose and tessellate, the midrib and primary nerves prominent and yellow at the middle and

lower part, one margin scabrous, the other scabridulous, the apex acuminate with a mucro 1.5-2.5 mm

Etymology.—The specific epithet makes reference to the Amazon biogeographical district of the Chapare

River, Cochabamba, Bolivia, where this species is found.

Distribution and habitat.—Known only from the department of Cochabamba, Carrasco, Chapare, below

900 m of elevation, with a total annual precipitation estimated to be 6000 mm and a median temperature

of 25°C. It occurs along rivers and creeks, such as the Sajta and Ivirza, and is associated with Hum crepitans

L., Guadua sarcocarpa Londono & Peterson, Mendoncia aspera Nees, Cecropia sp., and Costus sp.

Common name.—Tacuara hembra or tacuara.

Uses.—Guadua chaparensis culms are used by local communities to make fences, walls, water contain-

ers, and for conducting water.

Affinities.—Guadua chaparensis most closely resembles G. tagoara (Nees) Kunth and G. incana. They share

a culm that is whitish-green when young to dark green at maturity; cylindrical and elongated internodes 20

to 80 cm long with walls less than 15 mm thick; coriaceous culm leaves with inner ligules straight to slightly

curved at the middle, abaxially with a canescent indument, looking like wool and easily detached, with the

margins densely ciliate; a prominent supranodal ridge; foliage leaves in complements of 5 to 8(-10); foliage

leaf sheaths bearing a patch of villous hairs along the midnerve near the apex; pulvinate pseudopetioles that

are abaxially glabrous; and a prominent and yellow midnerve and primary nerves on the abaxial surfaces

of the foliage leaf blades (Table 1).

Although they share several characters, Guadua chaparensis has a combination of vegetative features

that distinguishes it from G. incana and G. tagoara even in the absence of inflorescences. The most evident

ones are (a) the sericeous abaxial surface of the culm leaf sheaths, covered by one type of hair (vs. pubes-

cent, covered by two or three different types of hair and forming a hispid surface); and (b) the absence of

fimbriae at the summit of the foliage leaf sheath (vs. present) (Table 1). With respect to G. weberbaueri and

G. sarcocarpa, G. chaparensis also shares several vegetative characters listed in Table 1.
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During the course of fieldwork conducted in connection with the study of the systematics ofMiconieae (Melas-

tomataceae), herbarium material of a distinctive species was collected in the Sierra Martin Garcia (by W.S.

Judd, in 1992 and 2006) and Sierra de Baoruco (by T. Clase, in 2001). It is now evident that these collections

represent an undescribed species of Tetrazygia (Miconieae, Melastomataceae), which appears to be closely

related to I longicollis Urb. & Cogn. and T. elaeagnoid.es (Sw.) DC. These plants are described here, provided

with the name T. paralongicollis, and compared morphologically with the above mentioned species.

Recent molecular-based phylogenetic analyses (E Michelangeli, R. Goldenberg, W. Judd, and others;

unpublished data) indicate that Tetrazygia, a genus of ca. 20 species (Judd & Skean 1991; Liogier 2000), is

not monophyletic as traditionally circumscribed. The species of Tetrazygia Rich, are intermixed in prelimi-

nary cladograms with members of several other genera of Miconieae, especially Pachyanthus A. Rich, and

Calyoogonium DC, two genera that are predominantly Antillean in distribution, as is Tetrazygia. Clarification

of generic limits within this subclade of the Miconieae, i.e., an Antillean complex (see Michelangeli et al.

2004, 2008) is beyond the scope of this paper, but we note that T. elaeagnoid.es, which has 4-merous flowers

(as does T. longicollis and the species described herein), in preliminary cladistic analyses does not appear

to be closely related to the species with 5- or 6-merous flowers, such as T bicolor (Mill.) Cogn., T. coriacea

Urb., and T.lanceolata Urb.

Tetrazygia paralongicollis Judd, lonta, Clase & Skean, sp. nov. (Fig. 1). 1
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Shrub or small tree to 6 m tall, with gray, horizontally furrowed bark; lateral branches arising from the main

trunk ± horizontally, then arching upward. Indumentum of multicellular, pale-ferrugineous, nearly sessile

to long-stalked, globular-stellate hairs, and often also simple, elongate multiseriate hairs 0.6 to 1.4mm long,

these sometimes with minute antrorse bristles. Young twigs 2-5 mm wide, slightly quadrangular, with

the interpetiolar face (in relation to the distally adjacent node) slightly concave, the adjacent sides slightly

convex, becoming terete with age, with moderate to dense globular-stellate hairs and often sparse simple,

elongate multiseriate hairs, many breaking off with age; internodes 1.1-6.1 cm long (to 8.5 cm in vigor-

ously growing vegetative shoots). Leaves with petiole 6-9.4 mm long, (but to 28 mm in leaves of vigorously

growing vegetative shoots), with dense globular-stellate hairs; blade 2.5-6.8(-20.4) cm long, 0.6-2.2(-7.7)

cm wide, 3.1-4.2 (2-3.5 in leaves of vigorously growing sucker-shoots) times longer than wide, ovate to el-

liptic, flat, coriaceous, the apex acute to acuminate, with the tip of the leaf with upturned margins, forming

a mucro 0.5-1. l(-6) mm long with adaxial pocket, the base narrowly acute to cuneate or slightly cordate,

the margin plane to slightly revolute, nearly entire, i.e., with only a very few teeth along distal portion of

blade, and these at most 0.1 mm long, to ± clearly serrulate or ciliate-serrulate, with teeth 0.1-0.3 mm long,

sometimes associated with a short multiseriate hair, ± evenly spaced along margin; venation acrodromous,

basal to suprabasal, with prominent midvein and 4 secondary veins (6 in leaves of rapidly growing vegeta-

tive shoots), 2 conspicuous secondary veins positioned 1.7-4(-16 in sucker-shoot leaves) mm from margin,

and 2 inconspicuous secondary veins closer to margin (but sucker-shoot leaves with an additional pair of

inconspicuous, ± intramarginal, secondary veins), numerous percurrent tertiary veins oriented subper-

pendicular to midvein, the tertiary veins occasionally separated by composite-intertertiary veins (but such

veins more common on leaves of sucker-shoots), the higher-order veins reticulate; adaxial surface green,

initially with numerous globular-stellate hairs, but quickly glabrescent, the midvein and major secondary

veins moderately impressed, minor secondary and tertiary veins slightly impressed to flat, and higher order

veins flat, the surface appearing minutely papillose after drying due to presence of numerous subglobose

subcuticular druse crystals; abaxial surface light green, with dense pale ferrugineous, globular-stellate hairs

obscuring the epidermal surface, and sometimes also elongate, multiseriate hairs, some stellate hairs on the

major veins darker ferrugineous, the midvein prominently raised, major secondary veins moderately raised,

minor secondary veins, tertiary veins, and some composite-intertertiary veins slightly raised, and higher-

order veins flat (or very slightly raised in some leaves of sucker-shoots). Inflorescences 3- to 12-flowered

pyramidal cymes of 1 to 2 branch-pairs, 4-7.5 cm long, 1.7-5 cm in diameter; proximal segment of lowermost

inflorescence branches 1.4-2.5 cm long, distal internodes of inflorescence branches increasingly shorter,

ultimate branches 1.1-1.9 cm long, and flowers appearing in 1- to 3-flowered dichasia, with dense globular-

stellate hairs and sparse elongate multiseriate hairs; peduncle 0.5-2.1 cm long, with similar indumentum;

proximal inflorescence branch associated with pair of persistent leaflike bracts, 2.5-4.3 cm long, 0.7-1.2

cm wide, similar in form to vegetative leaves, other inflorescence branches associated with pair of caducous

bracts (and not present on specimens examined). Flowers perfect, zygomorphic (due to androecium form),

with pedicel 1.4-1.5 mm long, the indumentum similar to that of inflorescence branches. Free portion of

hypanthium slightly constricted above ovary, flaring and funnelform distal to the constriction, 2.9-3.8 mm
long, outer surface with dense to moderate globular-stellate hairs and sparse elongate multiseriate hairs,

the inner surface slightly 16-ridged, glabrous except for occasional minute-globular hairs on the ridges.

External calyx lobes 4, ca. 1.2 mm long, ca. 0.8 mm wide, narrowly triangular, with acute apex, and terete

in cross section, with dense globular-stellate hairs; internal calyx lobes 4, 0.6-0.8 mm long, 2.9-3.4 mm
wide, broadly triangular, apex rounded, green to red-tinged, with dense globular-stellate hairs abaxially,

glabrous adaxially, the margin membranaceous, minutely erose; calyx tube ca. 1.5 mm long. Petals 4, im-

bricate in bud, ± asymmetrical, ovate-obovate, 5.2-6.1 mm long, 4.3-4.9 mm wide, glabrous, white; apex

rounded; margin entire. Stamens 8, anther elongate-ovate, 4.6-5.2 mm long, glabrous, pale yellow, very
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Fig. 1 . A-l. Tetrazygiaparalongicollis. A. Dichasiurr

hairs, from abaxial leaf surface. E. Ovary, in cross

except forT which is from Judd8148 (FLAS)).
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slightly sagittate at base, fertile the entire length, and opening by a single dorso-apical pore, the filament

terete, 5.8-6 mm long, glabrous, white. Ovary 4-loculate, ca. 4/5 inferior, ellipsoidal and slightly 4-lobed,

3.5-3.9 mm long, 2.1-2.5 mm wide, with cylindrical apical crown ca. 0.7 mm long encircling base of style,

the crown slightly 8-ridged, with sparse stellate hairs and elongate-uniseriate hairs at apex; style ca. 15 mm
long, terete, glabrous. Placentation axile with placentas inserted into locules with narrowed longitudinal

placental stalk with flattened ellipsoid distal portion, T-shaped in cross-section; ovules numerous. Nearly

mature berries 9-12 mm in diameter, globose-ellipsoid, with strongly constricted persistent hypanthium,

green when immature, but probably turning purple-black at maturity, with sparse globular-stellate hairs.

Seeds angular-obovoid, 0.7-0.9 mm long; testa ± smooth.

Distribution and habitat.—Tetrazygia paralongicollis is restricted to the southern part of the Dominican

Republic where it has been collected only in the Sierra de Baoruco and Sierra Martin Garcia (Fig. 2), from

720-860 m. In the Sierra de Baoruco it occurs in Pinus occidentalis Sw. forests, while in the Sierra Martin

Garcia it grows in moist montane forest (on limestone). In the Sierra Martin Garcia, associated melastomes

include Calycogonium hispidulum Cogn., Miconia laevigata (L.) DC., Sagraeajuertesii (Cogn.) Alain, Tetrazygia

elaeagnoides (Sw.) DC., and T longicollis Urb. & Cogn.

Etymology.—The specific epithet highlights the purported close relationship of this species with Tetra-

zygia longicollis, especially as evidenced in the characteristics of its flowers and fruits.

Vegetative anatomy.—Stem, leaf, and petiole anatomy were assessed in material of Tetrazygia paral-

ongicollis, i.e.Judd 8148 (FLAS) and Clase & Delprete 3035 (FLAS), and leaf and petiole anatomy were as-

sessed in material of T. longicollis, i.z.Judd 6656 (FLAS) and T. elaeagnoides, i.e.Judd 6553 (FLAS) using the

phloroglucinol-hydrochloric acid technique outlined by Howard (1974). As is typical of Melastomataceae,

the stems of T. paralongicollis have a ring of xylem with phloem positioned both externally and internally

(amphiphloic), and as characteristic of Miconieae, medullary vascular bundles are present. The pith is ligni-

fied, and perivascular fibers are lacking, but there are scattered lignified idioblasts in the inner portion of

the cortex, which may have a protective function (because they surround the stele). Druses also are present

in the cortex. The nodes are unilacunar/unifascicular, but the vascular bundle divides within the petiole

base, forming several bundles in the petiole. The petioles (sectioned at their midpoint) of all three species

exhibit a U-shaped pattern composed of 7 to 11 vascular bundles, with the individual bundles composed

of xylem surrounded by phloem. The ground parenchyma is unlignified, but in T. paralongicollis there are a

few scattered lignified idioblasts, and in T. longicollis there are numerous lignified idioblasts. The petioles of

T. elaeagnoides lack lignified idioblasts, but have abundant druse crystals; the parenchyma is literally packed

with druses. In contrast, the parenchyma of T. paralongicollis and T. longicollis has only scattered druse crystals.

The leaves of all three species have dorsoventral blades with an epidermis, palisade and spongy mesophyll;

the midvein has several vascular bundles, which are more or less arranged in a ring. Lignified idioblasts are

present in the parenchyma associated with the midvein vascular bundles of I. paralongicollis and T. longicollis,

while these cells are lacking in T. elaeagnoides. The abaxial leaf surface of all three species is covered with a

thick layer of stellate hairs, which are variably lignified. As with the petiole, the parenchyma of the midvein

of T. elaeagnoides contains very abundant druses. Druses are present in the lamina of all three species, with

these crystals placed below the epidermis in either the palisade or spongy mesophyll.

DISCUSSION

longicollis (incl. :

erous, with coni(

calyx lobes, ovate-obovate, white petals, stamens with ovate-elongate anthers, an ellipsoidal

DISCUSSION

Tetrazygia paralongicollis is most similar to T. longicollis (incl. T. brevicollis Leonard). This is especially seen

in the form of its flowers and fruits, i.e., 4-merous, with conical-terete external calyx lobes, broadly trian-
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aatly differentiated

ovary (only slightly 4-lobed) and with the placentas inserted into locules,

globose-ellipsoid berries with strongly constricted hypanthium. However,

from T, longicollis by its globose-stellate hairs, i.e., with branches radiating i

central region (vs. flattened-stellate hairs, i.e., with branches more or less radiating outward from a central

region), the tertiary veins usually connected by reticulate quaternary veins, i.e., only occasionally separated

by composite-intertertiary veins (vs. tertiary veins usually separated by composite-intertertiary veins, thus

making the leaf "tertiary" veins appear to be closer together than they actually are), and external calyx lobes

that are ca. 1.2 mm long (vs. variable in length, ca. 1-5 mm long). Tetrazygia paralongicollis is also quite

similar to T. elaeagnoides, especially in the morphology of its stellate hairs and in the pattern of venation

of its leaves. Tetrazygia paralongicollis is easily distinguished from this species by its hypanthia (and fruits),

which are globose-ellipsoid and only very slightly 4-lobed when in flower, becoming unlobed in fruit (vs.

subglobose and strongly 4-angled), placental form, i.e., the placenta extended into the locule and T-shaped

in cross-section (vs. elliptic in cross-section), and the presence of lignified idioblasts in the parenchyma of

the petioles (vs. lignified idioblasts lacking). In addition, many plants of T elaeagnoides have shorter exter-

nal calyx lobes, e.g., ca. 0.2-0.4 mm long, but in some plants they may be as long as 1.6 mm. Plants of T.

paralongicollis from the type locality differ from both of these species in having simple, elongate, multiseriate

hairs intermixed with the globular-stellate hairs on their stems, abaxial leaf surface, leaf margin (in associa-

tion with the teeth), inflorescence axes, and hypanthium. The plants of the Sierra Martin Garcia, however,

lack these hairs, but these plants (unfortunately, only collected in sterile condition) are considered within

T. paralongicollis because their leaf shape, venation, and stellate-hair morphology closely match that of the

type specimens. It is noteworthy that the leaves of the Sierra Martin Garcia population are frequently larger

than those of either T. longicollis or T. elaeagnoides. This new species occurs with both T. longicollis and T.

elaeagnoides in the Sierra Martin Garcia, but no intermediate plants were seen in that region. Only T. longi-

collis, however, is known from the Sierra de Baoruco, in the vicinity of the type locality

Tetrazygia paralongicollis, exhibiting a distinctive combination of morphological characters, satisfies the

expectations of the morphological-phenetic (Judd 2007) and diagnostic (Wheeler & Platnick 2000) species

concepts.

The description of Tetrazygia paralongicollis brings the number of species of Tetrazygia known from
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Hispaniola to eight (Liogier 2000), given that we consider T. urbaniana (Cogn.) Croizat ex Moscoso to be

a synonym of the morphologically variable T. tuerckheimii (Cogn.) Ekman & Urb. All the other species of

Tetrazygia show fairly broad geographical distributions on the island compared to T. paralongicollis.
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UNA NUEVA ESPECIE DE CUATRESIA (SOLANACEAE) DE COSTA RICA Y PANAMA

D. Armando Soto A.K. Monro

Institute National de Biodiversidad (INBio) The Natural History Museum (BM)

Apdo. 22-3 1 00, Santo Domingo de Heredia Cromwell Road London, SW7 5BD
COSTA RICA UNITED KINGDOM

La familia Solanaceae se distribuye en areas templadas, tropicales y subtropicales, pero su mayor represen-

tation se encuentra en el tropico, con ca. 95 generos y 2200 especies (Nee 2004). El genero Cuatresia Hunz.

(Hunziker 1977) de origen Neotropical, posee 12 especies publicadas y 6 para Costa Rica (A.Soto en prep.)

se distingue del genero Witheringia L'Her. por sus anteras ventrifijas y pedicelos no articulados (Hunziker

por su patron de estivation induplicada (N. Sawyer, com. pers.).

En el trabajo de campo para el proyecto 'Baseline tools for management in PN La Amistad (Costa

siguiente especie de Cuatresia, la cual es descrita a continuation.

Cuatresia amistadensis D.A. Soto & A.K. Monro, sp. nov. (Fig. 1). Tipo. Costarica. Limon: Canton de Talamanca,

Arbustos terrestres, ocasionalmente epifitos, hasta 4m de altura. Ramitas glabras, rojo palido-marron, tallos

principales con nudos engrosados, tallos con hojas con una constriction arriba del nudo, internudos 2,8-8

cm de largo, 2,5-6 cm de ancho. Hojas oblicuas y en pares desiguales, por lo general las hojas menores 4 a

8 veces mas pequenas que las mayores; hojas mayores oblongo elipticas a elipticas, 12,5-21 x 3,5-8.8 cm;

hojas menores 0,9-65 cm x 0,6-36 cm de ancho; el margen poco ondulado y repando, de un color cafe claro

a anarajado-amarillento especialmente en el enves hacia la vena central, glabras en ambas superficies y un

poco escabrosas hacia los margenes, con pequenas escamas blanquecinas-cremosas, bases agudas, obtusas

y asimetricas, apice largamente acuminado, peciolos 3-9 mm de largo 1-1,5 mm de ancho. Inflorescencias

pendulas de 9-20cm de largo con 2 a 19 flores en 2-3 dicasios, pedunculos 3,8-12 cm, de menos de 1mm
de diametro, glabros y angulados. Flores con pedicelos de 8-16 mm, obconicos, menos de 1 mm ancho

proximalmente hasta 3 mm distalmente; caliz glabro, hipocrateriforme de 2-3 mm de largo, ligeramente

acostillado donde cada costilla finaliza en un lobulo apenas perceptible; corola verde campanulada, 7-20 mm
de largo, 5-lobada en 1/2 a 2/3 de su extension, lobos, oblongo-agudos y cuculados, con venation evidente,

3-5 mm de largo, ciliolados en los margenes induplicados, mas largos que el tubo, filamentos 1 mm de largo,

fusionados a la corola por la mitad de su longitud, glabros; anteras basifijas, 2 mm de largo, no apiculadas;

ras2(1): 41 -44.2008
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i de Cuatresiaamistadensis. A. Rama florifera, B. Infrutescencia, C. Flor, D. Corola abierta, F. Antera, G. Fruto.

pistilo 6-10 mm; estilo apical y estigma claviforme. Frutos 8-12 x 7,5-12 mm, redondeados, caliz no j

cente. Semillas 2,5-3 mm de diametro, discoides, de color pardo claro con la superficie foveolada.

Distribution, habitat y ecologia.—Bosques muy Humedos y nubosos, bosques prii

principalmente en la vertiente Caribe, mas escasa er

Costa Rica y Panama, entre 980-2050 m.

al Sur de la Cordillera de Talamanca, e
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Pedunculos 3,8-1 2 cm de largo,-cimmde 4-25 cm de largo, 0,75-1 mm
de diametro, cilindricos

hojas e infl. escamasblancas.lnfl .glabras escamasblancas.lnfl. glabras

Pedicelos 8-16mmmuydelga doydificil 5-8 mm, muy delgado y dificil

dedistinguir del caliz

Caliz floral

Corola Lobos 3-5 mm, divic

1/3 desu largo, tube < 1/3 desu largo, tuboexcert

del caliz por 2-3 mrr del caliz por 7-1 mm
Estambres Filamentos glabros, 1 mm,unidos Filamentos piliformes, 2-3

Rango de altitud 1 780-2050 it

Fenologia.—Se ha recolectado con flores de Diciembre a Mayo, y con frutos de Febrero a Marzo.

Etimologia.—El epiteto de este taxon esta dedicado al parque internacional La Amistad, ubicado entre

Costa Rica y Panama (PILA).

Cuatresia amistadensis es facilmente distinguible por poseer pedunculos pendulos, muy largos y del-

gados, hasta 10.5 cm, ademas con hojas dimidiadas secando de un color cafe claro. Esta especie se podria

confundir con Witheringia cuneata (Standi.) Hunz., ya que comparten un rango de distribucion geografica

similar y porque tienen pedunculos alargados, pero en W. cuneata son mas cortos y robustos, miden como

maximo 6 cm. Las diferencias entre ambos taxones se mencionan en el Cuadro 1. Otra especie muy similar

es Cuatresia plowmanii A.T. Hunziker, que se distribuye en el Sur de Colombia y Ecuador, el largo de los

pedunculos es similar pero los lobos de la corola en C. plowmanii son triangulares vs. oblongo-acutados,

estan divididos por < 1/3 del largo de la corola vs. divididos por > 1/3 del largo; ademas la inflorescencia es

una cima unipara vs. compuesta por dicasios y las hojas presentan una venacion terciaria muy continua y

conspicua, otras diferencias entre estos taxones se anotan en el Cuadro 1.
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TWO NEW SPECIES OF BACCHARIS SECT. CAULOPTERAE
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The infrageneric classification of Baccharis was recently worked for Giuliano (2001, 2005) to Argentina,

Giuliano and Nesom (2003), and by Miiller (2006) to Bolivia. Mailer used the name "Baccharis genistdloides

Group" for the species belonging to Baccharis sect. Caulopterae, which consists of perennial herbs, subshrubs,

and shrubs with 2-3-alate stems, normal to squamiform leaves, capitula sessile and arranged in spikes or

pseudospikes, female capitula without paleae, and achenes (5-20)-ribbed and glabrous or papillose. Section

Caulopterae is restricted to South America.

During a taxonomic revision of Baccharis sect. Caulopterae of southern of Brazil two new species were

recognized with morphological characteristics that distinguish them from all other species.

Baccharis apicifoliosa A.A. Schneid. & Boldrini, sp. nov. (Figs. 1-2). Type: BRAZIL. Rio Grande do Sul: Municipio

Shrub, 0.8-1.5 m tall; shoots branched, terminating in a capitulescence; stems 3-winged, wings to 2-8

mm wide, slightly undulate, distinctly interrupted, grayish green, surface cover with whitish granules

(stomata), indument of flagellate hairs. Leaves obovate to elliptic, sessile, seemingly 1-veined, covered with

whitish granules, indument of flagellate hairs, larger leaves 0.5-1.5 cm long, 0.2-0.6 cm wide, apex obtuse

to rounded, base cuneate, margins entire. Capitula sessile, in terminal short spikes 1-3 cm long, forming

pyramidal panicles. Male capitula 3-5 mm long.; flowers 10-17; involucre 2-3 mm long, 2-2.5 wide,

campanulate; phyllaries in 3-4 series, outermost phyllaries ovate, median phyllaries lanceolate, innermost

phyllaries linear, 2.6-3.1 times as long as the outermost; all phyllaries with margins broadly scarious; apex

obtuse fimbriate; corolla 3-4.3 mm long, tube 2-2.5 mm long, lobes 1-1.8 mm long, coiled at maturity;

anthers with apical appendage 2.7-3.2 times as long as the filaments, anther apices acute; style slightly

exceeding the corolla, with sweeping hairs, the apex nearly fully divided into lanceolate branches, achenes

abortive, glabrous and reduced; pappus uniseriate, 3-4 mm long, bristles 15-20, apically broadened and

scarcely barbellate. Female capitula 5-7mm long; flowers 20-30; involucre 3-5.5 mm long, 2-3mm wide,

cylindrical; phyllaries in 3-4(-5) series, outermost and median phyllaries like those of male capitula, in-

nermost phyllaries linear, 0.5-0.7 mm long., 0.1-0.2 mm wide; corolla 2.5-3 mm long, 0.1-0.2 mm wide,
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Fig. 1 . Holotype of Baccharis apicifoliosa {A.A. Schneider 1542, ICN).
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filiform, apex short-ligulate with ligule shallowly 3-5-dentate, glabrous; style 5.2-6.1 mm long, branches

0.4-0.8 mm long; achenes 0.9-1.3 mm long, 0.3-0.5 mm wide, nearly cylindric, slightly compressed later-

ally, covered by low papillae; 5(-7)-ribbed, ribs with papillae more proeminent; pappus uniseriate, 3.5-4.5

mm long, bristles 20-25, persistent, basally fused.

Etymology.—The specific epithet refers to the presence of conspicuous leaves only in the apical part of

the shoots.

Geographical distribution and habitat—Restricted to highlands of south Brazil, in the states of Rio Grande

do Sul and Santa Catarina. This species grows in grassland, with many individuals occurring abundantly

near and in damp areas and often in secondary forests, at altitudes between 750-1500 m, often growing

with B. milleflora, B. trimera (Less.) DC. and B. articulata (Lam.) Pers.
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o Baccharis millejlora (Less.) DC; the two species a

Shrub, 0.8-2.5m tall; shoots branched, terminating in a capitulescence; stems 3-winged, wings to 2-8 mm
wide, plane, attenuate near to the nodes, internodia long, grayish green. Leaves oblanceolate-obovate or

elliptic, sessile or with a short petiole to 4 mm long, seemingly 1-veined on the adaxial face and 3-veined on

the abaxial face, covered with hair tufts, opaque, 1.2-3 cm long, 0.7-1.8 cm wide, apex obtuse to rounded,

base attenuate, margins entire, 1-nervate in adaxial face and 3-nervate in abaxial face. Capitula sessile, in

terminal short spikes, 1-3 cm long, forming pyramidal panicles. Male capitula 5 mm long; flowers 20;

involucre 4 mm long, 2-2.4 mm wide, campanulate; phyllaries in 3-4 series, outermost phyllaries ovate,

median phyllaries broadly lanceolate, innermost phyllaries oblanceolate or lanceolate, 2.8-3.2 times as long

as the outermost; all phyllaries with margins broadly scarious; apex acute with fimbriate hairs; corolla 3-3.5

mm long, tube 2-2.5 mm long, with few hairs, lobes 1 mm long, coiled at maturity; anthers with apical

appendage 3 times as long as the filaments, apices acute; style slightly exceeding the corolla, with sweeping

hairs, the apex nearly fully divided into lanceolate branches, dilated towards apex, with few hairs, achenes

abortive glabrous and reduced; pappus uniseriate, 3-3.5 mm long, bristles 15-20, apically broadened and

scarcely barbellate. Female capitula 5-6 mm long; flowers 20-25; involucre 4.5-5.5 mm long, 2-2.5 mm
wide, cylindrical; phyllaries in 3-4 series, outermost and median phyllaries like those of male capitula,

innermost phyllaries lanceolate-linear; corolla 2.3-2.6 mm long, 0.1-0.2 mm wide, filiform, ligulate with

dentate ligule, glabrous; style 3.1-4 mm long, with few hairs; achenes 1.5-1.8 mm long, 0.3-0.5 mm wide,

nearly cylindric, slightly compressed laterally, covered with inconspicuous papillae; 6(-8)-ribbed, ribs with

papillae more prominent; pappus uniseriate, 2.8-3.3 mm long, bristles 15-20, persistent, basally fused.

Etymology.—The specific epithet refers to the flexibility of the shoots.

Geographical distribution and habitat.—Restricted to the highlands of southern Brazil, in the states Rio

Grande do Sul and Santa Catarina. This species grows on the borders of cold forests and on shores of rivers

at altitudes between 900-1500 m.

Baccharisflexuosiramosa has 3-veined leaves and apparently is closely related to B. organensis; the two specie?

differ by contrasts in the following key.

Baccharis flexuosiramosa
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Fig. 3. Holotype of Baccharis flexuosiramosa (AA
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TWO NEW COTONEASTERS (COTONEASTER: ROSACEAE)

FROM YUNNAN PROVINCE, CHINA
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ABSTRACT

In preparation of a monograph of the genus Cotoneaster two new species and one new series have come to

light, all in the subgenus Cotoneaster, and are described here so the names are available for use in the upcom-

ing treatment of the genus in the Flora of North America.

Cotoneaster series Sterniani J. Fryer & B. Hylmo, ser. nov. Type: Cotoneaster sternianus (Turrill) Boomjaarb. Ned. Dendrol.

Shrubs, small to medium sized, often densely branched. Leaves deciduous or semi-evergreen, subcoriaceous

or coriaceous, lower surface tomentose, upper surface rugose. Inflorescences 1-20-flowered; the fertile

shoots 10-70 mm long. Flowers with hypanthium tomentose-pilose. Anthers mostly white. Fruit orange-

red. Pyrenes (2-)3-4(-5). Fruiting mid to late season.

Cotoneaster series Sterniani includes five species: Cotoneaster elegans (Rehder & E.H. Wilson) Flinck

& B. Hylmo; C. induratusj. Fryer & B. Hylmo; C. insculptus Diels; C. qungbixiensisj. Fryer & B. Hylmo; and

C. sternianus. Members of the series Sterniani are distributed in Asia from China (Yunnan, Xizang (Tibet),

Sichuan) to Myanmar.

Species belonging to series Sterniani are closely related to those of series Franchetioides, which differ

in having evergreen leaves, with the upper leaf surface grayish-green, anthers mauve, pink, or purple, and

pyrenes 2 or 3 per fruit.

.5 Sep 1987, K BricMl & A. Leslie 12455 (holotype: WSY; isotypes: E, KUN).

Shrubs, 2-3 m tall. Branches erect and arched, spreading; branchlets distichous or spiraled, reddish-brown,

initially strigose-pilose. Leaves deciduous or semi-evergreen, chartaceous, on sterile shoots narrowly ovate

or narrowly elliptic, 28-42 x 13-21 mm, base cuneate or obtuse, apex typically acute-truncate, or rarely
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Fig. 1. Cotoneaster qungbixiensis. A. Flowering shoot. B, C. Fruiting Fig. 2. Cotoneasterfloridus. A. Flowering shoots. B, C. Fruiting shoots.

acute, lower surface greyish tomentose, upper surface slightly rugose, dark green, shiny, initially pilose,

lateral veins 2-4 impressed pairs; petiole 3-4 mm long, often red, strigose-pilose. Inflorescences compact,

3_9(_15) flowered; fertile shoots 30-50 mm long with 4-6 leaves; pedicels 1-3 mm, strigose-pilose. Flow-

ers (including hypanthium) 7-8 mm long; hypanthium infundibulate, silky tomentose; sepals cuspidate or

acuminate, tomentose. Corolla open; petals erect-incurved, pink with dark red base, apex yellowish to off-

white. Stamens 20; filaments dark red; anthers white. Fruit orange-red, slightly shiny, globose or obovoid,

8-10 mm, pilose, calyx lobes infolded, appressed and forming a flat apex, tomentose. Pyrenes 2-3-4 (ca.

10%-80%-10%), rarely 5, persistent style on abaxial surface, 2/3 from base.
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Growing large batches of seeds yields uniform plants, suggesting it is an apomictic tetraploid, like many
species of Cotoneaster in the subgenus Cotoneaster (Hjelmqvist 1962; Bartish et al. 2001) and within other

genera of the subfamily Maloidea (Campbell & Dickinson 1990; Campbell et al. 1991). The chromosomes of

cultivated material in England were recently counted by bothJohn Bailey and Hugh McAllister, confirming

C. qungbixiensis is a tetraploid, In = 68.

(GB); Yunnan, between Zhongdian and Dali, Beahan Chiang, 22 Sep 1994, Alpine Garden Society China Expedition 1114 (E); Yunnan,

Jun 2006, RF. Zika 228 WTUH); same site, accession 189-60-B, 14 Dec 2006, RF. Zika 22901 (WTU, WTUH);
same site, accession 162-57-A, 24 Jun 2006, RF. Zika 22815 (GH, OSC, WTU, WTUH). CANADA. British Columbia: Saanich, Rithets

Bog, escaped from cultivation, 20 Jun 2006, RF. Zika22807 (CAN, DAO, GH, NY, UBC, WTU), same site, 21 Oct 2007, RF. Zika23657

Phenology and ecology.—FloweringJune to July; fruiting October to November. Natural populations in Yun-

nan Province, China, are in full sun on rocky slopes over calcareous bedrock. In cultivation, Cotoneaster

qungbixiensis is hardy to -18°C, and is an attractive shrub with good autumn fruit color.

Cotoneaster qungbixiensis is named for the type locality on Cangshan Mountain in Yunnan. It is closely

related to C. sternianus, which differs in having leaves that are evergreen, thicker and coriaceous, broadly

elliptic to broadly ovate with apex acute or acuminate and lateral veins in 4-6 pairs.

SERIES DIELSIAN1 G. Klotz, Wiss. Z. Friedrich-Schiller-Univ. Jena, Math.-Naturwiss. Reihe 21:991.

1972.

Cotoneaster floridus J. Fryer & B. Hylmo, sp. nov. (Fig. 2). Type: CHINA. Yunnan: Muli, Washin area, near lamasery, 5

oblongo-obovoidus differt.

Shrubs, 1.5-2 m tall. Branches erect and arched; branchlets distichous, maroon and minutely verruculose,

initially pilose-strigose. Leaves deciduous, chartaceous or subcoriaceous, on sterile shoots elliptic, often

broadly so, 15-25 x 11-25 mm, base cuneate or obtuse, apex acuminate or acute, lower surface whitish

tomentose-pilose, upper surface dark green, dull, strigose, veins 3(4) slightly impressed pairs; petiole 3-4

mm long, strigose. Inflorescences 2-5 flowered; fertile shoots 20-40mm long, with mostly 4 leaves; pedicels

2-6 mm long, strigose. Flowers (including hypanthium) 5-6 mm long. Hypanthium turbinate, densely

strigose; sepals cuspidate or acuminate, densely strigose, membranous, reddish-brown, and glabrous near

margin, margin villous. Corolla closed; petals erect-incurved, pink with dark red base and white and pink

border. Stamens 14-17; filaments dark red or red with pink apex; anthers white. Fruit rich red, intensely

shiny, narrowly obovoid, 10-11 mm long, sparsely pilose, calyx lobes infolded, appressed, densely pilose.

Pyrenes 2-3-4 (ca. 10%-60%-30%), persistent style on abaxial surface, 2/3 from base.

Growing large batches of seed yields uniform plants, suggesting this is another apomictic species, but

the chromosomes have not been studied to confirm this.

Cotoneaster floridus is named for its florid red fruits. It is closely related to C. dielsianus E. Pritz ex Diels,

which differs in its thicker (coriaceous or subcoriaceous) leaves with upper surface slightly rugose and shiny,

inflorescences 3-7(-10) flowered, and in its globose fruit.

FloweringJune; fruiting September to October. Little is known about its habitat

i in China, in Yunnan and Sichuan Provinces. In cultivation it is ardy to -21°C.
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Cotoneaster floridus is frequently found in cultivation as C. rubens hort. non W.W. Sm., a misnomer

under which it was distributed as seed from the Royal Horticultural Society Wisley Gardens in England-

It can also be found under the name C. dielsianus van rubens hort. Unfortunately, Professor Yii's collection

numbers have become confused in cultivation, hence various species of Cotoneaster can sometimes be found

under a single collection number.
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MELIOSMA ANTIOQUIENSIS: UNA NUEVA SABIACEAE DE COLOMBIA

XavierCornejo

The New York Botanical Garden

INTRODUCCION

Neotropico comprende ca. 70 especies, y se encuentra distribuido desde Mexico hasta Brasil, Bolivia y las

Indias Occidentales (Gentry 2001; Morales 2003; Arbelaez 2004; Cornejo, unpubl.). En America del Sur

Meliosma se encuentra concentrado al norte de los Andes (Gentry 1980, 1986, 1992, 2001; Cornejo 2006),

pero el conocimiento taxonomico de muchas de las especies andinas de este genero es aun limitado debido

a la falta o insuficiencia de especimenes con flores en los herbarios. En la monografia de Meliosma para Co-

lombia (Cuatrecasas & Idrobo 1955), se trataron 12 especies, seis de las cuales fueron nuevas para la ciencia.

Posteriormente otras seis nuevas especies han sido descritas para la flora de este pais (Cuatrecasas & Idrobo

1988; Cuatrecasas 1988; Idrobo 1988). Al revisar el material colombiano, encontre la siguiente novedad.

Meliosma antioquiensis X. Cornejo, sp. nov. (Figs. 1, 2). tipo: Colombia. Antioquia: Mun. Urrao, Parque National

Natural Las Orquideas, margen derecha del Rio Calles, en el fib NW de la Cabana de CaUes, bp-PM, Parcela G, subparcela G-13,

Arbol 5 m de alto. Ramas jovenes densamente estrigosas. Hojas espiraladas; peciolos 1,5-3,5 cm (incl. pul-

vinulo 1-1,5 cm) x 4-6 mm, densamente estrigosos; lamina oblanceolada, firmemente cartacea, 40-60 x

15-20 cm, haz cafe obscuro al secar, ± densamente estrigoso hacia la base del nervio medio, el resto de la

lamina glabra, enves cafe claro al secar, estrigoso a lo largo del nervio medio, el resto de la lamina glabra, con

numerosos e inconspicuos puntos glandulares de color rojizo-marron; apice ± redondeado, base atenuada,

decurrente y obtusa en el extremo basal, margen suavemente repando y remotamente dentado, con incon-

spicuos y dispersos dientes dispuestos hacia la porcion distal de la lamina, nervios secundarios ca. 20-30

pares, fuertemente prominentes en el enves, broquidodromos, nervios terciarios reticulados, prominentes

en el enves. Inflorescencia una panicula axilar y subterminal, laxa, ca. 50-65 cm, con ramificaciones hasta
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Fig. I.MeliosmaantioquiensisX. Cornejo. Fotografia del holotipo, A Cogolloetal. 6887 (NY).
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externos 3, 1,2-1,8 x 1-2 mm, ± suborbiculares, blancos (en vivo), glabros; petalos internos 2, oblongoides,

0,7-1 mm, cuya longitud es aproximadamente la mitad de la de los estambres, adnados hacia la base de

los filamentos, glabros, bifidos en el apice. Estambres fertiles 2, 1-1,7 mm. Ovario subgloboso, ca. 0,5 mm,
negro al secar, glabro; estilo ausente o muy corto, ca. 0,1 mm, estigma truncado, no diferenciado, con orincio

estigmatico a veces visible en forma de cruz. Infructescencias glabrescentes, frutos asimetricos obovados,

1,7-2 x 1,3-1,7 cm, 1-quillados, purpura obscuro al madurar.

33 (fr), A. Cogollo, A.

Etimologia.—El epfteto "antioquiensis" se refiere a la localidad del tipo.

Distribution.—Conocida solamente de la localidad del tipo.

Meliosma antioquiensis es una de las especies de este genero que posee las hojas mas grandes en America
del Sur. Vegetativamente es parecida a M. donnellsmithii, distribuida en Costa Rica y Nicaragua (Gentry 2001;

Morales 2003), pero facilmente se diferencia de esta por tener las hojas con los peciolos mas largos (1,5-3,5

vs. 0,3-1,1 cm), las flores pediceladas estan laxamente dispuestas a lo largo de las ramificaciones (vs. sesiles,

densas), los petalos internos son mas pequenos (0,7-1 vs. ca. 1,8 mm), estos poseen el apice bifido (vs. en-

tero) y el estilo si presente es muy corto (ca. 0,1 vs. 0,8-1 mm, linear). Por sus flores pediceladas con petalos

internos bifidos, distintivamente mas pequenos que los estambres y estilo muy corto, Meliosma antioquiensis

es parecida a la especie colombiana M. ellipticifolia Cuatrec. Sin embargo, esta ultima difiere por presentar

laminas foliares mucho mas pequenas (7-12 x 3,5-5 cm), con menor numero de nervios laterales (9-11),
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peciolos mas cortos (0,6-1 cm), inflorescencia mas corta (8-12 cm), y flores con sepalos mas grandes (1,5-2

mm). Por sus grandes laminas foliares Meliosma antioquiensis es algo similar a M. itatiaiae Urb., restringida

a las tierras bajas de Brasil, pero esta presenta hojas con peciolos mas cortos (ca. 1 cm), laminas con base

redondeada hasta subauriculada y margen fuertemente aserrado, con curvos dientes corniculados e inflo-

rescencias opuestas a las hojas, mas densas, que portan flores sesiles.
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ANISOCAPPARIS Y MONILICARPA: DOS NUEVOS GENEROS DE CAPPARACEAE

DE AMERICA DEL SUR
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Capparis L. s.s. es un pequeno genero de distribucion casi estrictamente Holarctica, centrado alrededor de

su tipo Capparis spinosa L., la especie proveedora de las conocidas alcaparras y alcaparrones comestibles,
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que son los botones florales utilizados como condimento y entremes y los frutos respectivamente (litis &

Cornejo 2007). Los Capparis s.s. son arbustos usualmente procumbentes o pendulares que poseen un par

de caracteristicas espinas retrorsas estipulares, inflorescencias de flores solitarias, zigomorfas, erectas, con el

sepalo abaxial galeado (en forma de casco), frecuentemente con petalos desiguales, androginoforo ausente,

estambres en numero de 50 hasta numerosos y nectarios florales con el apice dirigido hacia el interior de

la flor (Inocencio et al. 2006). Desde Linneo, la mayoria de las especies americanas de hojas simples de

Capparaceae s.s. (excepto Morisonia L. y posteriormente Steriphoma Spreng.) han sido incluidas y conocidas

como Capparis si, un genero extremadamente polimorfico y polifiletico, cuyos representantes americanos

no corresponden a sus caracteres tipicos y cuyo tipo es molecularmente mas cercano a Apophyllum F. Muell.,

un genero de Capparoideae endemico de Australia, antes que a los Capparis del Nuevo Mundo (Hall et al.

2002: 1839; Inocencio et al. 2006: 123). Basado en caracteres morfologicos, Hutchinson (1967: 307) concluyo

que mas de un genero debia de ser reconocido en Capparis si, y propuso su reordenamiento generico. Sin

embargo, debido a la falta de un conocimiento satisfactorio y a las muy incompletas colecciones de las espe-

cies de esta familia en America hace 40 anos atras, el reordenamiento generico de Capparis si propuesto

por Hutchinson practicamente ha sido ignorado.

En anos recientes, al realizar los estudios de Capparaceae para Flora Mesoamericana y Flora de Ecuador

(litis & Cornejo, ms. sometido; Cornejo & litis, en prep.), con base a las colecciones neotropicales relativa-

mente mas completas obtenidas en las pasadas decadas, asl como meticulosas observaciones en campo, ha

llegado a ser claro que los Capparis s.l. de America son divisibles en varios generos bien delimitados (Cornejo

& litis 2006, 2008a, b, c; litis & Cornejo 2007, 2008).

En los Capparis s.l. de America, el tipo de pubescencia es un caracter muy util, estable, bien definido y

confiable (litis et al. 1996). Desde este punto de vista, los Capparis s.l. americanos se dividen en dos grandes

grupos, que estan consistentemente relacionados con el numero cromosomico: 1) los de pubescencia simple

o glabros, y 2) los de pubescencia peltada a estrellada, candelabra o dendroidea (litis & Cornejo, manuscrito

sometido). Entre los Capparis s.l. de pubescencia simple o glabros estan los generos Cynophalla (DC.) J. Presl

y Capparidastrum Hutch. Las repectivas combinaciones de las especies de estos generos mas un nuevo genero

Mesoamericano de este grupo estan en proceso (Cornejo & litis 2008b, c). En esta publication se presentan

dos nuevos generos sudamericanos pertenecientes al grupo de las Capparaceae de hojas y pubescencias

simples.

Para obtener las imagenes de polen se tomaron prefloraciones justo antes de la antesis de los espe-

cimenes respectivos (Vogel 483, de Michel 156, Gentry et al. 10992, Santos et al 2066, Mori & Kallunki 5379) que

reposan en el herbario WIS y fueron enviadas a la Estacion de Agricultura Experimental de Kansas (Kansas

Agricultural Experiment Station). Estas prefloraciones fueron suavizadas en KOH al 10 % y acetolizadas

de acuerdo con Erdtman (1960). Las muestras de polen fueron dividas en dos grupos para ser estudiadas

en el microscopio de luz (ML) y en el microscopio electronico de barrido (SEM). Para ML, las muestras de

polen fueron montadas en un gel de glicerina y examinadas con un microscopio optico Zeiss Universal de

campo brillante. Para SEM, las muestras de polen fueron suspendidas en agua destilada, pipeteadas sobre

un portaobjetos y secadas al ambiente. Las muestras fueron rociadas y recubiertas con una pelicula de oro-

paladio y examinadas con un microscopio electronico Eteck Autoscan SEM, en la Estacion de Agricultura

Experimental de Kansas. Las placas con los respectivos granos de polen y las imagenes SEM reposan en el

herbario WIS de la Universidad de Wisconsin, en Madison.

1. Anisocapparis X. Cornejo & H.H. litis, gen. nov. (Figs. 1, 2, 4). Typus: Capparis spedosa Griseb.

Arbustos o arboles, glabros o con pubescencia de delicados y fragiles pelos simples. Hojas simples, espirala-

das, con peciolos cortos de similar longitud y articulados con las ramas, pulvinulo aparentemente ausente
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Fig. 1 . Anisocapparis X. Cornejo & H.H. litis: A. Rama con inflorescencias terminales (Nee 46608, NY). B. Flor en antesis, notese el caliz anisosepalo, los

sepalos externos de distintivo tamaiio menor en comparacion con los internos, senalados por las flechas [Nee 5 1342, NY). C. Frutos cerca de la madurez,

y D. Corte transversal de las semillas subglobosas, notese el cotiledon mayor compacto {Nee & Vargas 44794, NY).
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en los especimenes secos. Inflorescencias en racimos terminales, acropetos y/o flor solitaria y axilar. Caliz

distintivamente 2-seriado, decusado-imbricado y anisosepalo desde las prefloracionesjovenes, los dos sepalos

externos de menos de la mitad del tamano que los dos sepalos internos. Escamas nectarias cuatro, episepa-

las, dimorficas, escuamiformes y carnosas, estas son una proyeccion de la capa carnosa del tejido nectario

que cubre al receptaculo. Las escamas mayores son transversalmente algo oblongas hasta semicirculares,

siempre mas anchas que altas y varian desde rectas hasta concavas y curvadas hacia el receptaculo, a manera

de una concha. Corola de aestivation torsiva y/o imbricada, petalos 4, sesiles, insertos en el receptaculo.

Estambres exsertos, ca. 20-50, insertos al mismo nivel sobre un grueso androforo carnoso (en vivo), este es

piano y a veces algo expandido en el apice, a manera de un torus (nectarifero?); los estambres internos son

glabros, los estambres externos poseen filamentos abundantemente pubescentes en la base, con tricomas

unicelulares, ± complanados, ± transparentes; anteras basifijas, granos de polen tricolpados, prolados, con

una ornamentation finamente reticulada. Fruto un pepo pendular, globoso o subgloboso, con un pericarpo

coriaceo, flexible y con una pulpa de color amarillo hasta anaranjado brillante en la madurez. Semillas

uno hasta ocho, con testa dura, sublenosa, cubierta por una sarcotesta de abundantes pelos infiltrados, y

embriones fuertemente anisocotilos de cotiledones separados, que poseen un cotiledon mayor compacto,

subgloboso, de color bianco marfil y no clorofilico, glabro, y un cotiledon menor muy reducido o ausente

(Franceschini & Tressens 2004: 214, fig. 6 [Capparis speciosa}).

Anisocapparis es un genero monotipico, restringido a Sudamerica en Bolivia, Brasil, Paraguay y Argentina.

Este se caracteriza y distingue de todos los demas generos americanos (Hutchinson 1967) tradicionalmente

tratados en Capparis s.l. por presentar: 1) Escamas nectarias dimorficas (vs. nectarios [e.g., Cynophalla],

escamas nectarias [Beautempsia] o apendices nectarios [e.g., Capparicordis], siempre isomorficos); 2) semi-

llas ± subglobosas (vs. cocleadas o reniformes hasta elipticas); y, 3) embriones con cotiledones separados,
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extremadamente anisocotilos, muy distintos en tamano y forma entre si, con un cotiledon mayor compacto,

especializado para almacenar (Fig. ID), y un cotiledon menor muy reducido o ausente, unico en las Cap-

paraceae del Nuevo Mundo. Estos han sido discutidos en detalle e ilustrados por Franceschini & Tressens

(2004 [ver Capparis speciosa]).

Por la apariencia externa de sus frutos y el color bianco marfil de los embriones de sus semillas, Ani-

socapparis superficialmente se asemeja a algunos miembros de Capparidastrum Hutch, (e.g., Caparidastrum

petiolaris [Kunth] Hutch., comparar con Cornejo & litis 2005a: 158, fig. 2C [tratado como Capparis peti-

olaris]). Pero ademas de los tres caracteres anteriormente mencionados, Anisocapparis tambien se diferencia

de Capparidastrum por tener un caliz notoriamente anisosepalo, con aestivation decusada-imbricada (vs.

caliz isosepalo, frecuentemente 1-seriado) y granos de polen con una ornamentation fmamente reticulada

(Fig. 4, vs. tectada-espinulosa [Fig. 7] o tectada-perforada). Otras diferencias menores de Anisocapparis en

comparacion con Capparidastrum son la presencia de laminas foliares de menores dimensiones, 3-8 cm
(vs. usualmente 10-50 cm), y una densa pubescencia en la base de los filamentos de los estambres externos

(vs. filamentos glabros), cuya funcion es desconocida. Bajo el estereoscopio se ha observado que esta retiene

granos de polen, por lo que se presume podria estar relacionada con la polinizacion.

Entre las Capparaceae de America, el tipo de caliz anisosepalo que presenta Anisocapparis, con los

sepalos dimorficos dispuestos en dos series, decusados-imbricados desde la prefloracion, cuyo par de se-

palos suborbiculares externos es de menor dimension en comparacion con el par de sepalos internos, es

solamente similar a Cynophalla (litis & Cornejo 2005, tratado como Capparis subg. Cynophalla). Debido a esta

similitud, la especie tipo de Anisocapparis (Capparis speciosa) fue originalmente descrita como perteneciente

a las "Cynophalla" (Grisebach 1879: 18). Pero Anisocapparis facilmente se diferencia de Cynophalla por la

ausencia de las caracteristicas glandulas nectarias extraflorales, dispuestas en las axilas de las ramas termi-

nates e inflorescencias; tambien por la diferente estructura y disposition de los nectarios florales (estos en

Cynophalla son siempre isomorficos, pianos hasta un poco concavos y dispuestos ± horizontalmente sobre el

receptaculo), y por el polen de escultura fmamente reticulada (vs. tectado-espinuloso en Cynophalla). Ademas,

los pepos globosos a subglobosos, con semillas subglobosas, anisocotilas, de cotiledones separados con un
cotiledon mayor muy desarrollado y compacto, especializado para almacenar, de color bianco y no clorofilico

de Anisocapparis, contrasta grandemente con los frutos capsulares, dehiscentes, con semillas elipsoideas,

isocotilas, de embriones de cotiledones delgados, convolutos, verdes y clorofilicos de Cynophalla (vease en

Franceschini & Tressens 2004 [Capparis speciosa vs. C.flexuosa L. y C. retusa]; litis & Cornejo 2005).

Etimologia.—Aniso, el prefijo de su nombre, se refiere a los distintos tamanos de los sepalos, nectarios

florales y cotiledones que caracterizan a este nuevo genero.

Anisocapparis speciosa (Griseb.) X. Cornejo & H.H. litis, comb. nov. Bas6nimo: Capparis speciosa Giiseb.,Abh. Konigl.

>a, Griseb. solamente menciono que esta especie estaba basada <



66 Journal of the Botanical Research Institute ofTexas 2(1)

una coleccion de Lorentz & Hieronymus proveniente de Dragones, donde florecio en Agosto. En el herbario

GOET, el lectotipo Lorentz & G. Hieronymus 601, es la unica coleccion identificada como "Capparis speciosa

Gr. n. sp.," proveniente de Dragones y colectada con flores en Agosto.

Capparis speciosa var. normalis fue propuesta con base a un duplicado del mismo tipo de Capparis speciosa

(Lorentz& G. Hieronymus 601) que reposaba en el herbario de Kuntze, actualmente en NY. Este duplicado fue

identificado por Kuntze en letra manuscrita como "Capparis speciosa Gris. a normalis foliis oblongis." Esta

leyenda concuerda con "folia oblonga," el caracter propuesto para esta variedad en su publicacion original por

lo que no hay duda de que la var. normalis de Kuntze fue basada en el mismo tipo de Capparis speciosa.

En el herbario GOET hay dos colecciones identificadas como Capparis pruinosa y marcadas como tipos,

Lorentz & Hieronymus 227, con fecha Nov 1873 y Lorentz & Hieronymus 1182, con fecha 7 Die 1873. En la

publicacion original de Capparis pruinosa Grisebach no menciono coleccion tipo alguna, solamente "ubi

floret Novembri." Lorentz & Hieronymus 227 esta escrita a mano ''Capparis pruinosa Gr. n sp," y su fecha de

coleccion concuerda con la fecha referida en la publicacion original, por tanto esta ultima coleccion es aqui

designada lectotipo. En K, la coleccion K-220553 tiene dos etiquetas que leen "Capparis pruinosa Gr. Salta"

y "Argentine Comm. Dr. Grisebach, Dec. 1878." Aunque esa es una coleccion historica, sin embargo carece

de mayor information y no se puede determinar si es un duplicado del lectotipo.

Nombres locales.—ARGENTINA: Meloncillo (Venturi 9807), naranjo del monte (Gomez 1953), naranjillo

(Grisebach 1879, public, orig.), payagua-naranja, sacha limon (Ruiz et al 10540), sacha naranja, sacha sandia

(Gomez 1953). BOLIVIA: Alcaparro (Nee & Coimbra 35565), coca de chivo (Nee 51204). PARAGUAY: Bola

verde (Spichiger & P. Loizeau 1519); i'tsa'jituk [pi: i'tsajituki], 'tso'xua'nuk [pi: 'tso'xua'nki] (T. Gragson 153,

Manxuj); Pachyajua naranja (Spichiger & Loizeau 1504).

Usos.—Los frutos de Anisocapparis speciosa al madurar caen al suelo y la pulpa en el interior se vuelve

muy suave, de color naranja brillante. Estos se parten a lo largo de las suturas al presionarlos con los dedos,

la pulpa es consumida directamente y la piel es desechada. La consistencia de los frutos es como la de los

mangos (Mangifera indica L.), y tienen un sabor agridulce, entre mango y naranja (T. Gragson 153). Anisocapparis

speciosa es principalmente utilizada para forraje. El ganado come las hojas y frutos de esta especie durante

todo el ano, aunque esta reportado que las vacas se atoran al intentar tragar el fruto (Vargas et al. 2000).

Fenologia.—Floracion nocturna (Vogel 483).

Interacciones biologicas.—Las flores de Anisocapparis speciosa son visitadas por por abejas meliferas y

grandes avispas negras (Vargas et al. 2000, Nee 51204). Sus frutos son alimento de mamiferos, como los

venados Uazama americana y M. goauzoubira (Stallings 1984; Rivero et al. 2005). Asi como en otras especies

de Capparaceae de frutos grandes en America (litis et al. 1996), se presume que los frutos de Anisocapparis

;
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&P. Loizeau 1519 (MO, NY). Dept. Presidente Hayes: Estancia Pozo Favorito, 59°53'W 23°7'S, 150 m, 19 Sep 1985 (fl), R. Spichiger

Gentry, L. Perez &D. Brunner 52003 (MO, NY); Chaco, vie. Manxuj, 21°48'S 61'41'W, 15 Jul 1993, T. Gragson 153 (MO).

2. Monilicarpa X. Cornejo & H.H. litis, gen. nov. (Figs. 3, 5, 6). Typus: Capparis tenuisiliqua jacq.

Subarbustos, arbustos o arbolillos, mono a multicaules, con pubescencia de pelos simples o glabros. Hojas
simples, espiraladas y con peciolos de similar longitud o subopuestas y 3-subverticiladas y subsesiles,

pulvinulo presente o ausente. Inflorescencias en racimos terminales, acropetos; frecuentemente con brac-

teas lineares, hasta 13 mm, localizadas en- y cerca de- la base del pedunculo de la inflorescencia. Caliz

gamosepalo, 1-seriado, sepalos 4, isomorficos, triangulares, en la antesis erectos y fusionados hacia la base,

provisto al interior de un pequeno hipantio que contiene un nectario floral cupular o disciforme de bordes
libres o fusionado con el hipantio, con o sin 4 apendices alternipetalos. Corola de aestivation siniestrorsa-

torsiva, petalos 4, fusionados en el borde superior del nectario. Estambres exsertos, ca. 15 a 30, glabros,

insertos en dos verticilos alternos sobre un corto y apenas expandido androforo, anteras basifijas, granos de
polen tricolpados, prolados, con una ornamentation estriada-reticulada. Frutos capsulas lineares-torulosas

a moniliformes, con apice delgado-atenuado, dehiscentes o tardiamente dehiscentes, esencialmente sin

pulpa, con 1 hasta 22(-32 [segun Ruiz-Zapata 2002: 150]) semillas elipsoides dispuestas en una hilera, testa

Monilicarpa se caracteriza por frecuentemente presentar bracteas lineares, hasta de 13 mm, localizadas

en y cerca de la base del pedunculo de las inflorescencias, flores con calices gamosepalos que contienen un
pequeno hipantio, nectarios florales cupulares o disciformes, en cuyos bordes estan fusionados los petalos,

filamentos de los estambres insertos en dos verticilos alternos, granos de polen poseen una ornamentation
estriada-reticulada (Figs. 5, 6, unica entre los seis tipos de polen observados entre las Capparaceae de hojas

simples en el Neotropico), y frutos lineares-torulosos a moniliformes, de apices delgadamente atenuados, que
contienen pequenas semillas elipsoides dispuestas en una hilera, separadas entre si por las constricciones

de las paredes del fruto.

El nectario floral cupular o disciforme de Monilicarpa esta localizado alrededor de un androginoforo

central y fusionado al interior de- y recubriendo a- un pequeno e inconspicuo hipantio. Debido a la pres-

encia de este pequeno hipantio, el caliz de Capparis viridiflora Kunth (Humboldt et al. 1821: 92), uno de los

sinonimos aqui citados de Monilicarpa tenuisiliqua, originalmente fue descrito como: "turbinato-urceolatus."

El nectario floral de Monilicarpa en sus bordes y entre las bases de los petalos posee cuatro apendices erec-

tos, dentados o triangulares (Monilicarpa tenuisiliqua) o rudimentarios en forma de inconspicuos lobulos o

ausentes (M. brasilianal como se aprecia en la lamina de Capparis brasiliana en Flora Brasiliensis (Eichler en
Martius 1865: 279, tab. 62, fig. 1:3, notese el borde superior libre y separado del caliz). En contraste, Cappa-
ridastrum y Cynophalla, los generos restantes de las Capparaceae de hojas y pubescencias simples en America,
tienen flores con cuatro nectarios, apendices o escamas nectarias y petalos insertos sobre un receptaculo

usualmente piano. Adicionalmente, Monilicarpa se diferencia de Capparidastrum por tener los filamentos de
los estambres insertos en dos verticilos (vs. filamentos de los estambres insertos en varios verticilos), y los
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Fig. 5. Microfotografias SEM de polen de Monilicarpa tenuisiliqua (Jacq.) X. Cornejo & H.H. litis: A. escala 10 pm. B. escala 1 pm (Gentry et al W992,
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frutos lineares a moniliformes de apices delgado-atenuado, esencialmente sin pulpa, con semillas elipsoides

dispuestas en una hilera (vs. frutos usualmente pepos, oblongos, cilindricos, ovados u esfericos, con apices

± redondeados, pocas veces agudos, pulpa 1 abundante hasta escasa y semillas cocleadas, dispuestas en dos

6 mas hileras).

Por sus frutos capsulares lineares-torulosos Monilicarpa se parece a Cynophalla, pero a mas de los

caracteres genericos previamente mencionados, Monilicarpa facilmente se diferencia de este ultimo genero

por poseer flores con calices 1-seriados (vs. calices 2-seriados, decusados-imbricados), y vegetativamente

por la ausencia de las glandulas nectarias axilares extraflorales (vs. presentes en Cynophalla) y la diferente

filotaxia.

Algunos generos distantemente relacionados a Monilicarpa como Atamisquea Miers, Capparicordis litis

& Cornejo y Colicodendron Martius, tambien presentan tazas nectarias o nectarios cupulares, pero estos

facilmente se diferencian de Monilicarpa, principalmente por presentar indumento de escamas lepidotas o

tricomas estrellados, diferente tipo de polen y distintos tipos de frutos capsulares o amnsarcos, globosos

hasta oblongos. Frutos lineares-torulosos tambien estan presentes en algunas especies de Quadrdla (DC.)

J. Presl, un genero ampliamente distribuido en las Indias Occidentales y America Central hasta el Sur de

Florida hacia el norte y norte de Colombia y Venezuela hacia el sur (litis & Cornejo 2008). Pero Monilicarpa

facilmente se diferencia de Quadrdla por ser glabra o presentar tricomas simples (vs. tricomas peltados hasta

variadamente estrellados o candelabros), por la presencia de flores con calices de sepalos fusionados hacia la

base (vs. flores dialisepalas), hipantio presente (vs. ausente), nectario cupular o disciforme en cuyos bordes

o pared externa se fusionan los petalos (vs. presencia de cuatro escamas nectarias y petalos insertos en un

receptaculo piano).

Etimologia.—El nombre Monilicarpa, alude a los delgados frutos moniliformes a linear-torulosos que

Monilicarpay Capparidastrum son inermes (Cornejo & litis 2005b) y no presentan tallos generalmente

espinosos, como ha sido reportado (Inocencio et al. 2006: 122, 125, ver Capparis sect. Capparidastrum y

Capparis brasiliana).

CLAVE DE LAS ESPECIES DE MONILICARPA

'

fusionado con el hipantio; semillas con embrion ver'de Monilicarpa tenuisiliqua

Plantas sempervirentes, h'ojas subsesiles, subopuestas y/o 3-subverticiladas; nectario floral disciforme de

bordes libres- semillas con embrion crema ^Monilicarpa brasiliana

& L Schhm 522 (lectoi

Capparis garciae Dugand, C

tis) parecen carecer de pulpa. Segiin ob;
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Los lectotipos de Capparis tenuisiliqua, C. obovatifolia, C. viridiflora y Colicodendron obovatum son aqui des-

ignados debido a que ninguna coleccion fue referida bajo estas especies en las respectivas publicaciones

originales. En el herbario US, H. Garcia~Barriga3109 (1593366!) no constituye un isotipo de Capparis Garciae,

esta precede de una localidad distinta, Purificacion, y fue colectada en diferente fecha, 7 Jul 1934.

Monilicarpa tenuisiliqua es una especie de hojas deciduas, su follaje se regenera durante la epoca de

floracion (Smith 2100).

Nombres locales.—COLOMBIA. Maretiro, Nudo, Palo de Agua (Dugand 1941: 44). VENEZUELA. Guari-

aro (Aristeguieta 7014), taparito (Galue 167).

Usos.—Para curar enfermedades, tambien para hacer cruces en Semana Santa (L. Aristeguieta 7014).

Especimenes representatives. TRINIDAD & TOBAGO: Patos Island, coastal bank, 13 Mar 1920 (fl), N. Britton, T. Hazen & W. Medelson

50 Ago 1974(A), J. Steyen

Cabudare, 500-900 m, 5, 10 Ago 1970 (fr)J. Steyermark, F. Delasc

Estanques, 470 m, 9 Ene 1965 (fr), F. Breteler 4559 (NY). Nueva

Johnston 9 (NY); ibidem, 150 m, 21 jul/8 Ago 1903 (fl, fr), J. Johnst

Nomhres locales.—BRASIL. Feijao-de-boi (Fuks & Costa e Silva 2000: 6).

n, Sep 1980 (fl), Pedro do
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ectariosfloralesisomorfico

ceptaculo piano y/

:ade-labasedelp ^scencias frecuentemente presentes, lin-

sendosverticilosalternosen jn adroginoforo apenas engrosado; granos de polen

"liliformes o lineares-torulosos, con apices delgado-

las paredes del futo, cotiledones alqo asimetricos (iacknife) Monilicarpa

tivamente2-seriadoydecusa do-imbricado desde las prefloraciones jovenes, con

escamas episepalas fuertem ante dimorficas (dos menores y dos mayores); gra-

Smfo" sub Tb
retiCU,C da; semillas subglobosas, embriones fuertemente

Anisocapparis X. Corn
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During our studies of the neotropical species of Capparis s.l. (Capparaceae), carried out to produce a generic

realignment of this extremely polymorphic genus, it became clear that Colicodendron Mart, is a well defined

South American genus of stellate shrubs and trees, characterized by having a 1-seriate valvate calyx with a

dentate or lobed nectary-dish or nectary-cup, and thick-walled, indehiscent amphisarcous fruits.

Colicodendron was established by Martius (1839: 25), for two Brazilian species: Colicodendronyco Mart.,

the generic type, and C. longifolium Mart, (the latter recently placed in Neocalyptrocalyx, as N. longifolium [MartJ

X. Cornejo & H.H. litis [2008a]). Subsequently, Seeman (1852: 78) correctly transferred to Colicodendron:

Capparis scabrida Kunth, but also the unrelated Capparis avicennifolia Kunth, and Capparis pulcherrima Jacq.

(the latter as Colicodendron pulchellum Seem., nom. reject.), as well as the quite unrelated glabrous or simple-

haired Capparis subbiloba Kunth (=Cynophalla flexuosa [L.] J. Presl). Two years later, Turczaninow (1854:

327-328) erratically described three species in Colicodendron, all of them synonyms of unrelated species of

Capparis s.l, a contribution that obfuscated any clear concept of that genus.

Colicodendron was treated as a subgenus of Capparis L. s.l. (Eichler 1865: 272), and later as a section of

Capparis (Pax & Hoffmann 1936: 181). In both mentioned infrageneric taxa, the members of Colicodendron

were mixed up in a heterogeneous assemblage with the Mexican Capparis angustifolia Kunth (= Quadrella

angustifolia [Kunth] H.H. litis &X. Cornejo), and the South American C. crotonoides Kunth and C. tweediana

Eichler (both members of Capparicordis H.H. litis & X. Cornejo, a recently described stellate neotropical

genus, litis & Cornejo 2007). Most recently Hutchinson (1967: 309), in his attempted generic realignment

of Capparis s.l, made seven additional, but all inappropriate combinations to produce a poorly defined

Colicodendron.

In this work, a revision of Colicodendron is presented. The genus is validated and amended, its mor-

phological limits are defined, and the relationships with the morphologically closely related genera are

discussed.
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Colicodendron Mart., Flora 22, Bleibl. 1:25. 1839, emend. X. Cornejo & H.H. litis. Type: Colicodendron yco Mart.

Evergreen shrubs or trees, covered by stellate to echinate trichomes throughout. Leaves simple, short-petiolate

to sessile, opposite to spirally or whorled. Inflorescences terminal, subterminal and/or axilar, a panicle,

raceme or racemose spike, rarely a solitary axillary flower (in Colicodendron yco)\ floral bracts filiform or

subulate, deciduous. Flowers with calyx 1-seriate, valvate, ± cup-shaped, the 4 sepals free, ± equal, distinct

and entirely enclosing the corolla in bud, their margins and tips touching each other from early bud until

near anthesis, at the base fused forming a hypantium, coated by a 4-dentate nectary dish or nectary cup or

a 34obed nectary cup within. Petals 4, imbricate or torsivus in bud, sessile. Stamens 14 to 60, the filaments

geniculate or spirally arranged in bud, at anthesis exserted, inserted on an expanded flat androgynophore,

anthers basifixed. Fruits amphisarcous or pseudoamphisarcous (in C. scabridum), woody, thick-walled

and multilocular, bearing white- or yellow-embryoned seeds, ca. 1-2 cm, cotyledons ca. 1-1.5 mm wide,

convolute, testa crustaceous.

Due to the stellate pubescence, 1-seriate valvate calyx with the lobes covering the corolla from early

bud until near anthesis, and the presence of a nectary cup or nectary dish, Colicodendron is related to the

recently described neotropical genus Capparicordis H.H. litis & X. Cornejo. However, Colicodendron differs

from the latter by having elliptic, lanceolate, oblong to oblanceolate, pinnately nerved leaf blades (vs. cor-

date to reniform or suborbicular and basally subpalmatly-nerved leaf blades); a 4-dentate nectary dish or

3-lobed nectary cup (vs. a nectary cup with four filiform to triangular-filiform appendages); higher number

of stamens, 14 to 60 (vs. 4 to 8); and larger indehiscent thick-walled amphisarcous fruits, with an inflexible

woody pericarp bearing larger seeds, ca. 1-2 cm (vs. smaller dehiscent fruits, with a soft and flexible, thinly

coriaceous pericarp, which splits and falls off at maturity, bearing smaller seeds, ca. 5-7 mm, dispersed by

birds, Cornejo pers. obs., 2002). Colicodendron is also related to the South American genus Calanthea (DC.)

Miers, as was correctly stated by Martius in the original publication (p. 27, cf. with Capparis pulcherrima

Jacq., the type of Calanthea [DC] Miers). However, Calanthea mainly differs from Colicodendron by the very

distinctive calyx with open aestivation, in which the not valvate linear-ligulate sepals are widely spaced

from each other, exposing a valvate corolla from the very young bud; and by the seeds with barely folded,

very thick cotyledons, 4-7 mm wide (Cornejo & litis 2008b).

Colicodendron could be also related to the stellate to peltate, Central American-West Indian genus Qua-

drella (DC) J. Presl. However, Colicodendron differs from the latter by having flowers with a hypanthium coated

by a nectary dish or nectary cup (vs. flowers without hypanthium, but with a flat receptacle and four scales

inserted on it in Quadrella)- and indehiscent, ellipsoid to globose thick-walled woody amphisarcous fruits

with larger seeds (vs. capsular, dehiscent, linear or oblong and few times to ovoid, with seeds distinctively

smaller, usually arranged in a single row in Quadrella).

Colicodendron was previously known by two widely disjunct endemic species: Colicodendron yco from

eastern Brazil, and C. scabridum (Kunth) Seem., restricted to the dry forests ofwestern Ecuador and adjacent

Peru. In this work, two additional South American endemic species, both with whorled subsessile leaves

and beautiful inflorescences are added to this genus.

1. Colicodendron bahianum X. Cornejo & H.H. litis, sp. nov (Figs. 1, 2, 7). Type: brazil. Bahia: Amiga rodovia
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subsessile, with blades narrowly oblanceolate to narrowly elliptic, 13-40 x 3-7(-10) cm, stiff, coriaceous

(alive), chartaceous (dry), attenuate and revolute at the base, acute and apiculate to sometimes shortly

rostrate at the apex, shiny green (alive) with an impressed to often sulcate midvein, nerved and glabrous

above, paler green (alive) and with a strongly prominent glabrous or echinate-stellate midvein beneath,

margin inconspicuosly thickened, with 15 to 25 major upward-arching lateral nerves on each side of the

midvein. Inflorescences terminal and subterminal racemes, sometimes cauliflorous in older wood, densely

stellate-echinate; axis short, 1-5 cm, stout, bearing to 25 flowers at the same time. Floral bracts linear, 3-7

mm, deciduous, densely echinate-stellate. Pedicels 1.8-4 cm, articulate to the axis. Sepals oblong-elliptic or

ellipsoid to lanceolate, 12-22 x 6-8 mm, abaxially keeled, mainly toward the base, ± acute at apex, yellow

(alive), rusty brown (when dry), stellate-echinate abaxially; hypanthium 4-6 mm deep, coated by a subtet-

ragonal 4-dentate nectary dish within, nectary appendages broadly deltoid to semiorbicular, 1.5 x 2.5-4

mm, glandular, stellate. Petals torsivae in bud, apparently inserted at the edge of the nectary cup, oblong to

obovate-oblong, 20-28 x 7-12 mm, widely obtuse to rounded at apex, longitudinally nerved, sulfur yellow

and erect at anthesis (Mori, pers. com.), dull rusty-brown (when dry), stellate on both sides. Stamens 30 to

42, filaments 2-3 cm, geniculate in bud, glabrous, inserted on a white-stellate-tomentose expanded torus-

like androgynophore, anthers ca. 2 mm, white (alive). Gynophore 1.6-2 cm, glabrous; ovary oblong, 5-6

x 2-3 mm, longitudinally sulcate, glabrous; stigma sessile, capitate. Infructescences with gynophores ca.

2-2.5 x 0.3-0.5 cm, pedicels ca. 3-3.5 cm. Amphisarcous oblong-ellipsoid, 7-12 x 2-4 cm, subpendulous;

fruit wall 3-7 mm thick, mature seeds 1.3-17 mm in diam.

Colicodendrum bahianum is somewhat related to the equally yellow-flowered C. yco, is allopatric in the

dry Caatinga to the north (Fig. 7). However, the more mesophytic C. bahianum can be easily distinguished

by dense whorls of subsessile leaves, arranged toward the end of the terminal branches (Fig. 1A, vs. sub-

opposite and pedicellate leaves, more spaced out along the branches). The inflorescences of Colicodendrum

bahianum are short dense racemes (vs. larger and longer, paniculate inflorescences, or rarely solitary axillary

flowers in C. yco\ bearing flowers with erect (vs. reflexed) sepals at anthesis, higher number of stamens (30

to 42 vs. 14 to 20 in C. yco), smaller anthers (ca. 2 mm vs. 4 mm), shorter glabrous gynophores (1.6-2 cm

vs. 3.5-5 cm, pubescent) and glabrous (vs. pubescent) ovaries.

Due to the whorled subsessile leaves, Colicodendron bahianum seems morphologically more closely related

to the herein also described Colicodendron valerabellum H.H. litis, T. Ruiz & G.S. Bunting (for differences see

comment under the latter species).

Phenology.—Collected in flower in February, July, August, November and January, and fruit in August.

The sulfur yellow flowers are visited by hermit hummingbirds (Webster 25010).

Cytology.—Unknown.

Distribution.—Eastern Brazil, restricted to the southern extension of the moist or wet evergreen Atlantic

rain forests (ca. 2000 mm) into southeastern Bahia State (Fig. 7).

Conservation concern.—Habitat is under intense human pressure from both agriculture and wood har-

vesting, especially for so decorative species Colicodendrum bahianum (Scott Mori, per. comm, Sep 1979; "It

was one of the most beautiful species that I've ever seen"). Images of this potential ornamental species are

available at the New York Botanical Garden Web site (NYBG, 2003).

Paratypes. BRAZIL. Bahia: Mun. Santa Cruz Cabralia, mata costeira, 15 Jul 1966, R.P. Belem & R.S. Pinhtiro 2580 (F, UB, WIS). Est.

(CEPEC, DAV, WIS)'. Porto Seguro, Parq. Naca. Monte Pascoal, 15 Jan 1973 (fl.), T.S. Santos 2692 (CEPEC, NY, WIS); ibidem, trail to

Jan 1971 (fl), T.S. Santos 1329 (CEPEC, W

hi et al 2283 (CEPEC, NY [NY photo in tt

\A fill V- 73, R.S. Pinheiro2202 (CEPEC, WIS). Enti

C [CEPEC photo and fragm. at WIS]). "M
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for Itabuno, a prominent town in the Cacao region, where the CEPEC herbarium is located], Cascalheira, mata pluvial, 13 1

2. Colicodendron scabridum (Kunth) Seem., Bot. Voy. Herald 78. 1852. (Fig. 7). Basionym: Capparisscc

at NY!]; isolectotype: B-W 10055-01 0! [B-W photo 9478 at WIS!]).

Capparis angulata Ruiz& Pav. ex DC, Prodr. 1:253. 1824. Colicodendron angulatum (Ruiz & Pav.) Hutch., Gen. Fl. PI. 2:309. 15

Type: PERU: Piura, Paita, Voyage de la Bonite, Jul 1836 (fl, fr), M. Gaudichaud s.n. (lectotype, designated here: B 10 0242739!; isolec-

totypes: B 10 0242737! ["misit 1841"]; F 876547!, F 894168!, F [fragm.] 609130!, G [G photo 8472 at WIS!], P!).

Nomenclatural note.—The herein selected lectotype of Capparis scabrida housed at P, has a label with a correct

origin of the specimen, "in America equatoriale," and the number "19" added. The B isolectotype of Cap-
paris scabrida consist of a branch with a terminal inflorescence, with the two leaves, one inflorescence, and
floral pieces detached and remounted. That isolectotype, originally only identified as Capparis, was named
Capparis speciosa (a Willdenow's nomen nudum, non Capparis speciosa Griseb. [1879], = Anisocapparis speciosa

[Griseb.] X. Cornejo & H.H. litis), as reads the label which is at the upper left corner of the photo 9478, now
in a separate sheet (B-W 10055 -00 0). That label has the following handwritten information: "Polyandria

glabris subtus tomentosis foliola elliptica. Habitat in America meridionali." The discussed isolectotype later

was correctly identified by Eichler himself, in a handwritten label of determination, which reads: "Capparis

(Colicodedron) scabrida H.B.K."

Multi-branched shrubs to trees, to 10 m and 25 cm dbh, erect to low and widely spreading; the stem
when injured produces a gum (Litde 6725); terminal branches complanate or ± tetragonal, densely stellate

throughout. Leaves spirally-alternate, few times opposite-decussate, petioles 8-30 mm, lacking pulvini;

blade coriaceous (rigidly coriaceous when dry), lanceolate to oblong, (6-)8-23 x 2-7 cm, acute to rounded,

sometimes emarginate, apiculate at apex, cuneate to rounded, sometimes retuse at base, olive green (alive),

but drying to a bright sulfur-yellow in herbarium material, thinly stellate-tomentose when young, soon
glabrescent and smooth or scabrous above, pale grayish or "ashen" greenish-yellow and densely pale

stellate-tomentose with a prominent midvein beneath; (7-)12-23 lateral nerves on each side of the midvein.

Inflorescences simple, densely corymbose racemes, solitary and terminal or lateral in the axils of leaves, or

branched, terminal racemes compounded into complex, stout, (sub)erect, corymbose panicles, to 30 cm,
densely stellate, each raceme with only 1-4 open flowers at its end at one time. Floral bracts filiform, 5-12
mm, soon deciduous. Pedicels 2.5-4 cm, densely brown stellate and sparsely dendroid. Flowers dark brown
to greenish-brown, densely stellate. Flowers asymmetrical, in perfect flowers the androgynophore-gynophore

off-centered within the calyx cup, arching out and upward. Sepal lobes broadly ovate to lanceolate, 10-15 x

5-8 mm, at anthesis cucullate-ascending, acute at the apex, densely brown stellate on both sides, eventually

caducous, broadly inserted on the rim of a wide bowl-shaped calyx cup, 9-13 x 6-8 mm, with a 3-lobed

nectary cup coating the hypanthium within. Petals narrowly to broadly ovate, oblong or elliptic, 15-23 x

10-15 mm, reflexed and outrolled at the tip at anthesis, widely cuneate to truncate at the sessile base, obtuse

to rounded at the apex, white to cream or yellowish, sometimes greenish, stellate on both sides. Stamens
24 to 35, borne in a ring on top of the short 2-3 mm androgynophore, filaments (3.5-)5-7(-8) cm, stellate

and dendroid, adnate to each other for 0.5-2 mm at the base; anthers 3-4 mm, white (alive). Gynophore
5-8 cm, creamish-white, maturing to purple (alive), sparsely stellate; ovary ovoid to ellipsoid, 4-6 x 3-5
mm, densely stellate; stigma truncate, sessile. Infructescences with gynophores 7-10 x 0.4-0.6 cm, pedicels

2.5-3.5(-4) cm. Pseudoamphisarcum oblongoid, ovoid, or ellipsoid, slightly asymmetrical, 8-15 x 5-9
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cm, pendulous, ± umbonate at the apex, densely stellate, when mature exhibiting 8 longitudinal ± sulcate

(dried) lines (usually 4 major, indicating the valves); fruit wall fibrous, 6-10 mm thick, pulp bright orange

at maturity, insipid; seeds 15 to 60, subspherical-reniform, often strongly beveled, ca. 1-2 x 1-1.5 cm, sur-

rounded by a densely orange sarcotesta infiltrated by many hairs from the crustaceous reddish-brown testa;

embryo yellow.

The amphisarcum is a simple, indehiscent fruit, provided with a thick, woody to subwoody fruit-wall,

which retains the shape upon removal of sarcocarp, and never splits in valves after maturity (Spjut 1994:

23, 37). In Colicodendron scabridum, the fruits at maturity fall on the ground to eventually decompose and

release the seeds, leaving usually four thickly-subwoody, elliptical, abaxially convex, unattached, persistent

valves. That fruit type of Colicodendron scabridum, which doesn't fit in any of the fruit types known (Spjut

1994), is herein proposed as Pseudoamphisarcum (pseudo + amphisarcum) X. Cornejo (mod. nov), which

Local names.—ECUADOR: Sapote (Spanish, Little 6725), sapote de campo (Spanish, Van den Eynden et

al. 1999: 42), sapote de perro (Spanish, Cornejo & Bonifaz 7583), sapote gomoso (Spanish, Steyermark 54842)]

Zapotillo (Spanish, Brandbyge 42789); Zapote de perro (Spanish, Acosta-Solis 8521 Mille 1940, Madsen 64103).

PERU: Sapote (Spanish, Diaz & Baldeon 2374), sapote de perro (Spanish, Woytkowski 5672). Zapote (Spanish,

Vargas 42), Zapotillo (Spanish, Simpson & Schunke 567).

The bright orange color of the mature fruit pulp of Colicodendron scabridum strongly resembles the color

of the pulp of a locally (in Ecuador) well known edible fruit called "Sapote" {Quararibea cordata [Bonpl]

Vischer, Bombacaceae). This is the origin for the several similar and derived local names of Colicodendron

"Sapote de perro," one of the local names, refers to Pseudalopex sechurae Thomas. This is an endemic

canid locally known as "Perro de monte" (Spanish) or "Sechura fox" (English), that has a distributional pat-

tern similar to that of Colicodendron scabridum in the dry coastal areas of Ecuador and Peru. When the food

is really scarce, the Pseudalopex sechurae facultatively eats the fruits of Colicodendron scabridum (Bruning

1985; Cornejo 2005).

Zapotillo (Spanish), a town located in a dry forest at the Province of Loja in Southwestern Ecuador,

owes its name to the local name of the locally well known Colicodendron scabridum.

Phenology.—Flowering mostly between February to October, fruiting mostly September to December.

A single tree 4-6 m high, produces 20 to 60 flowers at anthesis per night. Within the nectary cup, three

droplets of nectar start to be produced at 19:00 h., each droplet from below of each nectary lobe. By 19:30 h,

the nectary cup is full of nectar. But by the next morning at 6:00 h, the flowers don't have nectar anymore,

perhaps due to the intense bat activity during the night. The nectar is secreted during one night per flower

only. The flowers live one night only and don't produce any scent (Cornejo field obs. in Bahia de Caraquez,

Ecuador, July 2004).

Cytology.—n = 8 [!Pazy, ECUADOR. Manabi: litis and litis 243 WIS, litis unpublished ms).

Distribution.—Colicodendron scabridum is a characteristic floristic element of dry to very dry or xerophytic

areas of western Ecuador and Peru, where is a dune former. This species ranges from sea level in Ecuador

from the Province of Manabi, to ca. 2500 m in the mountains of the Province Loja, and in Peru south to

Dept. Ancash (Fig. 7).

Ecological interactions and field observations.—-The flowers of Colicodendron scabridum are visited by the

common domestic honey bee, Apis mellijera L. Dozens of buzzing bees can be heard from under a tree when

the nocturnal flowers are just about to open. The honey bee's activity peaks in and around the flowers of

Colicodendron scabridum is between 18:30 to 19:30 h. The domestic bees re-start re-visiting the flowers the

next morning, as well between 6:00 to 8:00 h. Nocturnal, presumably pollen predator bees such as Halictidae

(Megaloptal), also visit the flowers at 19:00 h. While both species of bees touch the anthers and the ovaries,

it seems however that the true pollinators are bats. From 20:00 to 5:50 h, many small bats frequent the

flowers of Colicodendron scabridum, which are exposed on long peduncles high above the foliage. The bats

beat their wings hovering in the air while licking the nectar from each flower during less than one second,
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as hummingbirds are apt to do. The bats do not hold themselves -om the flowers as happens to the African

Bignoniaceae, Kigelia ajricana [Lam.] Benth. (seen in Bahia de Caraquez, Ecuador, the same locality where

Colicodendron scabridum was studied by the senior author). When leaving the flower, the bat shakes the inflo-

rescence, presumably helping pollination. It is interesting to note that only the individuals of Colicodendron

scabridum growing in total darkness are visited by bats. These conspicuously have a higher fruit productiv-

ity per tree than the remaining individuals located around the nocturnal lights along the roadsides in the

same locality. Additionally, the flowers of Colicodendron scabridum are also visited by Amazilia amazilia, a

hummingbird who visits the old (previous night's) flowers between 7:00 to 8:00 h, and the new flowers just

about to open at ca. 18:00 h. Finally, the flowers of Colicodendron scabridum are commonly visited by wasps,

coleoptera and several species of ants (Cornejo field obs. in Bahia de Caraquez, Ecuador, July 2004).

Uses.—The fruits have been reported as edible for humans and as medicinal against colds and coughs.

They are commonly eaten by cattle and donkeys (C. Ceron et al. 22424, Van den Eynden et al. 1999: 42,

Cornejo field obs.), while the wood is used for fuel and to make handicrafts {Cornejo & Bonijaz 7583, Van

den Eynden et al. 1999: 42). Finally, a "glue" for paper can be obtained from the cut, gum-oozing ends of

the stems (Ceron 11876).

Conservation biology.—A characteristic common species in the dry landscape, it does not appear to be

in danger of extinction.

i m,7Jan 1994, X. Cornejo & C;. Bonijaz IK7 (GUAY, QCNE); ibidem,

11671 (MO, QCNE, WIS);

al 22424 (QAP);JoahaciaMer

420 111,6 Sep 1991, C.Jossc 638

,
QCNE [2]); Playa Los Frailes,ca.2m,22 1 Jan 1991, A. Gentry & C.

9

L^7nmZ^Sl ^jr™^
1

^!

I Aug-8 Sep 1836 [voyage of H.M.S. Sulphur], G. W. Barclay 422 (BM

12, H. Eggers 14735 (GH, K, LE, M, US); ibidem, 1852, Andersson s.n. (S); Isla Pum
>9'S, ca. 50 m, 4 Nov 1987J. Madsen 64103 (AAU); path Rio Hondo to Cerro Yanzu

V (AAU[2], QCA, QCNE). El Oro: Parroquia San Antonio, Hcda. Montecarlo, 2:



Journal of the Botanical Research Institute ofTexas 2(1)

Anderssc i (GB, WI!i); Huaq Lorn:scrub forest,80 o13 ,W3 o27 ,S,5m,7 Apr 1980, L. Holm-Nielsen

I Loja: 1876 (MO, QAP, QCNE, W]

5^400 mT3°FeM^ V^T.'.Hl'S}] (GB, QCA) V,*eenLoja SL^^sTSIB^!^^^X
:b 1996, Van den Eynden et a\. 615 (LOJA, QCNE); above Catama

>i.o,^cry dry slope, c a. 1650 m
,
9 Oct ].955, E. AsplundUJ077(B,K, LD, NY, S); between El Ta:mbo and La Toma, 1000-22

(MO.QCNE.WIS; >59, G.HarUng 6065 (S);Cata

a, 6 Sep 199' Little etai:

3ma,ca. 1500 m, 24 Apr 19

NWof
rBE?>S il

:?HL°r229^^^
43, J. Steycrmflrfc 54842 (GH

-651 (NY, WIS[2]); Rio Gua

Knight 609 0* .400 m, R. Esplrwzfl 537 CF

T^l'roads)

1

1

2

X\^'
i, 10 Jul

ckTwkhcaai^79<

Valdespino 6584 (NY, QCA, QCNE, V

SoalZs^i

Quebrada Las Penas, betw. San Juan de la Virgen and

ison &J. Wright 3518 (MO); La

Maranon Valley, Celendin-Balsas rd. 25 kn

Libcrtad: Prov. Trujillo, Trujillo, 15 Apr 1 iz & S. Baldedn 2784 (MO); Ce

10965 (MO); ibidem, 100 m, 14 Jul 1973, A :. Araujo 7978 (MO, NY); band

*s™^ 7'maZtm&J. Wright 3352 (F, G, GH,

>374 (MO). Lam-

3. Colicodendron valerabellum H.H. litis, T. Ruiz & G.S. Bunting, sp. nov. (Figs. 2-7). i

Evergreen palmoid treelets [or in damaged plants with one or two additional unbranched stems from near the

base, some of these decumbent and sending forth 1 to 3, erect, leaf- and sometimes flower-bearing lateral-

horizontal shoots], to 5 m long and 3-5 cm dbh often crowded (colonal?); young branches) dark-brown

echinate or echinate-stellate; stipules absent. Leaves subsessile to short-petiolate, to 1.5 cm, grouped in

crowded whorls at the end of the terminal branches exposing mostly leafless internodes, nodes of leaf inser-

tions ca. 3-6 cm, swollen, blades oblanceolate to narrowly elliptic, (16-)20-50 x 4-9 cm, stiffly coriaceous
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and hard but somewhat flexible (alive), chartaceous (dry), attenuate but rounded-retuse to subcordate at the

base, acuminate or acute to widely obtuse at the apex, margin inconspicuosly thickened and revolute, lustrous

green (alive) with a impressed to sulcate midvein, prominently and coarsely rugose (i.e., bullate), with the

blade surface between the deeply impressed midrib and main nerves prominently convex and smooth, ap-
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i H.H. litis, T. Ruiz & G.S. Bunting. A. Habit. B. A leaf blade. C. An inflorescence with three hermaphrodite flowers in

postanthesis at base; four male flowers above them in full bloom and three beginning to wilt; and, above these, some 50 male flower buds. D. An

inflorescence bearing (sub)sessil flowerbuds. E-F. Immature fruit. (A. After photo of Bunting & Trujillo 13120. B-D. litis etal. 30547, WIS. E-F. Ruiz&

Villafane 4764, MY). A-E, ni; F, by T. Ruiz Z.
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Fig. 4. Colicodendron valerabellum H.H. litis, T. Ruiz & G.S. Bunting. A. Schematic section of flower, showing calyx in relation to one petal and the

alternating scaly nectary appendages. B. Petal, with its detailed nervature she flower, showing columnar

androgynophore arising from the nectary dish, cut-offbases ofstaminal filaments, and abbreviated gynophore tipped by a young ova

showing scaly nectary appendages, three petal bases and phalanx ofstamens touching petals and sepals to create an inner nectar chamber. (A-D. litis

etal. 30547). A, C by Manara; B, D by litis.

parently glabrous (glabrescent) above; paler green (alive) and with a strongly prominent midvein and densely

stellate beneath; 14 to 26 pairs of lateral nerves. Inflorescences terminal, racemose spike, stiffly erect and
densely coarsely echinate-stellate throughout, rough to the touch, arising from the center of a leafwhorl, axis

eventually elongating to 40 cm (or more?) x 6-10mm tick, stout, bearing 20 to 100 or more subsessile, rusty-

brown (alive) flower buds, but only 2 to 5 flowers opening each night in successive acropetal circles. Floral

bracts subulate, ca. 5-7 mm, deciduous, densely brown-echinate. Pedicels 2-3 x 3-4.5 mm. Sepals ovate to

lanceolate, 15-25 x 8-12 mm, ± acute at apex, densely yellow-brown (alive) echinate abaxially; hypanthium
ca. 2-3 mm depth, coated by a 4-dentate nectary dish within, nectary appendages deltoid, ca. 3-4 x 3-4
mm, emarginated to bifid at the apex. Petals apparently inserted at the edge of the nectary cup, at anthesis

obovate to obovate-oblong, 25-32 x 10-15 mm, widely obtuse to truncate at apex, longitudinally nerved,

bright yellowish or cream (alive), densely pale-brown echinate-stellate abaxially. Stamens (35-)50-64 (-70),

filaments (4-)6-7 cm, stellate at the base, inserted on a expanded torus-like androgynophore, at anthesis

projecting forward in a narrow phalanx, anthers 3.8-5 mm. Gynophore 8-9 cm, densely stellate; ovary

6-7 x 4-5 mm, subglobose, 8-ribbed, densely stellate; stigma sessile, truncate, discoid. Infructescences a

stout gynophore, ca. 10 mm wide. Amphisarcous subglobose, ca. 9 x 7 cm (immature), subpendulous, apex

umbonate with an apically stigmatic depression at the umbo, densely rusty-brown echinate, yellow when
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Fig. 6. Colicodendron valerabelium H.H. litis, T. Ruiz & G.S. Bunting. F. Rigid, massive peduncle of primary inflorescence, covered with symmetrically-

spaced pedicel scars. G. Terminal pseudoverticil of primary stem, showing base of old, now decomposed peduncle and six branch buds covered with

bract-like processes. H. Two immature fruits near base of rigid, stout, erect peduncle. (F-G, photos by litis of litis etal. 30547, from near type locality.

H, photo by G. Bunting).

ripe (fide a local informant, litis et d. 30547); fruit wall thick, pulp whitish or cream, seeds numerous (ca.

30?), reniform, 20-25 x 13-14 mm (immature), seed coat red-purple (fide Bunting).

Colicodendron valerabelium differs widely from C. yco by the characters written in the Latin diagnosis.

Due to the leaves arrangement in crowded whorls at the end of the terminal branches (Fig. 3A, 5A) and

unbranched inflorescences (Fig. 3C), Colicodendron valerabelium seems more closely related to the Brazilian

C. bahianum (Fig. 1A). However, Colicodendron valerabelium differs from the latter by having spicate inflo-

rescences with a larger central axis, 10-30 cm (Fig. 3C, vs. racemose, with shorter central axis, 1-5 cm,

Fig. 1A), bearing subsessil (vs. 1.8-4 cm, pedicellate) flowers, longer gynophore, 8-9 cm (vs. 1.6-2 cm),

subglobose (vs. oblong) ovaries; subglobose fruits (Fig. 6H, vs. oblong-ellipsoid, Fig. 2) and by its localized

distribution, in northwestern Venezuela (vs. eastern Brazil, Fig. 7).

Phenology.—Colicodendron valerabelium apparently begins to flower in November, not long after the end

of the rainy season, and continues to bloom into April or May (or "does it flower twice a year, once in May
and again in November?"), with older hermaphrodite flowers beginning fruit enlargement with the com-

mencement of the rainy season at the beginning of May, forming young fruits by July, "when new growth

was just starting," and completing their growth by the following January or February.

The terminal inflorescence of Colicodendron valerabelium is apparently an extension of the apical mer-
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istem that continues to grow from the center of the upper-most leaf whorl. It is, however, a structure most

unusual in many respects, not the least ofwhich is the fact that its flowers are essentially sessile or subsessile

on the peduncle axis, with the pedicels very short and thick, so that this structure, rather than a raceme,

could better be called a racemose spike. The remaining species of Colicodendron and even of the neotropical

Capparaceae s.s. have flowers borne on well developed pedicels. In this comparatively specialized species,

this loss of pedicel is linked to a basically primitive, racemose inflorescence, while its three relatives, C.

bahianum, C. yco and C. scabridum, have pedicellate flowers in racemes or panicles, presumably the derived

condition. Correlated with this loss of pedicel in C. valerabellum may be the great length, thickness and

stiffness of the peduncle, truly spike-like in the non-botanical meaning of the word, ultimately becoming

a full centimeter thick and to 40 cm long, which eventually decompose. Around the stubby remains of

the old inflorescence in the center of the leaf whorl, several axillary buds, densely covered with subulate

bracts, may be initiated. These in turn may produce 1 to 3 replacement axes, essentially by continuing the

unbranched growth upward and the production of another flowering spike, or else lead to the branching

of the stem into 2 or 3 axillary branches.

Although variable in particulars among individuals, the primary terminal spikes bear flowers in the

following sequence: the lowest floral buds soon abort, leaving only pedicel scars on the peduncle (these buds

are usually naked, but in some inflorescences subtended by up to 20 or so small leaves rapidly decreasing in

size upward and spaced over a distance of some 10 cm). Moving upward, the next 3 to 6 flower buds, well

spaced and the first to burst into bloom, develop into fully functioning hermaphrodites, in which the many

stamens are exceeded for about 1 cm by a gynophore bearing its well-developed ovary. Finally, towering above

the circle of hermaphrodite flowers, and densely aggregated at first into a narrowly conical inflorescence,

are some 20 to 100 staminate flower buds, with only 2-3(-5) of these blooming at one time, beginning at

base and continuing upward. The whole inflorescence thus has a long-extended flowering period lasting

perhaps a month, and in the process gradually elongating the peduncle to its maximum length. Once the

staminate flowers finish blooming, they soon wilt and fall off, leaving only the symmetrically placed, oval

pedicel scars on the peduncle.

If the hermaphrodite flowers at the base of the spike become fertilized and commence fruit develop-

ment, the peduncle above them eventually dries up and eventually decomposes. But if these hermaphrodite

flowers are not fertilized, not only do they fall off, but also the peduncle then often retains its stiff, thick

structure to eventually produce a new set of hermaphrodite flowers near its tip some 30 cm or more up from

its base. This double insurance that seeds will eventually be produced may be the key to understanding the

function of so massive a structure.

Clues to the enigmatic reproductive morphology of Colicodendron valerabellum must lie in its pollina-

tion agents. Of the eight main attributes of the bat pollination syndrome (Chiropterophily) cited by various

authors (Pijl 1961: 51; Faegri & Pijl 1966: 114; Vogel 1958: 492), the following six would seem to apply to

Colicodendron valerabellum: 1) Nocturnal anthesis, the flowers lasting only one night. 2) Flowers and inflo-

rescences strong enough to carry the weight of a bat (subsessile, often many flowers on the strong pedicels,

thick calyx, powerful peduncle, i.e., racemose spike axis). 3) Honey abundant, mucilaginous, accessible

(to sphingid moths as well). 4) Flower (corolla) yellowish or creamy. 5) Pollen abundant. 6) Inflorescence

exposed high above the foliage.

Biological interactions.—According to a local informant, the fruits of Colicodendron valerabellum are eaten

by deer (litis et al. 30547, WIS).

Why the big fruits of Colicodendron valerabellum should be borne high above the leaves is a curiosity,

when in its close relatives, as in most Capparaceae, heavy fruits hang down. Or were the fruits/seeds of

Colicodendron valerabellum dispersed internally by the now extinct megafauna as the giant Gomphotheres

(Janzen & Martin 1982), as suggested for Neocalyptrocalyx muco (H.H. litis, Cumana, Delgado & Aymard)

X. Cornejo & H.H. litis, another giant-fruited Capparaceae of northern Venezuela and Colombia? (litis et

al. 1996: 379, see Capparis muco).
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Cytology.—Unknown.

m.—Colicodendron valerabellum is known only from one limited metapopulation of several,

scattered minute populations, with perhaps a total of 20 to 40 plants, growing in extremely disturbed, open

tropical deciduous forest remnants and thickets on top of 10-20 m high, steep and badly eroding road cuts

and local trash dumps scattered for 3 to 7 km north of Valera (654 m) along and immediately above the old

highway to Motatan (ca. 500 m), in northwest Venezuela (Fig. 7). Growing in seasonally dry, semi-deciduous

to deciduous open forest or woodlands of medium-sized trees, the "bosques higrofilos y mesofilos de las

sierras en la region Andina" (Hueck 1960), or in degraded secondary thorn thickets (matorral).

Conservation biology.—Colicodendron valerabellum appears to be close to extinction, but with all known

populations restricted to the edge of the old yet easily accessible Valera-Motatan highway, and the rest of the

landscape barely explored, the possibility exists that the extensive woodlands covering the hills above the

road may well hold more extensive stands. In fact, this is also suggested by the presence of a common name,

"fruto de venado" (fruit of the deer), since rare species are generally not honored with common names.

The few plants known to exist are certainly in trouble reproductively: except for the inflorescence with

two young fruits photographed by Bunting in 1983, the two somewhat older fruits collected by Ruiz-Zapata

in 1997, and the five hermaphrodite flowers with developing ovaries at the tip of an inflorescence collected

by Ruiz-Zapata in 1998, no other fruits, young or old, have ever been located despite assiduous searching.

Perhaps, like many a taxon at the end of its evolutionary career, C. valerabellum is not reproducing well.

Negative human influences such as firewood gathering, land clearing, and grazing by cattle as well as the

unknown but negative impact of pesticide spraying can also not be discounted.

What is clear, in any case, is that the limited fruit production in all the examined populations (by H.H.

litis) may be due to one or more of the following: 1) The often densely crowded stems may be clones, and,

if self-incompatible, cannot form fruit unless cross-pollinated; 2) land clearing may have reduced genetic

diversity to the point of no return; 3) the population is inbred, reducing seed production; 4) populations

of the pollinating agents (sphingid moths, bats, or hummingbirds) have been much reduced by pesticide

application to the local maize fields; 5) the species is adapted to an undisturbed summergreen open wood-

land periodically cleared by fire, and now these relictual stands have to compete with weeds in a liana-rich,

secondary community induced by human disturbance; 6) A remarkable number of Capparoids in the region,

have extra-large, more or less woody, indehiscent fruits that, as one of us suggested (litis et al. 1996) may

have had Gomphotheres, now extinct, as their dispersal agent (Janzen & Martin 1982).

Is.n. (MY, NY [2], WIS); c;

. Colicodendron yco Mart., Flora 22, Bleibl. 1:25. 1839. (Fig. 7). Capparis
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Fig. 7. Distribution of Colicodendron Mart. The pronounced morphological differentiation of these four species, disjunct in widely separated regions on

the far edges ofthe Amazon Basin speak for an ancient evolutionary history: 1 ) Colicodendron scabridum: locally common, ranging from the dry-season

coastal woodlands near Canoa, Prov. Manabi, Ecuador, south through the dry thorn scrub of coastal Ecuador to the extremely arid

deserts ofPeru asfarasCasma,Prov.Ancash;and inland to thedry,inter-Andine valleys near Loja, Ecuador and the upper Rio Marafidn, Prov. Amazonas,

Peru. 2) Colicodendron valerabellum H.H. litis, T. Ruiz & G.S. Bunting: A highly local endemic, restricted to a stretch of road ca. 3-6 km north of Valera

along the old highway to Motatan, Est. Tujillo, Venezuela, in open to dense but sunny, deciduous to semi-evergreen, tropical, mesophyllous dry forests

or ceroid woodlands and thickets, at elevation of ca. 600 m. 3) Colicodendron yco Mart.: Widespread in the northeastern Brazilian states of Bahia and

Pernambuco {and, bareiy, Ceara), in the Caatinga, and drought-frequented land, where the vegetation is xerophytic, summer-deciduous, and drought-

adapted. 4) Colicodendron bahianum X. Cornejo & H.H. litis, restricted to moist and wet forests at SE of Bahia State, at Eastern Brazil. (Distribution ofC

yco in Pernambuco adapted from Costa e Silva 1995).

oblong or oblong-elliptic, 9-25 x 3-8.5 cm, usually retuse to cordate at the base, acute to widely obtuse

and apiculate, few times rounded to truncate or notched at the apex, margin entire to sinuate, dark green,

glossy (alive) and glabrescent above, whitish, whitish-grey, pale green or pale tan (alive), with prominent

nerves and densely stellate beneath; (8-)10-16 pairs of lateral nerves. Inflorescences axillary and terminal,

paniculate, rarely solitary axillary flower (Pinheiro 1453\ densely stellate. Floral bracts linear-subulate, 5-10

mm. Pedicels 1-2 cm, articulated. Sepals 1-1.8 x 4-7 mm, the lobes acute to obtuse at apex, reflexed at

anthesis, cream or dull-yellow, densely stellate, deciduous; nectary a 4-dentate cup, the teeth 3-5 x 2-4 mm,

triangular, acute. Petals oblanceolate to oblong, 15-30 x 5-7 mm, at anthesis all together erect resembling

a tubular corolla, reflexed at the upper third, yellow to orange-yellow, stellate adaxially, densely stellate

abaxially. Stamens 14 to 20, filaments 3.5-4 cm, stellate at the base, inserted on a stellate androgynophore,

anthers ca. 3-4 mm, yellow (alive). Gynophore 3-5 cm; ovary ovate, 3-5 mm, both densely stellate; stigma



Cornejo and litis, Revision of Colicodendron 91

capitate-disciform. Infructescences with gynophores 3-5 cm, pedicels 1-4 cm; amphisarcous ellipsoid,

6-10 x 4-6 cm, subpendulous, apex umbonate with an apically stigmatic depression at the umbo, densely

stellate, bearing 10 to 20 seeds, testa light brown, crustaceous, glabrous.

Icones.—Colicodendron yco is illustrated in detail in Flora Brasiliensis (Eichler in Mart. 1865, tab. 60,

see Capparisyco).

Local names.—Ico (Portuguese, R. Santos & A. Castellanos 24350), ico branco (Portuguese, Laurenio et

al. 262), ico de cavalo, ico preto (Portuguese, Costa e Silva 1995: 75).

Biological interactions.—The base of the flower is visited by small ants (Harley 27133).

Cytology.—n = 8 [!Pazy, BRAZIL. Bahia: Mori et al 11218, WIS, litis unpublished ms).

Distribution and ecology.—Widespread in the northeastern Brazilian states of Bahia and Pernambuco

(and, barely, Ceara), in the Caatinga, a semi-arid (300-800 mm/year rainfall), hot (23°-28° C yearly average)

and drought-frequented land, where the vegetation is xerophytic, summer-deciduous, and drought-adapted

(Costa e Silva 1995: 74).

Feb 1974, R. Harley 16284 (NY); Quemaidas, 9-11 Jun 1915, J. Rose & P. Russel 19843, 19871 (N"

uinho, ca. 39°09'W 11°48'S, ca. 300 m, 15 Jan 1997, Arbo MM. et al. 7261 (CTES, NY); 30 km N
Mov 1972, r. Ratter& Da Fonseca 2704 (NY[2]); Ba. Maracas x Pouso Alegre km. 27, caatinga, 8 Jul

:

TO SPECIES OF COLICODENDRON

I . Many branched trees or shrubs; the leaves arranged along the branches, distinctively petiolate.

2. Leaves opposite; flowers yellow, sepals reflexed at anthesis, nectary a 4-dentate cup, adrogynophores

centered, gynophores 3-5 cm, densely stellate; petals 5-7 mm wide; E Brazil C.yo

2. Leaves spirally, rarely suboppcsite on the same branch; flowers brown to greenish-brown, sepals erect

at anthesis, nectary a 3-lobed cup, androgynophores off-centered, gynophores 5-8 cm, sparsely stellate-

petals 10-15 mm wide;W Ecuador and adjacent northern Peru Cscabridun

Inflores

;, 10-40 crn; gynophore 8-9 cm,"„t;3E£2£
c

Rejected names

Colicodendron anceps Shuttl., nomen in Chapman, Fl. South. U.S. 32. 1860. = Quadrdlajamakensis (jacq.) J. P:
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Colicodendron angustifolium (Kunth) Hutch., Gen. Fl. PL 2:309. 1967. = Qmdrdla angustifolia (Kimth) h.h. litis &x.

Colicodendron lepidotum Turcz., Bull. Soc. Nat. Mosc. 27:327. 1854. = Quadrdla odoratissima (Jac<

Colicodendron longijolium Mart., Flora 22:26. 1839. = Neocalyptrocalyx hngifoUum (Mart.) x. Comejo <5

Colicodendron obovatum Turcz., Bull. Soc. Nat. Mosc. 27:327. 1854. =Monilicarpatenuisiliqua(jacq.)

Colicodendron pulchellum Seem., Bot. Voy. Herald 78. 1852, nomen = Calantheapukherrima (jacq.

Colicodendron salidfolium (Griseb.) Hutch., Gen. Fl. Pi. 2:309. 1967. = Sarcotoxicum salicifolmm

Colicodendron obliquijolium Turcz., Bull. Soc. Nat. Mosc. 27:328. 1854.

We have not seen Linden 1370, the cited type specimen of Colicodendron obliquijolium, collected from "Nova

Grenada, prov. Pamplona at ripas Rio Zulia" (Colombia). However, Colicodendron obliquijolium, originally

described as "glabrum. .
.," evidently does not belong to Colicodendron.
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REVISION OF GONOLOBUS S.S.

(APOCYNACEAE: ASCLEPIADOIDEAE) IN THE WEST INDIES
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About fifty species of subtribe Gonolobinae (Apocynaceae: Asclepiadoideae) occur on the islands comprised

by the Greater and Lesser Antilles, the Bahamas, Trinidad and Tobago, and Aruba and the Netherland An-

tilles. Evidence from the chloroplast (Rapini et al. 2003; Liede-Schumann et al. 2005; Rapini et al. 2006;

Krings et al 2008) and nuclear genomes (Krings et al. 2008) supports the monophyly of the subtribe. Genera

referred to the subtribe with representation in the region include Fischeria DC., Gonolobus Michx., Matelea

Aubl. (incl. Ibatia Decne.,Jacaima Rendle, Poicilla Griseb., Poicillopsis Schltr., Ptycanthera Decne.), Macroscepis

Kunth, and Metakpis Griseb. (Fontella & Schwarz 1981a; Kunze 1995; Liede 1997; Morillo 1997; Rapini et

al. 2003; Liede-Schumann et al. 2005; Rapini et al. 2006). Subtribal position has been most controversial

for Metakpis, which some workers have also placed within a broad Cynanchum L. (Woodson 1941; Spellman

1975; Sundell 1981). Recent evidence places it basal to a well-supported Metastelmatinae-Oxypetalinae-

Gonolobinae clade (Liede & Kunze 2002; Liede-Schumann et al. 2005). The last regional treatment of

Gonolobinae is now over 100 years old (Schlechter 1899) and a number of new species have recently been

described by various workers, including Britton, Krings, Liogier, Proctor, Spellman, Urban, and Woodson

(see Krings 2005b, 2006, 2007). Most members of the subtribe have never been monographed (Rapini et

al. 2003) and the circumscription of most genera remains poorly defined. The Gonolobus-Matelea complex

in particular is in desperate need of taxonomic revision. However, the size of the complex (ca. 200-350

spp.) requires an approach focusing on smaller, more tractable subgroups. Considering the support for a

monophyletic Gonolobus s.s. based on recent evidence from chloroplast (trnL-F, rpsl6) and nuclear (LEAFY)

data (Krings et al. 2008), recent taxonomic changes in West Indian taxa (Krings 2005a-d), and that several

species have been published from the area since the last comprehensive treatment over a hundred years ago

(Schlechter 1899; Krings 2006, 2007), a revision of the genus in the West Indies seemed appropriate. This

revision treats all ten West Indian Gonolobinae species referable to Gonolobus s.s. (i.e., characterized by the

presence of laminar, dorsal anther appendages, winged follicles, and a synapomorphic guanine; Krings et

al. 2008). In addition, two new combinations are made in Matelea: M. dictyopetala and M. pubescens (see

Doubtful and excluded names).
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METHODS

This treatment is based on critical study of ca. 250 specimens of the fifty some known species in West

Indian Gonolobinae, obtained in part through: (1) loan requests from ninety herbaria—of which sixty-five

responded with either loans, digital images, or negative search results (see Acknowledgements), (2) visits

to BM, BSC, DUKE, HAC, HAJB, IJ, K, UCWI, UPRRP, US, and P, and (3) forty-eight days of field work by

the author in the Bahamas (Long Island), Cuba, Dominica, Jamaica, Puerto Rico, St. Lucia, and St. Vincent.

The treatment is also informed by analyses of sequences of portions of the chloroplast (trnL-F, rpsl6) and

nuclear genomes (LEAFY) of selected accessions (see Krings et al. 2008). The species concept employed is

an amalgam of the Phylogenetic Species Concept (PSC) of Nixon and Wheeler (1990) and the Evolutionary

Species Concept (ESC) as modified by Wiley (1978), namely that: a species is a lineage of ancestral-descendent

populations, which have maintained their identity from other such lineages, and which are diagnosable by a

unique combination of character states in comparable individuals. Although the PSC has been critiqued as

a non-historical concept—and thus potentially failing to identify instances of phenotypic homoplasy (Baum

& Donoghue 1995)—this critique has not been accepted universally (Luckow 1995). The concept has been

useful both as theoretical definition and operational delimitation criterion. However, as the application of the

PSC, and its discovery method Population Aggregation Analysis (PAA; Davis & Nixon 1992), requires study

of populations, its application is limited when entities are known uniquely from a population, or worse, from

a single collection (e.g., G. absalonensis). In the absence of complete, multi-population accessions for extant

and historical species, the provisional approach taken here is to rely on observable patterns of differentiation,

with the general phytomonographic assumption that these patterns are due to a variety of biological processes

underlying the morphological and historical integrity of species (McDade 1995). As a result, character states

of each lone populational representative were assumed fixed and together used to form a population profile

for PAA. Specimens representing each distinct aggregated population profile were considered to belong to

distinct species, even if represented by only single collections, if they exhibited unique, qualitative morpho-

logical character states, unknown from other population profiles. As with any hypothesis, concepts of these

species are open to modification and reinterpretation in light of any new collections.

The conservation status of treated species was provisionally evaluated by applying the criteria articulated

in version 3.1 of the International Union for Conservation of Nature and Natural Resources (IUCN) Red

List Categories and Criteria (IUCN 2001) and version 6.1 of the NatureServe Conservation Status Ranks

(NatureServe 2006).

RESULTS

Ten species of Gonolobus are recognized from the West Indies, here defined to include the Bahamas, the

Greater Antilles, and the Lesser Antilles (excl. Aruba, Bonaire, Curagao, Trinidad, and Tobago; Fig. 1). All

ten species are endemic to the region. Descriptions of the species are provided following a discussion of

morphology and keys to the species. Corona morphological terminology follows Liede and Kunze (1993)

and Kunze (1995): Ca = faucal annulus (coralline corolla); Cd = dorsal anther appendage; Ci = interstaminal

gynostegial corona; C(is) = fused staminal and interstaminal gynostegial corona; Cs = staminal gynostegial

corona. Species are arranged alphabetically. IUCN criteria justifying an assigned conservation category are

listed following each category. Following Franz et al. (accepted), taxon concept mapping is provided to facili-

tate databasing. The operators <, =, and > are used to indicate whether a given taxon concept is respectively

narrower than, equal to, or broader than a previously published concept. The symbol * is used to indicate

the misapplication of a name to a concept. Herbarium abbreviations follow Index Herbariorum (Holmgren

& Holmgren 1998-present). Book abbreviations follow TL-2 (Stafleu & Cowan 1976-1988) and journal

abbreviations B-P-H (Lawrence et al. 1968) and B-P-H/S (Bridson & Smith 1991). Author abbreviations

follow Brummitt and Powell (1992).



Krings, Revision of Gonolobus in the West Indies

ionofandgynostegialva in fortius in the West Indies

TAXONOMIC HISTORY

The genus Gonolobus was erected by Michaux in 1803 based on a taxon from the southeastern United States—

Gonolobus suberosus (L.) R.Br. Reveal and Barrie (1992) reviewed the complicated nomenclatural history of

the type species and Krings and Xiang (2004, 2005) its taxonomy. About 318 names have been published in

Gonolobus. Estimates of species numbers in the genus vary from 100 to 150 (Rosatti 1989; Mabberley 1997;

Stevens 2001). The degree of variation is largely the result of still poorly known tropical taxa and differ-

ences regarding generic limits. Woodson (1941) considered that the genus Gonolobus should contain plants

characterized by only long, eglandular trichomes, laminar dorsal anther appendages, and smooth, angled or

winged follicles, whereas Matelea should contain plants characterized by glandular and eglandular trichomes,

anthers lacking laminar dorsal appendages, and muricate follicles. Unconvinced that laminar dorsal anther

appendages should serve as a generic character and citing examples of smooth [but not angled or winged]

fruits in Matelea, Shinners (1950) argued against Woodson's generic concept and later included twelve of

Woodson's (1941) Gonolobus combinations in Matelea (Shinners 1950, 1964). Drapalik (1969) essentially

followed Shinners by maintaining the type of Gonolobus (i.e., G. suberosus, syn. G. gonocarpos (Walter) L.M.

Perry) in Matelea, although noting its morphological distinctness vis-a-vis other subtribal members in the

southeastern United States. Taking a broader geographical perspective of generic morphology, Rosatti (1989)

argued for renewed circumscription of Gonolobus based on the presence of laminar dorsal anther append-

ages. Most recently the concept of Gonolobus as characterized by short, capitate-glandular, short acicular,

and long acicular trichomes, laminar dorsal anther appendages (typically), and smooth, winged follicles

has been used by Stevens (2001). However, glandular hairs, although thought characteristic of Matelea by
Woodson (1941), also appear without circumscriptional value in the Gonolobus-Matelea question, being pres-

ent in both the type of Gonolobus and numerous species lacking dorsal anther appendages (Rosatti 1989).

Nonetheless, the monophyly of Gonolobus, whether narrowly or broadly circumscribed, was supported in

a recent analysis of chloroplast and nuclear data (Krings et al. 2008). Although parsimony is equivocal on
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whether laminar dorsal anther appendages evolved once in the most recent common ancestor of Gonolobus

si, or once in Gonolobus s.s. and once in the Fimbristemma Turcz. group within Gonolobus s.l. (Fig. 2), the

character remains restricted to the Gonolobus si clade within Gonolobinae. Interestingly, winged follicles

appear to have arisen twice independently and can be considered synapomorphic for both Gonolobus si

(Krings et al. 2008), as well as for a mostly West Indian ocellate-petaled complex that likely includes Matelea

acuminata (Griseb.) Woodson, M. bayatensis (Urb.) Woodson, M. correllii Spellman, M. costata (Urb.) Morillo,

M. nipensis (Urb.) Woodson, M. oblongata (Griseb.) Woodson, M. pusilliflora L.O. Williams, M. rhamnifolia

(Griseb.) Krings, and M. tigrina (Griseb.) Woodson. None of these latter taxa exhibit laminar dorsal anther

appendages. This putative complex did not evolve within the Gonolobus s.l. clade and may deserve indepen-

dent generic recognition. Members of the complex tend to share morphological characters apparently rare

in Gonolobus si, such as reticulate, ocellate corollas.

A monophyletic Gonolobus s.l. can be characterized by the presence of two synapomorphic indels in

LEAFY, as well as winged follicles (Krings et al. 2008). A monophyletic Gonolobus s.s. can be characterized by

a synapomorphic transversion in trnL-F (thymine to guanine) not shared by any of 154 other Asclepiadoideae

species sampled across Secamoneae, Ceropegieae, Marsdenieae, and Asclepiadeae. The former circumscrip-

tion (i.e., Gonolobus s.l.) essentially agrees with that of Woodson (1941), Rosatti (1989), and Stevens (2001),

and stands in contrast to that of Shinners (1950) and Drapalik (1969). To remain monophyletic however,

Gonolobus s.l. must include the Matelea denticulata (Vahl) Fontella & E.A. Schwarz complex. Considering

the morphological and molecular distinctions between the three lineages in the Gonolobus s.l. clade (Fig. 2),

recognition of three separate genera currently seems preferable to me.

A discussion of the morphology of species of Gonolobus s.s. (hereafter simply Gonolobus, unless otherwise

specified) is provided below. The discussion concentrates on West Indian Gonolobus species, but when pos-

sible provides a broader context of variation within West Indian Gonolobinae.

Growthform.—Species ofWest Indian Gonolobus are twining vines, as are all currently known members

of West Indian Gonolobinae (Fig. 3A). Older stems may become somewhat woody, but no collection or live

plant has been seen by the author that approached 1 cm or greater in diameter. Individuals may climb as

high as a few meters in gaps and openings.

Latex.—Latex is known for the following species: Gonolobus iyanolensis Krings, G. jamaicensis Rendle,

G. stapelioides Desv. ex Ham., G. stellatus Griseb., G. stephanotrichus Griseb., G. waitukubuliensis Krings,

and G. youroumaynensis Krings. It has been primarily described as either milky or white, observations

confirmed by the author in the field for G. iyanolensis, G. jamaicensis, G. stapelioides, G. stephanotrichus, G.

waitukubuliensis, and G. youroumaynensis. Latex was described by collectors as watery in a single instance—

a

Puerto Rican collection of a young sterile vine referred to G. stephanotrichus (Acevedo-Rodriguez & Axelrod

7785, US!). Published studies of latex chemistry in Gonolobinae are unknown to the author, although such

inquiry would likely yield interesting results based on studies of other members of Asclepiadoideae (see

Uses). Latex chemistry has been applied to solving taxonomic problems in Cynanchinae (Liede et al. 1993;

Liede & Kunze 2002).

Pubescence.—Most members of subtribe Gonolobinae, exhibit at least two distinct trichome types, but

frequently more. West Indian species of Gonolobus exhibit four types: (1) multi-cellular, sharp, eglandular,

(2) uni-cellular, sharp, eglandular, (3) uni-cellular, glandular-capitate, and (4) papillate (Fig. 3B). Papillae

appear to be restricted to the adaxial surface of the corolla lobes—typically borne only on the right side of

the lobes. The remaining trichome types may be found anywhere else on the stem, leaves, inflorescences, or

flowers, usually in combination. Multi- cellular, sharp, eglandular trichomes found on stems are primarily

retrorse to retrorse-spreading internodally, but may be appressed-ascending along a narrow ridge connecting

opposite petioles. In contrast to some other members ofWest Indian Gonolobinae (e.g., M. corynephora Krings,

M. linearipetala Alain, M. phainops Krings, M. rhynchocephala Krings, M. torulosa Krings), stem trichomes in

West Indian Gonolobus are not borne in two distinct lines.
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Fimbristemma group

(e.g. G. calycosus,

G. fimbriatiflorus,

G. stenosepalus)
"M. " dentlcuiata

Fig. 2. Model of evolution of Gonolobus s.l. based on current evidence, with molecular synapomorphies mapped on branches (from Krings et al. 2008).

Representative gynostegia shown are from left to right: G. suberosus {Walkers.n. f NCSC), G. calycosus {Williams etal. 24759, LL), and M. denticuiata {Dodson

& Dodson 15450, NY). Ca = faucal annulus of corolla; Ci = interstaminal gynostegial corona segment; Cd = laminar dorsal anther appendage; Cs =
staminal gynostegial corona segment; G. = Gonolobus; M. = Matelea.

Leaves.—In general, species of Gonolobus exhibit simple, opposite, membranous, cordate leaves, al-

though a few taxa, such as the Jamaican G. stellatus, G. jamaicensis, and G. stapelioides, exhibit truncate to

cuneate leaf bases (Fig. 3A & C). The leaves of G. jamaicensis and G. stapelioides tend to be coriaceous. Leaf

apices vary from acute to acuminate. Leaf size and shape may be influenced by position on the stem (e.g.,

basal vs. terminal) and habitat (e.g., edge vs. forest interior; sun vs. shade) (Krings, pers. obs.).

Laminar colleters.—In West Indian Gonolobus species, as in all West Indian Gonolobinae, two or more
colleters are borne on the adaxial midrib near the junction of the leaf base and the petiole apex (Fig. 3D).

Colleters vary from deltoid to lanceoloid.

Stipular colleters.—In West Indian Gonolobus species, a single colleter is borne on each side of the

petiole at its extreme base (Fig. 3E). Colleters vary from deltoid to lanceoloid. Inter-petiolar (borne along

a ridge or line between two opposing petioles at a node) colleters are rare and infra-petiolar (borne within

the width of a petiole at its base) are apparently absent. Stipular colleters in other West Indian Gonolobinae

vary in position, but frequently appear to be associated with the stem rather than the petiole.

Inflorescences.—Inflorescences of most West Indian Gonolobinae species, including all Gonolobus

species in the area, are extra-axillary and racemose (umbelliform inflorescences appear to be restricted

to Haitian Matelea crispiflora (Urb.) Jimenez). Inflorescences can be borne at nodes with immature leaves
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Fig. 3. Morphological characteristics and variation in Gonolobus. A. Twining growth form (G. dussii). B. Trichome variation from

eglandular (left three) to glandular capitate to papillate (rig
rostratus). C. Variation

(G. iyanolensis) and entire faucal annulus of corolla; Cau = caudicle; t jial corona segment; Cd =

nther appendage; Co = corpusculum; Cr = crest; Cs = stamina! gynostegial corona segment; Po = pollinium.
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as short as 1-3 cm long. The inflorescence is indeterminate and a series of flowers are produced on lateral

pedicels from a single axis, the oldest at the base and the youngest at the apex (Fig. 3F). The axis is frequently

significantly contracted and may not measure more than 1 cm in some species. In West Indian Gonolobus,

bracts are frequently borne at pedicel bases, although they tend to be small and caducous in most species.

For additional a review of inflorescence structure in other members of Asclepiadoideae, see Liede and We-
berling (1995).

Based on specimens of West Indian Gonolobus seen in the course of the present study, one to three

flowers may be open at a time. No phenological studies in West Indian Gonolobus have been undertaken and

the life span of individual flowers remains unknown. Based on prior studies in Gonolobinae (see Lipow &
Wyatt 1998; Krings 1999) and informal observation, it is unlikely that individual flowers last much longer

than a week. In Gonolobus suberosus of the southeastern United States, individual flowers were open (2-)

4.61 (-10) days (N = 175; s.d. = 1.53) and inflorescences had open flowers for (2-) 8.96 (-23) days (N = 57;

s.d. = 4.63) (Lipow & Wyatt 1998).

Aestivation.—The flowers of West Indian Gonolobus species are imbricate and dextrorse in bud (Fig.

3G). Imbricate aestivation is seen also in other members ofWest Indian Gonolobinae, but not all other genera

exhibit dextrorse buds.

Calyces.—Calyces of Gonolobus species consist of five, green sepals (Fig. 3H). Apices are generally nar-

rowly obtuse to rounded. Adaxial surfaces are uniformly glabrous. Abaxially surfaces vary from pubescent

to glabrous. Frequently, the distal pedicel pubescence (when present) creeps onto the calyx base.

Calycine colleters.—West Indian Gonolobus species, as most members of West Indian Gonolobinae,

bear 1-2 colleters in each sepal sinus (Fig. 31). The colleters are deltoid to lanceoloid.

Corollas.—Corollas ofWest Indian Gonolobinae, including all Gonolobus species in the area, are 5-lobed

(Fig. 3J). Corollas are generally subcampanulate to campanulate at the base with lobes spreading to reflexed.

The corolla lobes of most species are planar. An exception is Jamaican G. stapelioides, which exhibits wavy

and recurved corolla lobes. Corolla lobes of Gonolobus in the area slightly overlap at the base and frequently

bear a minute glandular emergence in the sinus. Adaxial corolla coloration ofWest Indian Gonolobus species

varies from uniformly green (most taxa) to burgundy tinged (G. stephanotrichus) to maroon (G.jamaicensis).

Pubescence of the adaxial surfaces, when present, is limited to the faucal annulus and surrounding corolla

lobe bases, and the right side of the corolla lobes.

Corolline coronas: Faucal annuli.—Faucal annuli—Ca sensu Liede and Kunze (1993), non sensu

Woodson and Moore 1938 (see Kunze 1990, 1995)—are secondary annular thickenings of the tubular por-

tion of the corolla (Fig. 3Ki-iii, L). Endress and Bruyns (2000) considered the Ca and Cc (corolline corona)

of Liede and Kunze (1993) homologous, although Fishbein (2001) and Kunze (2005) explicitly rejected this

hypothesis. Kunze (2005) noted that early ontogenetic stages of even taxa such as G. lasiostemma (Hemsl.)

Woodson, which exhibits a Ca of five large fleshy lobes interstaminally (similar to Jamaican G. stapelioides),

show a closed annular meristem at the initial stage. Faucal annuli (Ca) are distinctive in West Indian

Gonolobus species and generally much more developed in members of this genus than in other West Indian

Gonolobinae. Kunze (1995) found faucal annuli present in continental Gonolobus spp., as well as Matelea

lanata (Zucc.) Woodson, and Matelea dictyantha Woodson, and absent in Matelea argentinensis (T. Mey.) Pon-

tiroli and Fischeria spp. (all Gonolobinae). He also noted that outside Gonolobinae, faucal annuli were found

mainly in some Stapelieae. The faucal annulus occurs immediately to the outside of the gynostegial corona

(i.e., closer to the corolla lobes than the center of the flower). Annuli may be "interrupted" and reduced to

a ridge opposite each corolla lobe sinus (e.g., G. martinicensis Decne.; Fig. 3L) or "uninterrupted" and well-

developed (e.g., G.jamaicensis; Fig. 3Kiii). They are frequently pubescent, but not always, in contrast to the

always glabrous, adjacent gynostegial coronas.

Gynostegial coronas.—Gynostegial coronas are quite varied in West Indian Gonolobinae (F

L), but can be described conveniently in terms of staminal (Cs) and interstaminal (Ci) segments. The coronas

have been interpreted as a "fusion" between the Cs and Ci (Liede & Kunze 1993), although it remains un-
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clear whether the combined structure in fact represents a true fusion of disparate elements (see Endress &

Bruyns 2000). In Gonolobus, the Cs region typically is raised and ridge-like, often meeting the lower portion

of the laminar dorsal anther appendages (Cd). There are no instances of free, ligulate Cs segments as seen

in other West Indian Gonolobinae taxa, such as M. ovatijolia (Griseb.) Woodson or M. pentactina Krings,

or three-dimensionally complex Cs segments as seen in M. tamnifolia (Griseb.) Woodson and M. oblongata.

Ci segments are single and cup-like in most West Indian Gonolobus species, and double (i.e., ligulate) only

in G. iyanolensis and G. martinicensis (Fig. 3L). The interstaminal ligules of the double coronas of the latter

two species are not positionally homologous with the staminal ligules seen in numerous species of Matelea,

such as West Indian M. ovatijolia and M. pentactina, or continental M. pubiflora (Decne.) Woodson. However,

some Matelea species, such as M. maritima (Jacq.) Woodson, also exhibit interstaminal ligules. In the Ascle-

piadoideae in general and West Indian Gonolobus in particular, the Ci region appears to serve as a holding

cup for nectar secreted from a primary nectary on the flanks of the filaments inside the guide rail and in the

stigmatic champer (Christ & Schnepf 1985, 1988). Among West Indian Gonolobus species, defined second-

ary nectaries are evident—at least as far as can be determined from herbarium specimens—only in a few

species (e.g., G. dussii Krings). Kunze (1995, 1999) also found defined secondary nectaries in continental G.

chloranthus Schltdl. and G.fraternus SchltdL, as well as the gonolobinoid Matelea reticulata (Engelm. ex A.

Gray) Woodson and M. argentinensis. Secondary nectaries are epithelial, consisting of enlarged epidermal

cells enriched with cytoplasm (Kunze 1995). Epithelial nectaries on the filament flanks appear to be wide-

spread in Asclepiadoideae (Christ & Schnepf 1985; Kunze 1991; Kunze 1995).

The gynostegial stipe is generally edentate, although G. jamaicensis, G. stephanotrichus, and G. yourou-

maynensis have distinct teeth or "notches". The stipal teeth or "notches" of all three species are distinct in

shape and occur in different locations. Their homology is unclear.

Laminar dorsal anther appendages.—Laminar dorsal anther appendages (Cd sensu Kunze 1995; Fig.

3Ki-ii, L-M) are restricted to Gonolobus s.l. or s.s., although it remains unclear whether they evolved once in

the most recent common ancestor of the former, or once in the ancestor of the latter and in the ancestor of

the Fimbristemma group within Gonolobus s.l. (Krings et al. 2008). Parsimony is equivocal on the question

(Krings et al. 2008). The only other genus exhibiting dorsal anther appendages within Gonolobinae (and

Asclepiadoideae, fide Kunze 1995) is Fischeria, but the appendages are vesicular rather than laminar (Murphy

1986; Vethacke 1994; Kunze 1995). Laminar dorsal appendages vary in shape from truncate to rounded to

strongly, divergently bi-lobed. They tend to be spreading, but are conspicuously (and spectacularly) erect in

mature flowers of G. stapelioides (Fig. 3Ki).

Style-heads.—Style-heads vary conspicuously in West Indian Gonolobinae, but tend to be essentially

planar (varying from somewhat convex to somewhat concave) in Gonolobus species in the area (Fig. 3Kii, L).

West Indian Gonolobus species also lack terminal style-head appendages, in contrast to other West Indian

Gonolobinae species such as Matelea maritima, M. corynephora, M. rhynchocephala, and M. torulosa (see Krings

2006).

Pollinaria.—Pollinaria in Asclepiadoideae consist of a secreted corpusculum and two connected pollinia

(pollen sacs; Kunze 1994). The two pollen sacs are the result of a reduction in anther locules from four in

the more primitive Secamonoideae to two in the more derived Asclepiadoideae (Kunze 1996; Rapini et al.

2003; Liede-Schumann et al. 2005; Rapini et al. 2006). The pollinia are borne essentially horizontally in

West Indian Gonolobus species—as they are in most members of the Gonolobinae—and should be considered

broad, rather than long (Kunze 1995; Endress & Bruyns 2000; Fig. 3N). Only a portion of each pollinium is

fertile and hyaline, sterile portions are easily visible. The corpusculum in the Gonolobinae (based on studies

of Matelea reticulata and M. argentinensis) consists of solid side walls and a thick, three-layered floor (Kunze

1994). Kunze (1994) suggested that the formation of the side-walls originates in two primarily separated

strands of secretion which eventually merge into one compact wall Caudicles are present (Fig. 3N), but

Kunze (1994) noted it was difficult to determine whether they are extensions of the outer flanks or new ad-

ditions. He suggested the latter, based on the lack of staining with either hematoxylin or safranin, although
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noting that caudicle initiation in the two Matelea species occurs very early in ontogeny and directly from
the corpusculum, rather than apart from it.

Follicles.—Follicles in West Indian Gonolobus species (as in most continental Gonolobus spp. fide Stevens

2001), when known, are 5-winged (Fig. 30), although small murications may be seen between the wings of

some taxa (e.g., G. stellatus). Some continental species of Gonolobus also exhibit 4-winged (G. albomarginatus

(Pittier) Woodson) or apparently 3-winged (G. incerianus W.D. Stevens & Montiel) follicles (Stevens 2001).

Winged follicles are also exhibited by other members of West Indian Gonolobinae, such as M. linearipetala,

and the putative members of an ocellate complex M. acuminata, M. bayatensis, M. correllii, M. nipensis, M.

oblongata, M. rhamnifolia, and M. tigrina.

Seeds.—Seeds of West Indian Gonolobus species, as of most West Indian Gonolobinae, are essentially

planar and pyriform in outline (distinctly plano-convex in Matelea maritima and M. rubra (H. Karst.) Spell-

man & Morillo). Distal margins vary from entire to dentate or crenate (Fig. 3P). Comas are translucent.

HABITAT

In general, West Indian Gonolobus species occur in small gaps or openings in mid-elevation, moist or wet

forests on limestone derived soils. They are absent from high-elevation dwarf forests, coastal thickets, man-
groves, marshes, or dry forests. Occurrences are infrequent to rare and likely limited by available habitat.

Small gaps in minimally disturbed forests appear vital to seedling germination as vines are rarely encoun-

tered elsewhere. Changes in gap dynamics or forest condition, thus could have profound impacts on the

maintenance of Gonolobus populations. With the exception of G. youroumaynensis, the species have not been
found along roadside edges, where other vines (particularly Ipomoea L. spp. and Dioscorea L. spp.) are gener-

ally superior competitors and quickly form thick, tangled thickets. Gonolobus youroumaynensis was found

along a roadside patch of vegetation in St. Vincent, although it remains unclear whether the population is

competitive there or merely persistent following a colonization event. A population of Gonolobus iyanolensis

persists on top of Gros Piton in St. Lucia among boulders.

POLLINATION

As there have been no pollination biology studies on West Indian Gonolobus species, their pollinators remain

unknown. In fact, pollinators appear to be documented for only two species of Gonolobus range wide: G.

fraternus (Mexico and Central America) and G. suberosus (United States).

Kunze (1999) studied the pollination ecology of G. chloranthus and G. fraternus, but was able to observe

putative pollinators only on the latter. Pollinarium uptake was confirmed for two diptera species (Calliphori-

dae, Tachinidae), a bee (Apidae), and a wasp (Vespidae) (Kunze 1999). Other observed visitors included Apis

mellijera Linnaeus (Apidae) and unidentified butterflies (Lepidoptera) (Kunze 1999). However, pollinarium

removal by these could not be verified. Corpuscula were removed by the wasp and bee by their legs, and by
the bee and the flies by their probosces. Foraging behavior differed among the observed species, with the

wasp and bee prefering upper regions of the studied vine, and the flies, the middle and lower.

Drapalik (1969) captured small dipterans (all Chloropidae) on flowers of G. suberosus, but it remains

unclear whether they are effective pollinators due to their size (1.5-3 mm) and lack of pollinaria on capture.

Lipow and Wyatt (1998) also studied G. suberosus, but despite daily and nightly searches were unable to find

pollinators.

Gonolobus suberosus appears to exhibit considerable variation in the numbers of flowers per individual

plant, the number of flowers per inflorescence, and the number of inflorescences per individual plant (Lipow

& Wyatt 1998). Only a small fraction of plants monitored by Lipow and Wyatt (1998)—less than 5%—were
pollinated and per flower removal rate of pollen was only 0.31. This rate was less than previous reports in

other asclepiads (Table 1).

Ollerton and Liede (1997) noted that subtribe Gonolobinae appears distinct in being predominantly

dipteran pollinated, although this claim was based on only five Matelea species in the southeastern United
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within Asclepiadoideae (arranged by per flower rate of

Per flower rate of Per flower ra'

Asdepla exaltata L 0.23-1.38 0.39-0.66 Queller (1 985); Wyatt & Shannon

(1 986); Broyles & Wyatt (1 990, 1 995)

sus (L) R.Br. 0.31 0.043 Lipow& Wyatt (1998)

M
:ZZaxa 0.62-1.7 0.13

Liede (1994); Krings (1999)

Wyatt (1 980); Willson & Melampy

(1983); Wolfe (1987)

Asclepia syriaca 0.62-17 - Willson &Rathcke (1974)

Zt^c
/fajacq. 0.81-2.41

0.71

Chaplin & Walker (1982)

Wyatt (1978)

sum (Decne.) Schltr. 2.43-2.48 0.57- .52 Kunze& Liede (1991)

m clausum (Jacq.) Schltr. 2.64 2.16 Kunze & Liede (1991)

Asdepia solanoa..Woodson 2.91-4.3 1.23- .81 Lynch (1977)

States (Drapalik 1969). The claim remains mostly true today, although knowledge from only a single additional

species of Fischeria and Gonolobus each has been added (Skutch 1988; Kunze 1999). Two additional studies

examined species also studied by Drapalik (1969) and found additional dipteran floral visitors (Liede 1994;

Krings 1999). Kunze (1999) found flowers of G.jraternus polyphilic and noted that they were not specialized

for a single kind of pollinator. The ASCLEPOL database (http://www.uni-bayreuth.de/departments/planta2/

research_wgl/ pollina/as_pol_d.html) currently also lists pollinators for G. argentinensis T. Mey. (1 sp. of

Calliphoridae, Diptera), but this species has most recently been recognized in Matelea.

INSECTS HOSTED

There are no published records of insects hosted by West Indian Gonolobus species known to the author.

However, a few records of primarily dipterans and lepidopterans have been published for continental spe-

cies in the genus. Castrejon-Ayala and Camino-Lavin (1991) reported Gonolobus sorodius, nom. nud., as

host for papaya fruit fly (Joxotrypana curvicauda Gerstaecker)—the principal insect pest of commercial

papaya (Carica papaya L.). Norrbom (unpubl.) suggested this plant may be Gonolobus barbatus Kunth. Baker

et al. (1944) reported another asclep host plant of papaya fruit fly—a wild species known as talayote or

talayotillo in northeastern Mexico (Santa Engracia and Canon de Rosario). Castrejon-Ayala (1987) suggested

the plant may be a species of Gonolobus and Landolt (1994) suggested perhaps G. erianthus DC. Gonolobus

salvinii Hemsl.—commonly called champeron in Guatemala—may yet be another host for the papaya fruit

fly (Norrbom & Muniz, unpubl.).

Capinera (2005) reported "Gonolobus sp." among hosts for the saltmarsh caterpillar (Estigmene acrea

(Drury))—a species ranging from Canada to Central America. An unidentified species of Gonolobus was

reported as host for Erinnyis obscura obscura (Fabricius)—a sphingid found in Amazonas, Brazil (Silva Motta

& Xavier-Filho 2005).

There are a number of reports of Gonolobus laevis Michx. serving as host plant for various lepidopterans,

including Danaus gilippus Cramer and D. plexippus (Linnaeus), however G. laevis belongs to the Cynanchinae,

not Gonolobinae, and should be recognized as Cynanchum laeve (Michx.) Pers. (Liede & Tauber 2002).

The follicles of known V\

a solitary suture betwee

travel on slight breezes, i

»t Indian Gonolobus spec are smooth and uniformly 5-winged, dehiscing along

omose seeds. Seeds are very light (Table 2) and can

:s have been documented by collections for only three
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of the ten species of West Indian Gonolobus (Table 2). Immature follicles are known for G. stapelioides (see

Additional specimens examined). The paucity of fruiting collections is echoed in West Indian Gonolobinae

as a whole. Follicles have been collected for less than half of the estimated fifty species in the West Indies

(Krings, unpubl). The low rate of fruit collections may be due to naturally low levels of fruit set in the

subtribe (Lipow & Wyatt 1998), as well as collector habit, flowers being necessary for most species level

determinations. Lipow and Wyatt (1998) suggested that low fruit set in Gonolobinae may be attributable to

pollen limitation. Less than 5 % of flowers monitored were pollinated and only a single fruit matured from

352 flowers on 13 plants (Lipow & Wyatt 1998).

CHROMOSOMES

There are no published reports of chromosome numbers in West Indian Gonolobus or Gonolobinae. Previ-

ously published reports for continental Gonolobinae, including continental Gonolobus, show the same basic

chromosome number x = 11 that predominates the subfamilies Asclepiadoideae, Periplocoideae, and Se-

camonoideae (Albers & Meve 2001). Only 6% of 672 species surveyed in the three subfamilies by Albers and

Meve (2001) were polyploid and deviations (reductions or increases in chromosome numbers) were found

only in the Asclepiadoideae. No deviations within the Gonolobinae from 2n = 22 were found by Albers and

Meve (2001), although only five species in four genera were included from the subtribe in their survey.

USES

As there are no published accounts ofhuman uses of West Indian Gonolobus species known to the author, a

survey of uses in other areas may be of interest to the reader. The Ecuadorian endemic and IUCN Vulnerable

(VU) listed Gonolobus saraguranus Morillo has been reported to be used by the Saraguro native people as a

medicinal plant (specific use unspecified), under the name sacha ango (Pitman 2003). Unspecified medicinal

uses are also reported for Gonolobus yucatanensis (Woodson) W.D. Stevens, a taxon described in Trichostelma

Baill. (Duran Garcia et al. 1997). Standley and Williams (1969) noted that the tender, young fruits of Gonolo-

bus species are commonly used as vegetables in Guatemala, and may be available in local markets under

the name cuchamper, although this name has also been applied to the fruits of related genera. Specific uses

are noted by Standley and Williams (1969) for G. salvinii (tender follicles eaten raw when almost mature,

and cooked and eaten at almost all stages of growth) and G. stenanthus (Standley) Woodson (young follicles

boiled or otherwise cooked with sugar to make sweetmeats or dukes). Stevens (2005) noted that "most, if

not all, species of Gonolobus have fruits that are eaten when young, either raw or cooked." Numerous studies

have examined potential medicinal properties of latex in Asclepiadinae (Asclepias L.: Liggieri et al. 2004;

Calotropis R.Br.: Rasik et al. 1999; Kumar et al 2001; Dubey &Jagganadham 2003; Shivkar & Kumar 2003;

Ahmed et al. 2004; Alencar et al. 2004; Kumar & Shivkar 2004a & b; Shivkar & Kumar 2004; Al-Mezaine

et al. 2005; Arya & Kumar 2004, 2005; Iqbal et al. 2005; Pahdy & Kumar 2005; Rajesh et al. 2005; Roy et

al. 2005; Sehgal & Kumar 2005; Soares et al. 2005; Choedon et al. 2006; Kumar et al. 2006; Ramos et al.

2006a & b; Sehgal et al. 2006), Metastelmatinae (Funastrum E. Fourn.: Morcelle et al. 2004; Philibertia Kunth:

Sequeiros et al. 2005), and Oxypetalinae (Araujia Brot.: Priolo et al. 2000; Gaig et al. 2005; Morrenia LindL:

Vairo Cavalli et al. 2003), but no such studies are known to the author in Gonolobinae.

Human disturbance disproportionately affects infrequent plant species more than common taxa as further

reductions of already low population sizes may not be sustainable (Lawton 1993; Casagrandi & Gatto 2000;

Hendrix & Khyl 2000; Benitez-Malvido & Martinez-Ramos 2003). West Indian Gonolobus species, as many

other species of Asclepiadoideae (Kunze & Liede 1991), appear to be quite infrequent, if not rare, and are in

need of serious survey (particularly in Cuba and the Lesser Antilles) to establish their conservation status.

However, some provisional remarks are possible, based on study of collections and field observations as-

sociated with this study.
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from lightest to heaviest seed. Seeds obtained from a single follicle for each species.

Species Average seed weight Length
1 Width!

[N = number of

seeds sampled]

G. stephanotrichus (Acevedo- 0.0035 g [N=1 0] (7.1 ) 7.4 (7.8) [N=1 0; s.d =0.2066] (3.4) 4.23 (4.7) [N=1 0; s.d =0.4083]

Rodriguez! 1445, UPPRP)

G. stapelioides (Bellingham 0.0044 g [N=8 1 ] (4.6) 5.0 (5.6) [N=1 0; s.d =0.291 4] (2.5) 2.93 (3.5) Vl=l 0; s.d =0.2627]

1487, BM)

6. iyanolensis (Graveson sn, 0.01 1 6 g [N=26] (8.8) 9.92 (1 0.5) [N=1 0; (4.9) 5.38 (5.9) [N=1 0; s.d =0.3084]

NCSC) s.d.=0.4848]

1 Format for length and width measurements = (Min) Avg (Max) [number of seeds sampled; standard deviation]

The habitat requirements ofWest Indian Gonolobus species are in need of further study, but preliminary

evidence suggests that most species are largely limited to small gaps or openings in mid-elevation, moist or

of individuals, poor competitive ability along edges, likely low pollination and fruit set rates (see Pollination

and Seed Dispersal above), and need for small gaps or openings in specific forest community types, suggests

that Gonolobus species maybe particularly vulnerable to loss of habitat. This is of particular concern consid-

ering the high rate of island endemism among the species. Eight of the ten West Indian Gonolobus species

are endemic to single islands (Fig. 1). Gonolobus dussii occurs on two islands and G. stephanotrichus occurs

on three islands. Seven of the ten West Indian Gonolobus species are known from five or fewer collections or

localities (Table 3). None of the remaining three species appears to be known from more than ten localities.

Provisional estimates of conservation status according to the criteria outlined in Version 3.1 of the IUCN

Red List Categories and Criteria (IUCN 2001) and Version 6.1 of NatureServe Conservation Status Ranks

(NatureServe 2006) are provided in Table 3. Provisional estimates are based on historical collections, the

number of known localities, whether taxa are known from protected areas, and inferred habitat or popula-

tion changes. These estimates need to be followed by targeted survey to better establish the conservation

status of the species.

Gonolobus Michx., Fl. Bor.-Amer. 1:119. 1803. Type: G. macrophyllus Mic m gonocarpos Walter;

Rhizomatous, perennial vines. Leaves opposite, blades simple, membranous or coriaceous, apices obtuse,

acute, or acuminate, bases mostly cordate, but cuneate to rounded in some taxa; colleters present on the

adaxial surface at the base of the midvein. Stipular colleters 2, one borne at the base of the petiole on each

side. Inflorescences extra-axillary, racemiform. Floral aestivation imbricate, dextrorse. Sepals 5; colleters

1-2 per sinus. Corolla lobes 5, mostly uniformly colored with various shades or green to reddish or ma-

roon, sometimes multi-colored and basally maroon or dark purplish and apically green (e.g., G. suberosus),

not ocellate, lobes overlapping at the base, glandular emergences present in the sinuses. Faucal annulus

(Ca) present, sometimes interrupted and developed only in the staminal—or rarely interstaminal (e.g., G.

stapelioides)—position. Gynostegial corona of fused staminal (Cs) and interstaminal parts (Ci); Cs not foliolate

or free, not ligulate; Ci ligulate or not. Laminar dorsal anther appendages (Cd) present, reflexed, spreading,

or erect. Style-head flat to slightly concave or convex, lacking a defined protuberance or elongate terminal

appendage. Pollinaria with pollinia borne horizontally or essentially so. Follicles winged. Seeds essentially

plane, distally entire or dentate, comose. 100-150 species (10 spp. in the West Indies as here defined).

Perry (1938) chose Gonolobus macrophyllus Michx.—the first of three species listed by Michaux (loc.

cit.)—as the lectotype for the genus Gonolobus. However, Michaux cited Vincetoxicum gonocarpos Walter as a
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Table 3. Number of collections and localities, dis

1-3 3 Martinique Critically endangered (CR);GHNH

Critically endangered (CR);G1

Gdussii 5 5 Guadeloupe Critically endangered (CR);GHNH

(both islands)

I 5 Endangered (EN); G1N1

Vulnerable (VU); G3 N3

G.jamaicensis Vulnerable (VU);G3N3

Vulnerable (VU);G3N3

G. stapelioides 5-7 13 Least concern (LC); G4 N4

G.stephanotrichus MO 19 Greater Antilles Least concern (LC); G4 N4 (all islands

of occurrence)

GH: Possibly Extind: (species)—Missing; known from only historical occurrences but still some hope of rediscovery. G1:

Critically Imperiled- y high risk of extinction d ue to extreme rarity (often 5 or fewer populations), very steep declines,

or other factors. G3: able—At moderate risk o restricted range, relatively few populations (often

80 or fewer), recent; rfactors.G4:Apparei

to declines or other facto rs. NH: Possibly Extirpated (Historical)—Species or community occurred

•ast 20-40 years. N1: Critic ally Imperiled—Criti cally imperiled in the nation or state/province be-

*>) or because of sor

especially vulnerable to extirpation from the state/pr le—Vulnerable in the nation or state/province due

to a restricted range ely few populations (oftei ; and widespread declines, or other factors making

it vulnerable to exti . N4: Apparently Secure--Uncommon but nc)t rare; some cause for long-term concern due to

synonym for his G. macrophyllus, rendering the latter name illegitimate. Perry (1938) proposed the combina-

tion G. gonocarpos as the correct name for Michaux's G. macrophyllus. Recent study found the entity variously

known as G gonocarpos or G. macrophyllus conspecific with G. suberosus (Krings & Xiang 2004, 2005). The

latter name has priority following Reveal and Barrie (1992).

Some Robert Brown names have sometimes been incorrectly dated. In 1810, a preprint of his "On the

Asclepiadeae, a Natural Order of Plants separated from the Apocinae ofJussieu" was made available. This

same work later appeared in the first volume of the 1811 Memoirs of the Wernerian Natural History Society

(Stearn 1960; Stafleu & Cowan 1976; Mabberley 1985). Although sometimes incorrectly cited from the first

reading of the paper in 1809, communication at public meetings does not constitute effective publication

(Forster 1991; Greuter et al. 2000; McNeill et al. 2006). Names should also not be ascribed to the 1811

appearance of the Memoirs of the Wernerian Natural History Society but rather to the preprint released in

1810. Thus the combination Gonolobus suberosus (L.) R. Br. should be cited as above, rather than in Mem.

Wern. Nat. Hist. Soc. 1:35 (1810). As Brown's 1810 combination in Asclepiadeae is validly published (by

definite association of the final epithet with the genus name), it takes priority over the Schultes combination

in Systema Vegetabilium 6:59 (1820).

orolla lobe, appearing al
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! . Corolla lobes essentially plane, sometime reflexed, but margins not revolute; faucal annulus (corolline corona

errupted or if interrupted then at most developed into a shallow ridge opposite each corolla

lobe sinus; laminar dorsal anther appendages (Cd) descending or spreading, variously colored, < 2 mm long,

apices rounded, truncate, slightly emarginate, or rounded-bilobed (divergently and sharply bilobed only in

G. stellatus).

2. Faucal annulus of corolla (corolline corona or Ca) an uninterrupted ring, conspicuously raised (0.4-0.9 mm
tall), pubescent along the entire rim or only opposite each corolla lobe sinus; gynostegial corona basally

fused into an erect ring, obscured from view by the faucal annulus.

3. gial stipe edentate 9. G. waitukubuliensis

3. Gynostegial stipe dentate.

4. Adaxial corolla lobes purple-red to marroon; gynostegial stipe teeth appearing as notches, borne

4. green; gynostegial stipe teeth not appearing as notches,

instead truncate, borne on the lower portion ofthe column, just above the upwardly rising segment

8. G. stephanotrichus

Faucal annulus of corolla (corolline core

each corolla lobe sinijs, tufted pubescen

gynostegial corona rlot basally fused ini

Interstaminal gynost:egial corona doubl

6. Corolla slender, base of corolla tube el

length of interstaminal gynostegial core

7. Gynostegial stipe with a single tooth below each anther.

8. Faucal annulus pubescent along the entire ring; teeth of gynostegial stipe borne on lower portion

of the column, just above the upwardly rising segment of the Cs 8. G. stephanotrichus

8. Faucal annulus pubescent only in the staminal position; teeth of gynostegial stipe borne on upper

portion of the column, just below the anther 1 0. G. youroumaynensis

7, Gynostegial stipe edentate.

9. Cs to 1 mm tall; interstaminal gynostegial corona (Ci) with two distinctly raised and rounded mounds;

laminar dorsal anther appendages (Cd) truncate or rounded 2. G. dussii

9. Cs < 0.3 mm tall; interstaminal gynostegial corona (Ci) smooth, lacking raised bumps; laminar dorsal

anther appendages (Cd) emarginate.

10. Leaf bases uniformly cuneate; laminar dorsal anther appendages (Cd) slightly emarginate to

divergently and sharply bilobed 7. G. stellatus

1 0. Leaf bases cordate; laminar dorsal anther appendages rounded bilobed 1 . G. absalonensis

REGIONAL KEYS TO THE SPECIES OF GONOLOBUS

GREATER ANTILLES

olla lobes with margins revolute; faucal annulus (corolline corona or Ca) interrupted, strongly developed

her appendages erect (spreading when immature or spent), white, apices divergently and sharply bilobed,

k2 mm long; Jamaica 6. G. stapelioides

slightly emarginate, or rounded-bilobed (divergently and sharply bilobed only in G stellatus), < 2 mm long.

2. Faucal annulus of corolla (corolline corona or Ca) an uninterrupted ring, conspicuously raised (0.4-0.9 mm
tall), pubescent along the entire rim or only opposite each corolla lobe sinus; gynostegial corona basally
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3. alobes ^/arious shades of green; c
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tall; gynostegial

IS
Puerto Rico
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8. G. stephanotrichus
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Cub
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iw do rsal anther appen
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LESSER 1
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densely folded

1-1.5 mm tall;
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Cd emarginc
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except to 0.1
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ruredfi
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lobe sinus; gynostegial coror

J (to 0.5 mm

corolla lobe sir

tall;Cdrounde

2. Interstamin;

isely folded nor basally o

\ (emarginate in G. obsalc

il corona double (i.e., a n.

a-Fig. 6E, 8E).

dbyaf

r upper ligulate corona lo

nostegial s"

gynostegial

tipe < 1 mm

ig on top of

3. Corolla slender, base of corolla tube elongate-campanulate, distinctly longer than broad; horizontal

ligulate corona lobe of the Ci ending essentially at the stipe base, dorsally plane or sometimes slightly

raised into a shallow bump; Martinique 5. G. martinicensis

nterstaminal gynostegial corona single.

1. Gynostegial stipe with a single tooth ca. 0.2 mm long below each anther; St. Vincent 10. G.

youroumaynensis

1. Gonolobus absaloi

Herbaceous perennial vines. Latex unknown, presumably white. Stems glabrate to very sparsely pubescent,

both short, capitate-glandular, and longer, sharp, eglandular trichomes present, the latter retrorse internod-

ally and antrorse-appressed along an indistinct, horizontal ridge between two opposite petioles and/or just

above the node, to 0.5 mm long; nodes sparsely pubescent, gland field apparently absent. Leaf blades ovate

to oblong-ovate, (3.4-)6.6-8.6 cm x (1.3-)3.4-4.5 cm, apices abruptly acuminate with the acumen narrowly

obtuse, to 0.7 cm long, bases deeply or shallowly cordate, margins entire, adaxial surface sparsely strigose,

abaxial surface more densely strigose with sharp, eglandular trichomes scattered along the major and minor
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75. A. Leaves and inflorescence. B. Open flower. C. Faucal annulus of the corolla (Ca), gynostegial corona, and style-head.

D. Gynostegial corona offused staminal (Cs) and interstaminal (Ci) segments (style-head removed). E. Laminar dorsal anther appendage (Cd). F. Pol-

linarium. Based on Herb. d'Alleizettes.n. [480171 (D. Ca = faucal annulus of corolla; Ci = interstaminal gynostegial corona segment; Cd = laminar

dorsal anther appendage; Co = corpusculum; Cs = staminal gynostegial corona segment.

veins, colleters 2, 0.5-0.9 mm long; petioles 3.6-5.7 cm long, gh

capitate trichomes to 0.1 mm long, sharp, eglandular trichom

-ascending; stipular colleters 2, ca. 0.3 mm long, one borne on

miform, peduncles 4.1-5.4 cm long, glabrate to very spa

>rous or very sparsely pubescent on all sides,

5 ca. 0.3 mm long, antrorsely-appressed or

:ach side of the petiole base. Inflorescences

>ely pubes

;landular trichomes present, the latter antrorsely-appressed or -ascending, found primarily at the apex,

nm long; pedicels 1.5-1.7 cm long, more pubescent at the apex than at the base, capitate-glandular

es ca. 0.05 mm long, longer, sharp, eglandular trichomes antrorsely-appressed or -ascending, ca.

n long, bracts linear-lanceolate, ca. 0.9 mm x 0.21 mm long, caducous, adaxial surface glabrous,

surface coarsely pubescent, trichomes sharp, eglandular, ca. 0.26 mm long, antrorse. Calyx lobes 5,
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lanceolate, 1.95 mm x 1 mm, apices narrowly obtuse or acute, margins glabrous, abaxial surface pubescent

mostly at the base, sharp, eglandular trichomes, antrorsely-ascending or -appressed, to 0.25 mm long; col-

leters 1 per sinus. Corolla lobes 5, lanceolate to ovate, 4.8-6.7mm x 2.5-2.8 mm, slightly lobed at the base, a

glandular swelling frequently present in the sinus, adaxial glabrous, abaxial surface glabrous; faucal annulus

(corolline corona or Ca) a shallow, uninterrupted ring, ca. 2.5 mm diam, ca. 0.08 mm tall, glabrous except

where raised opposite each corolla lobe sinus, then to ca. 0.16 mm tall and short hispid; gynostegial corona of

fused staminal (Cs) and interstaminal parts (Ci), single, 5-lobed, erect- or prostrate-undulating, 0.4-0.6 mm
tall; anther guiderails without appendages; laminar dorsal anther appendages (Cd) 0.48-0.7 mm x 0.5-0.8

mm, emarginate; style-head ca. 3.2 mm diam, stipe 0.3-0.5 mm long, not toothed. Pollinaria: corpuscula

ca. 0.18 mm long, pollinia borne horizontally, ovate, ca. 0.9 mm x 0.3 mm. Follicles unknown.

Phenology.—Flowering in May.

Distribution.—Gonolobus absalonensis is endemic to Martinique (Fig. 1). Its habitat is poorly known, but

likely primarily middle elevation rainforest based on the requirements of most congenerics in the Lesser

Antilles. The type was apparently collected near a waterfall.

Provisional conservation status.—IUCN: Critically endangered (CR)—Bla,biii. NatureServe: GH NH.

Taxon concept mapping.— < G. martinicensis sensu Duss (1897); < G. martinicensis sensu Schlechter

(1899); < G. martinicensis sensu Howard (1988); < G. martinicensis sensu Fournet (2002).

Notes.—Gonolobus absalonensis is the smallest-flowered Lesser Antillean Gonolobus species (corolla lobes

reaching only to 6.7 mm) and one of three Gonolobus species known from Martinique. It can be distinguished

from other Gonolobus species on Martinique by the following key:

1. Corolla lobes to 6.7 mm long, both surfaces glabrous; interstaminal gynostegial corona (Ci) single, smooth,

. -:j-

or if single, then with defined raised bumps medially; laminar dorsal anther appendages (Cd) rounded or

2. Gonolobus dussii Krings, Syst. Bot. 32:183. 2007. (Fig. 5). i

s.d. (fl), Quentin 732 (holotype: P!; isotype: GH!).

Herbaceous perennial vines. Latex unknown, presumably white. Stems glabrate to very sparsely pubescent,

both short, capitate-glandular, and longer, sharp, eglandular trichomes present, the latter retrorse internodally,

and antrorse-appressed along an indistinct, horizontal ridge between two opposing petioles and/orjust above

the node, to 0.5 mm long; nodes pubescent or glabrous, gland field apparently absent. Leaf blades ovate to

oblong-ovate, (3.3-)5.7-10.7 cm x (0.9-)2.5-6.1 cm, apices gradually acuminate with the acumen narrowly

obtuse, to 2 cm long, bases deeply or shallowly cordate, margins entire, adaxial surface glabrate or sparsely

strigose, abaxial surface glabrate or more densely strigose with sharp, eglandular trichomes scattered along the

major and minor veins, colleters 2-3, 0.4-0.6 mm long; petioles (1.3-)2. 1-5.5 cm long, glabrous or sparsely

pubescent on all sides, capitate trichomes to 0.09 mm long, sharp, eglandular trichomes 0.3-0.4 mm long,

mostly antrorsely appressed or ascending (some spreading and a very few retrorse); stipular colleters 2, ca.

0.3 mm long, one borne on each side of the petiole base. Inflorescences racemiform, peduncles 0.7-2.3 cm
long, glabrate to very sparsely pubescent, capitate, as well as sharp, eglandular trichomes present, the latter

antrorsely-appressed or -ascending, found primarily at the apex, ca. 0.3 mm long; pedicels 1.8-2.2 cm long,

more pubescent at the apex than at the base, capitate-glandular trichomes ca. 0.08 mm long, longer sharp,

eglandular trichomes antrorsely-appressed or -ascending, ca. 0.3 mm long, bracts linear-lanceolate, ca. 1.5

mm x 0.17mm long, caducous, adaxial surface glabrous, abaxial surface coarsely pubescent, trichomes sharp,

eglandular, ca. 0.2 mm long, antrorse. Calyx lobes 5, sublanceolate to elongate triangular (widest at or just

above the base), 3.9-5.8 mm x 1-1.5 mm, apices obtuse to narrowly rounded, margins glabrous, abaxial

surface coarsely pubescent at the base and variously toward the apex, trichomes antrorsely-appressed or
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inal gynostegial corona segment
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-ascending, to 0.5 mm long; colleters 1 per sinus. Corolla lobes 5, narrowly lanceolate to elongate triangular,

(10-)12-17mm x 3.2-3.7 mm, slightly overlapping at the base, a glandular swelling frequently present in the

sinus, adaxial surface glabrous, abaxial surface with coarse, sharp, eglandular trichomes, antrorsely-appressed

or -ascending, particularly at the base and variously toward the apex, ca. 0.36 mm long; faucal annulus

(corolline corona or Ca) interrupted, a distinctly raised ridge opposite each corolla lobe sinus, short-hispid

or glabrate; gynostegial corona of fused staminal (Cs) and interstaminal parts (Ci), single, erect-undulating,

two distinctly raised and rounded mounds borne in the interstaminal position; anther guiderails without

appendages, laminar dorsal anther appendages (Cd) ca. 0.8 mm wide, rounded or emarginate; style-head

2.3-2.4 mm diam, stipe ca. 0.45 mm long, not toothed. Pollinaria: corpuscula 0.18-0.3 mm long, pollinia

borne horizontally, ovate, ca. 0.5-1 mm x 0.25-0.35 mm. Follicles unknown.

Phenology.—Flowering in April, June, and October.

Distribution.—Gonolobus dussii occurs in Guadeloupe and Martinique (Fig. 1). Its habitat is not well

known, but it appears to have been collected from riversides and at mid-elevations (480-500 m).

Provisional conservation status.—1UCN: Critically endangered (CR)—Bla.biii. NatureServe: Guadeloupe

(GH NH); Martinique (GH NH).

Taxon concept mapping.— < G. martinicensis sensu Duss (1897); < G. martinicensis sensu Schlechter

(1899); < G. martinicensis sensu Howard (1988); < G. martinicensis sensu Fournet (2002).

Notes.—Gonolobus dussii can be distinguished from G. youroumaynensis of St. Vincent by the short

pedicel trichomes, the edentate stipe, and the adaxially glabrous corolla lobes. The gynostegial coronas of

G. absalonensis, G. dussii, and G. youroumaynensis are most similar to each other among Lesser Antillean

Gonolobus species, but G. dussii uniquely exhibits two distinctly raised and rounded mounds in the inter-

staminal position (Fig. 5). The mounds appear very close and near ridge-like in Martinique specimens, as

well as Duss 3775 of Guadeloupe. Additional collections are needed to determine the extent of variation in

the coronas and to evaluate whether additional taxa are represented.

Additional specimens examined. GUADELOUPE: Bord de la riviere Noire, 29Jun 1895 (f1), Duss 3775 (MO-fragment, NY); Pointe-Noire,

3. Gonolobus iyanolensis Krings, Syst. Bot. 32: 185. 2007. (Fig. 6). Type: ST. LUCIA: Gros Piton, 9 Aug 1996 ["9/8/76"]

Herbaceous perennial vines. Latex white. Stems glabrous or glabrate, both short, capitate-glandular, and lon-

ger, sharp, eglandular trichomes present, the latter retrorse or spreading internodally, and antrorse-appressed

along an indistinct, horizontal ridge between two opposing petioles, to 1.2 mm long; nodes pubescent or

glabrous in age, gland field sometimes present. Leaf blades ovate to oblong-ovate, to 8 cm x 5.4 cm, apices

obtuse or short-acuminate with the acumen obtuse, bases cordate, margins entire, adaxial surface glabrous,

abaxial surface glabrous or with sharp, eglandular trichomes scattered along the major veins, colleters 2-4,

0.37-0.65 mm long; petioles to 6.2 cm long, glabrous or glabrate, capitate-glandular trichomes very sparse

if present, sharp, eglandular trichomes near apex if present, to 0.9 mm long; stipular colleters 2, ca. 0.3 mm
long, one borne on each side of the petiole base. Inflorescences racemiform, peduncles 2.1-2.8 cm long,

glabrous or glabrate, sharp, eglandular hairs antrorsely-appressed or -ascending, most pronounced near

apex, ca. 0.7mm long; pedicels 2.8-3.1 cm long, glabrate, capitate-glandular trichomes scattered throughout

or only near the apex, ca. 0.09 mm long, longer, sharp, eglandular hairs antrorsely- appressed or -ascend-

ing, occurring only near the apex, 0.3-0.9 mm long, bracts linear-lanceolate, ca. 2.8 mm x 0.5 mm long,

caducous, adaxial surface glabrous, abaxial surface coarsely pubescent, trichomes sharp, eglandular, ca. 0.4

mm long, antrorse. Calyx lobes 5, lanceolate (widest distinctly above the base, ca. 1.5-2 mm above base),

6.1-6.6 mm x 1.6-1.8 mm, apices obtuse, margins glabrous, abaxial surface glabrous or glabrate with the

few trichomes present, coarse, antrorsely-ascending or -appressed, to 0.4 mm long; colleters 1 per sinus.

Corolla lobes 5, lanceolate, 10.2-17.3 mm x 2.7-4.8 mm, slightly lobed at the base, a glandular swelling

frequently present in the sinus, adaxial surface pubescent along the right half, trichomes flat, ribbon-like,
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Fig. 6. Gonolobusiyanolensis. A. Leaves and inflorescence. B. Open flower. C. Flower showing adaxial pubescence ofthe corolla lobes. D. Faucal annulus

ofthe corolla (Ca), gynostegial corona, and style-head. E. Gynostegial corona offused staminal {Cs) ants (style-head removed),

showing dorsal ridge of upper I igulate corona lobe of the Ci. F. Top view of gynostegial corona (style-head removed). G. Cross-section of corolla tube

showing position of corollar and gynostegial corona element! J. Seed. A-B based on Johnny57 etal. (UPRRP). Cand E based

iH). D and F-H based on Krings 1373 etal. (NCSC). I-J based on Graveson s.n. (NCSC). Ca = faucal annulus of corolla; Ci = interstaminal

gynostegial corona segment; Cd = laminar dorsal anther appendage; Co = corpusculum; Cs = staminal gynostegial corona segment.



Krings, Revision of Gonolobus in the West Indies 115

0.18-0.26mm long, abaxial surface glabrous; faucal anrmhis (corolline corona or Ca) interrupted, a distinctly

raised ridge, opposite each corolla lobe sinus, short hispid; gynostegial corona of fused staminal (Cs) and

interstaminal parts (Ci), double, 5-lobed, prostrate, narrow upper ligulate corona lobe of the Ci appressed

to the lower, abruptly ending in a scooped out depression before reaching the stipe base (horizontal length

of lower interstaminal gynostegial corona (Ci) from base of stipe to lobe apex 1.1-1.4 mm), dorsally ridged;

anther guiderails apparently without appendages, laminar dorsal anther appendages (Cd) 0.5-0.6 mm
wide, rounded or truncate; style-head ca. 2.5 mm diam, stipe ca. 0.23 mm long, not toothed. Pollinaria:

corpuscula 0.16-0.18 mm long, pollinia borne horizontally, ovate, ca. 0.5-07 mm x 0.25-0.35 mm. Fol-

licles ovoid, 10-11.6 cm x 3.3-4 cm, 5-winged, appearing glabrous, but with minute papillae or capitate

trichomes evident at high magnification; seeds pyriform, compressed, not plano-convex, 8.8-10.5 mm x

Phenology.—Flowering in March, July, August, and September. Fruiting in January.

Distribution.—Gonolobus iyanolensis is apparently endemic to St. Lucia (Fig. 1), occurring in seasonal

deciduous woods from 180-400 m in elevation. An established population occurs on Gros Piton. Roger

Graveson (pers. comm.) noted having seen vines away from the Pitons, but that they have not established

themselves well. Woodland boundaries and recent forest openings appear to be the prefered habitat.

Provisional conservation status.—IUCN: Endangered (EN)—Bla.biii. NatureServe: Gl Nl.

Taxon concept mapping.— < G. martinicensis sensu Schlechter (1899); < G. martinicensis sensu Howard

(1988).

Notes.—Roger Graveson (pers. comm.) noted that the collection date is incorrect on the label of his col-

lection Graveson 107 (GH) and should instead be 9 Aug 1996. Gonolobus iyanolensis is immediately recognizable

among Lesser Antillean Gonolobus species by its double interstaminal gynostegial corona (Ci). The only other

species that shares this corona type in the area is G. martinicensis. (Fig. 8). In contrast to the robust-flowered

G. iyanolensis, G. martinicensis exhibits distinctly more slender flowers with elongate-campanulate bases (ca.

2 mm long) that are longer than wide (as wide as long or wider than long in G. iyanolensis) and a narrower

gynostegial corona (see key). The distinct dorsal ridge of the narrow upper ligulate corona lobe of the Ci in

G. iyanolensis has also not been seen in G. martinicensis, which is either plane in the homologous position or

exhibits a slightly raised bump.

Additional specimens examined. ST. LUCIA: Chassin, edge of clearing, 7 Jan 1987 (fr), Slam 1056 (GH); Soufriere, Gros Piton summit,

(fl), Graveson 1248 with Smith (UPRRP); Gros Piton, 11 Mar 2006 (fl), Krings 1373 with Graveson and Smith (NCSQ.

4. Gonolobus jamaicensis RendleJ. Bot. 74:345. 1936. (Fig. 7). Type: JAMAICA: near Vinegar Hill, climbing up trees

to height of 20 ft, 4200 ft elev., 5 Jun 1896 (fl), Harris 6368 (holotype: BM!).

Herbaceous perennial vines. Latex white. Stems pubescent, both short, capitate-glandular, and longer, sharp,

eglandular trichomes present, the latter spreading or retrorse internodally, and antrorse-appressed along

an indistinct, horizontal ridge between two opposing petioles and/or just above the node, to 1.8 mm long;

nodes pubescent, gland field apparently absent. Leaf blades elliptic to ovate, (2-)3.9-9.7 cm x (1.3-)1.8-6.6

cm, apices acuminate, acumen narrowly obtuse, to 1.1 cm long, bases cuneate, rounded, truncate, or cor-

date (frequently all base types present on a single individual vine), margins entire, adaxial surface glabrate,

abaxial surface sparsely pubescent to glabrate, sharp, eglandular trichomes relatively dense along the major

trichomes to 0.13 mm long, sharp, eglandular trichomes ca. 1.25 mm long, mostly spreading or retrorse,

less dense than the capitate trichomes; stipular colleters 2, ca. 0.29 mm long, one borne on each side of the

petiole base. Inflorescences racemiform, peduncles to 4.3 cm long, pubescent, capitate, as well as sharp,

eglandular trichomes present, the latter spreading, retrorse, or antrqrsely-ascending or -appressed, ca. 0.5

mm long; pedicels 1.2-1.4 cm long, evenly pubescent throughout, capitate-glandular trichomes ca. 0.08

mm long, longer sharp, eglandular trichomes antrorsely-appressed or -ascending, ca. 0.4 mm long, bracts

linear-lanceolate, ca. 1.7 mm x 0.5 mm long, caducous, adaxial surface glabrous, abaxial surface coarsely
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2.3 mm

Fig. 7. Gonolobusjamaicensis. Ai-ii. Leaves and inflorescence. B. Open flower. C. Sepal. D. Calycine colleter. E. Faucal annulus of the coi

tegial corona, and style-head. F. Detail of faucal annulus and base of gystegial anther appendage. H. Corpi

subtending anther wings. I. Pollinarium. Ai-I based on Kelly et al. 10207 (TCD). Aii based on Proctor 6828 (GH). Ca = faucal annulus of c

egial corona segment; Cd = laminar dorsal anther appendage; Co = corpusculum; Cs = staminal gynostegial coroi

Po = pollinium.

pubescent, trichomes sharp, eglandular, ca. 0.3 mm long, antrorse. Calyx lobes 5, lanceolate, 4.3-7.45 n

x 1.6-2.2 mm, apices obtuse, margins glabrous or sparsely ciliolate, abaxial surface pubescent at the hi

and glabrous toward the apex, trichomes antrorsely-appressed, largest to 0.5 mm long; colters 1 per sim

Corolla lobes 5, lanceolate, 10-13 mm x 3.8-5 mm, slightly overlapping at the base, a glandular swelli

frequently present in the sinus, adaxial surface pubescent along the right, abaxial surface glabrous; fau<
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ious ring, bilobed opposite each anther, ca. 0.93 mm tall, short-

stegial corona of fused staminal (Cs) and interstaminal parts (Ci),

single, erect-undulating, interstaminal secondary nectaries apparently absent or at least not formed into

conspicuous bumps or mounds; anther guiderails without appendages, laminar dorsal anther appendages

(Cd), ca. 2.3 x 1.7 mm, spreading, apices truncate; style-head ca. 3.3 mm diam, stipe ca. 1 mm long, den-

tate, teeth appearing as notches, borne on the lower portion of the column, just above the upwardly rising

segment of each Cs. Pollinaria: corpuscula ca. 0.18 mm long, pollinia borne horizontally, ovate, ca. 1.2 mm
x 0.3 mm. Follicles unknown.

Phenology.—Flowering in March and June.

Distribution.—Gonolobusjamaicensis is endemic to Jamaica. It is known only from montane rainforests

from 1025-1200 m elevation.

Provisional conservation status.—IUCN: Vulnerable (VU)—Bla,c. NatureServe: G3 N3.

Taxon concept mapping.— = G. rostratus sensu Schlechter (1899); = G. jamaicensis sensu Adams (1972).

Notes.—Gonolobus jamaicensis was proposed by Rendle (loc. cit.) as a nomen novum for the Jamaican

endemic taxon Schlechter (1899) treated as G. rostratus (Vahl) R.Br. Not only did Robert Brown never make

the combination attributed to him (see Mem. Wernerian Nat. Hist. Soc. 1:35. 1810), but the true Gonolobus

rostratus (Vahl) Schult. is only known from Trinidad (and perhaps South America). It is based on the type

of Cynanchum rostratum Vahl. Because Rendle corrected a misapplication, his name—G. jamaicensis—is

a new species name, not a nomen novum as he mistakenly stated. A nomen novum is an avowed substitute

(replacement name) for a validly published but illegitimate name, the type of which would be the same as

that of the name which it replaced.

amined.JAMAICA: 1886 (fl), Hart 9>68 (MO [2 single leaves and

17 Mar 1992 (fl), Kelly, Iremongeram

>2(fl), Proctor 6828 (A, Ij); 0.5 mi N of Hardwar Gap, uphill fro

5. Gonolobus martinicensis Decne. in DC, Prodr. 8:595. 1844. (Fig. 8). Type: Martinique: s.d. (fl), Pkes.n.

Herbaceous perennial vines. Latex unknown, presumably white. Stems villous to glabrate, both short,

capitate-glandular, and longer, sharp, eglandular trichomes present, the latter retrorse or spreading inter-

nodally, and antrorse-appressed along an indistinct, horizontal ridge between two opposing petioles, to 1.9

mm long; nodes pubescent or glabrous in age, gland fields sometimes present. Leaf blades ovate to oblong-

ovate, to 6.4 cm x 4.9 cm, apices obtuse, gradually to abruptly acuminate with the acumen to 1.4 cm long,

bases cordate, margins entire, adaxial surface sparsely strigillose, abaxial surface pubescent along the veins,

trichomes strigillose (and longer, sharp, eglandular, scattered particularly along the midvein), colleters 2,

0.7 mm long; petioles to 4 cm long, villous, capitate-glandular trichomes sparse but throughout, sharp, eg-

landular trichomes ubiquitous, mostly antrorse-ascending and spreading, to 1 mm long; stipular colleters 2,

ca. 0.24 mm long, one borne on each side of the petiole base. Inflorescences racemiform, peduncles 1.5-2.1

cm long, villous with sharp, eglandular hairs antrorsely- or retrorsely -appressed or -ascending/-descending

and spreading, ca. 0.44 mm long, capitate trichomes throughout; pedicels to 1.9 cm long, less pubescent

than peduncles, capitate-glandular trichomes throughout, ca. 0.09 mm long, longer, sharp, eglandular hairs

antrorsely- appressed or -ascending, throughout, though most dense at the apex, ca. 0.47 mm long, bracts

linear-lanceolate, ca. 1.6 mm x 0.17 mm long, caducous, adaxial surface glabrous, abaxial surface coarsely

pubescent, trichomes sharp, eglandular, ca. 0.2 mm long, antrorse. Calyx lobes 5, oblong lanceolate, 4.5-5 mm
x 0.8 mm, apices obtuse or acute, margins sparsely ciliolate, abaxial surface glabrate with the few trichomes

present, coarse, antrorsely-ascending or -appressed, to 0.3 mm long; colleters 1 per sinus. Corolla lobes 5,

lanceolate, 9.7-11.4 mm x 2-3.5 mm, slightly lobed at the base, a glandular swelling frequently present in

the sinus, adaxi; surface pubescent along he right half, trichomes flat, ribbon-like, ca. 0.2 mm long, abaxial
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is. A. Leaves and inflorescence. B. Flower showing narrow corolla tube. C. Faucal annulus (Ca), gynostegial corona, an

style-head. D. Top view of gynostegial corona (style-head removed). E. Gynostegial corona of fused staminal ((

(style-head removed), showing upper ligulate corona lobe ofthe Ci. F. Laminar dorsal anther appendage (Cd). G. Pollinarium. A based on Herb. Mar

Suppl. Nr. 63 (MO). B and E-F based on Uebersji. (M). C-D and G based on L.C. Rich. Hi

Ci = interstaminal gynostegial corona segment; Cd = laminar d
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surface glabrate with a few, sparse, sharp, eglandular trichomes near the base, middle, and margin along the

tip; faucal annulus (coralline corona or Ca) interrupted, a distinctly raised ridge, opposite each corolla lobe

sinus, short hispid; gynostegial corona of fused staminal (Cs) and interstaminal parts (Ci), double, 5-lobed,

prostrate, narrow upper ligulate corona lobe of the Ci appressed to the lower, ending essentially at the stipe

base (horizontal length of interstaminal gynostegial corona (Ci) from base of stipe to lobe apex < 0.7 mm),
dorsally plane or sometimes raised into a shallow bump; anther guiderails apparently without appendages,

laminar dorsal anther appendages (Cd) 0.2 mm wide, rounded or truncate; style-head 1.8-2.3 mm diam,

stipe ca. 0.28 mm long, not toothed. Pollinaria: corpuscula 0.1-0.15 mm long, pollinia borne horizontally,

ovate, 0.45-0.6 mm x 0.24-0.26 mm. Follicles unknown.

Phenology.—The months of flowering are unknown.

Distribution.—Gonolobus martinicensis is apparently endemic to Martinique (Fig. 1). Its habitat is un-

known, but likely primarily middle elevation rainforest based on the requirements of most congenerics in

the Lesser Antilles.

Provisional conservation status.—IUCN: Critically endangered (CR)—Bla,biii. NatureServe: GH NH.
Taxon concept mapping.— < G. martinicensis sensu Duss (1897); < G. martinicensis sensu Schlechter

(1899); < G. martinicensis sensu Howard (1988); G. martinicensis sensu Fournet (2002).

Notes.—Gonolobus martinicensis is immediately recognizable among Lesser Antillean Gonolobus species

by its double (or ligulate) interstaminal gynostegial corona (Ci). The only other species that shares this corona

type in the area is G. iyanolensis. (Fig. 6). In contrast to the robust-flowered G. iyanolensis, G. martinicensis

exhibits distinctly more slender flowers with elongate-campanulate bases (ca. 2 mm long) that are longer

than wide (as wide as long or wider than long in G. iyanolensis) and a narrower gynostegial corona (see key).

The distinct dorsal ridge of the narrow upper ligulate corona lobe of the Ci in G. iyanolensis has also not

been seen in G. martinicensis, which is either plane in the homologous position or exhibits a slightly raised

bump.

1. Ind. Occid. 32. 1825. (Fig. 9). Type: Jamaica, p

Gonolobus cinctus (Griseb.) Benth. & Hook. f. ex B.D. Jacks., Index Kewensis 1:1054. 1895. Type: JAMAICA: Higson s.r,

Herbaceous perennial vines. Latex white. Stems pubescent, both short, capitate-glandular, and longer, sharp,

eglandular trichomes present, the latter retrorse internodally, and antrorse-appressed along an indistinct,

horizontal ridge between two opposing petioles and/orjust above the node, to 1.3mm long; nodes pubescent,

gland field apparently absent. Leaf blades elliptic to ovate, 3-9 cm x 1.2-4.5 cm, apices acute or gradually

acuminate with the acumen narrowly obtuse, to 0.75 cm long, bases cuneate, rounded, or truncate (fre-

quently all base types present on a single individual vine), margins entire, adaxial surface sparsely strigose,

abaxial surface sparsely pubescent to glabrate, sharp, eglandular trichomes relatively dense along the major

and minor veins, colleters 2(-3?), ca. 0.5 mm long; petioles 1-2.3 cm long, pubescent on all sides, capitate

trichomes to 0.06 mm long, sharp, eglandular trichomes ca. 1.1 mm long, mostly spreading or somewhat
retrorse, less dense than the capitate trichomes; stipular colleters 2, ca. 0.3 mm long, one borne on each
side of the petiole base. Inflorescences racemiform, peduncles to 2.5 cm long, pubescent, capitate, as well

as sharp, eglandular trichomes present, the latter spreading or retrorse, ca. 0.6 mm long; pedicels to 2.5

cm long, pubescent throughout, capitate-glandular trichomes ca. 0.05 mm long, longer sharp, eglandular

trichomes spreading or antrorsely-appressed or -ascending, ca. 0.5 mm long, bracts linear-lanceolate, 2.8-3.7

mm x 0.45-0.5 mm long, caducous, adaxial surface glabrous, abaxial surface coarsely pubescent, trichomes

sharp, eglandular, 0.36-0.4 mm long, antrorse. Calyx lobes 5, linear-lanceolate, 7-8.5 mm x 2-2.3 mm,
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Fig. 9. Gonolobus stapelioides. A. Leaves and inflorescence. Bi. Open flower (adaxial view). Bii. Open flower (abax

la, gynostegial corona, and style-head. F. Cross-section offlower. G. Detail of gynostegial corona offused staminal

(Cs) and interstaminai i sad removed). H. Style-head and laminar dorsal anther appendages (viewed from above). I.

based on Bellingham 1487 (BM), rest based on Krings 1394 (NCSC). Aw = anther wings; Ca = faucal annulus

stegial corona segment; Cd = laminar dorsal anther appendage; Co = corpusculum; Cs = staminal gynostegial

corona segment; Po = pollinium; Sh = style-head.
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apices acute to narrowly obtuse, margins glabrous or very sparsely ciliolate, abaxial surface weakly and

finely pubescent at the base and glabrous toward the apex, trichomes antrorsely-appressed, to 0.9 mm long;

colleters 1 per sinus. Corolla lobes 5, oblong-ovate, 12-15 mm x 4-6.5 mm, slightly overlapping at the base,

a glandular swelling frequently present in the sinus, margins and apices strongly recurved, adaxial surface

papillate-pubescent along the right, abaxial surface essentially glabrous; faucal annulus (corolline corona

or Ca) interrupted, a pronounced twin-peaked thickening opposite each corolla lobe, apparently reduced

opposite each corolla lobe sinus, short-hispid; gynostegial corona of fused staminal (Cs) and interstaminal

parts (Ci), single, erect-undulating, interstaminal secondary nectaries apparently absent or at least not formed

into conspicuous bumps or mounds; anther guiderails without appendages, laminar dorsal anther append-

ages (Cd) white, ca. 4-4.2 x 1.8-2 mm, erect to spreading, apices bilobed; style-head 3.6-4.8 mm diam,

stipe ca. 1.6 mm long, not toothed, though with white ribs present at the base of each anther. Pollinaria:

corpuscula ca. 0.2 mm long, pollinia borne horizontally, ovate, ca. 1.5 mm x 0.41 mm. Follicles fusiform,

5-winged, 1.7 x 7.2 cm. Seeds pyriform, compressed, not plano-convex, 4.6-57 x 2.5-3.5 mm, glabrous,

margins dentate, coma to 2.4 cm long.

Phenology.—Flowering January through June. Fruiting in June.

Distribution.—Gonolobus stapelioides is endemic to Jamaica. It is known only from montane rainforests

from 1200-1660 m elevation.

Provisional conservation status.—IUCN: Least concern (LC). NatureServe: G4 N4.

Taxon concept mapping.— = G. stapelioides sensu Schlechter (1899); = G. stapelioides sensu Adams
(1972).

Notes.—An appropriately labeled red type folder is present at P, but was found empty during visits in

2004 and 2006. In the absence of the specimen, G. stapelioides is neotypified here. Schlechter (1899) noted

that Hamilton (loc. cit.) likely mixed up the localities when describing G. stapelioides and G. virescens Ham.
The locality of the former was given as Tobago, and that of the latter as Jamaica. However, neither entity is

known by any other specimen from the respective island indicated in the protologue. In addition, Hamilton's

description of ovate and acute corolla lobes would be an inaccurate description of the Jamaican entity to

which Schlechter (1899) and subsequent workers have applied the name G. stapelioides. However, Hamil-

ton's corolla lobe description is a very nice match of the type of G. virescens. Thus, it appears that while the

localities were mixed up, Hamilton's protologues clearly allow association of the name G. stapelioides to the

Jamaican entity and G. virescens to the Tobagoan entity as Schlechter (1899) proposed.

Gonolobus stapelioides is immediately recognizable by the white Cd segments that are fully vertical at

maturity (Fig. 9E, F).

Additional specimens examined. JAMAICA. Portland Parish: Vinegar Hill, 21 Feb 1894 (fl), Harris 5561 (MO [a single leaf and a

single flower]); Vinegar Hill, "6.2.95" [1895] (fl), Harris 5561 (BM); Hardwar Gap, 25 Feb 1964 (fl), Adams 12705 (M, MO); Immediately

N of the Grand Ridge of the Blue Mountains, between John Crow Peak and Morce's Gap, 15 May 1989 (fl), BeWngham 1156 (BM); 0.5

7. Gonolobus StellatUS Griseb., Fl. Brit. WI. 420. 1862. (Fig. 10). Twe: JAMAICA: Manchester, Knockpatrick, Nov

18[??] (fl), Purdies.n. (holotype: GOET!; isotypes: BM!, K!).

Herbaceous perennial vines. Latex white. Stems pubescent to glabrate in age, both short, capitate-glandular,

and longer, sharp, eglandular trichomes present, the latter retrorse-appressed or -spreading internodally,

and antrorse-appressed along an indistinct, horizontal ridge between two opposing petioles and/or just

above the node, to 1.25 mm long; nodes pubescent to glabrate, gland field apparently absent. Leaf blades

elliptic to oblong-elliptic, 2.2-11.5 cm x 0.8-4.2 cm, apices acute or gradually acuminate with the acumen

narrowly obtuse, to 1.4 cm long, bases cuneate, margins entire, adaxial surface sparsely strigose, abaxial
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Fig. 1 0. Gonolobusstellatus. A. Leaves. B. Opi

F. Detail of gynostegial corona of fused sta

Variation in laminar dorsal anther appenda

(K). E-G and I based on Hunnewell 1 1032 {G

Cd = laminar dorsal anther appendage;O
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surface glabrate, trichomes sharp, eglandular, very sparsely scattered along the major and minor veins,

colleters 2, 0.2-0.4 mm long; petioles 0.8-5.6 cm long, sparsely pubescent on all sides to glabrate, capitate-

glandular trichomes, ca. 0.1 mm long, sharp, eglandular trichomes, ca. 0.6 mm long, antrorsely-appressed

or -ascending; stipular colleters 2, ca. 0.25 mm long one borne on each side of the petiole base (rarely on

the stem). Inflorescences racemiform, peduncles 0.7-3 cm long, sparsely pubescent to glabrate, capitate,

as well as sharp, eglandular trichomes present, the latter antrorsely-appressed or -ascending, distributed

throughout, ca. 0.8 mm long; pedicels 1.2-2.3 cm long, relatively evenly pubescent from apex to base,

capitate-glandular trichomes ca 0.7 mm long, longer, sharp, eglandular trichomes antrorsely-ascending, ca.

0.26 mm long, bracts linear to linear-oblong, ca. 1.35 mm x 0.24 mm, caducous adaxial surface pubescence

glabrous, abaxial surface coarsely pubescent, trichomes sharp, eglandular, ca. 0.22 mm long. Calyx lobes 5,

lanceolate, 7-11 mm x 1.7-2.7 mm, apices obtuse, margins glabrous, abaxial surface very sparsely coarsely

pubescent at the base, glabrous toward the apex, trichomes antrorsely appressed or -ascending, to 0.6 mm
long; colleters 1-2 per sinus. Corolla lobes 5, linear-lanceolate, 15-18 mm x 4-5.3 mm, slightly lobed at the

base, a glandular swelling frequently present in the sinus, adaxial surface densely strigillose, not papillate-

pubescent, on the right half, abaxial surface glabrous; faucal annulus (coralline corona or Ca) interrupted,

a raised bump or ridge opposite each corolla lobe sinus, pubescent; gynostegial corona of fused staminal

(Cs) and interstaminal (Ci) parts, prostrate-undulating, single, secondary nectaries in interstaminal position

absent; anther guiderails without appendages, laminar dorsal anther appendages (Cd) 1.7-2.1 mm wide,

slightly emarginate to divergently and sharply bilobed; style-head ca. 4.3 mm diam, stipe ca. 1.7 mm long,

edentate. Pollinaria: corpuscula ca. 0.25 mm long, pollinia borne horizontally, narrowly ovate, ca. 1.7 mm
x 0.48 mm. Follicles (immature) fusiform, 5-winged, but with small murications between the wings, 7.1-7.3

cm x 1.6-1.7 cm. Seeds unknown.

Phenology.—Flowering in March and July. Fruiting in July.

Distribution.—Endemic to Jamaica, G. stellatus is known only from montane rainforests from about

390-460 m in elevation.

Provisional conservation status.—IUCN: Vulnerable (VU)—Bla,c. NatureServe: G3 N3.

Taxon concept mapping.— = G. stellatus sensu Schlechter (1899); = G. stellatus sensu Adams (1972).

Additional specimens examined.JAMAICA. Portland Parish: Hog House Hill study area, ca. 4 mi S of Sherwood Forest, N edge ofJohn

Crow Mtns., 1976-78 (st), KellyJCM 1490 (IJ); Gorge of Stony River above junction of the Macungo River, 25 Jul 1967 (fi & fr), Proctor

29378 (BM, IJ). St. Ann Parish: County of Middlesex, Mt. Diablo, woods, 9 Mar 1936 (fl), Hunnewell 11032 (GH).

8. Gonolobus stephanotrichus Griseb , Cat PL Cub 177. 1866. (Fig. 11). Type: CUBA: 1860-1864 (fl&fr), Wright

Herbaceous perennial vines. Latex white (rarely watery). Stems pubescent, both short, capitate-glandular,

and longer, sharp, eglandular trichomes present, the latter throughout, spreading, or retrorse internodally,

and antrorse-appressed along an indistinct, horizontal ridge between two opposing petioles and/orjust above

the node, to 1.08 mm long; nodes pubescent, gland field apparently absent. Leaf blades lanceolate, ovate, or

oblong-ovate, 2-14.4 cm x 0.7-7.7 cm, apices gradually or abruptly acuminate with the acumen narrowly

obtuse, to 2 cm long, bases deeply cordate, margins entire, adaxial surface sparsely but evenly strigillose

to glabrate, abaxial surface sparsely but evenly strigillose, sharp, eglandular trichomes scattered along the

major and minor veins, to ca. 0.58 mm long, colleters 3-4, ca. 0.4 mm long; petioles 0.9-7 cm long, evenly

pubescent on all sides, some trichomes capitate, to 0.1 mm long, but mostly sharp, eglandular, antrorsely

ascending or spreading, to 0.67 mm long; stipular colleters 2, ca. 0. 39 mm long, one borne on each side

of the petiole base (rarely on the stem). Inflorescences racemiform, peduncles 0.18-0.4 cm long, sparsely

pubescent to glabrate, capitate trichomes apparently absent, sharp, eglandular trichomes sparse, antrorsely-

appressed or -ascending, distributed throughout, ca. 0.4 mm long; pedicels 0.25-0.89 cm long, relatively

evenly pubescent from apex to base, capitate-glandular trichomes very sparse, ca 0.07mm long, longer, sharp,

eglandular trichomes antrorsely-ascending, ca. 0.43 mm long, bracts linear-lanceolate, ca. 4.9 mm x 0.48

mm, caducous, adaxial surface glabrous, abaxial surface coarsely pubescent, trichomes sharp, eglandular,
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Fig. W.Gonoiobusstephanotrichus. A. Leaves and inflorescence. Bi. Open flower (adaxial view). Bii. Open flower [i

Ha, gynostegial corona, and style-head. F. Detail of gynostegial corona of fused staminal (Cs) and interstaminal

(Ci) segments (top view). G. Detail of gynostegial stipe and basal tooth. H. Pollinarium. I. Follicle. J. Seed. A-D based on Wright2969 (NY). E-H based

on Acevedo-Rodriguez 10596 (US). I-J based on Acevedo-Rodriguez 1 1445 (US).Aw = anther wings; Ca = faucal ar

a segment;Cd = laminar dorsal anther appendage; Co = corpusculum; Cs = staminal gynostegial corona segment; Po = pollinium;

Sh = style-head.
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0.22-0.47 mm long, antrorse. Calyx lobes 5, lanceolate, 2.7-6.7 mm x 1.6-2 mm, apices obtuse, margins

glabrous, abaxial surface sparsely but coarsely pubescent, trichomes antrorsely appressed or -ascending, to

0.4 mm long; colleters 1 per sinus. Corolla lobes 5, elongate triangular or lanceolate, 8.7-14 mm x 2.4-3.7

mm, slightly lobed at the base, a glandular swelling frequently present in the sinus, adaxial surface glabrous,

abaxial surface pubescent with coarse, sharp, eglandular, antrorsely-appressed or -ascending trichomes,

ca. 0.7 mm long; faucal annulus (corolline corona or Ca) annular, pubescent; gynostegial corona of fused

staminal (Cs) and interstaminal (Ci) parts, prostrate-undulating, single, secondary nectaries in interstaminal

position absent or at least not developed into distinct bumps or mounds; anther guiderails without append-

ages, laminar dorsal anther appendages (Cd) ca. 0.6 mm wide, truncate; style-head ca. 2.6 mm diam, stipe

ca. 0.73 mm long, teeth not appearing as notches, instead truncate, borne individually on the lower portion

of the column, just above the upwardly rising segment of each Cs. Pollinaria: corpuscula ca. 0.2 mm long,

pollinia borne horizontally, narrowly ovate, ca. 0.84 mm x 0.3 mm. Follicles ovoid, 5-winged, 9.3-9.5 mm
x 2.6-2.9 mm. Seeds pyriform, compressed, not plano-convex, 7-7.8 mm x 3.4-4.9 mm, glabrous, margins

entire, not dentate, coma to 2.7 cm long.

Phenology.—Flowering inJanuary, February, May, June, and October. Fruiting in April, November, and

September.

Distribution.—Gonolobus stephanotrichus occurs in Cuba, Hispaniola, and Puerto Rico (Fig. 1). It has

primarily been collected in mid-elevation (340-1100 m), moist to wet forests.

Provisional conservation status.—IUCN: Least concern (LC). NatureServe: Cuba (G4 N4); Dominican

Republic (G4 N4); Puerto Rico (G4 N4).

Taxon concept mapping.— = G. stephanotrichus sensu Schlechter (1899); = G. stephanotrichus sensu Liogier

(1957, 1994, 1995); = G. stephanotrichus sensu Acevedo-Rodriguez (2005).

Notes.—Gonolobus stephanotrichus was recently "re-discovered" from Cuba, from where it had been

known only by collections sometime between 1860 and 1864 (Krings et al. 2005). Additional illustrations

of G. stephanotrichus from Puerto Rico can be found in Acevedo-Rodriguez (2005). Readers should note

however, that the gynostegium pictured in fig. 36 D should be rotated so that the Cd are opposite the corolla

lobe sinuses and not opposite the corolla lobes themselves as pictured.

Additional specimens examined. CUBA: Cuba Orientali, 1856-1857 (fl, fr-imm), Wright 407 (GH; blue label); Cuba Oriental!, 1861

[1860 on white label, but with a one marked through the zero] (fl, fr-imm), Wright 164 (S). Santiago de Cuba: Sierra Maestra, Parque

9. Gonolobus waitukubuliensis Krings, Syst. Bot. 32:187. 2007. (Fig. 12). Type: dominicA: in sylvis ad Laudat,

May 1882 (fl), Eggers 728 (holotype: HBG!; isotypes: FR!, G!, GH!, JE!, M!, P!, W!, Z!).

Herbaceous perennial vines. Latex white. Stems glabrous or glabrate, both short, capitate-glandular, and

longer, sharp, eglandular trichomes present, the latter mostly retrorse or spreading internodally, and antrorse-

appressed along an indistinct, horizontal ridge between two opposing petioles and/or just above the node,

to 0.64 mm long; nodes pubescent or glabrous in age, gland field sometimes present. Leaf blades ovate to

oblong-ovate, (2. 1-) 6.7-10.4 cm x (0.9-)3.2-5.7 cm, apices gradually or abruptly acuminate with the acumen
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3.1 mm

Fig. 12. Gonolobus waitukubuliensis. A. Leaves and inflorescence. B. Flower. C. Raised and cc s of the corolla (Ca) and

style-head (gynostegial corona obscured behind the Ca). D. Gynostegial corona of fused staminal (Cs) and in

removed). E.Top viewc 1 removed). F. Cross-section of corolla tube showing position of corollar and gynostegial corona

elements. G. Laminar dorsal anther appendage (Cd). H. Pollinarium. A and C based on Eggers728 (M). B and D-H based on Webster

faucal annulus of corolla; C nt; Cd = laminar dorsal anther appendage; Co = corpusculum; Cs = staminal



Krings, Revision of Gonolobus in the West indies 1 27

acute, to 1.8 cm long, bases deeply or shallowly cordate (rarely rounded, but then other leaves present with

cordate bases), margins entire, adaxial surface glabrate or sparsely strigose, abaxial surface glabrate or more

densely strigose with sharp, eglandular trichomes scattered along the major and minor veins, colleters 2,

(0.4-)0.7-0.9 mm long; petioles (0.9-)2.2-5.4 cm long, glabrate or sparsely pubescent primarily along the

adaxial side and near the apex on the abaxial side, trichomes mostly capitate, to 0.09 mm long, with some

short, sharp, eglandular trichomes mixed in, 0.2-0.4 mm long; stipular colleters 2, ca. 0.3 mm long, one

borne on each side of the petiole base. Inflorescences racemiform, peduncles 4.1-5.2 cm long, glabrous or very

sparsely pubescent with both capitate and sharp, eglandular hairs present, the latter antrorsely-appressed or

-ascending, most pronounced near apex, ca. 0.3mm long; pedicels 1.4-3.4 cm long, pubescence pronounced

at apex and essentially absent elsewhere or sparsely to densely, relatively evenly pubescent from apex to

base, capitate-glandular trichomes ca. 0.08 mm long, longer, sharp, eglandular hairs antrorsely- appressed

or -ascending, ca. 0.3 mm long, bracts linear-lanceolate, ca. 0.8 mm x 0.2 mm, caducous, adaxial surface

glabrous, abaxial surface coarsely pubescent, trichomes sharp, eglandular, ca. 0. 17 mm long, antrorse. Calyx

lobes 5, sublanceolate to elongate triangular (widest at or just above the base), 2.2-5.3 mm x 0.8-1.4 mm,
apices obtuse to narrowly rounded, margins glabrous, abaxial surface glabrous or pubescent primarily at

the base and variously toward the apex, trichomes, if present, antrorsely-ascending or -appressed, to 0.27

mm long; colleters 1 per sinus. Corolla lobes 5, narrowly lanceolate to elongate triangular, 4.2-11.2 mm x

1.8-3.4(-3.7) mm, slightly lobed at the base, a glandular swelling frequently present in the sinus, adaxial

surface glabrous, abaxial surface glabrous; faucal annulus (corolline corona or Ca) a distinctly raised ring,

ca. 0.5 mm high, short-hispid along the entire rim or only opposite each corolla lobe sinus; gynostegial co-

rona of fused staminal (Cs) and interstaminal (Ci) parts, single, fused at the base into an erect ring, 5-lobed,

lobes appearing strongly folded; anther guiderails apparently without appendages, laminar dorsal anther

appendages (Cd) 0.6-0.9 mm wide, emarginate or truncate; style-head 2.8-3.14 mm diam, stipe 1-1.5 mm
long, not toothed. Pollinaria: corpuscula 0.14-2 mm long, pollinia borne horizontally, ovate, ca. 0.6-0.85

mm x 0.3-0.38 mm. Follicles unknown.

Phenology.—Flowering in March, May, June, and July.

Distribution.—Gonolobus waitukubuliensis is endemic to Dominica (Fig. 1). It has been found primarily

in middle elevation rainforests (ca. 609-1067 m; 2000-3500 ft). Like most West Indian Gonolobus taxa, G
waitukubuliensis appears to require small gaps in mature forests. It does not appear to be able to compete in

large gaps or roadside edges in which other vines quickly become dominant. It is rather infrequent to rare,

especially in mature forests with few gaps.

Provisional conservation status.—IUCN: Vulnerable (VU)—Bla,c. NatureServe: G3 N3.

Taxon concept mapping.— < G. martinicensis sensu Schlechter (1899); < G. martinicensis sensu Howard

(1988); < G. martinicensis sensu Nicolson (1991).

Notes.—Gonolobus waitukubuliensis is immediately recognizable among Lesser Antillean Gonolobus

species by the combination of a distinctly raised, completely circular faucal annulus (ca. 0.5 mm tall), an

erect gynostegial corona that appears quite folded apically, and a relatively tall gynostegial stipe (1-1.5

mm). It shares with G. absalonensis, G. iyanolensis, and sometimes G. martinicensis, the absence of hairs from

the abaxial corolla lobe surface. The trichomes of the pedicel are fine and not as long (ca. 0.3 mm) as in G.

iyanolensis (0.3-0.9 mm).

82 (fl), Eggers s.n. (US); July 1882 (fi), Eggers 1100 (K); May 1882 (fl), Eggers 170

(MO); s.d. (fl), Imray 263 (K); St. John/St. Peter, Hiking trail to Morne Diablotins, 3 May 2006 (st), Krings 1375, 1376, 1377 (NCSC); S

John/St. Peter, Syndicate hiking trail, 3 May 2006 (st), Krings 1378 (NCSC); St. John/St. Peter, Hiking trail to Morne Diablotins, 4 Ma

Hiking trail to Morne Diablotins, 4 May 2006 (st), Krings 1382, 1383, 1384 (NCSC); St. John/St. Peter, Hiking trail to Morne Diablotin-

to Morne Diablotins, 4 May 2006 (st), Knngs 1386 (NCSC); St. Joseph, En Haut Jean, 24Jun 1965 (fl), Webster 13505 (BM, US).

10. Gonolobus youroumaynensis Krings, Syst. Bot. 32:191. 2007. (Fig. 13). Type: st. vincent: Orange Hill Estate
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Fig. 13. Gonolobusyouroumaynensis. A. Leaves and inflorescence. B. Flower showing coarse abaxial corolla lobe pubescence. C. Fau

corolla (Ca), gynostegial corona, and style-head. D. Gynostegial corona of fused staminal (Cs) and interstaminal segments (Ci) (styl

E. Top view of gynostegial corona (style-head removed). F. Cross-section of corolla tube showing position of corollar and gynostegial corona elements.

G. Detail ofteeth ofthe gynostegial stipe. H. Laminar dorsal anther appendage (Cd). I. Pollinarium. A-B and D based on Howard 19584 (GH, NY, US). C

and E-l based on Krings 1374 with Springer (NCSC). Ca = faucal annulus of corolla; Ci = interstaminal gynostegial corona segment; Cd = laminar dorsal

anther appendage; Co = corpusculum; Cs = staminal gynostegial corona segment.
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Herbaceous perennial vines. Latex white. Stems glabrate to pubescent, both short, capitate-glandular, and

longer, sharp, eglandular trichomes present, the latter throughout, spreading, or retrorse internodally, and

antrorse-appressed along an indistinct, horizontal ridge between two opposing petioles and/or just above

the node, to 1.2 mm long; nodes pubescent, gland field apparently absent. Leaf blades ovate to oblong-ovate,

(3.0-)5.4-9.6 cm x (1.2-)2.4-6.3 cm, apices gradually or abruptly acuminate with the acumen narrowly

obtuse, to 1.5 cm long, bases deeply or shallowly cordate, margins entire, adaxial surface glabrate or sparsely

strigose, abaxial surface glabrate or more densely strigose with sharp, eglandular trichomes scattered along

the major and minor veins, colleters 2-4, 0.35-1 mm long; petioles (1.2-)2.7-5.3 cm long, spreading pubes-

cent on all sides, some trichomes capitate, to 0.09 mm long, but mostly sharp, eglandular, 1-1.2 mm long;

stipular colleters 2, ca. 0.26 mm long, one borne on each side of the petiole base. Inflorescences racemiform,

peduncles 0.7-3.1 cm long, capitate, as well as sharp, eglandular trichomes present, the latter mostly spread-

ing, but also some antrorsely-appressed or -ascending, distributed throughout, 0.7-0.9 mm long; pedicels

1.3-1.8 cm long, relatively evenly pubescent from apex to base, capitate-glandular trichomes ca 0.08 mm
long, longer, sharp, eglandular trichomes mostly spreading, but some antrorsely-appressed or -ascending,

ca. 0.9 mm long, bracts linear-lanceolate, 1.1-1.7 mm x 0.2-0.25 mm, caducous, adaxial surface glabrous,

abaxial surface coarsely pubescent, trichomes sharp, eglandular, ca. 0.53 mm long, antrorse. Calyx lobes

5, sublanceolate to elongate triangular (widest at or just above the base), 3.8-5.8 mm x 1-1.3 mm, apices

obtuse to narrowly rounded^ margins ciliate or glabrate, abaxial surface densely and coarsely pubescent at

the base and variously toward the apex, trichomes spreading and antrorsely appressed or -ascending, to 0.8

mm long; colleters 1 per sinus. Corolla lobes 5, narrowly lanceolate to elongate triangular, (75-)8.7-10.1

mm x 1.9-3.1 mm, slightly lobed at the base, a glandular swelling frequently present in the sinus, adaxial

surface pubescent on the right half, trichomes capitate, ca. 0.1 mm long, abaxial surface pubescent with

coarse, sharp, eglandular, antrorsely-appressed or -ascending trichomes, particularly at the base and vari-

ously toward the apex, 0.36-0.5 mm long; faucal annulus (coralline corona or Ca) interrupted, a raised

bump or indistinct ridge opposite each corolla lobe sinus, pubescent or glabrous; gynostegial corona of fused

staminal (Cs) and interstaminal (Ci) parts, prostrate-undulating, single, a small bump borne near the base

in the interstaminal position; anther guiderails without appendages, laminar dorsal anther appendages (Cd)

ca. 0.5 mm wide, rounded or truncate; style-head 2.8-3.95 mm diam, stipe 0.48-0.7 mm long, bearing a

single tooth ca. 0.2 mm long below each anther. Pollinaria: corpuscula 0.2-0.23 mm long, pollinia borne

horizontally, ovate, 0.6-0.9 mm x 0.32-0.45 mm. Follicles unknown.

Phenology.—Flowering in February and March.

Distribution.—Gonolobus youroumaynensis is apparently endemic to St. Vincent (Fig. 1). It occurs on

the windward side of the island at the foot of La Soufriere in the Orange Hill Estate area. Vines were found

growing along the road to the water intake amidst banana and pigeon pea plantations. Vines were not found

along the trail to the crater of La Soufriere. However, only a half day was spent searching this trail and they

could have been overlooked.

Provisional conservation status.—lVCN: Critically Endangered (CR)—Bla,biii. NatureServe: Gl Nl.

Taxon concept mapping.— < G. martinicensis sensu Schlechter (1899); < G. martinicensis sensu Howard

(1988).

Notes.—Gonolobus youroumaynensis is readily recognizable among Lesser Antillean Gonolobus species

by the combination of a single, prostrate-undulating gynostegial corona exhibiting a small bump towards

the base of the Ci, a toothed stipe, and long, spreading trichomes (to 0.9 mm) found on stems, peduncles,

and pedicels.

50 (fl), Howard 19584 (BM,

The following list includes names that are excluded from Gonolobus s.s. based on their morphology (e.g.,
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lack of laminar dorsal anther appendages), and names of uncertain status. Two new combinations are made

below: Matelea dictyopetala and M. pubescens.

Gonohbus bdkeri Schltr., Symb. antill. 7(3):341. 1912. Type: CUBA: Cult, in Santiago de las Vegas, May 1907, Baker 7286

Gonolobus bakeri is apparently only known from the type collection, which has not been located despite

query of nearly one hundred institutions known to house West Indian collections. If the specimen was at

B, it may have been destroyed inWW II. The position of G. bakeri appears uncertain. Schlechter does not

describe dorsal anther appendages in the protologue. Combined with his note that the species is "mit G.

variijolius Schltr. [now Matelea mriifolia (Schltr.) Woodson] am nachsten verwandt," there is reason to believe

that G. bakeri may better belong in Matelea. Matelea variifolia clearly lacks laminar dorsal anther appendages

and also exhibits suborbicular corolla lobes. It is known only from Puerto Rico (Schlechter 1899; Acevedo-

Rodriguez 2003, 2005). As the single specimen representing G. bakeri was cultivated in Cuba, it maybe that

the species is merely a pubescent form of M. variifolia. Among West Indian Gonolobus s.s. (if not the entire

genus), G. bakeri would be the only species with suborbicular corolla lobes.

8: S!; isolectotype: NY!) = Matelea bayatensis (Urb.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

ST P.Wilson) Urb., Symb. antill. 9(3):421. 1925. Type: CUBA: Oriente, Maestra ridge, 1300 m,

Gonolobus dictyopetalus Urb. & Ekman, Ark. Bot. 20A(5):41. 1926. i

m, 24 Aug 1924 (fl), Ekman H1625 (lectotype: S!, designated by Krings 2008;

dictyopetala (Urb. & Ekman) Krings, comb. nov.

Gonolobus domingensis Alain, Moscosoa 1(3):46. 1978.

1

Gonolobus JIOCCOSUS Bertol., OpuSC. Sci. 4:225. 1823. Type: GUADELOUPE: (holotype: BOLD!) = Matelea mamma (Jacq.

IsebackianUS Schltr. in Urb., Symb. antill. 1(2):287. 1899. Type: CUBA: Wright s.n. (holotype: location unknown)

eagrisebachiana (Schltr.) Alain, Mem. Soc. Cub. Hist. Nat. "Felipe Poey" 22:120. 1955.

is apparently known only from the type collection, which has not been located despite

query of nearly one hundred institutions known to house West Indian collections. If it was at B, it may have

been destroyed inWW II. Thus, the species can be placed solely based on the protologue and past treat-

ments. Although Krings et al. (2005) maintained the taxon in Gonolobus, the combination in Matelea may

be more correct based on the glabrous, reticulate corolla lobes and very narrow, linear-lanceolate leaves

(0.5-0.7 cm wide)—a leaf form quite atypical for Gonolobus. The description of the corolla lobes as being 9

cm long, is likely a print-setting error to be corrected to 9 mm. Grisebach (1866) did not mention laminar

dorsal anther appendages in his protologue for G. tigrinus var. angustijolia and, upon reconsideration, it

is unclear to me whether Schlechter (1899) was refering to them or not [italics mine]: "Diese Art ist trotz

ihrer habituellen Aehnlichkeit mit G. tigrinus Griseb. von diesem vollstanding verschieden. Die Blatter sind

schmaler, die Bluthen grosser, die aussere Corona ganz verschieden und die Schuppen der inneren Corona

viel deutlicher vom Antherenrucken abgehoben, ausserdem, von oben gesehen, in der Mitte nicht ausgerandet,

sondern eher verdickt." I am hesistant to presume the taxon extinct, as another Cuban Gonolobinae species—

G. stephanotrichus—was recently rediscovered in the country after having been known from the island only

from the type, collected between 1860 and 1864 (Krings et al. 2005).

Gonolobus haitiensis P.T. Li, J. South China Agric. Univ. 14:58. 1993. Type: HAITI: Massif du Nord, St. Louis du Nord,
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Gonolobus haitiensis P.T. Li is a nomen novum for Gonolobus stipitatus Alain (Phytologia 64:345. 1988). It is

here reduced to synonymy beneath Matelea crispiflora, as its type (Ekman H4693) clearly belongs with Poicil-

lopsis crispiflora Urb. However, see also note for Gonolobus membranaceus Schltr.

Gonolobus membranaceus Schltr. in Urb., Symb. antill. 1(2):285. 1899. Type: HAITI: Poitmus.n. (holotype: location unk-

nown) = Matelea crispiflora (Urb.) Jimenez, Rhodora 62:238. 1960.

The location of the type remains unknown. Ekman H4693 (IJ!) is labelled Gonolobus membranaceus. The

specimen consists of mostly stem and 3-4 leaf fragments held in a fragment pocket. It appears to match

Poicillopsis crispiflora Urb. Gonolobus membranaceus is likely very closely related to Matelea haitiensis as, based

on the protologues, the two appear to differ only in the shape and apices of the leaf blades and calyx lobes.

Additional collections and discovery of the type may prove them synonymous.

Gonolobus ottonis C. Koch & Bouche, Ind. Sem. Hort. Berol. 13. 1855. Type: unknown.

Sometimes cited as Gonolobus ottonis Walp. (Ann. Bot. Syst. 5:502. 1859.). However, Walpers (1859) clearly

cited G. ottonis C. Koch & Bouche and should not be considered author of a homonym. Walpers (1859)

repeated Koch and Bouche's citation: 'Ex insula Cuba reportavit Otto: However, Schlechter (1899) thought

that the specimen collected by Otto (apparently formerly at B) was from Caracas, Venezuela, not from Cuba.

The location of the type is unknown.

Gonolobus oxyanthus Turcz., Bull. Soc. Imp. Naturalistes Moscou 25(2):318. 1852. Type: Venezuela: 1845-1852,

Fide Fontella and Schwarz (1981), a synonym of Gonolobus rostratus (Vahl) R. Br. ex Schult. (Systema Veg-

etabilium 6:61. 1820). TROPICOS (23 Aug 2006) cited Funk 2 (Venezuela) as the type, but a copy of the

protologue could not be located. Specimens were not found on either of two visits to R

N.I. 420. 1862. Type: JAMAICA. Macfadyens.r

Gonolobus stipitatus Alain, Phytologia 64:345. 1988, n<

See discussion under Gonolobus haitiensis.

Gonolobus tigrinus Griseb., Mem. Amer. Acad. Arts 8:520. 1863. Type: CUBA: Holguin
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Gonolobus tigrinus Griseb. var. angustifolius Griseb., Cat. pi. Cub. 177. 1866. Type: CUBA: wnghts.n. (holotype: location

See Gonolobus grisebachianus

Gonolobus variijolius Schltr., Symb. antill. 1(2):286. 1899. Type: PUERTO RICO. Sierra de Luquillo, Jimenez mts., Jun 1885,

Gonolobus virescens Desv. ex Ham., Prodr. pi. Ind. occid. 32. 1825. Type: "JAMAICA:" Desvauxs.n. (holotype: pi).

Rendle (1936) considered G. virescens Desv. a species incerta. Schlechter (1899) noted that there was likely

a label mix-up between G. stapelioides and G. virescens, and that the latter was likely collected from Tobago

and not Jamaica. The morphology of the flowers of Desvaux s.n. (P!) places it in Marsdenieae Benth., rather

than Gonolobinae.
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INDEX OF NAMES AND TYPES IN WEST INDIAN GONOLOBINAE (APOCYNACE-

AE: ASCLEPIADOIDEAE), INCLUDING FOURTEEN NEW LECTOTYPIFICATIONS,

ONE NEOTYPIFICATION, A NEW NAME, AND A NEW COMBINATION

Alexander Krings

seb., and PoicillopsiscrispiflomVr 3. Gonohbus grenade r.isneotypified.Anew

Aubl. arerespec ively proposed for Jacai naparvifoliaFroctor and J. co lata CUrb.) Rendle var.

RESUMEN

adela subtribu Gonolobinae (Apocynac ae: Asclepiadoideae en las ndias Occidentales. Se

Jacaim aparvifol a Proctor yj.costata (Urt .) Rendle var.goodfriendii Proctor r spectivamente.

INTRODUCTION

Subtribe Gonolobinae (Apocynaceae: Asclepiadoideae) comprises about fifty species in the West Indies, here

defined to include the Greater and Lesser Antilles, the Bahamas, Trinidad and Tobago, Aruba and the Neth-

erland Antilles, and the Cayman Islands. Evidence from the chloroplast (Rapini et al. 2003; Liede-Schumann

et al. 2005; Rapini et al 2006; Krings et al. 2008) and nuclear genomes (Krings et al. 2008) supports the

monophyly of Gonolobinae. Generic circumscriptions remain poorly defined and it is likely that the broad

concept oiMatelea Aubl. sensu Woodson (1941) is not monophyletic. Genera referred to the subtribe with

representation in the region include Fischeria DC, Gonohbus Michx., Matelea (incl. Ibatia Decne.Jacaima

Rendle, Poicilla Griseb., Poicillopsis Schltr., Ptycanthera Decne.), Macroscepis Kunth, and Metalepis Griseb.

(Fontella & Schwarz 1981a; Kunze 1995; Liede 1997; Morillo 1997; Rapini et al. 2003; Liede-Schumann et

al. 2005; Rapini et al. 2006). Subtribal position has been most controversial for Metalepis, which some work-

ers have also placed within in a broad concept of Cynanchum L. (Woodson 1941; Spellman 1975; Sundell

1981). Recent evidence places it basal to a well-supported Metastelmatinae-Oxypetalinae-Gonolobinae clade

(Liede & Kunze 2002; Liede-Schumann et al. 2005). The last regional treatment of Gonolobinae is now
over 100 years old (Schlechter 1899) and a number of new species have been described by various workers,

including Britton, Krings, Liogier, Proctor, Spellman, Urban, and Woodson (see Krings 2005b, 2006, 2007,

as well as the present study). Recent effort as part of a larger systematic study of Gonolobinae and treatment

for the Flora de la Republica de Cuba (Krings 2005a-d, 2006, 2007; Krings et al. 2005; Krings & Fantz 2006;

Krings & Saville 2007), has revealed that a number of lectotypifications and neotypifications are necessary.

Publishing and compiling these designations separately allows for greater discussion of some issues than is

possible in a flora format. The provision of a comprehensive index to all names in West Indian Gonolobinae

seems additionally useful considering the scattered nature of the mature and historical errors in citation.
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METHODS

Names in West Indian Gonolobinae were compiled from searches of the TROPICOS database (http://www.

tropicos.org) for species with West Indian types, as well as from review of pertinent literature (i.e., Grisebach

1862, 1866; Duss 1897; Schlechter 1899; Millspaugh 1902; Boldingh 1909, 1914; Woodson 1941; Moscoso

1943; Cheesman 1947; Alain 1957; Gooding et al. 1965; D'Arcy 1967; Adams 1972; Little et al. 1976; Correll

& Correll 1982; Proctor 1984; Howard 1989b; Nicolson 1991; Liogier 1994, 1995; Fournet 2002; Acevedo-

Rodriguez 2005). Protologues were compiled from works held at the North Carolina State University Libraries

or obtained through inter-library loans. Subsequently, queries were made to ninety institutions known to

house West Indian collections—of which sixty-five responded with either loans, digital images, or negative

search results (see Acknowledgments). Visits were also undertaken to BM, BSC, DUKE, HAC, HAJB, IJ, K,

UCWI, UPRRP, US, and P.

Nearly half of the species names in West Indian Gonolobinae can be attributed to three German work-

ers: August Heinrich Rudolf Grisebach (1814-1879), Friedrich Richard Rudolf Schlechter (1872-1925), and

Ignatz Urban (1848-1931). The former worked from the University of Gottingen (GOET) and the latter two

from the Botanical Garden and Museum Berlin-Dahlem (B).

The general philosophy followed herein, is that for taxa described by Grisebach, applicable specimens

judged original material at GOET are considered holotypes—although, in a strict sense, Grisebach did not

designate them as such, although his use of them is evident by his notes and annotations. However, typi-

fication of Grisebach names based on collections by Charles Wright (1811-1885) can be problematic, as

collections cited under a single collection number frequently represent gatherings from different localities

and different times (Howard 1986, 1989a). The philosophy adopted herein is that Grisebach names based

on Wright collections should be lectotypified when (1) it can be shown that specimens distributed under

a single number represent gatherings from different localities at different times, and/or (2) no specimen of

a Wright number remains extant at GOET. When it cannot be shown that gatherings came from different

localities and different times, duplicates of a Wright number designated lectotype are considered isolecto-

types (see Krings & Fantz 2006). When it can be shown that gatherings came from different localities and

different times, duplicates of a designated lectotype are treated as syntypes.

Urban described West Indian taxa largely based on specimens received by him from Erik Ekman (Cuba

and Hispaniola), William Harris (Jamaica), and Walter Elias Broadway (Trinidad, Tobago, and Grenada).

For these taxa, holotypes are presumed to have remained at B until their destruction in a fire in World War

II. Thus, lectotypes are chosen for Urban names from duplicates of numbers cited in his protologues.

RESULTS

Overview.—Names of novelties in West Indian Gonolobinae can be attributed to seventeen workers (Table

1). The majority of taxa were described during four phases of intensive interest in the region that occurred

at ca. 20-30 yr intervals over the past 140 yrs. The first phase was dominated by Grisebach and based on

the collections ofWullschlagel (Antigua), Charles Wright (Cuba), Imray (Dominica), and Alexander, Higson,

Macfadyen, and Purdie (all Jamaica). Important works resulting from activity during this phase include the

Flora of the British West Indian Islands (Grisebach 1862) and the Catalogus Plantarum Cubensium (Grisebach

1866). The second phase was dominated by the activity of Schlechter—based primarily on collections by

Broadway (Grenada; Trinidad & Tobago), Eggers (Tobago), Poiteau (Haiti), Sintenis (Puerto Rico), and Wright

(Cuba)—and Urban—based primarily on the collections of Broadway (Tobago), Buch (Haiti), Ekman (Cuba

& Hispaniola), and Harris (Jamaica). The most important relevant work resulting from this later period of

activity is Urban's multi-volume Symbolae AntUlanae (1898-1928). The third phase was dominated by Liogier

(a.k.a. Hermano Alain), who published more West Indian Gonolobinae novelties based on his own collec-

tions than any other worker before or since. Additional species described by Liogier are based on collections
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Alain [Hno.]/A.H. Liogier"

Bertoloni, A.

Britton,N.L and RG. Wilson

DecaisneJ.

by Ekman (Hispaniola) and Howard (Dominica:

contributions include floras of Cuba, Hispaniol;

fourth phase of interest is the result of current

2006, 2007). New discoveries during this phas

Republic). Important works resulting from his efforts or

, and Puerto Rico (Alain 1957; Liogier 1994, 1995). The

efforts undertaken by the present author (Krings 2005b,

collections by E

(Hispaniola), Grave

andJimenez (Domi

resulted from R.A.

List.—Names are listed index style and include legitimate, illegitimate, and misapplied names. They are

arranged strictly alphabetically by basionym or combination. The most recent combination for a respective

name follows the basionym (=). Currently accepted names are in bold or specified under "Notes." Under the

name, the locality and/or collector the type is given as it appears in the protologue. Type specimens seen

and verified by the author are indicated by an exclamation point ('!') following the herbarium of deposit. The

very few specimens not seen are indicated by 'n.v.' (non vidi). 'Loc. not cited' signifies that the herbarium of

deposit was not indicated in the protologue. Herbarium abbreviations follow Index Herbariorum (Holmgren

& Holmgren 1998-present). Book abbreviations follow TL-2 (Stafleu & Cowan 1976-1988) and journal

abbreviations B-P-H (Lawrence et al. 1968) and B-P-H/S (I

follow Brummitt and Powell (1992).

Asclepias maritima Jacq., Enum. Syst. PI. 17. 1760. = Matel<

Bot. Gard. 28:222. 1941.

Protologue: Neither specimens, nor locality cited.

Type: Herbar. Du Jacquin, 2 Insulae Caribaea, De Ponthie

2007: BM!).

Notes: Only a single sheet ofAsclepias maritimajacq. was loca

nal material. Eight fragments, all Asclepias maritima, art moui

(BM000834432). A handwritten note on the top left of the back of the sheet reads "Herbar. Du Jacquin."

followed by "2 Insulae Caribaeae. De Ponthieu." Based on the note, the fragments appear to represent two

elements, but they cannot be delineated. A dehisced follicle is mounted along with leaves in relatively good

condition and a few flowers in poor condition. Fruits and flowers are not mentioned by Jacquin in the pro-

tologue, and these elements may represent the collection later combined with the vegetative fragment used

for the protologue. Considering that this sheet appears to represent the only remaining collection ofAsclepias

maritima from the herbarium ofJacquin, it was designated lectotype by Krings and Saville (2007).

Cynanchum denticulatum Vahl, Eclog. Amer. 2:23. 1798. = Matelea denticulata (Vahl) Fontella & E.A. Schwarz,

Bol. Mus. Bot. Munic. 46:4. 1981.

Protologue: "Habitat in Guiana, von Rohr," loc. not cited.

Type: Guiana, von Rohrl20 (holotype: C DC microfiche photo: Vahl herbarium nr. 17:111, 1!])

0, Krings and Springer (St. Vincent), Liogier (Dominican Republic), Marcano

nican Republic), and Quentin (Guadeloupe). No new names in West Indian Gonolobinae

Howard's efforts toward his Bora of the Lesser Antilles (Howard, 1989b).

nith 1991). Author abbreviations

tima Qacq.) Woodson, Ann. Missouri

jtype designated by Krings & Saville

;ould qualify as belonging to the origi-
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Notes: Most recent authors have accepted this entity under the name Matelea denticulata (Vahl) Fontella &
E.A. Schwarz. However, in a recent phylogenetic analysis based on chloroplast and nuclear data, the taxon

emerged in a clade of Gonolobus s.l. (Krings et al. 2008) and should be recognized as Gonolobus denticulatus

(Vahl) W.D. Stevens in a broad interpretation of the genus.

Cynanchum hirsutum Vahl, Eclog. Amer. 2:24. 1798. = Matelea hirsuta (Vahl) Woodson E.E. Cheesman, Fl.

Trinidad 2:170. 1947.

Protologue: "Habitat in insula Tri

Type: Trinidad, von Rohr 92 (hol

BM!).

Notes: An annotation on von Rohr 92 indicates that it

Cynanchum maritimum (Jacq.) Jacq., Select. Stirp. Amer. Hist. 83, t. 56. 1763. = Matelea maritima (Jacq.)

Woodson, Ann. Missouri Bot. Gard. 28:222. 1941.

Notes: Some authors have mistakenly attributed the combination in Cynanchum to Linnaeus' Syst. Nat

(1767). However Linnaeus (1767) clearly referenced Jacquin (1763). In Syst. Nat (1767), he wrote: "C. caule

volubili, fol. cordatis hirsutis subtus tomentosis, pedunc. Aggregatis. Mant. 54." The Mantissa plantarum

(Mant.) was published originally as an appendix to volume 2 of his Syst Nat (1767). In the Mantissa, Linnaeus

(1767) provides further detail, referring to 'Jacq. amer 86, t. 56,' and describing corollas of C. maritimum as

'atropurpurea.' Although C. maritimum is described on pages 83 and 84 in Jacquiris Select Stirp. Amer. Hist

(1763), rather than on page 86 as cited by Linnaeus (1767), the illustration reference (plate 56) is correct

and is not inconsistent with plants known most recently as Matelea maritima in the West Indies. Thus, it is

clear that Linnaeus accepted Jacquin's combination and was not himself proposing a new one. Continued

See Asclepias maritima Jacq.

Cynanchum maritimum (Jacq.) L., Syst. Nat. 2:192. 1767, err. cit. [=C maritimum (Jacq.) Jacq., see above].

Notes: Linnaeus (1767) never made this combination mistakenly attributed to him by subsequent workers.

Cynanchum rostratum Vahl, Symb. Bot. 3:45. 1794. = Gonolobus rostratus (Vahl) Schult. in Roemer &
Schultes, Syst. Veg. 6:61. 1820.

Protologue: "In insula Trinitatis legit Dn. v. Rohr," loc. not cited.

Type: Trinidad, (von Rohr?) Hb. Liebmann (holotype: C [IDC microfiche photo: Vahl herbarium nr. 17:111,

5!]; isotype: BM!).

Notes: Although Stafleu and Cowan (1986) noted that "Vahl's Symbolae Botanicae are based on the Forsskal

material at C," Cynanchum rostratum is not listed in the index accompanying the IDC microfiche of the Forsskal

herbarium. However, there is a specimen in the Vahl herbarium corresponding to Cynanchum rostratum.

The specimen label identifies it as having been part of the Hb. Liebmann at some point, however the hand,

identifying the collection as Cynanchum rostratum, belongs to Vahl. Von Rohr is not indicated on the label.

Cheesman (1947) mistakenly considered "Gonolobus rostratus R.Br. sens. Griseb Fl. 420" a synonym

of "Matelea viridijlora (G.F.W. Meyer) Woods." However, the latter clearly corresponds to Matelea denticulata

(Vahl) Fontella & E.A. Schwarz based on Cheesman's description (e.g., "cal[yx] lobes lanceolate," "corolla

[...] lobes ovate," "anthers without dorsal appendages") and not to Gonolobus rostratus sensu Grisebach

(1862) (e.g., "calyx [. . .] segments ovate," "corolla [. . .] segments lanceolate-linear"). Grisebach's (1862) taxon

(also from Trinidad) is clearly referable to G. rostratus (Vahl) Schult. The two taxa are difficult to confuse by

anyone familiar with them. The combination in Gonolobus is to be attributed to Schultes as Robert Brown

never made the combination erroneously attributed to him by some authors such as Grisebach (1862) and

Schlechter (1899).

Cynanchum stellatum Veil., FL Flumin. 121; 3, t. 80. 1829. = Fischeria stellata (Veil.) E. Fourn. in Mart., Fl.

Bras. 6:301. 1885.

Protologue: "Habitat silvis maritimis," loc. not cited.

Type: Veil., FL Flum. 121; 3, t. 80. 1829. (lectotype, designated as type by Murphy 1986).
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Cynanchum viridiflorum G. Mey., Prim. Fl. Esseq. 141. 1818, nom illegit., non Sims, 1817

Protologue: "in fruticetis plantationis Hamburg," loc. not cited.

Type(s): The type could not be located.

Notes: A synonym of Cynanchum denticulatum Vahl fide Howard (1989b).

Fischeria cincta Griseb., Fl. Brit. W.I. 421. 1862. = Gonolobus cinctus (Griseb.) Benth. & Hook. f. ex B.D.Jacks.,

Index Kewensis 2:1054. 1895.

Protologue: "Jamaica!, Higson," loc. not cited.

Type: Jamaica, Higsons.n. (holotype: K!).

Notes: A synonym of Gonolobus stapelioides Desv. ex Ham. fide Adams (1972).

Fisheria havanensis Decne. in DC., Prodr. 8:601. 1844.

Protologue: "in insula Cuba (Ramon de la Sagra, n. 556). (v.s.h. DC)."

Type: Cuba, Ramon de la Sagra 555 [556 fide Decne. in DC, Prodr. 8:601.] (holotype: G-DC [IDC microfiche

Candolle Prodromus Herbarium, fiche # 1542!]), photos at MO, n.v., F, n.v.).

Notes: A synonym of Fischeria scandens DC. fide Murphy (1986).

Fischeria multiflora Decne. in DC, Prodr. 8:601. 1844.

Protologue: "in Brasilia (cl. Martius) (v.s.h. reg. monac.)."

Type: Brazil, Martius s.n. (holotype: M, n.v.; isotype: M, n.v.).

Notes: Murphy (1986) considered F. multiflora Decne. a synonym of F. stellata (Veil.) E. Fourn. The latter is

the only species of Fischeria she recognized from Trinidad.

Fischeria multiflora Griseb., Fl. Brit. W.L 421. 1862, err.cit. [=F. multiflora Decne.].

Notes: In contrast to Grisebach himself (loc. cit.), Schlechter (1899) believed that Grisebach 's F. multiflora

did not belong to Decaisne's Brazilian species by the same name, but rather to F. havanensis Decne. Chees-

man (1947) accepted this as well. Murphy (1986) considered F. havanensis Decne. a synonym of F. scandens

DC, but did not recognize this taxon from Trinidad, the locality from which Grisebach (loc. cit) cited his

F. multiflora (based on Purdie and Crueger collections). Murphy (1986) recognized only F. stellata (Veil.) E.

Fourn.—under which she submerged F. multiflora Decne.—from the island.

Fischeria scandens DC, Cat. Pi. Horti Monsp. 112. 1813.

Protologue: "Hab. verosimiliter in America meridionali. Habuimus ex horto Madritensi," "h. monsp. inedit.

t. 67."

Type: America meridionali, hort. monsp. ined., t. 67

Notes: Fischeria scandens is the only species of Fisci

Antilles.

s.n. [48011] (holoty

LO."

Type: Martinique, Absalon, Pres la cascade, May 1910, Herb. d'AUeizette s.n. [48011] (holotype: L!).

Gonolobus bakeri Schltr. in Urban, Symb. Antill. 7(3):341. 1912.

Protologue: "Hab. in Cuba cult, in Santiago de las Vegas: C.F. Baker n. 7286, flor. m. Majo 1907," loc. r
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Protologue: "Prov. Oriente prope Bayate, m. Oct. flor.: Arth. Engstrom in herb. Ekman n. 3056," loc. not

Type: Cuba, Oriente, Bayate, 9 Oct 1914, Engstrom 3056 (lectotype, here designated: S!; isolectotype:

NY!).

Notes: Two sheets of Engstrom 3056 are extant—one at S and one at NY. The sheet at S is superior in condition

to the NY sheet, exhibiting much more floral and vegetative material and is therefore designated lectotype.

See Krings (2005c) for additional notes on this species.

Gonolobus bicolor (Britton & P.Wilson) Urb., Symb. Antill. 9(3):421. 1925. ss Matelea bicolor (Britton & P.

Wilson) Woodson, Ann. Missouri Bot. Gard. 28:236. 1941.

See Marsdenia bicolor Britton & P. Wilson.

Gonolobus broadwayae Schltr. in Urb., Symb. Antill. 7(3):340. 1912.

Protologue: "in Trinidad, ad St. Clair Experiment Station inter Bambusas volubilis: W.E. Broadway n. 2743,"

loc. not cited; 'ad Santa Cruz: Lopez (Herb. Broadway n. 2419); loc. not cited.

Type: Trinidad, Lopez 2419 (lectotype, here designated: Z!).

Notes: Of the two syntypes cited in the protologue, only Lopez 2419 (Z) appears to be extant. Gonolobus

broadwayae Schltr. is a synonym of G. rostratus (Vahl) Schult.

Gonolobus ciliatus Schltr. in Urban, Symb. Antill. 1(2):282. 1899.

Protologue: "Tobago, in silvis prope Frenchfield, alt. 400 ped., Oct.: Eggers 5561" loc. not cited; 'Trinidad,

prope La Ventilla: Cruger s.n.,' loc. not cited; 'Venezuela,' loc. not cited.

Type: Tobago, Eggers 5561 (lectotype, here designated: P!; isolectoype: UCW1!).

Notes: Unidentified as a type, Eggers 5561 had been filed at P with Matelea denticulata (Vahl) Fontella & E.A.

Schwarz. The Cruger specimen could not be located. Gonolobus ciliatus Schltr. is a synonym of G. denticulatus

(Vahl) W.D. Stevens.

Gonolobus cinctus (Griseb.) Benth. & Hook. f. ex B.D.Jacks., Index Kewensis 1:1054. 1895.

See Fischeria cincta Griseb.

Gonolobus cinctus (Griseb.) Benth., Gen. Pi. 2:750. 1876, err.cit. [= Gonolobus stapelioides Desv. ex

Ham.].

Notes: This combination is not valid, as the epithet of the basionym

—

Fischeria cincta Griseb.—was not

definitely associated with the genus Gonolobus.

Gonolobus denticulatus (Vahl) W.D. Stevens, Phytologia 64:334. 1988.

See Cynanchum denticulatum Vahl.

Gonolobus dictyopetalus Urb. & Ekman, Ark. Bot. 20A(5):41. 1926. = Matelea dictyopetala (Urb. & Ekman)

Krings, J. Bot. Res. Inst. Texas 2:130. 2008.

Protologue: Haiti, "Massif de la Selle in Morne Cabaio ad Jardin Bois [. . .] n. H. 1625," loc. not cited.

Type: Haiti, Massif de la Selle, Morne Cabaio, ca. 1900 m, 24 Aug 1924, Ekman H 1625 (lectotype, here

designated: S!; isolectotype: IJ! - fragment [single leaf]).

Notes: Two sheets ofEkman H 1625 are known—one at IJ and another at S. Whereas the sheet at IJ consists of

a stem fragment with a single leaf (plus several more leaf fragments and a flower bud in the fragment pocket),

the sheet at S (determined in Urban's hand) consists of numerous leaves and flowers and is in good condi-

tion. Ekman specimens were sent to Urban at B for critical study (Howard, 1952; Nordenstam et al., 1994).

Nordenstam et al. (1994) noted that Urban was to identify and publish on the work of Ekman and return

the principal (full) set of vascular and non-vascular plants to Stockholm (S). Nordenstam et al. (1994) also

noted that it is obvious that Urban returned the original specimens to Stockholm as many Ekman sheets are

annotated as types in Urban's handwriting. Urban could keep one duplicate of the material upon which any

of his and Ekmans publications were based (Nordenstam et al., 1994). Urban published a number of names
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in West Indian Gonoiobinae based on Ekman material and it can be assumed that holotypes were kept at B.

However, all of Gonoiobinae types at B were destroyed in World War II, necessitating lectotypification.

Gonolobus domingensis Alain, Moscosoa 1(3):46. 1978. = Matelea domingensis (Alain) Krings, Sida 21:2081.

2005.

Protologue: "Loma Isabel de Torres, Puerto Plata [. . .] Alain & Perja Liogier 13780 (SDM, NY); en bosque,

id. A. & P Liogier & N. Melo 23348 (SDM)."

Type: Dominican Republic, estribo sur del Isabel de Torres, Puerto Plata, alt. 750 m, 16-17 Aug 1975 (fl),

Alain & Perja Liogier 23780 (lectotype designated by Krings 2005d: JBSD!).

Notes: See Krings (2005d) for a detailed discussion of lectotypification of this taxon.

Gonolobus dussii Krings, Syst. Bot. 32:183. 2007.

Protologue: "Guadeloupe. Chemin de la Soufriere, alt. 500 m, Quentin 732 (holotype: P!-fl; isotype: GH!-

fl)."

Type: Guadeloupe, Chemin de la Soufriere, alt. 500 m, Quentin 732 (holotype: P!-fl; isotype: GH!-fl).

Gonolobus ekmanii Urb., Symb. Antill. 9(3):422. 1925. = Matelea ekmanii (Urb.) Woodson, Ann. Missouri

Bot. Gard. 28:226. 1941.

Protologue: "Prov. Oriente in Sierra Maestra inter Rio Yara et Rio Palmamocha cr. 1300 m. alt., m. Jul.

flor., n. 14453," loc. not cited.

Type: Cuba, Ekman 14453 (lectotype, here designated: S!; isolectotype: NY!).

Notes: Two sheets of Ekman 14453 are held at S. One sheet holds a nicely, openly pressed flower in its frag-

ment pocket. Considering that the condition of both sheets is otherwise comparable, the sheet with the

openly pressed flower in the fragment pocket is here designated lectotype. As accession numbers are the

same on both sheets, the lectotype can be identified by the label header: "Mus. Botan. Stockholm. Plantae

Indiae Occidentalis N:o 14453" [sic].

Gonolobus floccosus Bertol., Opusc. Sci. 4:225. 1823.

Protologue: "[. . .] ex Guadalupa, et Portorico," Anonymous (loc. not cited).

Type: Guadeloupe, Anonymous s.n. (holotype: BOLOQ.

Notes: A synonym of Matelea maritima (Jacq.) Woodson.

Gonolobus grenadensis Schltr. in Urban, Symb. Antill. 7(3):339. 1912.

Protologue: "in Grenada ad Annandale, W.E. Broadway n. 3477" loc. not cited.

Type: Grenada, St. Mark Parish, Wooded hillsides near Victoria, elev. 100-300 ft, 24 Nov 1957, G.R. Proctor

17225 (neotype, here designated: IJ!).

Notes: Based on Schlechter's (1912) description, Gonolobus grenadensis Schltr. is a synonym of Gonolobus

denticulatus (Vahl) W.D. Stevens. Schlechter (1912) considered it a close relative to G. ciliatus Schltr. (also

a synonym of G. denticulatus), from which he distinguished it only by larger leaves and flowers. Howard

(1989b) also treated G. grenadensis as a synonym of G. denticulatus, although confusing it with G. martinicen-

sis in key and description (though not in illustration). Unfortunately no original material of G. grenadensis

could be located. Proctor 17225 (IJ) appears to be the only extant specimen of this taxon from Grenada. It

is here designated neotype.

Gonolobus grisebachianus Schltr. in Urban, Symb. Antill. 1(2):287. 1899. = Matelea grisebachiana (Schltr.)

Alain, Mem. Soc. Cub. Hist. Nat. "Felipe Poey" 22:120. 1955.

Protologue: "Cuba, loco special! haud indicato: Wright s.n." loc. not cited.

Type: Location of type is unknown. No additional matching material was located.

Gonolobus haitiensis P.T. Li, J. South China Agric. Univ. 14(1):58. 1993.

Type: Haiti, Massif du Nord, St. Louis du Nord, Morne Baron, 950 m, 20 Aug 1925, E.L. Ekman 4693 (ho-

lotype: S!; isotypes: B!, US!).



Journal of the Botanical Research Institute ofTexas 2(1)

Gonolobus iyanolensis Krings, Syst. Bot. 32:185. 2007.

Protologue: "St. Lucia. Gros Piton, 9 Aug 1996 ["9/8/76"] (fl), Roger Graveson 107 (holotype: GH!)."

Type: St. Lucia, Gros Piton, 9 Aug 1996 ["9/8/76"], Roger Graveson 107 (holotype: GH!).

Notes: Roger Graveson noted that the collection date is incorrect on the label of the type and should be 9

Aug 1996 instead (Graveson, pers. comm.).

Gonolobus jamaicensis Rendle, J Bot. 74:345. 1936.

Type: Jamaica, near Vinegar Hill, climbing up trees to height of 20 ft, 4200 ft elev, 5 Jun 1896, Harris 6368

(holotype: BM!).

Notes: Gonolobus jamaicensis was proposed by Rendle as a nomen novum for the Jamaican endemic taxon

Schlechter (1899) attributed to G. rostratus (Vahl) R.Br. Robert Brown never made the combination attributed

to his Memoirs of the Wernerian Natural History Society 1:35. 1810. The true Gonolobus rostratus (Vahl) Schult.

is known only from Trinidad in our area and is based on the type of Cynanchum rostratum Vahl. Because

Rendle corrected a misapplication, his name— G. jamaicensis—is a new species name, not a nomen novum

as he incorrectly stated. A nomen novum is an avowed substitute (replacement name) for a validly published

but illegitimate name, the type of which would be the same as that of the name which it replaced.

Gonolobus maritimus (Jacq.) R.Br., Mem. Wern. Nat. Hist. Soc. 1: 24. 1810. = Matelea maritima (Jacq.)

Woodson, Ann. Missouri Bot. Gard. 28:222. 1941.

See Asclepias maritima Jacq.

Gonolobus maritimus (Jacq.) R.Br, ex Schult. in Roemer & Schultes, Syst. Veg. 6:59. 1820, err. cit. [=G. mar-

itimus (Jacq.) R.Br.]

Notes: Brown (1810) validly and effectively published the combination Gonolobus maritimus (Jacq.) R.Br.

The sometimes mistakenly cited combination Gonolobus maritimus (Jacq.) R.Br, ex Schult., Syst. Veg. 6:59.

1820, is an error in citation as Schultes clearly accepted Brown's combination, correctly additionally citing

See Asclepias maritima Jacq.

Gonolobus martinicensis Decne. in De Candolle, Prodr. 8:595. 1844.

Protologue: "inMartinicae sylvis umbrosis, (cl. Pfe) Tourimibi Caribeorum Plum. etSurian821 (v.s.h. Mus.

par.)."

Type: Martinique, Flee s.n. (lectotype designated by Krings 2007: P!).

Notes: Two syntypes were cited in the protologue, but only Flee s.n. (P) could be re-located. Plum, et Surian

821 could not be found.

Gonolobus membranaceus Schltr. in Urban, Symb. Antill. 1(2):285. 1899.

Protologue: "Haiti, loco speciali haud indicato: Poiteau s.n." loc. not cited.

Type: The location of the type remains unknown. No additional matching material was found.

Notes: Ekman H4693 (IJ!) is labelled Gonolobus membranaceus. The specimen consists of mostly stem and

3-4 leaf fragments held in a fragment pocket. It appears to match Poicillopsis crispiflora Urb. Gonolobus mem-

branaceus is likely very closely related to Matelea haitiensis as, based on the protologues, the two appear to

differ only in the shape and apices of the leaf blades and calyx lobes. Additional collections and discovery

of the type may prove them synonymous.

Gonolobus nipensis Urb., Symb. Antill. 9(3):421. 1925. = Matelea nipensis (Urb.) Woodson, Ann. Missouri

Bot. Gard. 28:226. 1941.

Protologue: "Prov. Oriente in Sierra de Nipe ad pedem Loma Mensura in savannis pinetorum umbrosis cr.

725 m. alt., m. Jul. flor.: n. 9710," loc. not cited.
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Type: Cuba, Oriente, Sierra de Nipe, Loma Mensura, ca. 725 m, 11 Jul 1919, Ehman 9710 (lectotype, here

designated: S!; isolectotype: NY!).

Notes: Ekman 9710 (S) is a superior specimen relative to Ehman 9710 (NY) in that it bears many more leaves,

inflorescences, and flowers. It is here designated lectotype for Gonolobus nipensis.

Gonolobus pauciflorus Spreng., Syst. Veg. 1:846. 1824. = Matelea pauciflora (Spreng.) Woodson, Ann. Mis-

souri Bot. Gard. 28:226. 1941.

Protologue: "Hispaniola, Bertero" loc. not cited.

Type: Hispaniola: 'St. Domingue,' Bertero s.n. (lectotype designated by Krings 2006: P!; isolectotype: G-DC
[IDC microfiche Candolle Prodromus Herbarium, fiche # 1543!]).

Notes: Bertero collections were among specimens in the fragmented Sprengel collection acquired by B

in 1890, but no Bertero specimen corresponding to G. pauciflorus was found extant at that institution. As

neither extant duplicate of Bertero s.n. at either G-DC or P corresponding to G. pauciflorus bears the hand of

Sprengel and as no other Bertero material corresponding to the taxon has been located at the other institu-

tions queried (see Acknowledgments), it is assumed that the holotype was destroyed. Consequently, having

been able to examine the specimen at P, but only the microfiche of the specimen at G-DC, Krings (2006)

designated the sheet at P lectotype for G. pauciflorus.

Gonolobus pubescens Griseb., Fl. Brit. W.I. 420. 1862. - Matelea pubescens (Griseb.) Krings, J. Bot. Res.

Inst. Texas 2:131. 2008.

Protologue: "Jamaica, Macf." loc. not cited.

Type: Jamaica, Macjadyen s.n. (holotype: GOET!; isotype: K!).

Notes: The GOET specimen consists of an unmounted section of stem with five nodes, but only three de-

veloped leaves. A fourth developed leaf and a fragment of a fifth are loose in the pocket. A smaller fragment

pocket contains floral parts. Macjadyen s.n. (K) is a superior specimen relative to Macjadyen s.n. (GOET) in

bearing many more leaves, as well as an openly pressed flower kept in the fragment pocket. Both the K and

GOET specimens are annotated in Grisebach's hand.

Gonolobus rhamnifolius Griseb., Fl. Brit. W.I. 420. 1862. = Matelea rhamnifolia (Griseb.) Krings, Sida

21:1515. 2005.

Protologue: "Jamaica!, Al, S. Anns, near Moneague," loc. not cited.

Type: Jamaica, R.C. Alexander s.n. (holotype: GOET!).

Notes: See Krings (2005a) for a discussion of the morphology of this taxon. The type locality was visited

on an expedition to Jamaica by the present author and Dale Suiter in March 2006. However, the area was

unfortunately flooded (houses under 10-15 feet of water) and inaccessible. The species was not observed on

any of the access roads up to the flooded valley. Dr. George Proctor noted collecting a specimen in a narrow

patch of woods between a road and a pasture. The area appears to be in similar condition currently, with

many pastures separated from rural roads by narrow patches of woods.

Gonolobus rostratus (Vahl) Schult. in Roemer & Schultes, Syst. Veg. 6:61. 1820.

Notes: Schultes (1820) cited Vahl's protologue of Cynanchum rostratum (see above) and attributed the com-

bination in Gonolobus to Robert Brown. However, as Brown never made the combination in Gonolobus that

has been attributed to him, Schultes should be considered the author of the valid combination.

See Cynanchum rostratum Vahl.

"Gonolobus rostratus" auct. non (Vahl) Schult.: Schlechter in Urb., Symb. Antill. 1:284. 1899.

Notes: Schlechter (1899) mistakenly attributed a Jamaican entity to the name Gonolobus rostratus (Vahl)

R.Br., for which Rendle later proposed the name G. jamaicensis (see above). Robert Brown never made this

combination attributed to him (see Memoirs of the Wernerian Natural History Society 1:35. 1810).

See also Cynanchum rostratum Vahl.

"Gonolobus scandens (Aubl.) Urb.," Repert. Spec. Nov. Regni Veg. 16:151. 1919; nom. illeg.
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Notes: Based on an invalid polynomial—Periploca scandens AubL, Histoire des plantes de la Guiane Francoise

2 (Tabl. Norn. Lat.):23. 1775. 260. See Nicolson (1991) for a discussion.

Gonolobus scandens Urb., Repert. Spec. Nov. Regni Veg. 16:151. 1919; nom. illeg.

Notes: A superfluous name and synonym of Gonolobus martinicensis Decne. (Prodromus Systematis Naturalis

Regni Vegetabilis 8:595. 1844.).

Gonolobus sintenisii Schltr. in Urban, Symb. Antill. 1(2):288. 1899. = Matelea sintenisii (Schltr.) Woodson,

Ann. Missouri Bot. Gard. 28:226. 1941.

Protologue: "Portorico, Sierra de Luquillo, in regione superiore montis Jimenes in silvis, Jul. 1885: Sintenis

n. 1354; in silva primaeva montis Andubo prope Adjuntas, Jun. 1886: Sintenis n. 4643," loc. not cited.

Type: Puerto Rico, Sierra de Luquillo, Jimenez mts., 9 Jul 1885, Sintenis 1354 (lectotype, here designated:

HBG!; isolectotypes: BM!, G!, GH!, K!, US!).

Notes: Among the syntypes, Sintenis 1354 (HBG) is chosen as lectotype as the specimen bears flowers in

relatively superior condition to the duplicates under this number. The two specimens respectively at G and GH

are sterile. The K specimen bears a single flower in bud. Specimens of Sintenis 4643 could not be located.

Gonolobus stapelioides Desv. ex Ham., Prodr. PI. Ind. Occid. 32. 1825.

Protologue: "Habitat in fruticetis circa Alfred Hall, prope Scarborough, Tobago, cum Echite quinquangulare

etc. ubi florentem inveni mense Octobris (V. et S. v.)," loc. not cited.

Type: Jamaica, Portland Parish, 0.5 mi N of Hardwar Gap, uphill from the trail above the "Waterfall," ca.

3900 ft, montane rainforest, vines growing over trailside shrubs and in small forest openings, population

Jl, 3 Mar 2006, A. Krings 1395 with D. Suiter and G.R. Proctor (neotype: P!, designated by Krings 2008; iso-

neotypes: BM!, IJ!, NCSC!, NY!).

Notes: Schlechter (1899) noted that there was likely a label mix-up between theJamaican entity G. stapelioides

and the Tobagoan G. virescens Ham. It would indeed be unlikely for G. stapelioides to be limited in distribu-

tion to Jamaica and Tobago. The taxon is not represented by any other specimens from Tobago. Similarly,

G. virescens is not known from Jamaica by another specimen. A neotype is proposed as the holotype could

Gonolobus stellatus Griseb., Fl. Brit. W.I. 420. 1862.

Protologue: "Jamaica!, Pd., Manchester, rare, near Knockpatrick," loc. not cited.

Type: Jamaica, Purdie s.n. (holotype: GOET!; isotypes: BM!, K!).

Notes: Purdie s.n. (K) is the best specimen of the three extant sheets. It bears numerous leaves, inflorescences,

and an openly pressed flower. The specimen also bears an annotation in Grisebach's hand. The specimen

at BM is also in good condition, bearing a nicely preserved flower. However, this specimen does not bear

annotations in Grisebach's hand. The specimen at GOET consists entirely of fragments (two leaves and

Gonolobus stephanotrichus Griseb., Cat. Pi. Cub. 177. 1866.

Protologue: "Cuba or. (Wr. 2969 [...]/' loc. not cited.

Type: Cuba, 1860-1864, Wright 2969(lectotype, designated by Krings & Fantz 2006: GOET!; syntypes: BM!,

BREM!, G!, GH!, HAC!, K!, MO, NY!, P!, UC!, US!).

Notes: The Wright collection of G. stephanotrichus at S bears the number 164 and does not appear to be

part of the type collection. See Krings and Fantz (2006) for a detailed discussion of the lectotypification of

G. stephanotrichus.

Gonolobus stipitatus Alain, Phytologia 64(5):345. 1988, nom. illeg.; non Gonolobus stipitatus Morillo, 1987. =

GonolobushaitiensisP.T.U,]. South China Agric. Univ. 14(1):58. 1993.

Protologue: "Haiti: On hard limestone, Massif du Nord, St. Louis du Nord, on top of Morne Baron, Jul 20,

1925, Ehman 4693 (holotypus: S)."

Type: Haiti, Massif du Nord, St. Louis du Nord, Morne Baron, 20 Aug 1925, Ehman H 4693 (holotype: S!;

isotypes: B!, US!).
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"Gonolobus suberosus" auct. non (L.) R.Br.: Spreng., Syst. Veg. 1:846. 1824.

Notes: Cited as Gonolobus suberosus Spreng. by Schlechter (1899) and Woodson (1941), although Sprengel

(1824) clearly cited Robert Brown as author of the combination in Gonolobus based on the basionym Cynanchum

suberosum L. Although the typification of C. suberosum L. is complex (Drapalik 1969; Reveal & Barrie 1992)

,

the basionym has most recently been recognized to apply to the single Gonolobus species in the southeastern

United States (see Krings & Xiang 2004, 2005). Schlechter (1899) and Woodson (1941) considered Spren-

gel's G. suberosus to be a synonym of what is now known as Matelea maritima (Jacq.) Woodson. Sprengel's

description is not inconsistent with their decision.

Gonolobus tigrinus Griseb., Mem. Amer. Acad. Arts 8:520. 1863. = Matelea tigrina (Griseb.) Woodson, Ann.

Missouri Bot. Gard. 28:226. 1941.

Protologue: "{Wright] (1667V loc. not cited.

Type: Cuba, Holguin, 19 Mar, Wright 1667 (lectotype, here designated: GOET, n.v., fide Howard 1989a;

syntypes: MO [image online!], G!, GH!, K!).

Notes: Specimens distributed under Wright 1667 were collected by Wright from at least two different lo-

calities at two different times (GH: "in coffee fields, Josephina, Nov 1"; GOET: "Holguin, 19 Mar"). Krings

(2005c) mistakenly stated that Howard lectotypified G. tigrinus based on Wright 1667 at GOET. However,

Howard's "lectotypification" (1989a) appeared in a microfiche appendix, not in print, and thus is not ef-

fectively published and has no standing in nomenclature. Rankin & Greuter (2000) reported a similar case

in Antillean Aristolochia.

Gonolobus tigrinus Griseb. var. angustifolius Griseb., Cat. PI. Cub. 177. 1866.

Protologue: "Wr. [Wright]" loc. not cited.

Type: The location of the type remains unknown. No additional matching material was found.

Notes: This taxon was recognized at the specific rank by Schlechter (1899) as G. grisebachianus Schltr.

Gonolobus tobagensis Urb., Repert. Spec. Nov. Regni Veg. 16:37. 1919.

Protologue: "in Tobago in districtu The Widow nominato, m. April, flor, W.E. Broadway no. 4467 [loc. not

cited]."

Type: Tobago, the Widow, 28 Apr 1913, W.E. Broadway 4467 (lectotype, here designated: BM!).

Notes: Among the great bulk of collections received by Urban from Erik Ekman (Cuba and Hispaniola) and

William Harris (Jamaica), are specimens sent to him by W.E. Broadway from Trinidad, Tobago, and Grenada.

Holotypes are presumed to have remained at B until their destruction in a fire in World War II. There is no

indication on Broadway 4467 (BM) that it was seen by Urban, but as the only apparently extant sheet of the

number cited by Urban in the protologue, it is here designated lectotype of G. tobagensis.

Gonolobus variifolius Schltr. in Urban, Symb. Antill. 1(2):286. 1899. = Matelea variifolia (Schltr.) Woodson,

Ann. Missouri Bot. Gard. 28:226. 1941.

Protologue: "Portorico, Sierra de Luquillo, in regione media montisJimenes in fruticetis, Jun. 1885: Sintenis

n. 1653; loc. not cited; 'montis Cienega prope Adjuntas, Jun. 1886: Sintenis n. 4687: loc. not cited.

Type: Puerto Rico, Sierra de Luquillo, Jimenez mts., Jun 1885, P. Sintenis 1653 (lectotype, here designated:

NY!; isolectotypes: G!, GH!, MO!, P!, US!); P. Sintenis 4687 (syntype: K!).

Notes: Sintenis 1653 (NY) is here designated as lectotype for Gonolobus variifolius Schltr. as, unlike the other

Gonolobus viridiflorus Schult. in Roemer & Schultes, Syst. Veg. 6:61. 1820.; nom. illeg., non G. viridiflorus

Nutt. (1818).

Protologue: "Meyer," loc. not cited.

Type: unknown.

Notes: Schultes (1820) clearly cited Meyer's basionym, Cynanchum viridiflorum. However, C. viridiflorum G.

Mey. is illegitimate, being a later homonym of C. viridiflorum Sims (1817). The basionym epithet is not avail-

able in Gonolobus due to the earlier G. viridiflorus Nutt. (1818). Most recent authors have accepted this entity
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under the name Matelea denticulata (Vahl) Fontella & E.A. Schwarz (Boletim do Museu Botanico Municipal

46:4. 1981.), although, as it emerged in a clade of Gonolobus s.l. (Krings et al. 2008) the name G. denticulatus

(Vahl) W.D. Stevens is preferable.

Gonolobus waitukubuliensis Krings, Syst. Bot. 32:187. 2007.

Protologue: "Dominica. In sylvis ad Laudat, Mai 1882 (fl), Eggers 728 (holotype: HBG! [2 sheets]; isotypes:

FR!,G!, GH!,JE!,M!,W!,Z!)."

Type: Dominica, in sylvis ad Laudat, May 1882, Eggers 728 (holotype: HBG! [2 sheets]; isotypes: FR!, G!,

GH!,JE!,M!,W!,Z!).

Gonolobus youroumaynensis Krings, Syst. Bot. 32:191. 2007.

Protologue: "Orange Hill Estate, roadbank in banana and pigeon pea plantations, uphill from fork in road

to the C.W.S.A. water intake site, Kiss-me, 14 Mar 2006 (fl), Krings 1374 with Springer (holotype: NCSC!;

isotypes: GH!,K!, NY!, US!, P!)."

Type: St. Vincent, Orange Hill Estate, roadbank in banana and pigeon pea plantations, uphill from fork in

roSad to the Central Water and Sewage Authority water intake site, Kiss-me, 14 Mar 2006, Krings 1374 with

Springer (holotype: NCSC!; isotypes: GH!, K!, NY!, US!, P!).

Holostemmacandolleanum Spreng., Syst. Veg. 1:851. 1824, norm illeg.

Notes: Sprengler (loc. cit.) cited F. scandens DC. in synonymy, thus making his name illegitimate. Schlechter

(1899) placed Sprengler's name in synonymy under Fischeria crispiflora (Sw.) Schltr.—a later homonym of F.

crispiflora (Sw.) K. Schum.—which he misapplied to the taxon recognized by Murphy (1986) as F. scandens

DC.

Ibatia maritima (Jacq.) Decne. in De Candolle, Prodr. 8:599. 1844. = Matelea maritima (Jacq.) Woodson,

Ann. Missouri Bot. Gard. 28:222. 1941.

See Asclepias maritima Jacq.

Ihatia mollis Griseb., Cat. Pi. Cub. 177. 1866. = Matelea mollis (Griseb.) Woods., Ann. Missouri Bot. Gard.

28:223. 1941.

Protologue: "Cuba occ. - pr. La Concordia (Wr. 2978): loc. not cited.

Type: Cuba, Wright 2978 (lectotype, here designated: GH!; syntypes: K!, MO! [image online]).

Notes: See discussion under Gonolobus tigrinus regarding problems of typification of Grisebach names based

on Wright collections. Unfortunately, there is no extant Wright material of number 2978 at GOET. However,

a specimen does exist at GH, which can be designated lectotype following Howard (1989a). Two elements

are mounted on the sheet—one with flowers and one with fruits. As fruits were not mentioned in the pro-

tologue, the flowering element of Wright 2978 (GH) is here designated as lectotype for Ibatia mollis Griseb.

Other combinations include: Ptycanthera mollis (Griseb.) Schltr. in Urb., Symb. Antill. 1(2):280. 1899.

Ibatia muricata Griseb., Fl. Brit. W.I. 421. 1862.

Protologue: "Antigua!, Wullschl, Dominica!, lmr.\ [Guadeloupe! ;
Venezuela!]," loc. not cited.

Type: Antigua, Cedar Hall, 1849, Wullschlagel (lectotype designated by Krings & Saville 2007: M! [2

sheets])

Notes: Although not identified as a type, the material at M was the only Wullschlagel specimen from An-

tigua found in the course of a study by Krings and Saville (2007) and was designated lectotype of Ibatia

muricata. Grisebach 's name is a synonym of Matelea maritima (Jacq.) Woodson, Ann. Missouri Bot. Gard.

28:222. 1941.

jacaima costata (Urb.) Rendle
: J. Bot. 74:340. 1936. = Matelea costata (Urb.) Morillo, Anales Jard. Bot.

Madrid 43:239. 1987 ["1986"].

See Poicilla costata Urb.

Jacaima costata (Urb.) Rendle var. goodjriendii Proctor, J. Arnold Arbor. 63:290. 1982. = Matelea costata

(Urb.) Morillo var. goodfriendii (Proctor) Krings, comb. nov.
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Protologue: "St. Ann: Cedar Valley distr., ca. 1.5 mi NE of Cave Valley Square, ca. 2000 ft, Goodfriend s.n.

(IJ 65657), May 17, 1977 (flowers) (holotype), Goodfriend s.n. (IJ 66697), Jul 1977 (fruit)."

Type: Jamaica, St. Ann: Cedar Valley distr., ca. 1.5 mi NE of Cave Valley Square, wooded limestone hills,

ca. 2000 ft, 17 May 1977, Goodfriend s.n. (holotype: IJ!); Jul 1977, Goodfriend s.n. (paratype: IJ!).

Jaccdmaparvijolia Proctor, J. Arnold Arbor. 63:291. 1982. = Matelea proctori Krings, nom. nov.

Protologue: "Clarendon: Broom Hall hills, 1.2 mi SW of Cave Valley Square, 1800-2000 ft, Proctor 37887,

Jul 9, 1978 (holotype)."

Type: Jamaica, Clarendon: Broom Hall hills, 1.2 mi SW of Cave Valley Square, 1800-2000 ft, 9 Jul 1978,

Proctor 37887 (holotype: GH!; isotype: IJ!).

Notes: A new name is required as a new combination in Matelea is blocked by M. parvifolia (Torr.) Woodson.

As Proctor 37887 (IJ) is labelled isotype, it is assumed that the GH duplicate was intended to serve as the

holotype. Dr. Proctor accompanied the current author, Dale Suiter, and Davian Campbell, on an expedition

to the type locality in March of 2006. At the time the type was described the area was called Broom Hall and

the valley was mostly in pineapple cultivation (Proctor, pers. comm.). On a change of ownership, the area

is now mostly in coffee and under the name Baron Hall. Although the hills maintain forest cover, much is

disturbed and has either been converted to coffee or is in the process of conversion. Specimens ofJ. parvi-

folia were not located. There are forests not owned by Baron Hall which are part of the endemic Peckham

complex and may retain populations ofJ. parvifolia, but further research is needed.

Lachnostoma maritimum (Jacq.) G. Nicholson, 111. Diet. Gard. 2:226. 1884. = Matelea maritima (Jacq.)

Woodson, Ann. Missouri Bot. Gard. 28:222. 1941.

See Asclepias maritima Jacq.

Lachnostoma mollis (Griseb.) M. Gomez, Anales Hist. Nat. 23:276. 1894. = Matelea mollis (Griseb.) Woodson,

Ann. Missouri Bot. Gard. 28:223. 1941.

See Ibatia mollis Griseb.

Macroscepis hirsuta (Vahl) Schltr. in Urban, Symb. Antill. 1:265. 1899. = Matelea hirsuta (Vahl) Woodson

in E.E. Cheesman, Fl. Trinidad 2:170. 1947.

See Cynanchum hirsutum Vahl.

"Macroscepis obovataT auct. non Kunth: Griseb., Fl. Brit. W.I. 421. 1862.

Notes: The most recent combination to which Grisebach misapplied the name Macroscepis obovata is Matelea

hirsuta (Vahl) Woodson in E. E. Cheesman, FL Trinidad 2:170. 1947.

See Cynanchum hirsutum Vahl.

Marsdenia bicolor Britton & P. Wilson, Bull. Torrey Bot. Club 50:47. 1923. = Matelea bicolor (Britton & P.

Wilson) Woodson, Ann. Missouri Bot. Gard. 28:236. 1941.

Protologue: "Sierra Maestra, Oriente (Leon 10787, type; 10788X loc. not cited.

Type: Cuba, Oriente, Maestra ridge, 1300 m, Jul 1922, Leon 10787 (holotype: NY!; isotype: HAC, n.v.); Cuba,

Leon 10788 (paratypes: NY!, US!).

Notes: Although TROPICOS currently indicates the holotype to be at GH (as of 12 Apr 2006), the specimen

is not listed in the GH online catalogue nor was it sent on loan or found in a targeted search by collection

manager Emily Wood. In addition, there is a discrepancy in the label data, particularly the altitude of col-

lection, for the paratype Leon 10788, suggesting that the sheets at NY and US are not duplicates of the same

collection. The NY sheet indicates only "Maestra ridge, 1300 m," whereas the US sheet indicates "Woods:

Sierra Maestra. Region of Pico Turquino. Alt. near 2000 m." Collector, collector number, and date are the

same on both sheets.

Matelea acuminata (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:225. 1941.

See Orthosia acuminata Griseb.

Matelea alainii Woodson, Contr. Ocas. Mus. Hist. Nat. Colegio "De La Salle" 15:23. 1956.
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Protologue: "Cuba: Oriente: on coastal limestone rocks, Km. 90 between Imias and Cajobabo, Via Azul,

Jan. 12, 1956," Brother Alain & C.V. Morton 5029 (HT: MO); "on coastal limestone rocks. Km 50 of Via Azul,

Jan 10, 1956," Brother Alain & C.V Morton 4959 (PT: MO).

Type: Cuba, Alain & Morton 5029 (holotype: MO; isotypes: GH!, HAC!, US!); Alain & Morton 4959 (paratypes:

GH!,MO!,IJ!).

Matelea annulata Woodson ex Alain, Brittonia 20:149. 1968.

Protologue: "Hispaniola: Dominican Republic: Montiada Nueva, Barahona Prov., 21-25 Aug 1946, R. & E.

Howard 8512 (Type: NY; isotype: GH); Howard 8590 (GH)."

Type: Dominican Republic, Montiada Nueva, Barahona Prov., 21-25 Aug 1946, R.A. & E.S. Howard 8512

(holotype: NY! [2 sheets]; isotypes: GH!, MO!).

Notes: Alain H. Liogier described Matelea annulata based on suggestions from Robert E. Woodson, Jr. and

legitimized the fetter's nomen in schedula. Three sheets were cited in the protologue: R. & E. Howard 8512

(HT: NY!; IT: GH!) and Howard 8590 (PT: GH!). The former two contain matching material. However, the

latter collection (the paratype), which incidentally was also collected by both Howards, contains material that

clearly does not belong to the holotype and isotype. Although also glabrous, leaves of R. & E. Howard 8590

exhibit: (1) more numerous secondary veins, and (2) secondary veins nearly straight (vs. ascending in R.&

E. Howard 8512). The seeds associated with R. & E. Howard 8590 are also: (1) significantly longer (11-11.6

mm vs. 5 mm in R. & E. Howard 8512), (2) of a thin papery texture (vs. hardened in R.& E. Howard 8512), and

(3) lack the distally swollen margin seen in Howard 8512 (and other West Indian Matelea species). Although

published as a paratype, R. & E. Howard 8590 (GH) must be excluded from Matelea annulata. It remains

unclear to what taxon it should be referred instead. Typification of M. annulata should be as indicated above.

As a final note, in contrast to the indication by Liogier (1968), the flowers oiMatelea annulata are not solitary

They appear to be borne sequentially on inflorescences subtended by a much reduced peduncle.

Matelea bayatensis (Urb.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus bayatensis Urb.

ri Bot. Gard. 28:236. 1941.

Matelea borinquensis Alain, Phytologia 61:360. 1986.

Protologue: "Puerto Rico: Cerro Pelucho, San Lorenzo, alt. 400-500 m, Mar 8, 1984, Alain & Perfa Liogier,

Luis E Martorell 35111 (holotypus: UPR)."

Type: Puerto Rico, Liogier et al. 35111 (holotype: UPR, n.v).

Notes: A synonym of Matelea variifolia (Schltr.) Woodson fide Acevedo-Rodriguez (2005). This specimen

could not be obtained on loan, despite requests.

Matelea constanzana J Jimenez Aim., Rhodora 62:238. 1960.

Protologue: "in Sto. Domingo prope Constanza, inter frutices volubilis 1400 m. alt., H. von Tuerckheim n.

3466, flor. Jul. 1910," loc. not cited.

Type: The location of the type remains unknown. No additional matching material was found.

Notes: Nomen nov. for Poicillopsis tuerckheimii Schltr. in Urb., Symb. Antill. 7(3):339. 1912. Jimenez pro-

posed the new name as Schlechter's epithet was unavailable in Matelea. The name is provisionally treated

in Matelea, pending the rediscovery and study of the type.

Matelea correllii Spellman, Ann. Missouri Bot. Gard. 65(4):1255. 1979 ["1978"].

Protologue: "Bahama Islands. Long Island: ... low places along Queen's Highway about 4 miles north of

Clarence Town center, 18 Nov. 1977, D.S. Correll 49112 (MO, holotype; F, FTG, GH, NY, US, isotypes)."

Type: Bahamas, Long Island, D.S. Correll 49112 (holotype: MO; isotypes: F!, FTG!, GH!, NY!, US!).

Matelea corynephora Krings, Sida 22:942. 2006.
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Protologue: "Haiti. lie la Tortue, la Vallee, top of Morne Barranca, ca. 300 m, 21 Mar 1928 (fl), E.L. Ekman

H9740 (holotype: S!)."

Type: Haiti, He la Tortue, la Vallee, top of Morne Barranca, ca. 300 m, 21 Mar 1928, E.L. Ekman H9740

(holotype: S!).

Matelea costata (Urb.) Morillo, Anales Jard. Bot. Madrid 43:239. 1987 ["1986"].

See Poicilla costata Urb.

Matelea costata (Urb.) Morillo var. goodfriendii (Proctor) Krings, J. Bot. Res. Inst. Texas 2:150. 2008.

issouriBot. Gard. 28:226. 1941.

Matelea denticulata (Vahl) Fontella & E.A. Schwarz, Bol. Mus. Bot. Munic. 46:4. 1981.

See Cynanchum denticulatum Vahl.

Matelea dictyopetala (Urb. & Ekman) Krings, J. Bot. Res. Inst. Texas 2:130. 2008.

See Gonolobus dictyopetalus Urb. & Ekman.

Matelea domingensis (Alain) Krings, Sida 21:2081. 2005.

See Gonolobus domingensis Alain.

Matelea grisebachiana (Schltr.) Alain, Mem. Soc. Cub. Hist. Nat. "Felipe Poey" 22:120. 1955.

See Gonolobus grisebachianus Schltr.

Matelea hastata Alain, Brittonia 20:150. 1968.

Protologue: "Haiti: Massif des Matheux, Croix des Bouquets, Morne a Cabrits, 18 Jul 1924, Ekman H. 973

(Type: US; isotype: NY)."

Type: Haiti, Ekman H 973 (holotype: US!; isotypes: K!, NY!)

Matelea hirsuta (Vahl) Woodson in E.E. Cheesman, Fl. Trinidad 2:170. 1947.

See Cynanchum hirsutum Vahl.

Matelea linearipetala Alain, Phytologia 64:346. 1988.

Protologue: "Haiti: On oligostene limestone, 200 m alt., Massif des Matheux, Thomazeau, Morne a Cabrits,

Oct. 24, 1926, E.L. Ekman 7136 (holotypus: S)."

Type: Haiti, Morne a Cabrits, Ekman H 7136 (holotype: S!).

Matelea maritima (Jacq.) Woodson, Ann. Missouri Bot. Gard. 28:222. 1941.

See Asclepias maritima Jacq.

Matelea mollis (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:223. 1941.

See Ibatia mollis Griseb.

Matelea monticola Alain, Sida 20:1645. 2003.

Protologue: "Cienaga de la Culata, Constanza, alt 1600-1700 m, 15-16 Oct 1968, Alain Liogier 13029

(holotype: NY; isotype: US); in woods, Cabezada de la Cienaga de la Culata, Constanza, alt 1650 m, 16 Oct

1968, Alain Liogier 13069 (NY, US)."

Type: Dominican Republic, Cienaga de la Culata, Constanza, alt 1600-1700 m, 15-16 Oct 1968, Liogier

13029 (holotype: NY!).

Notes: A nom. nov. for Matelea syhicola Alain, Phytologia 22:168. 1971, nom illeg., non L.O. Williams 1968.

Neither isotype nor paratype are housed at US, despite so cited in the protologue. The paratype is also neither

listed in the NY type catalogue, nor included in a loan from NY. Its location remains unknown.
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Matelea nipensis (Urb.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus nipensis Urb.

Matelea oblongata (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Orthosia oblongata Griseb.

Matelea ovatifolia (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:225. 1941.

See Poicilla ovatifolia Griseb.

Matelea pauciflora (Spreng.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus paucijlorus Spreng.

Matelea pentactina Krings, Sida 21:1519. 2005.

Protologue: "Haiti. Les Roseaux, Massif de la Hotte western group, rocky ledge, ca. 1300 m, 16 Sept 1928,

Ekman H 10685 (holotype: S!); Massif de la Selle, gr. Crete-a-Piquants, Port-au-Prince, between Carrefour-

Martin and Bois d'Orme, ca. 800 m, limestone, 17 Dec 1926, Ekman H 7402 (paratype: S!)."

Type: Haiti, Les Roseaux, Massif de la Hotte western group, rocky ledge, ca. 1300 m, 16 Sept 1928, Ekman

H 10685 (holotype: S!; isotypes: B!, US!, EHH n.v.); Massif de la Selle, gr. Crete-a-Piquants, Port-au-Prince,

between Carrefour-Martin and Bois d'Orme, ca. 800 m, limestone, 17 Dec 1926, Ekman H 7402 (paratype:

S!, EHH n.v.).

Matelea phainops Krings, Sida 22:948. 2006.

Protologue: "Dominican Republic. Vine, up to 1.5 m high, flowers yellowish green, in thickets, about 2 mi

W of Oviedo, alt. about sea level, on limestone, 3 Nov 1989 (fl), A.H. Liogier 16617 (holotype: GH!; isotypes:

NY!,USF!)."

Type: Dominican Republic, about 2 miW of Oviedo, alt. about sea level, on limestone, 3 Nov 1989, Liogier

16617 (holotype: GH!; isotypes: NY!, USF!).

Matelea proctori Krings, J. Bot. Res. Inst. Texas 2:151. 2008.

See Jacaima parvifolia Proctor

Matelea pubescens (Griseb.) Krings, J. Bot. Res. Inst. Texas 2:131. 2008.

See Gonolobus pubescens Griseb.

Matelea rhamnifolia (Griseb.) Krings, Sida 21:1515. 2005.

See Gonolobus rhamnifolius Griseb.

Matelea rhynchocephala Krings, Sida 22:949. 2006.

Protologue: "Dominican Republic. Prov. Santiago, Valle del Cibao, Santiago, Hato del Yaque, in thickets,

fl. green, fruiting, 15 Feb 1930 (fl & fr), E.L. Ekman H14296 (holotype: S!)."

Type: Dominican Republic, Prov. Santiago, Valle del Cibao, Santiago, Hato del Yaque, in thickets, 15 Feb

1930, E.L. Ekman H 14296 (holotype: S!).

Matelea rubra (H. Karst.) Spellman & Morillo, Phytologia 34:152. 1976.

See Omphalophthalma rubra H. Karst.

Matelea rubra (H. Karst.) Aa & Stoffers, Proc. Kon. Ned. Akad. Wetensch., C 84(3):309. 1981.

Notes: Matelea rubra (H. Karst.) Aa & Stoffers is nomenclaturally superfluous as the combination by Spell-

man & Morillo (loc. cit.) has priority.

See Matelea rubra (H. Karst.) Spellman & Morillo.

Matelea sintenisii (Schltr.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus sintenisii Schltr.

Matelea sylvicola Alain, Phytologia 22:168. 1971, nom. illeg., non L.O. Williams 1968.

See Matelea monticola Alain.
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l. Missouri Bot. Gard. 28:225. 1941.

Matelea tigrina (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus tigrinus Griseb.

Matelea torulosa Krings, Sida 22:951. 2006.

Protologue: "Dominican Republic. Distr. Nacional, Los 3 Ojos de Agua, near Santo Domingo, 31 Oct 1959

(fl), E. Marcano [J.J. Jimenez] 4096 (holotype: US!)."

Type: Dominican Republic, Distr. Nacional, Los 3 Ojos de Agua, near Santo Domingo, 31 Oct 1959, E.

Marcano [JJ- Jimenez] 4096 (holotype: US!).

Matelea variifolia (Schltr.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus variijolius Schltr.

Matelea viridiflora (G. Mey.) Woodson, Ann. Missouri Bot. Gard. 28:325. 1941.

See Cynanchum dentkulatum Vahl (syn. fide Howard 1989b).

Matelea viridivenia Alain, Phytologia 22:169. 1971.

Protologue: "Cabo Rojo, Pedernales, 4 Nov 1969, Alain Liogier 16637 (holotype, NY; isotypes: US, GH, P, 1J);

about 5 miles E of Cabo Rojo, 8 Feb 1969, Alain Liogier 13620 fruiting specimen (NY); in thickets, km 92

from Bani to Azua, alt 80 m, 3 Nov 1969, Alain Liogier 16598 (NY, US, GH, P); on limestone, los Guanitos,

7 mi E of Cabo Rojo, Pedernales, 13 Nov 1969, Alain Liogier 16961b (NY, US, GH, P, IJ)."

Type: Dominican Republic, Cabo Rojo, Pedernales, 4 Nov 1969, Alain Liogier 16637 (holotype: NY!); about

5 miles E of Cabo Rojo, 8 Feb 1969, Alain Liogier 13620 fruiting specimen (paratype: NY!); in thickets, km
92 from Bani to Azua, alt 80 m, 3 Nov 1969, Alain Liogier 16598 (paratype: NY!); on limestone, los Guanitos,

7 mi E of Cabo Rojo, Pedernales, 13 Nov 1969, Alain Liogier 16961b (paratype: NY!, USFQ.

Notes: The types or paratypes listed in the protologue for GH, IJ, P, and US have not been found.

Omphalopkthalma rubra H. Karst., Fl. Columb. 2:119, t. 163. 1866. = Matelea rubra (H. Karst.) Spellman

&Morillo, Phytologia 34:152. 1976.

Protologue: "Habitat litora maris Caribaei prope St. Martam [Colombia], "loc. not cited.

Type: Colombia [New Granada], St. Marta, Herb. Karsten (holotype: LE [Sennikov, pers. comm.; n.v, not

Orthosia acuminata Griseb., Cat. Pi. Cub. 175. 1866. = Matelea acuminata (Griseb.) Woodson, Ann. Mis-

souri Bot. Gard. 28:225. 1941.

Protologue: "Cuba or. (Wr. 2966): loc. not cited.

Type: Cuba, Oriente, Wright 2966, 1860-1864 (lectotype designated by Krings & Fantz 2006: GH!; isolec-

totypes: BM!, G!, HAC! [2 sheets], K!).

Notes: Krings and Fantz (2006) noted that sheets of Wright 2966 (BM, G, GH, HAC, and K) bear white

labels with the dates 1860-64. The mounted field ticket on the GH sheet reads: "Asclepias - Fl. (except the

white stigma) green. Farallones San Andre Oct 27." As Wright 2966 (GH!) contains fifteen inflorescences

and is in very good condition; it was designated as lectotype for Orthosia acuminata Griseb. by Krings and

Fantz (2006). Wright 2966 (G!) contains four inflorescences and is in superior condition to the HAC mate-

rial. Wright 2966 (BM!, G!, HAC!, K!) should be considered isolectotypes. See Krings and Fantz 2006 for

additional discussion regarding their philosophy of typification of Wright specimens.

Orthosia oblongata Griseb., Cat. Pi. Cub. 176. 1866. = Matelea oblongata (Griseb.) Woodson, Ann. Missouri

Bot. Gard. 28:226. 1941.

Protologue: "Cuba occ. (Wr. 2967): loc. not cited.

Type: Cuba, Wright 2967, 1860-1864 (lectotype designated by Krings & Fantz 2006: GH!; isolectotypes:

BM!,G!,HAC!,K!,MO,S!).

Notes: Krings and Fantz (2006) noted that sheets of the original material for O. oblongata—at BM!, G!, GH!,
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HAC!, K!, MO, and S!—all bear white labels with the dates 1860-64. The mounted held ticket of Wright

2967 (GH) reads: "Asclepias - Fl. green - a white speck at the tips of the segments. Stigma white. Loma de

Ranjel June 17." Field tickets do not accompany the other specimens. Krings and Fantz (2006) designated

Wright 2967 (GH) lectotype for Orthosia oblongata Griseb., considering the duplicates at G, HAC, K, MO. and

S isolectotypes. Wright 2967 (GH) is in good condition, with numerous inflorescences. See Krings and Fantz

(2006) for additional discussion regarding their philosophy of typification of Wright specimens.

Poicilla acuminata (Griseb.) Schltr. in Urban, Symb. Antill. 5(3):469. 1908. = Matelea acuminata (Griseb.)

Woodson, Ann. Missouri Bot. Gard. 28:225. 1941.

See Orthosia acuminata Griseb.

Poicilla costata Urb., Symb. Antill. 6(1):38. 1909. = Matelea costata (Urb.) Morillo, Anales Jard. Bot. Madrid

43:239. 1987 ["1986"].

Protologue: "Hab. in Jamaica juxta viam ad Wareka in Long Mountain ad latus australe, 200 m. alt., m.

Nov. fl., m. Jun. fruct.: Harris n. 9590, 10006," loc. not cited.

Type: Jamaica, road to Wareka, Long Mountain, S side, 19 Nov 1907 (fl), W. Harris 10006 (lectotype, here

designated: BM!; isolectotype: UCWI!); Jamaica, Long Mountain, S side, 600 feet altitude, 21 Jun 1907 (fr),

W. Harris 9590 (syntypes: NY!; UCWI!).

Notes: Harris 9590 (NY) is annotated in Urban's hand.

Poicilla mollis (Griseb.) Schltr. in Urban, Symb. Antill. 5(3):470. 1908. = Matelea mollis (Griseb.) Woodson,

Ann. Missouri Bot. Gard. 28:223. 1941.

See Ibatia mollis Griseb.

Poicilla oblongata (Griseb.) Schltr. in Urban, Symb. Antill. 5(3):470. 1908. = Matelea oblongata (Griseb.)

Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Orthosia oblongata Griseb.

Poicilla ovatifolia Griseb., Cat. PL Cub. 177. 1866. s Matelea ovatifolia (Griseb.) Woodson, Ann. Missouri

Bot. Gard. 28:225. 1941.

Protologue: "Cuba or. (Wr. 2965X loc. not cited.

Type: Cuba, Oriente, Wright 2965 (lectotype designated by Krings and Fantz 2006: GOET!; syntypes: BM!;

BREM!, Gl, GH!, HAC!, K n.v., LE n.v., NY!, P!, S!, UCQ.

Notes: As Krings and Fantz (2006) noted, no field tickets accompany the GOET specimen or any syntype,

except the GH specimen. Accompanying field tickets of the GH specimen suggest that the sheet is comprised

of at least two collections made at different times (Mar, Jun), although three fragments are mounted. The

two fragments mounted on the right contain inflorescences; the fragment mounted on the left contains in-

fructescences. Both field tickets refer to flowers with neither one mentioning fruits. Fruits are not described

in Grisebach's protologue and are not present on any other syntype beside the GH specimen. Except for

the GOET specimen, collection labels of all other known specimens are white and bear the dates 1860-64.

The GOET specimen bears a tan label with a printed date of 1860, although the zero appears to have been

crossed out. It is heavily written on in Grisebach's hand and is herein designated lectotype for Poicilla ovatifolia

Griseb. The studied (and matching) duplicately-numbered material in other herbaria remain syntypes.

Poicilla tamnifolia Griseb., Cat. PI. Cub. 176. 1866. = Matelea tamnifolia (Griseb.) Woodson, Ann. Missouri

Bot. Gard. 28:225. 1941.

Protologue: "Cuba or., in monte Toro pr. Potosi (Wr.)," loc. not cited.

Type: Cuba, San Jose, 5 Oct, Wright s.n. (lectotype, here designated: GH!); Wright s.n. (syntype: NY! [frag-

ment]).

Notes: See discussion under Gonolobus tigrinus regarding problems of typification of Grisebach names based

on Wright collections. Unfortunately, there is no extant Wright material corresponding to Poicilla tamnifolia

at GOET. However, a specimen does exist at GH, which can be designated lectotype following Howard

(1989a): Cuba, San Jose, 5 Oct, Wright s.n.
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Poicillopsis crispiflora Urb., Feddes Repert. 19:7. 1923. = Matelea crispiflora (Urb.) Jimenez, Rhodora

62:238. 1960.

Protologue: "Haiti prope Furcy 1500 m alt., m. Sept. flor.: Buck no. 1995; loc. not cited.

Type: Haiti, prope Furcy, im Gebiisch, Blth weiss, 1500 m alt., m. Sept. flor., Buck no. 1995 (lectotype, here

designated: IJQ.

Notes: Buck 1995 consists of four flowers in two umbellate inflorescences and a few leaves on stems, though

most are in a fragment pocket. The single additional collection of this species that matches the protologue

is Ekman H1933 (EHH n.v., K!, S!): Haiti, Morne de la Selle, Furcy, 1540m, in Buchs [sic] Botan. Garden, 17

Sept 1924. The sheets at K and S are in exceedingly good condition, bearing numerous leaves and flowers.

The sheet at EHH has not been seen, but is listed here based on the catalogue provided by: http://www.

umce.ca/cours/martin/herbier_ekman/recherche.pl.

Poicillopsis ovatifolia (Griseb.) Schltr. in Urban, Symb. Antill. 7(3):339. 1912. = Matelea ovatifolia (Griseb.)

Woodson, Ann. Missouri Bot. Gard. 28:225. 1941.

See Poicilla ovatifolia Griseb.

Poicillopsis tuerchheimii Schltr. in Urban, Symb. Antill. 7(3):339. 1912.

See Matelea constanzana J Jimenez Aim.

Ptycanthera berterii Decne. in de Candolle, Prodr. 8:606. 1844, nom. illeg.

Protologue: "S. Domingo (Bertero) [...] (v.s.h. DC.)."

Type: Hispaniola, 'St. Domingue/ Bertero s.n. (holotype: G-DC [IDC microfiche Candolle Prodromus Her-

barium, flche # 1543!]; isotype: P!).

Notes: The name Ptycanthera berterii Decne. is illegitimate as the nomenclatural type is the same as that of

Gonolobuspauciflorus Spreng. (see above). Schlechter (1899) misapplied Decaisne's name to Orthosia acuminata

Griseb. (syn. Matelea acuminata (Griseb.) Woodson).

Ptycanthera mollis (Griseb.) Schltr. in Urban, Symb. Antill 1(2):280. 1899. = Matelea mollis (Griseb.)

Woodson, Ann. Missouri Bot. Gard. 28:223. 1941.

See Voatia mollis Griseb.

Ptycanthera oblongata (Griseb.) Schltr. in Urban, Symb. Antill. 1(2):280. 1899. = Matelea oblongata (Griseb.)

Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Orthosia oblongata Griseb.

Ptycanthera ovatifolia (Griseb.) Schltr. in Urban, Symb. Antill. 1(2):279. 1899. = Matelea ovatifolia (Griseb.)

Woodson, Ann. Missouri Bot. Gard. 28:225. 1941.

See Poicilla ovatifolia Griseb.

Vincetoxicum acuminatum (Griseb.) M. Gomez, Anales Acad. Ci. Med. Habana 23:276. 1894. = Matelea

acuminata (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:225. 1941.

See Orthosia acuminata Griseb.

Vincetoxicum oblongatum (Griseb.) M. Gomez, Anales Acad. Ci. Med. Habana 23:276. 1894. = Matelea ob-

longata (Griseb.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Orthosia oblongata Griseb.

Vincetoxicum sintenisii (Schltr.) Britton in Britton & P. Wilson, Sci. Surv. Porto Rico & Virgin Islands 6:100.

1925. = Matelea sintenisii (Schltr.) Woodson, Ann. Missouri Bot. Gard. 28:226. 1941.

See Gonolobus sintenisii Schltr.

otrichum (Griseb.) Britton in Britton & P. Wilson, Sci. Surv. Porto Rico & Virgin Islands
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Vincetoxicum variifolia (Schltr.) Britton in Britton & P. Wilson, Sci. Surv. Porto Rico & Virgin Islands 6:100.

1925. = Matelea variifolia (Schltr.) Woodson, Ann. }

See Gonolobus variijolius Schltr.

Names of uncertain application or excluded from Gonolobins

for which neither protologues nor types could be obtained, or fo

Gonolobinae. Names of the former category have long been place

of West Indian Gonolobinae (e.g., Schlechter 1899; Alain 1957).

Cynanchum crispiflorum Sw., Prodr. 52. 1788. = Fischeria crispijl

4(2):230. 1895.

Protologue: "India Occidentalis, Jamaica," loc. not cited.

Type: Plum., PL amer. 216, f. 1. 1759.

Notes: According to Murphy (1986), the name Cynanchum crispiflorum Sw. (and various subsequent combina-

tions in Fischeria) has been misapplied by various workers to what she recognized as Fischeria scandens DC.

Murphy (1986) excluded the type of C. crispiflorum Sw. from Fischeria and recognized only the following

two species in the West Indies: F. scandens DC. (Cuba and Jamaica) and F stellata (Veil.) Fourn. (Trinidad).

A current annotation in TROPICOS suggests that the type of C. crispiflora Sw.—the Plumier figure—may

be Prestonia agglutinata (Jacq.) Woodson (=Allotoonia agglutinata (Jacq.) J.F. Morales &J.K. Williams). I am

unfamiliar with this latter taxon, but a comparison of the Plumier figure to that of Allotoonia agglutinata

(syn. Fchites agglutinata) as illustrated in Acevedo-Rodriguez (2005), shows differences in the corolla lobes

(linear-lanceolate in Acevedo-Rodriguez (2005) vs. suborbicular in the Plumier figure).

Fischeria crispiflora (Sw.) Schltr. in Urban, Symb. Antill. 1(2):268. 1899, nom. illeg.

Notes: A superfluous combination; see F crispiflora (Sw.) K. Schum.

Fischeria crispiflora (Sw.) K. Schum., Nat. Pflanzenfam. 4(2):230. 1895.

See Cynanchum crispiflorum Sw.

Gonolobus crispiflorus (Sw.) R.Br, ex Schult., Syst. Veg. 6:60. 1820.

See Cynanchum crispiflorum Sw.

Gonolobus ottonis C. Koch &Bouche, Ind. Sem. Hort. Berol. 13. 1855.

Protologue: unknown

Type: unknown.

Notes: Sometimes cited as Gonolobus ottonis Walp. (Ann. Bot. Syst. 5:502. 1859.). However, Walpers (1859)

clearly cited G. ottonis C. Koch & Bouche and should not be considered author of a homonym. Walper

(1859) repeated Koch and Bouche's citation: 'Ex insula Cuba report;

thought that the specimen collected by Otto (apparently formerly al

from Cuba. The location of the type is unknown.

Gonolobus oxyanthus Turcz., Bull. Soc. Imp. Naturalistes Moscou 25(2):318. 1852.

Protologue: "Venezuela, Funck 2," fide TROPICOS (protologue n.v).

Type: Venezuela, 1845-1852, Funk 2 (G, n.v; P, n.v.) fide TROPICOS.

Notes: Fide Fontella & Schwarz (1981), a synonym of Gonolobus rostratus (Vahl) R.Br, ex Schult. (Systema

Vegetabilium 6:61. 1820). TROPICOS (23 Aug 2006) cited Funk 2 (Venezuela) as the type, but a copy of the

protologue could not be located. Specimens were not found on either of two visits to P.

Gonolobus virescens Desv. ex Ham., Prodr. PL Ind. Occid. 32. 1825.

Protologue: "Herb. Prof. Desvaux, Jamaica. (S. v.)," loc. not cited.

Type: "Jamaica," Herb. Desvaux (holotype: P!).

Notes: Rendle (1936) considered G. virescens Desv. a species incerta. Schlechter (1899) noted that there was

likely a locality mix-up between G. stapelioides and G. virescens, and that the latter was likely collected from
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lioides above). The morphology of the flowt

in Gonolobinae.

;s Moscou 25(2):318. 1852.

Notes: Cited as L. ovata and as a synonym for Matelea ovatifolia (Griseb.) Woodson by Alain (1957). Neither

protologue, nor type could be located.
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Romaschenko, Pappostipa atacamcnsis (Parodi) Romaschenko, Pappostipa nana (Speg.) Romaschenko, Pappostipa ibarii (Phil.)

Romaschenko, Pappostipa ibarii f. pallescens (Parodi) Romaschenko, Pappostipa ibarii var. anomala (Parodi) Romaschenko,

Pappostipa ameghinoi (Speg) Romaschenko, Pappostipa ameghinoi var. digona (Parodi) Romaschenko, Pappostipa ameghinoi

F.A. Roig) Romaschenko, Pappostipa frigida (Phil.) Romaschenko, Pappostipa frigida var. parvispicula (Parodi)

Romaschenko, Pappostipa humilis (Cav.) Romaschenko, Pappostipa humilis var decrescens (Kuntze) Romaschenko, Pappostipa

liziana (Parodi) Romaschenko, Pappostipa chrysophylla (E Desv) Romaschenko, Pappostipa chrysophylla f.

minuta (FA Roig) Romaschenko, Pappostipa chrysophylla var cordillerarum (Parodi) Romaschenko, Pappostipa chrysophylla

var. crispula (Kuntze) Romaschenko, and Pappostipa chrysophylla f. modica (F.A. Roig) Romaschenko. Dentrode Pappostipa secc.

Pappostipa proponemos las nuevas combinaciones siguientes: Pappostipa speciosa (Trin. & Rupr.) Romaschenko, Pappostipa spe-

arva (F.A. Roig) Romaschenko, Pappostipa speciosa var. breviglumis (Parodi) Romaschenko, Pappostipa speciosa

var ciliata (F.A. Roig) Romaschenko, Pappostipa speciosa f. horrida (F.A. Roig) Romaschenko, Pappostipa speciosa f. abscon-

dita (F.A. Roig) Romaschenko, Pappostipa speciosa var. media (Torres) Romaschenko, Pappostipa vaginata (Phil.) Romaschenko,

Pappostipa vaginata f rigida (F.A. Roig) Romaschenko, Pappostipa vaginata f. inmersa (FA Roig) Romaschenko, Pappostipa

vaginata f. laevis (FA Roig) Romaschenko, Pappostipa vaginata f. contracta (F.A. Roig) Romaschenko, Pappostipa vaginata var

argyroidea (F.A. Roig) Romaschenko, Pappostipa vaginata var. dilatata (F.A. Roig) Romaschenko, Pappostipa nicorae (F.A. Roig)

Romaschenko, Pappostipa hieronymusii (Pilg.) Romaschenko, Pappostipa patagonica (Speg ) Romaschenko, Pappostipa maeviae

(F.A. Roig) Romaschenko, Pappostipa parodiana (F.A. Roig) Romaschenko, Pappostipa braun-blanquetii (F.A. Roig) Romaschenko,

Pappostipa semperiana (F.A. Roig) Romaschenko, Pappostipa ruiz-lealii (F.A. Roig) Romaschenko, Pappostipa malalhuensis

(F.A. Roig) Romaschenko, Pappostipa major (Speg.) Romaschenko, Pappostipa vatroensis (F.A. Roig) Romaschenko y Pappostipa

The tribe Stipeae Dumort. are temperate, cool-season (C
3)

grasses that generally occupy somewhat moist to

predominantly dry open grasslands and steppe communities in all continents except Antarctica. Worldwide

the Stipeae consist of a minimum of 21 genera and 524-604 species, depending on how Asian taxa are

recognized (Soreng & Davis 2005). In the New World there are 279 species of Stipeae (Soreng et al. 2008);

of these, 222 (79.6%) are found in South America. Thirteen genera are indigenous, and nine are endemic

to the New World. The Stipeae s.s. (excluding elements of Phaenospermateae Renvoize & Clayton, and

subtribes Ampelodesminae Connert and Duthieinae Pilg. ex Potztal) are characterized by having single-

flowered spikelets with terminally-awned lemmas where the awn is the result of the fusion between the

central and two lateral vascular traces, simple starch grains, florets with two or three linear lodicules, and

small-sized chromosomes with a base number of x = 10-12. The Stipeae are placed in subfamily Pooideae

(GPWG 2001). Within the Pooideae they are an 'early diverging
5

lineage that arose after the separations of

the Brachyelytreae Ohwi, and Lygeeae J. Presl plus Nardeae W.DJ. Koch (Davis & Soreng 2007).

Historically, delimitation of genera within the American Stipeae was based on a broad concept of the

genus Stipa L. Hitchcock (1935, 1951) accepted three genera in North America: Oryzopsis Michx., Piptocha-

etium J. Presl, and Stipa. In South American Stipeae, Spegazzini (1901) recognized only Aciachne Benth.,
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Oryzopsis, and Stipa. In the second part of the 20th century, Stipeae taxonomy was characterized by the

consecutive resurrection of previously described genera or emendation of taxa considered by Spegazzini

(1901, 1925) as subgenera of Stipa. Nassella (Trin.) E. Desv. was restored to generic status by Parodi (1947)

and significantly expanded, and thus became the most species rich genus among American Stipeae (Bark-

worth 1990; Barkworth & Torres 2001). In considering the distribution of morphological features among
stipoid grasses and lemma epidermal features (Thomasson 1978, 1980, 1981, 1982), Barkworth and Everett

(1987) suggested that Stipa includes only Eurasian species: Hence the name Stipa should not be used for

any American species. In subsequent major rearrangements of the American Stipeae, five species were

transferred to Hesperostipa (M.K. Elias) Barkworth. Thirty-seven other American species formerly placed in

Stipa or Oryzopsis were shown to share some morphological features with the Eurasian representatives of

Achnatherum P. Beauv; they were transferred to the latter genus (Barkworth 1993). Stipa subg. Anatherostipa

Hack, ex Kuntze (Kuntze 1898; Spegazzini 1901, 1925), including the Obtusae group of Parodi (1946), was

recently established at the generic rank by Penailillo (1996), currently with 11 species (Soreng et al. 2003).

Nassella now includes 115 and Piptochaetium 35 species, respectively (Soreng et al. 2003).

The genus Jarava Ruiz et Pav. was resurrected by Rojas (1997), in the sense of Stipa subg. Jarava (Ruiz

et Pav.) Trin. & Rupr. (Caro & Sanchez 1973), and significantly expanded by Penailillo (2002, 2003) to 55

species by inclusion of Stipa subg. Pappostipa Speg. and S. subg. Ptilostipa. Speg. The expansion ofJarava

effectively completed the removal of all remaining accepted indigenous New World species from the genus

Stipa, as anticipated by Barkworth and Everett (1987). However, Stipeae taxonomists generally acknowledged

that such a broadly circumscribed Jarava was probably polyphyletic, and Arriaga and Barkworth (2006)

began to revise it by transferring five Jarava s.l. species to a new genus, Amelichloa Arriaga & Barkworth.

Parodi (1960) recognized two main morphological leaf types in Spegazzini^ Stipa subg. Pappostipa,

represented by Stipa speciosa and S. humilis (Arriaga 1983). The first type (leaf anatomical "type I" ofArriaga

1983) encompassed species with stiff, thick, and usually pungent leaves. The second type ("type II" of Ar-

riaga 1983) covered species with comparatively thin, slender, and non-pungent leaves. Later, Parodi (1960),

followed by Roig (1964) and Nicora and Rugolo de Agrasar (1978), noted that species with the former type

had brownish-red basal sheaths and species with the latter type had pale basal sheaths.

There have been several attempts to infer phylogenetic relationships among stipoid genera based on

morphological evidence (Tzvelev 1977; Barkworth & Everett 1987; Thomasson 1978, 1985) and preliminary

molecular analyses (Jacobs et al. 2000, 2007; Cialdella et al. 2007). The origins of HesperostipaJarava s.s.,

Piptochaetium, and Stipa s.s. have been reported as monophyletic (Jacobs et al. 2000, 2007; Cialdella et al.

2007), but the overall phylogeny of the American Stipeae remains poorly resolved and contradictory.

Our preliminary study of the Stipeae phylogeny based on ITS sequence data (Romaschenko et al. 2007)

revealed a deep separation between a Euro-Mediterranean clade, including Stipa s.s., and a clade including

genera and species of East Asian, Australian, and American origin. In addition, Jarava (sensu Penailillo

2003) was resolved as polyphyletic, with a clade of species formerly placed in Stipa subg. Pappostippa, clearly

independently derived from the core species ofJarava s.s.

The main objectives of this paper are to present a phylogenetic hypothesis for the American Stipeae

and to evaluate the monophyly ofJarava s.l. based on an analyses of plastid (matK, trnK-matK, trnU-psbA

and CrnL-trnF) and nuclear ribosomal ITS DNA sequences. We also discuss morphological and anatomical

characters that support our phylogenetic inferences.

Taxon sampling.—The majority of the specimens sampled in this study were collected by PMP and RJS, and

are deposited at the Smithsonian Institution, United States National Herbarium (US). Eighty-one samples

representing 66 species and three infraspecific taxa, with duplicates for nine taxa, were included in our

analysis (Table 1). These represent eight of the 11 Stipeae genera reported as indigenous for the Americas

(Soreng et al. 2003), plus the newer segregate genus, Amelichloa. Thirteen species collectively of minor South
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American genera (Aciachne, Lorenzochloa Reeder & C. Reeder, Ortachne Nees ex Steud.), the North American

genus Oryzopsis s.s., and North American species placed in Piptaiherum (all other species are Old World),

are not included in the present analysis because our preliminary data indicate that they have no effect on

the disposition of taxa of concern here. One Asian species of Ptilagrostis Griseb. and five Australian species

of Austrostipa S.W.L. Jacobs & J. Everett were included to show evidence of the geographical heterogeneity

among some phylogenetic branches. Subsequent papers will include a much larger sample among the Stipeae.

Brachyelytrum erectum and Nardus stricta were chosen as outgroups based on the results of recent analyses

of phylogenetic relationships in Pooideae (Hilu et al. 1999; Soreng & Davis 2000; GPWG 2001; Davis &
Soreng 2007; Soreng et al. 2007). These outgroups were used to root trees in the ITS analyses of the Stipeae

(Jacobs et al. 2000; Romaschenko et al. 2007).

DNA extraction, amplification, and sequencing.—Leaf tissue was homogenized using Qiagen TissueLyser,

and DNA was isolated using a BioSprint 96 DNA Plant Kit (Qiagen, Valencia, California, USA, 2005). For

some specimens, the CTAB method (Doyle & Doyle 1987) was used.

PCR amplifications were performed in MJ Research or PE 9700 thermal cyclers. Genomic DNA was

combined with lx reaction buffer (200 mM Tris-HCl, 500 mM NH
4)

(Bioline Biolase Taunton, Madison,

USA) without Mg++, 2 mM MgCl
2 , 200 mM dNTP's, 1.5ul of Taq polymerase (Bioline Biolase Taunton,

Madison, USA), 40 pmol/ul each of forward and reverse primers.

The entire nuclear ribosomal ITS region was amplified using primers ITS1, ITS2, ITS3, ITS4, ITS5 (White

et al. 1990) and ITS5A (Stanford et al. 2000) with the following thermal cycler settings: initial denaturation

step of 2 min at 94°C, followed 35 cycles at 94°C for 30 s, 50-55°C for 30 s, 72°C for 1 min 30 s, and a final

extension of 10 min at 72°C.

Four chloroplast DNA regions were sequenced: trnK-matK, matK, trnHGUG-psbA, and trnL5'-trnF.

The 5'-end of trnK-matK and 5'- matK were amplified separately. The 5'trnK-matK readily amplified using

the forward primer trnK3914F (Johnson & Soltis 1995) and newly designed reverse primer trnK660SR

(S'-CGAATGATGATACATAGTGC^ 1

) positioned close to the end of the 5'-trnK-matK intron. The reverse

complement (i.e. forward version) of the latter primer (trnK660SF; 5'-GCACTATGTATCATCATTCG-3') and

the reverse complement of a slightly modified matK1412F primer (Johnson & Soltis 1995; i.e., matK1412SR

5'- CTGATACATAAGAGTTRTAT-3') were used to amplify -555 pb of the 5'-end of matK. The trnHGUG-psbA

intergenic spacer was amplified with primers trnHGUG (Tate & Simpson 2003) and psbA (Sang et al. 1997). The

trnL-trnF region (which included a portion of 3'-trnL intron, the J-trnL exon, and the trnL-trnF intergenic

spacer) was amplified using primers 5'trnL
UAA

(f) and trnFGAA(c) [Taberlet et al. 1991]. The amplification

parameters for all chloroplast regions were: 94°C, 2 min; 35 cycles of 94°C for 45 s, 58-62°C for 45 s, 72°C

for 1 min 30 s; 72°C for 10 min. PCR products were cleaned with ExoSAP4T (USB, Cleveland, Ohio, USA).

DNA sequencing was performed with BigDye Terminator Cycle Sequencing v.3.1 (PE Applied Biosystems,

Foster City, CA, USA) according to the following parameters: 80°C, 5 min; 25 or 30 cycles of 95°C for 10 s,

50°C for 5 s and 60°C for 4 min. Sequenced products were analyzed on an ABI PRISM 3730 DNA Analyzer

7900HT (ABI).

Sequences were aligned manually using BioEdit v. 7.0.5.3 (Hall 1999) and then by eye. All sequences

were submitted to GenBank (http://www.ncbi.nlm.nih.gov); voucher information, and GenBank accession

numbers are provided in Table 1. Even though some indels, especially in chloroplast regions, seemed to be

very specific for phylogenetic groups, they were not re-coded for this analysis and were excluded along with

ambiguously aligned regions. The following gene regions were excluded: trnK-matK with four regions of

2-25 bp in length; trnH-psbA with 10 regions of 1-4 (-22) bp in length; trnL-trnF with 31 regions from 1-6

(-20) bp; and ITS with 15 regions 1-4 (-22) bp. No regions were excluded from matK. All gaps were treated

as missing data. Parsimony analysis was performed using PAUP v. 4.0bl0 (Swofford 2000) and PAUPRat

v.lb (Sikes & Lewis 2001), which implements the Parsimony Ratchet of Nixon (1999). Parsimony searches

were carried out for individual regions, combined plastid, and combined plastid and nuclear regions. In

searching for the optimal tree, the heuristic method was implemented and tree bisection-reconnection (TBR)



Romaschenkoetal., Phylogeny of American Stipeaeanda new genus, Pappostipa 173

was chosen as a branch swapping algorithm. Character states were specified as unordered and unweighted.

PAUPRat searches were set for generating 1001 most parsimonious trees. Because PAUPRat finds the most

parsimonious tree in each iteration, a set of 1001 iterations is recommended by program developers as suf-

ficient to derive a consensus tree. All of the most parsimonious trees in our analyses were of the same length.

These data sets were used to yield the majority-rule consensus trees.

Bayesian posterior probabilities were estimated using MrBayes v.3.01 (Huelsenbeck & Ronquist 2001;

Ronquist et al. 2005) and the best-available substitution model was selected using MrModeltest Lib (Nylander

2002). The symmetrical model (SYM+I+G; Zharkikh 1994) with gamma-distributed rate variation across

sites was selected by hierarchical likelihood ratio tests (hLRT) and Akaike information criterion. Bayesian

analysis was initiated with random starting trees and was initially run for 1 x 10 6 generations with sampling

frequency of the chains set to every 100th
iteration. If this number of generations was not sufficient for the

Markov chains to reach stasis, additional generations were invoked. The standard deviation value of the

split frequencies below 0.01 indicates that Markov chains reached their stasis (Ronquist et al. 2005). The

number of generations needed to complete the analysis varied from 1 x 106
for individual DNA regions to

4 x 106 in analysis of the combined data. Branches with posterior probabilities (PP) >0.95 were considered

statistically significant. For additional information about the stability of phylogenetic groups the branch

frequency or parsimony frequency (BF) value was used. The BF value indicates how often a branch appeared

in the analysis, i.e., when this value was 100% it means the node appeared unchanged in all iterations (i.e.,

Bootstrap has a long history of being used as a standard measure when estimating phylogeny and we
have included bootstrap analysis. Felsenstein (1985) states, "Bootstrapping provides us with a confidence

interval within which is contained not the true phylogeny, but the phylogeny that would be estimated on

repeated sampling of many characters from the underlying pool of characters." We agree with Felsenstein

that bootstrap values are measures of repeatability rather than measures of accuracy (see Soltis & Soltis

2003). Regardless of interpretation, bootstrap values are affected by the number of characters supporting

the clade of interest and the data set as a whole (Soltis & Soltis 2003). For a dataset with no conflict among

characters, at least three characters are needed to provide 95% support (Felsenstein 1985). With real data a

greater number of characters maybe needed to achieve 95% support (Soltis & Soltis 2003). Thus bootstrap

tends to be overly conservative, often underestimating a well-supported clade (Sanderson & Wojciechowski

2000). Bootstrap (BS) values were calculated using PAUP v. 4.0bl0 (Swofford 2000) from 10 x 106
fast-

heuristic bootstrap replicates with random addition sequence. Sequence divergence was calculated based

on the uncorrected "p" distance measure included in Neighbor-joining search settings.

Scanning electron microscopy.—Lemma ultra structure was studied using dry mature seeds sampled from

herbarium of the following species used in the phylogenetic analysis: Jarava chrysophylla, Jarava speciosa,

Jarava nicorae, Jarava pseudoichu, Jarava plumosula, and Amelichloa caudata. Wax from the seed surface was

removed by soaking the seeds in xylol solution for six to eight hours. After soaking, seeds were mounted on

scanning electron microscopy sample tables. Mounted samples were covered with gold in the vacuum spray

gun (JII-4X, Japan). The ultra structure of the lemma was studied using scanning electron microscope Jeol

(JSM35C, Japan) at varying magnifications.

Light microscopy.—Cross-sections of leaf blades were prepared with the use of a rotary microtome. Intact

leaf blades ofJarava barrancaensis, Jarava speciosa var. major, and Jarava chrysophylla from herbarium speci-

mens were rehydrated for 10-12 min in distilled water at 100 °C. For studies of the sclerenchyma tissue,

the cross-sections were stained with safranin.

RESULTS

Amplification of the trnK intron was significantly improved when the 5'-end of the intron and the maturase

K gene were amplified separately. This enabled us to optimize our protocol for routine amplification of all

chloroplast regions, even when old herbarium material was used. With this approach, PCR reactions were
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up to 60% more successful than when the traditional intron primers were used (i.e., £rnK3914F-2R). Conse-

quently, the trnK 1 intron had the highest rate of amplification (92.6%) compared to the non-coding regions

trnH-psbA (91.4%) and trnL-trnF (89%), which are traditionally considered to be the most easily amplified

regions of the chloroplast genome (e.g., Kress et al. 2005). The matK gene had a lower rate of amplification

(85.2%); lack of matK sequence data for a subset of taxa probably affected branch support in the combined

chloroplast analysis. For the most of the silica preserved samples or recently collected herbarium specimens

the entire ITS region was easily amplified (100%). A few specimens that lack several chloroplast regions

were not included in the chloroplast analysis but we did include them in the combined analysis based on

ITS and partial plastid sequences. A small subset of samples with two or more missing chloroplast regions

was included in the combined analysis (see Table 1 for details). The plastid data set is missing 11.4% and

the combined analysis is missing 9%, mostly due to unsequenced plastid regions for some samples. There

is no missing ITS data.

Analyses ofDNA sequences.—The general characteristics of the DNA regions used to infer phylogeny in

our data set are detailed in Table 2. The greatest number of potentially parsimony informative characters

per region was provided by the nuclear DNA ITS region.

The topologies of the trees produced by parsimony and Bayesian analyses for each of the four plastid

regions sequenced were not inconsistent with that produced by the combined plastid data. Since the sepa-

rate plastid datasets had comparatively low numbers of parsimony informative characters and low levels of

sequence divergence they were combined (Fig. 1). The phylogenetic signals of the intergenic spacer trnH-psbA

and trnL-trnF region were stronger than other gene regions and were slightly better resolved, partly due to

their higher level of sequence divergence (Table 2).

No conspicuous differences between topologies derived from the trnH-psbA and trnL-trnF regions were

found in this analysis. The only region that had informative substitutions responsible for separation of the

Pappostipa clade otJarava s.l. was the trnL-trnF region (data not shown).

The ITS tree was more than two times longer than the plastid tree and had lower CI and RI values

(Table 2). There was relatively minor topological incongruence among clades in the trees generated from

the combined plastid DNA-ITS data set (Fig. 3) and the ITS data (Fig. 2).

The monophyly of the Stipeae is well supported (BF=100, PP=0.64-1.00, BS=96-100) in all three cla-

dograms (Figs. 1-3). Several major clades were consistently resolved in all three analyses (Fig. 1-3). A clade

including Achnatherum, Amelichloa, Austrostipa, Jarava s.l., and Nassella [AAAJN] was detected in all three

analyses (Figs. 1-3). Within the AAAJN clade a primary deep split between the Pappostipa clade and the

clade of Austrostipa plus Achnatherum, Jarava (excluding the Pappostipa clade), Nassella and Amelichloa was

maintained in all three analyses (Figs. 1-3). Austrostipa (from Australia) was resolved in all three analyses

as sister to a clade of Achnatherum, Jarava (excluding the Pappostipa clade), Nassella, and Amelichloa; this

relationship received strong support only in the nuclear and combined analyses. The latter clade is denoted

in Figs. 1-3 as the Major American Clade or MAC.

Within MAC, Achantherum was always monophyletic and the sister group of the rest of the clade. A

clade of Nassella with Amelichloa nested within it was detected in all three analyses (Figs. 1-3); this clade

and always excluded elements ofJarava.

Table 2 summary statistics show the highest rate ofparsimony informative characters, ingroup-outgroup

and ingroup sequence divergence for nuclear rDNA ITS region. Analysis of the combined plastid-ITS data

set (Fig. 3) showed deep splits among the American stipoids, also detected by the separate analyses, and

separation of the Pappostipa clade. The Stipeae genera included in this analysis were resolved as monophyl-

etic groups with three exceptions. Ptilagrostis resolved in a polytomy in the plastid analysis, but the species

were united in the ITS and combined analyses. Jarava s.l. was divided into a Pappostipa clade and a Jarava

s.s. (Jarava excluding the Pappostipa clade) clade (Fig. 3), or grade (Figs. 1&2). Jarava s.s. was resolved as a

paraphyletic grade to Nassella (encompassing Amelichloa) in the independent plastid and ITS analyses, but

the species were united in the combined analysis. Additionally, as detected in the separate plastid and ITS
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Table 2. Summary of trnK-matK, matK, trnH-psbA, trnl-trnF, and ITS regions usee

571-556 555 585-567 612-541 2315-2231 592-58

ency index (RC) 0.70

analyses, Nassella was only resolved as monophyletic iiAmelichloa is subsumed within it. Goodness- of-fit

statistics i.e., consistency index, retention index, and rescaled consistency index, for the combined plastid

DNA-nrDNA set was higher than for nrDNA set alone.

Early diverging clades at the base of the Stipeae included the genera Ptilagrostis (only as a polytomy in

Fig. 1), Anatherostipa, and Piptochaetium. All analyses supported these genera as independent lineages at the

current level of taxon sampling (Figs. 1-3). Resolution of relationships among these three genera varied among

the datasets. Analysis of the plastid data set yielded a consensus topology with these genera and Hesperos-

tipa in a polytomy with a large clade includingJarava si, Austrostipa, Achnatherum, Nassella, and Amelichloa

[AAAJN]. Analysis of the ITS data set yielded a stepwise grade leading to Hesperostipa as sister group to

AAAJN. The analysis of the combined plastid-nuclear data set resulted in a fully resolved and a moderately

well supported resolved basal clade of Ptilagrostis as sister group to Anatherostipa and Piptochaetium (Fig. 3;

BF=71, PP=0.93), and Hesperostipa as sister group to AAAJN (Fig. 3; BF=100, PP=1.00, BS=100). Henceforth,

for ease of discussion, we call the set of Anatherostipa, Piptochaetium and Ptilagrostis the 'basal lineages"

(BL in Figs. 1-3). The position of these the basal lineages with respect to the core of the tree needs further

examination, particularly including Old World genera, and is not the focus of the present study. Both of the

Piptochaetium groups (Cialdella et al 2007), Piptochaetium sect. Podopogon (Raf.) Parodi (P. ruprechtianum)

and Piptochaetium sect. Piptochaetium (P. panicoides) are represented in the analysis. In all topologies, the

Piptochaetium clade had high statistical support (BF=100, PP=0.95-1.00, BS=59-96; Figs, 1-3).

Representatives of the two extant geographical lineages of Ptilagrostis chosen for analysis were P. mon-

gholica from Asia and P. porteri from the Americas. These species formed a consistent and well supported

clade (BF=100, PP=1.00, BS=95) on the ITS tree (Fig. 2) and the combined tree (Fig. 3; BF=100, PP=1.00,

BS=97). A phylogenetic relationship between these two species was resolved as a polytomy in the consensus

tree from the plastid analysis (Fig. 1).

There are two clades adjacent to the basal lineages. One comprises the representatives of the genus

Hesperostipa in a clade in all three trees (BF=100, PP=0.99-1.00, BS=99-100; Figs. 1-3). A second clade

contains AAAJN members showing deep split (polyphyly) in the genus Jarava: Stipa subg. Pappostipa (Pap-

postipa clade) of Spegazzini (1901) elements ofJarava are separated fromJarava s.s. by sequentially diverging

clades of Austrostipa and Achnatherum (BF=99-100; PP=0.63, <0.50, 0.99; BS=99, <50, 99; respectively in

Figs. 1-3). In combined analyses as well as separate nuclear DNA ITS sequence analysis, the Pappostipa clade

was well supported (BF=100, PP=0.95-1.00, BS=69-99; Figs. 2 & 3).

In all analyses, the Australian Austrostipa clade was sister group to MAC. These clades had high statistical

support (BF=100; PP=0.68-1.00; BS=90, <50, 80; respectively in Figs. 1-3) and their relationship as sister
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Fig. 1 . Majority-rule consensus tree of 1001 most parsimonious trees based on max

trnK-matK, matK, trnH-psbk, and tml-tml regions. Branches in bold are present in

Numbers above branches correspond to bootstrap (BS) values; numbers below bn

BL=basal lineages; MAC=Major American Clade; PC=Pappostipa clade.

m parsimony analysis of sequence data from chloroplast DNA

strict consensus tree, i.e. branch frequency (BF) equal to 100.

les correspond to Bayesian posterior probability (PP) values;

In the ITS and combined trees (Figs. 2 & 3) two major clades are resolved (with low support indices)

within the Pappostipa clade: "P" that includes Jarava barrancaensis,]. hieronymusii, J. nicoraej. patagonica, J.

spcciosa var. majorJ. speciosa var. speciosa, and J. vaginata (BF=53, PP=<0.50-0.52); and "C that includes

Jarava atacamensisj. chrysophyllaj.frigida,]. humilis, and J. ibarii (BF=97-100, PP=<0.50-0.90). Within all

three trees (Figs. 1-3)J. speciosa var. speciosa and J. speciosa var. major never share a most-recent common
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ule consensus tree of 1 001 equally most parsimonious trees based on maximum parsimony analysis ofsequence data from nuclear r[

ITS region. Branches in bold are present in 1 ., branch frequency (BF) equal to 1 00. Numbers above branches correspond to

bootstrap (BS) values; numbers below branches correspond to Bayesian posterior probability (PP) values; BL=basal lineages; MAC=Major American

Clade; PC=Pappostipa clade; C=Pappostipa sect. Chrysovaginatae; P=Pappostipa sect. Pappostipa.

ancestor. There is a distinct incongruence in the placement of]. speciosa var. speciosa in the plastid and nuclear

trees (Figs. 1 & 2), but our plastid data currently provide little information on this discrepancy since there

are only one or two apomophies found in the sequences of the trnL-F region.

In the three consensus trees (Figs. 1-3) MAC includes: a monophyletic Achnatherum (BF=100;

PP=0.70-1.00; BS=84, <50, 76
:
respectively); a grade of four lineages (Fig. 1), two clades (Fig. 2), or a single

clade (Fig. 3) for Jarava; and a single monophyletic clade of Nassella (including Amelichlod) (BF=61-100; PP
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Fig. 3. Majority-rule consensus tree of 1 001 e<

frequency (BF) equal to 100. Numbers above

probability (PP) values; BL=basal lineages;

<0.50, 0.93, LOO; Figs 2 & 3). Jarava ichu, the type species for the genus, resolved in a clade with J. castel-

lanosiij. leptostachyaj. pseudoichu, and J. scabrijolia in Fig. 1 (BF=100, PP=0.77, BS=87). ThreeJarava species

not in the plastid analysisJ. hystercinaj.juncoides, andJ. plumosa, join the clade with the above set of species

in Fig. 2 (BF=100, PP=1.00) and Fig. 3 (BF=100, PP=1.00, BS=58). In the combined analysis Jarava media, J

plumulosa, and/, polyclada are united as a sister clade to the above set (BF=100
5
PP= 0.58; Fig. 3). The latter

three species formed a clade in the ITS analysis (BF=100, PP=0.64) that was sister group to Nassella includ-
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ing Amelichloa, but were scattered elements of the grade oi Jarava lineages leading to Nassella (including

Amelichlod) represented in Fig. 1.

Our consensus trees indicate that Nassella is monophyletic (BF=61-100, PP=<0.50-1.00) only ifAmelichloa

is included. This conclusion is most strongly supported in the ITS and combined analyses (BF=100, PP

0.93-1.00). In our consensus trees there are two major clades within Nassella. One clade includes N. brachy-

chaetoides, N. brachyphylla, N. caespitosa, N. dasycarpa, N. depauperata, N. meyeniana, N. pubifiora, N. nardoises,

and N. rupestris (with N. inconspicua in Figs. 2 & 3; BF=100, PP= 0.93-0.99, BS=<50-56). The second clade

includes Amelichloa species as sister group to the set ofN darazii, N.filiculmis, N. manicata, N. neesiana, N.

nidulans, N. pfisteri, N. rosengurtii, N. sanluisensis, N. sellowiana, N. tenuissima, and N. trichotoma (Figs. 2 & 3;

BF=100, PP=0.53-0.66, BS-62-100), orAmelichloa caudata 1
as sister group to the set ofA. caudata2

, N. clarazii,

N.filiculmis, N. neesiana, N. pfisteri, N. trichotoma, and A. clandestina (Fig. 1; BF=100, PP=<0.50). Amelichloa

is supported as monophyletic in the ITS and combined analyses (Figs. 2 & 3; BF=100, PP=100; BS=72-98).

Comparative morphology.—We evaluated a series of morphological and anatomical characters including:

awn indumentum, form of the callus, lemma epidermis, and anatomy of the leaf blade in transverse section

that differ among the hypothesized lineages oijarava s.l. Nearly all samples ofJarava si. listed in Table 1

were surveyed and representative examples are given in Fig. 4. In addition, features of Amelichloa have also

been evaluated.

Callus.—In the Pappostipa clade (Fig. 4A-C) the callus is acute to acuminate, sharp pointed; the angle between

the callus base plane and floret axis is low; callus base is lanceolate; peripheral ring is marginiform, with

proximal borders near one another, not fused nor thin, leaving an open foveola (literally, "small depression

or scar"; the term used to name the section of conducting bundle at the base of the callus, but not only its

open ventral part as it was for species resolved here in the Pappostipa clade by Roig 1964); distal, flat prow

of the peripheral ring is not developed or is moderately developed. The foveola is fusiform or lanceolate,

usually the same shape as the peripheral ring.

In theJarava ichu group (Fig. 4D) the callus is short, truncate, blunt to acute; the angle between the callus

base plane and floret axis is higher than in Pappostipa clade; callus base is obovate or ovate, rarely orbicular

or lanceolate; peripheral ring is marginiform to flat, proximal borders not near each other, thinned and not

fused, leaving the foveola open; distal, flat prow of the peripheral ring is not developed, inconspicuous or

is slightly conspicuous. The foveola is obovate, ovate or orbicular, rarely lanceolate, and usually the same

shape as the peripheral ring.

InJarava media, J. plumosula, and/, polyclada, (Fig. 4E) the callus is acute, sharp pointed; the angle between

the callus base plane and floret axis is high; callus base is ovate or acuminate, tapering to the relatively long

but obtuse point; peripheral ring is flat or slightly marginiform, proximal borders joined, usually fused and

not thinned, closing the foveola; distal, flat prow of the peripheral ring is well developed, characteristically

fused at the base. The foveola is oval or orbicular and does not follow the shape of peripheral ring.

In Amelichloa caudata and A. cladestina (Fig. 4F) the callus is short, blunt; the angle between the cal-

lus base plane and floret axis is high; callus base is obovate or oblong; peripheral ring is conspicuously

marginiform, proximal borders not near each other, thinned, leaving the foveola open; distal, flat prow of

the peripheral ring is not developed or is inconspicuous. The foveola is oval or oblong ellipsoid and usually

follows the shape of the peripheral ring.

Lemma epidermis.—In species of the Pappostipa clade (Fig. 4G) the epidermal fundamental cells regularly

alternate with silica cells and are all approximately the same length or shorter than the silica cells; end walls

are straight or slightly uneven, sidewalls slightly sinuate; silica bodies are oval to oblong rectangular, slightly

unequal. In the Jarava s.s. group (Fig. 4H) the epidermal fundamental cells regularly alternate with silica

cells and are considerably shorter than the silica cells (designated here as "maize" pattern); end walls are

straight, sidewalls thin-walled, lacking silica, straight or slightly uneven; silica bodies are short rectangular,

often equal. In Amelichloa caudata and A. clandestina (Fig. 41) the epidermal fundamental cells are usually ir-
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regularly alternate with silica cells, and are shorter to approximately three times the length of the silica cells;

end walls are straight or slightly uneven, sidewalls slightly sinuate; silica bodies are oblong, unequal.

Leaf blade transection.—Basal leaf blade cross-sections from Jarava barrancaensis, J. speciosa var. major,

and J. chrysophylla are shown in Fig. 4J-L, and represent anatomical forms in the Pappostipa clade. We
found two distinct types of leaf morphology and anatomy as detected by Arriaga (1983) that correspond

with the two subclades P and C in our trees (Figs. 2&3). The P clade has type I leaf blade anatomy (incl.

Jarava barrancaensis, J. hieronymusii, J. nicorae, J. patagonica, J. speciosa var. major, J. speciosa var. speciosa, and

J. vaginatd) with stiff, relatively thick usually pungent leaf apices, adaxial ribs well developed, separated by

deep furrows; primary veins (vascular bundles) are numerous (5 or 6), often adaxially and abaxially con-

nected by sclerenchyma girders (rarely by transitional parenchyma girders; Fig. 4J); tertiary veins are often

abaxially connected by sclerenchyma girders; bulliform cells are present at the bottom of all furrows; abaxial

sclerenchyma is continuous; adaxial sclerenchyma is discontinuous (Fig. 4K).

The C clade (Figs. 2&3) has type II leaf blade anatomy (incl. Jarava atacamensisj.frigidaj. humilis, and

J. ibarii) with slender, usually non-pungent leaf apices, adaxial ribs not well developed separated by shallow

furrows; primary veins not numerous (1-3, rarely to 4), often only abaxially connected by sclerenchyma

girders (rarely adaxially connected at the midrib); tertiary veins are often not connected by sclerenchyma;

bulliform cells are present only close to the midrib; abaxial sclerenchyma is discontinuous; adaxial scleren-

chyma is usually absent or residual (Matthei 1965; Arriaga 1983). Jarava chrysophylla (Fig. 4L) differs from

the previous type by having clearly discontinuous abaxial sclerenchyma and tertiary veins that are adaxially

connected by sclerenchyma girders in a compound midrib.

The phylogenetic information provided by our DNA analyses coupled with significant morphological differ-

ences among the Jarava s.l. clades detected, forces us to recognize the Pappostipa clade as an independently

derived monophyletic genus if we are to maintain the monophyletic status of the other genera currently

recognized in the AAAJN clade. Here we propose combinations in the new genus Pappostipa for all 14 spe-

cies resolved in this clade in our DNA analyses, and Stipa speciosa f. major which is raised to the rank of

species in Pappostipa. Eight additional species are transferred to Pappostipa that were formerly included in

Stipa subg. Pappostipa by Parodi (1960) and or Jarava s.l. by Pefialillo (2002, 2003), based on their shared

morphology with the DNA tested set of species. All currently accepted infraspecific taxa (Penalillo 2003)

in these 23 species are also transferred to Pappostipa. Leaf anatomy types described by Parodi (1960) and

Arriaga (1983) correlated with the two Pappostipa subclades (P & C) detected in our DNA analysis. Further

review of Pappostipa leaf blade and sheath morphology after our DNA analyses (based on Roig 1964, Nicora

& Rugolo de Agrasar 1978, and pers. obs.), continue to support this correlation. Therefore we conclude that

Pappostipa can be divided into two morphologically distinct sections of 14 (P. sect. Pappostipa) and nine (P.

sect. Chrysovaginatae) species.

Pappostipa (Speg.) Romaschenko, EM. Peterson & Soreng, comb, et stat. nov Basionym: stipasubg. Pappostipa sPeg.,

Plants perennial, caespitose, sometimes with stolons. Culms 10-70 cm long, erect or geniculate, with two

or three nodes, often concealed by sheaths; basal branching intravaginal. Basal leaves (6-)10-40(-60) cm
long, (0.5-)0.7-2.3(-2.5) wide, convolute, apices acuminate, sometimes pungent; adaxial surface pilose and

sulcate, the furrows 8-13 or only 3-6; abaxial surface glabrous, scabrous, occasionally with macrohairs;

sheaths glabrous or pubescent, open, whitish, pale or stramineous to brownish-red, reddish or purplish;

ligules 0.5-K-3) mm long, truncate, membranous, ciliate, or pilose. Flag leaves 4-15 cm long, sometimes

deciduous; ligules 2-5 mm long, elongated. Panicles 30-240 mm long, with 5-50 spikelets, often compact,

included or exserted in the upper leaf sheath; pedicels 0.5-12 mm long, often hairy. Glumes 15-45 mm
long, subequal or slightly unequal, longer than floret, acuminate, hyaline, (l-)3-5-nerved, purplish, green-
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ish, rarely plumbeous. Florets fusiform, terete. Calluses 1-4 mm long, often pilose, apex obtuse to truncate;

foveolas proximally opened, often the shape of peripheral rings, fusiform or lanceolate; peripheral rings

thickened near the margins, flat prow usually not developed. Lemmas 4-16(-17) mm long, chartaceous,

entirely pubescent with short appressed hairs or dorsally glabrous along the upper Vi of the lemma, rarely

hairs gradually elongate toward the base of the column or dorsally glabrous; prickles (hooks) usually present

in the upper part; lobes up to 1 mm long; apices not fused into a crown. Awns 20-70(-193) mm long, per-

sistent, once geniculate; columns 15-33 mm long, sometimes protruding above glumes, plumose, hairs 4-9

mm long; bristles 12-45 (-170) mm long, equal to much longer than columns, scabrous, smooth or glabrous,

sometimes pungent, pale to chestnut colored or black, straight, rarely sinuous or falcate. Paleas 4-13 mm
long, usually subequal to lemmas, occasionally Vi as long as the lemmas or shorter, linear, linear-cuneate or

elongate, hyaline, often dorsally hairy, exceptionally glabrous, two-nerved, rarely nerves extended as short

awns, these not conspicuous. Lodicules 3. Stamens 3, anthers yellow or purplish.

Pappostipa sect. Pappostipa, sect. nov. Type: Pappostipa speciosa (Trin. &Rupr.) Romaschenko.

Pappostipa sect. Pappostipa differs from P. sect. Chrysovaginatae by having basal sheaths that are brownish-red,

pink, or purplish and basal leafblades that are stiff, relatively thick with pungent apices and usually with well

developed adaxial ribs separated by deep furrows (referred to as type I leaf anatomy in Arriaga 1983).

"Short-bristle" group

The following species all share comparatively a short final segment of the awn (referred to as a bristle; Jacobs

et al. 1995) that is 1.5-2 times shorter than the bristles in the "long-bristle" group, of P. sect. Pappostipa.

Pappostipa speciosa (Trin. & Rupr.) Romaschenko, comb. nov. Basionym: Stipa specwsa Trin. &Rupr., Sp. Gram. Stipac.

Pappostipa speciosa var. manqueclensis (EA. Roig) Romaschenko, comb. nov. Basionym: Stipa speciosa var. man-

Pappostipa speciosa var. atuelensis (EA. I

Pappostipa speciosa var. ciliata (EA. Re

Pappostipa speciosa f. horrida (EA. ]

Pappostipa speciosa var. media (Torres) Roi

Pappostipa vaginata (Phil.) Romaschenko, c
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Pappostipa vaginata f. rigida (EA. Roig) Romaschenko, comb, no^

Fac. Ci. Agrar. Univ. Nac. Cuyo ll(l-2):54-55. 1964 [1966]. Jarava vaginata f.

Pappostipa vaginata f. inmersa (EA. Roig) Romaschenko, comb.

Pappostipa vaginata f. laevis (EA. Roig) Romaschenko, comb. nov. basionym: Stipa vaginata f. laevis EA. Roig, R
Fac. Ci. Agrar. Univ. Nac. Cuyo 11(1-2): 52, t. 10 & 25g. 1964 [1966]. Jarava vaginata f. laevis (EA. Roig) Penailillo, Contr

Natl. Herb. 48:407. 2003. Type: ARGENTINA: Las Heras, Paramillo de Uspallata, 2800m, 22 Jan I960, FA. Roig & A. Ruiz Leal

Pappostipa vaginata f. contracta (EA. Roig) Romaschenko, comb. nov. basionym: stipa vaginata f. contracta EA.

MERL herb. EA. Roig 3405; isotype: LP).

Pappostipa vaginata var. argyroidea (EA. Roig) Romaschenko, comb. nov. Basionym: Stipa vaginata var. argyt

Pappostipa nicorae (EA. Roig) Romaschenko, COmb. nov. Basionym: Stipa mcoraeVA. Roig, Giorn. Bot. Ital. 121(1

Pappostipa patagonica (Speg.) Romaschenko, comb. nov. Basionym: stipa patagonicaSptg., 1

ta Argent. Agron. 2

Pappostipa parodiana (EA. Roig) Romaschenko, comb.

Pappostipa malalhuensis (EA. Roig) Ror
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Cuyo ll(l-2):60-62, t, 13, 25d. 1964 [1966]. Jarava malalhuensis (EA. Roig) Penailillo, Gayana, Bot. 59(1):31.

Pappostipa major (Speg.) Romaschenko, COmb. et Stat. nov. Basionym: Stipa speciosa f. major Speg., Anales Mus. Nac.

Jarava speciosa var. major (Speg.) Penailillo, Contr. U.S. Natl. Herb. 48:407. 2003. Type: ARGENTINA: vulgato prope Lago Nahuel-

Pappostipa major can be separated from P. speciosa by having longer glumes, narrower and convolute leaf

blades, longer bristles usually 1.5 to 2 times as long, black (yellow in P. speciosa) bristles, larger anthecia, and

a chromosome base number of 2n=60 (2n=66 in P. speciosa) [Parodi 1960; Stebbins & Love 1941; Covas &
Bocklet 1945]. Futhermore, these varieties were resolved independently of one another in both the plastid

and ITS DNA analyses (Figs. 1, 2 & 3).

Pappostipa vatroensis (EA. Roig) Romaschenko, comb. nov. Basionym: Stipa vatroensis EA. Roig, Revista Fac. Ci. Agrar.

Pappostipa barrancaensis (EA. Roig) Romaschenko, comb. nov. basionym: Stipa vatroensis ea. Roig, Revista Fac. Ci.

Pappostipa sect. ChrySOVaginatae Romaschenko, sect, nov Type: Pappostipa chrysophylla (E. Desv.) Romaschenko.

Pappostipa sect. Chrysovaginatae differs from P. sect. Pappostipa by having pale or stramineous to golden,

basal sheaths and basal leaves that are thin and not coriaceous, setaceous (sharply pointed but not pungent),

straight, convolute (terete in cross section), and with shallow adaxial furrows. All species have type II leaf

anatomy as described by Arriaga (1983).

Pappostipa sorianoi (Parodi) Romaschenko, comb, nov Basionym: stipa:

Pappostipa atacamensis (Parodi) Romaschenko, COmb. nov. Basionym: Stipa atacamensis Parodi, Revista Argent. Agron.

27(3-4):85, f. 3. 1960 [1961]. Jarava atacamensis (Parodi) Penailillo, Gayana, Bot. 59(1):31. 2002. Type: CHILE. Atacama: Depto.

Copiapo, Quebrada de Plaza, 3600m, 4 Feb 1949, A. Krapovickas &J. Hunziker5789 (holotype: BAA-2964; isotypes: C0NO29647,

Pappostipa nana (Speg.) Romaschenko, COmb. nov. Basionym: Stipa nana Speg., Revista Argent. Bot. 1:23. 1925. Jarava nana

(Speg.) Penailillo, Gayana, Bot. 59(1):31. 2002. Type: ARGENTINA. Santa Cruz: 1/2 legua al S de la laguna de Sehuenaiken, 3 Eeb

Pappostipa ibarii (Phil.) Romaschenko, comb, nov Basionym: Stipa ibarii Phil., Anales Univ. Chile 93:716. 1896. Jarava ibarii

a (EA. Roig) Romaschenko, comb, nov Basionym: Stij
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Pappostipa chubutensis (Speg.) Romaschenko, comb. nov. Basionym: stipa chubutens

Pappostipa chubutensis var. hirsutissima (EA. Roig) Romaschenko, comb.

Pappostipa humilis (Cav.) Romaschenko, comb. nov. &<

(Cav.) Penailillo, Gayana, Bot. 59(1):31. 2002. Type: CHILE: Pue

schenko, comb. nOV. Basionym: Stipa chrysophylla E. Desv., Fl. Chil. 6:278, t.

da, Bot., Suppl. 8(3):30-31. 1914 [1915]. Jarava chrysophylla (E. Desv.) Penailillo,

Pappostipa chrysophylla f. minuta (EA. Roig) Romaschenko, comb. nov. Basionym: Stipa chrysophylla f.

Pappostipa chrysophylla var. cordillerarum (Parodi) Romaschenko, comb. nov. Basionym: stipa chrysophylla vs

Bot. 59(1):31. 2002. Type: ARGENTINA. La Rioja: Depto. Sarmiento, quebrada de las Cuevas, dominante en las laderas a 3900m, i

Krapovickas &]. Hunziker 5855 (holotype: BAA; isotype: CORD).

Pappostipa chrysophylla var. crispula (Kuntze) Romaschenko, comb. nov. basionym: stipa humilis f. crispula Kuntz

Revis. Gen. PL 3(3):371. 1898. Stipa chrysophylla var. crispula (Kuntze) Parodi, Revista Argent. Agron. 27(3-4):98. 1960. Jarm

DISCUSSION

Basal lineages.—In order to focus on Jarava si and the major American lineages of the Stipeae in the

present paper we have excluded all except representatives of two extra-American lineages (i.e., one Asian

Ptilagrostis and five species of the Australian genus Austrostipd) of Stipeae from our DNA analyses. Several

small American genera were excluded from the present paper as they were not considered to be pertinent

to the subjects of the present paper (see Methods), but they will be treated in subsequent publications. The

phylogenetic patterns we detected with the present data are consistent with those detected with our larger

worldwide dataset for Stipeae (preliminary ITS plastid analysis presented by Romaschenko et al. 2007; and
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unpublished chloroplast DNA data). Because our taxon sampling here is purposefully curtailed, discussions

of the basal radiations in the tribe are necessarily restrained in this paper. Since there is a larger phylogenetic

story in the full dataset, not too much should be read into the placement of Austrostipa by itself as sister to

the Major American Clade (MAC) in which, Achnatherum, Jarava s.s., Nassella, and Amelichloa are included.

Nevertheless, some things can be said about the basal lineages as resolved here.

The early diverging or sister group position of the basal lineages (here Piptochaetium, Ptilagrostis, and

Anatherostipd) in relation to Achnatherum, Amelichloa, AustrostipaJarava si, and Nassella [AAAJN] has never

been indicated in previous reconstructions of the phylogeny of the Stipeae. An early diverging position of

Piptochaetium (as a part of a complex of North American Piptatherum/Oryzopsis plus Piptochaetium) within

Stipeae was reported by Jacobs et al. (2000) based on ITS sequence analysis. However, the authors assigned

more weight to morphological similarities of this group with Nassella and consequently the early diverging

position of Piptochaetium was thought to be an artifact. The early diverging position of Piptochaetium also was

not recognized when a larger data set was used (Jacobs et al. 2007). Various morphological characters, such

as: short, obovate floret, eccentric straight hairless awns, development of a crown, bulbous-based hairs on

the apex of the lemma, silicified walls of fundamental cells of the lemma epidermis, and type of epiblast has

suggested a close relationship between Piptochaetium and Nassella (Thomasson 1978; Barkworth & Everett

1987; Barkworth 1990, 1993; Jacobs et al. 2000; Barkworth & Torres 2001; Cialdella & Giussani 2002).

In contrast to these conclusions, our data support a monophyletic origin of Piptochaetium near the base of

the American Stipeae, thereby rendering Nassella and Piptochaetium as distant relatives. An independent

origin of the above suite of characters in Piptochaetium, well removed from Nassella, is in agreement with

the latest revision of Piptochaetium based on phylogenetic analysis of plastid trnL-F and rpll6 sequences and

morphological characters (Cialdella et al. 2007).

All three genera of our "basal lineages" set (i.e.; Piptochaetium, Ptilagrostis, and Anatherostipa) have a

"saw" like pattern on the lemma fundamental cells, where the side walls are usually much longer than end

walls, strictly sinuate, lobate or dentate, and fundamental cells do not regularly alternate with silica cells

(Barkworth 1983; Barkworth & Everett 1987). This lemma epidermal pattern is evidently the plesiomorphic

condition in Stipeae and can be assumed to be an unspecialized characteristic within the Pooideae since no

other pattern has been detected so far in mid to early fossil stipoid grasses (Thomasson 1978, 1980, 1981,

1982, 1985). There are unambiguously identifiable fossils from the Oligocene of the Stipeae called Berriochloa

U.K. Elias with a "saw" like pattern in the lemma epidermis. Some early Pliocene fossils referred to Nassella

(Thomasson 1978) have short fundamental cells but still have sinuate sidewalls and end walls like the basal

lineages identified here, such as Piptochaetium but unlike extant species of Nassella.

Our molecular analyses indicate that Ptilagrostis and Achnatherum are also phylogenetically distant.

This conclusion is further supported with micromorphological data, as the two genera have different lemma

epidermal patterns (Barkworth 1983; Barkworth & Everett 1987). Based on the topology of our trees (Figs.

1-3), the polarization of the epidermal characters from Achnatherum (as a conditionally ancient state) to

Ptilagrostis (as a conditionally derived state), as proposed Tzvelev (1977) and Barkworth and Everett (1987),

is not parsimonious. We deduce that Ptilagrostis has the ancestral conditions for epidermal characters.

The monophyly of the genus Anatherostipa is supported by all our molecular analyses (Figs. 1-3) and

Ptilagrostis appears to be the sister group of Anatherostipa plus Piptochaetium (Figs. 2 & 3). Key features of

Anatherostipa other than the "saw" like lemma epidermal pattern, are the short glumes relative to the lemmas,

long (often prow-tipped) paleas, and lemmas occasionally with small teeth or lobes at the apices (Matthei

1965; Barkworth & Everett 1987). These lemma apex characteristics were considered by Tzvelev (1977)

to be an ancestral or plesiomorphic state in the Stipeae. Species of Anatherostipa share the lemma surface

pattern and apical teeth character with Ptilagrostis.

The great variation in morphological forms, particularly the diversity of modifications in shape and

size of floret and awn indumentum with apparent adaptive functions, within the basal lineages and MAC,

is a primary reason why these separate groups were difficult to detect based solely on the study of mor-
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phology. This confirms the suggestions of Thomasson (1978, 1985) and Barkworth and Everett (1987) that

similar adaptive forms evolved independently, possibly synchronously under similar ecological pressures,

in phylogenetically distant groups of Stipeae. Despite being morphologically diverse due to the anemochoric

or herbivoric adaptations, in addition to sharing the unique lemma epidermal pattern, the basal lineages

among themselves have relatively low levels of divergence in DNA sequences. The divergence value for the

most variable ITS region was 17.6% for the out-group to ingroup taxa and is only 2.9% for the basal lin-

eages. This latter value is not significantly higher than for Nassella where it was 2.6%. Relatively high (up

to 4%) sequence divergence values between the basal lineages and the Hesperostipa clade indicates a greater

evolutionary distance between them even though they share the "saw" like lemma pattern. The "saw" like

lemma epidermal pattern found in the basal lineages is also known to occur in Hesperostipa (Thomasson

1978, 1980, 1982, 1985; Barkworth 1990; Cialdella & Giussani 2002). Hesperostipa also shares a long and

prow-tipped palea with Anatherostipa (Barkworth & Everett 1987). Hesperostipa is a small phylogenetically

and geographically isolated genus of the North American Stipeae.

Pappostipa.—The phylogenetic history of the Pappostipa clade supported by our molecular analysis of

plastid DNA and nrDNA sequences (Figs. 1-3) provides evidence that Jarava s.l. is polyphyletic and the

circumscription of the genus proposed by Penailillo (2002) cannot be maintained. Consequently, we el-

evated all of Spegazzini's Stipa sect. Pappostipa to generic status based on corroborating morphological and

anatomical evidence of differences with the remainder ofJarava. The phylogenetic resolution of Austrostipa

and Achnatherum clades between Pappostipa clade and more highly derivedJarava s.s. clade clearly indicates

that Pappostipa and Jarava s.s. do not share a most recent common ancestor. Pappostipa appears to be inde-

pendently derived from the group we have called the Major American Clade (MAC). MAC is comprised of

related genera that are geographically restricted to the Americas, with Jarava s.s. and Nassella constituting

the principal part of the clade. Recent phylogenetic inferences based on plastid DNA sequences for the South

American Stipeae (Cialdella et al. 2007) revealed the affinities of Pappostipa with the basal lineages since

Pappostipa vaginata was inferred to be the sister group of an Aciachne-Anatherostipa-Piptochaetium clade. The

phylogenetic position of Pappostipa speciosa (reported as "Achnatherum speciosum") within the Achnatherum

clade based on ITS sequences by Jacobs et al. (2000, 2007) is refuted by our more extensive analysis.

Some key morphological features of the Pappostipa floret indicate transitional characteristics leading to

the more advanced states found in MAC, or to analogous states of characteristics independently derived in

other genera. Unigeniculate awns, straight and long-hairy columns, and usually straight glabrous bristles

are the principal diagnostic characters for Pappostipa (Spegazzini 1901). The same suite of morphological

features of the awn is developed in central Asian Stipa sect. Pseudoptilagrostis Tzvel. (Tzvelev 1977) and two

Mediterranean genera, Celtica F.M. Vazquez & Barkworth and Macrochloa Kunth (Vazquez & Barkworth

2004). Among awn characteristics, Ptilagrostis differs from Pappostipa by having twice geniculate awns, and

Macrochloa differs from Pappostipa by having falcate rather than straight bristles. The callus of Pappostipa is

narrowly acute to acuminate with a characteristic lanceolate or linear-lanceolate form with a basally open

foveola that follows the shape of the peripheral ring (Fig. 4A-C). However, a similar structure is known in

Stipa subsessiliflora (Rupr.) Roshev. and Stipa sect. Pseudoptilagrostis (Freitag 1985; Barkworth & Everett 1987.

After complete removal of the cuticle the walls of the lemma epidermal cells appear to be sinuate in Pap-

postipa (Fig. 4G) and not lobate. This type of lemma epidermal wall can be considered transitional between

the "saw" like pattern found in Hesperostipa and other basal lineage genera (Fig. 4G) and the pattern found

in MAC. However, the moderate shortening of the fundamental cells and their regular alternating pattern

with equilateral silica cells ("maize" like pattern) enables us to associate the lemmas of Pappostipa with other

achnatheroid type species rather than with the pattern encountered in the basal lineages.

Our ITS analysis and combined plastid DNA and nrDNA analyses (Figs. 2&3) divides Pappostipa into

two clades that are correlated with anatomical types I & II of Arriaga (1983). These lineages are here named

as Pappostipa sect. Pappostipa and P. sect. Chysovaginatae. Based on our molecular analyses and by possessing

a suite of anatomical and leaf morphological characteristics we pi
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blanquetii, P. hieronymusii, P. maeviae, P. major, P. malahuensis, P. nicorae, R parodiana, P. patagonica, P. ruiz-

lealii, P. speciosa, P. vaginata, and P. vatroensis in P. sect. Pappostipa; and include P. ameghinoi, P. atacamensis,

P. chrysophylla, P. chubutensis, P.Jrigida, P. humilis, P. ibarii, and P. nana in P. sect. Chysovaginatae. Within P.

sect. Pappostipa we also recognize an informal "long-bristle" group that includes P. barrancancaensis, P. major,

P. malahuensis, and P. vatroensis. These four species all have long straight bristles, whereas the other spe-

cies have "short bristles." We have recognized P. speciosa var. major as a species, P. major, based on different

chromosome number reports (2n=60 in P. major; 2n=66 in P. speciosa; Parodi 1960; Stebbins & Love 1941;

Covas & Bocklet 1945), distinct differences in the length of the hairs on the lemma and glumes, thickness

of the basal leaf blades, and color of the sheaths.

Austrostipa.—The monophyly of the Australian Stipeae, i.e., Austrostipa was supported in all of our sepa-

rate and combined analyses of plastid DNA and nrDNA regions (Figs 1-3). The Austrostipa clade is clearly

positioned as a sister group to the Major American Clade (MAC) composed of Achnatherum, Jarava s.s., and

Nassella (with Amelichloa nested inside). This general relationship, but with more Asian genera represented

in the clade in which Austrostipa was included, was detected by Romaschenko et al. 2007. The monophyly

of the Austrostipa was supported by Jacobs et al. (2000, 2007) based on the ITS analysis. However, the clade

was thought to be the most derived group in the Stipeae, preceded by clades or grades containing Nassella,

Jarava, and Achnatherum. It has been pointed out by Barkworth and Everett (1987) that the majority of the

Austrostipa species do not have shortened fundamental cells, which is a distinctive character in species of

Nassella and Jarava s.s. In addition, it was found that Austrostipa species typically have fundamental cells

with slightly sinuate walls that sometimes are two or three times longer than the silica cells (Jacobs &
Everett 1996). Therefore, we consider Austrostipa to be a somewhat specialized group and transitional to

the American Achnatherum. However, the nature of this lineage will be covered in more detail in a separate

paper where it will be placed in context of a World wide sample of the Stipeae.

Major American Clade.—One of the primary challenges of this study was to verify monophyly and ascer-

tain the boundaries of the largest group of American Stipeae. We call it the Major American Clade (MAC)

because it contains nearly 72% of the species in the American Stipeae. MAC appears to be monophyletic

and is a geographically distinct lineage comprised of Achnatherum (American lineage), Jarava s.s. (as a clade

or grade), Amelichloa, and Nassella. MAC has consistent statistical support (Figs. 1-3) as a lineage and ap-

pears as a sister group to Austrostipa. The detection ofMAC provides a new phylogenetic hypothesis for the

evolutionary derivation of the majority of the American Stipeae.

Achnatherum.—The monophyly of the subset American species of Achnatherum sampled (4 out of 34 spe-

cies) was supported by our plastid and nuclear-derived trees (Figs. 1-3) and this Achnatherum clade was

always the sister group to the Jarava s.s. plus the Nassella-Amelichloa complex, in agreement with analyses

by Jacobs et al. (2000). Jacobs et al. (2000) suggested that Achnatherum was a close relative of Austrostipa, a

hypothesis that is also supported by our analysis. Achnatherum clearly exhibits a derived lemma epidermal

pattern (with fundamental cells that alternate with silica cells forming a clear "maize" pattern), and does not

have the "saw" like lemma epidermal pattern found in the basal lineages and Hesperostipa.

Jarava s.s-Nassella complex.—The core of MAC is the Jarava s.s. plus Nassella-Amelichloa complex. This

group contains ca. 160 species, representing about 60% of the American Stipeae. In all combined analyses

of plastid DNA and nrDNA this clade was resolved as monophyletic with high statistical support (Figs. 1-3).

Jacobs et al. (2000, 2007) did not detect this complex as a clade in their ITS tree, whereas recent phyloge-

netic inferences based on plastid DNA data (Cialdella et al. 2007) are consistent with our results. However,

topologies yielded by parsimony and Bayesian analyses were not consistent when using separate data sets of

plastid and nuclear markers. Based on combined data of plastid DNA regions, Jarava plumosula was placed

in a polytomy between the Nassella-Amelichloa clade and the core ofJarava s.s. clade. Jarava s.s was resolved

as monophyletic only in combined analysis of all genetic markers (Fig. 3).

Morphologically, theJarava s.s. plus Nassella-Amelichloa complex exhibits short paleas and short funda-
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mental cells. These traits are most highly developed in Nassella where species are characterized by having

a "ladder" pattern of the lemma epidermal cells, designated by Barkworth (1990) as the "nasselloid type"

(short, silicified fundamental cells not alternating with silica cells, or fundamental cells and short cells that

lack silica) that are indistinguishable from each other. Another distinct feature of species with nasselloid

type lemma anatomy is the development of the crown (a fleshy, ciliate formation) at the apex of the lemma.
Species ofJarava s.s. are characterized here as the "achnatheroid type," with fundamental cells that alter-

nate with silica cells of the same form (Fig. 4H), forming a clear "maize" pattern, and with the absence of a

lemma crown. Among other achnatheroid traits common forJarava s.s. species, but not observed in Nassella

or Amelichloa, are the protruding and/or in some cases reduced, lemma lobes.

Jarava s.s.—Based on our current set of samples, as seen in Figs. 2&3, the jarava s.s. clade consists of two
distinct groups: I) Jarava ichu group; and 2) J. plumosula group. In the ITS analysis, the Jarava s.s. clade was
resolved to be polyphyletic, with three species constituting J. plumosula group forming a clade that is sister

group to Nassella-Amelichloa (Fig. 2). In the plastid analysis (Fig. 1) onlyJ. plumosula resolved in a polytomy

between the core ofJarava and Nassella-Amelichloa, whereas J. media and J. polyclada were placed just at the

base of the clade ofJarava s.s. (core) plus Nassella-Amekhloa complex. In the analysis of the whole molecular

dataset, all species ofJarava s.s. were weakly supported as monophyletic clade (Fig. 3). Jarava media, J. plu-

mosula, and J. polyclada all share the same habitat and a habit that includes such characters as culms having

many branches at the upper nodes, and a zoo-anemochoric floret dispersal adaptations.

Our combined plastid and ITS molecular analysis (Fig. 3) supports the separation ofJarava leptostachya

from species formerly recognized as Stipa capilliseta Hitchc. [= S. leptostachya var. capilliseta (Hitchc.) Parodi,

currently treated as a synonym of J. leptostachya in Soreng et al. 2003] and consequently, labeled on the

trees as J. leptostachya2 . This separation is supported by morphological differences such as, a flexuous awn
and sparsely hairy lemma apices in S. capilliseta verses a geniculate awn and pappose lemma apices in J.

leptostachya.

Nassella includingAmelichloa.—According to the latest revision, Nassella is one of the largest genera in the

tribe (Barkworth & Torres 2001) with some 119 species listed as accepted by Soreng et al (2003). A number
of subgeneric and sectional names were employed in Stipa s.l. by Spegazzini (1901, 1925) and Roig (1964) to

recognize the many forms now placed in Nassella. Despite some striking morphological differences among
the species, the majority of the species of Nassella share the same "nasselloid" pattern of the floret defined

by Barkworth (1990). This pattern includes short paleas, strongly overlapping lemma margins, presence

of crown, and a unique lemma epidermal pattern. Our nuclear and combined plastid-nuclear consensus

trees yielded a Nassella-Amelichloa clade with high statistical support (Figs 2 & 3). The internal structure

within our Nassella-Amelichloa clade is represented by two well-supported branches accommodating groups

of species of varying morphological homogeneity. Within Nassella, the upper clade of Figs. 2 & 3 (incl. N.

brachychaetoides, N. brachyphylla, N. caespitosa, N. dasycarpa, N. depauperata, N. inconspicua, N. meyeniana, N.

nardoides, N. puhiflora, and N. rupestris) shares similar morphological features as described for Stipa subg.

Dasystipa Speg. by Spegazzini (1901). This group typically has: oblong or lanceolate, often truncate florets,

hairy lemmas (sometimes the hairs are much longer at the apex of the lemma), eccentric marginiform crowns
(rarely inconspicuous), and florets with a short callus. The lower clade within Nassella (Figs. 2&3) includes

Amelichloa (A. caudata and A. clandestina) and taxa attributed to Stipa subg. Stephanostipa Speg. (incl. N.

darazii, N.filiculmis, N. manicata, N. neesiana, N. nidulans, N. pjisteri, and N. rosengurttii), Stipa subg. Nassella

(N. trichotoma, N tenuissima and N. sanluisensis sensu Spegazzini 1901), and Stipa subg. Microstipa (incl. N
Jiliculmis sensu Spegazzini 1901; and N tenuissima sensu Roig 1964). In combined plastid DNA-nrDNA and
ITS analyses the Amelichloa subclade was resolved as monophyletic (PP=1.00; BF=100) as a sister group to

the lower clade of Nassella. The position of the Amelichloa clade near the base of this lower Nassella clade was
unexpected. However, all species of Nassella-Amelichloa share a deletion of three nucleotides at the end of the

ITS-2 region (not coded for this analysis) not found in other taxa of our analysis. The position of Amelichloa

within Nassella requires study of additional species prior to proposing taxonomic changes.
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CONCLUSIONS

s.L is polyphyletic and species formerly in Stipa subg. Pappostippa are removed from Jarava s.l. and

placed in the new genus Pappostipa. Thi

genera designated as the basal lineages

Major American Clade. The Majoi

:nus is phylogenetically intermediate between a group of

m the American Stipeae and a set of genera designated here as the

Clade includes: Achnatherum of the New WorldJarava s.s., and

(in which the genus Amelichloa is phylogenetically nested). The American basal lineages include a

clade of Anatherostipa and Piptochaetium as sister group to the Asian and American genus Ptilagrostis. Phy-

logenetically, the North American genus Hesperostipa stands between these American basal lineages and

Pappostipa plus the Major American Clade.
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A PROPOSED SECTIONAL ARRANGEMENT OF PYCNANTHEMUM SPECIES

Up to the time of George Bentham's treatment of Pycnanthemum for the Prodromus of Alphonse de Candolle

(1848), two principal species-groups had commonly been recognized, first as the two genera Pycnanthemum

and Brachystemum by Michaux (1803) and then as Section Tullia and Section Brachystemum by Bentham (1834).

In his more elaborate treatment of 1848, Bentham formally described six sections, to be discussed below.

The much later generic monograph by Grant and Epling (1943) did not recognize formal sections, but rather

defined two principal groups, termed the Incanum Phylad, of 8 taxa, and the Virginianum Phylad, of 5 taxa.

The remaining 8 species were irregularly connected to these groups in a chart (their Figure 1) displaying

a network of relationships and suggesting multiple transitional forms and gene exchange between taxa. In

their analysis, only P. californicum and P. nudum "present no transitional forms with other species."

In our previous papers and unpublished work (Chambers 1961a, b; Chambers & Chambers 1971;

Chambers 1993) no formal sections of Pycnanthemum were recognized, but the taxa were arranged in six

informal "species groups." These paralleled the named sections ofBentham but differed in some respects, due
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to the addition of several species to the genus after his publication, as well as new information gained from

our cytological and hybridization studies. We went beyond Grant and Epling (1943) in not only recognizing

their "Incanum" and "Virginianum" phylads, but also in organizing the outlying taxa of their relationship

network into arbitrary species groups. Our informal classification is given in Table 1, which lists the known

somatic chromosome numbers of each species (Chambers & Chambers 1971).

While Grant and Epling (1943) spoke of transitional forms between species and the possibility that

some species were themselves of hybrid origin, our later work (Chambers 1961a, b; Chambers & Chambers

1971, Chambers 1993) has defined the genus as a polyploid complex, with 9 extant diploid species (Table

1), apparent autopolyploidy in P. albescens, P. muticum, and P. tenuijolium, and 10 taxa that are limited to the

tetraploid level. The latter appear, for the most part, to be morphologically intermediate between known

diploids, such that an alloploid origin is strongly suggested. Accompanying this polyploid evolution in some

species has been the development of facultative or obligate agamospermy, marked morphologically by flow-

ers with short filaments and aborted anthers. Where tested in sterile-anthered plants of P. virginianum, P.

verticillatum, and polyploid P. muticum, seed-set was normal in both bagged and un-bagged inflorescences

(Chambers 1961). Plants with aborted anthers also occur in P. tenuijolium, but although apomictic behavior

is suspected, it has not yet been checked experimentally (Chambers 1961).

Although it would be desirable to divide the genus entirely into monophyletic sections, we believe

that the reticulate nature of evolution in Pycnanthemum, involving, as it does, allopolyploidy, a polyphyletic

hybrid origin 1
for several widespread taxa, and the preservation of sterile hybrids via apomixis, precludes

such a classification at present. Our approach is to propose a practical infrageneric classification involving

certain arbitrary decisions about the placement of species that putatively are derived from allopolyploidy or

complex polyphyletic hybridity. Basic to our classification is that each section contains one or more of the

known sexual diploid species, and no sections are composed only of polyploids (alloploids, complex hybrids,

or apomicts). By this plan, we have chosen to place each taxon of suspected hybrid origin into whichever

section contains the diploid(s) it most resembles morphologically. This has involved a choice of emphasis on

certain key features, especially those of habit, leaf morphology, and details of the inflorescence. An example

of this decision process is discussed under P. setosum, below.2

Complementing the chromosomal and hybridization research mentioned above have been two recent

studies using molecular approaches. The thesis by Yetter (1989) examined relationships in the Virginianum

Group, using 12 enzyme systems to identify synapomorphic alleles as well as alleles unique to particular

diploid taxa. The work of Williams (2005) developed a cladogram of relationships among all but one spe-

cies of Pycnanthemum, based on sequence data from the ITS region of nuclear ribosomal DNA. (Technical

difficulties prevented the inclusion of P. setosum. Nominally no P. clinopodioides was included in her study,

but it may have been represented by a population that she classified as P. torreyi)

Our proposed sectional classification takes account of the molecular information from the above re-

search. It emphasizes the nine basic diploid species, using morphological evidence to place each allopolyploid

taxon arbitrarily in association with the parent species that it more resembles. The named sections and their

included species are presented below, with diploid species in bold-face.

1. Sect. Pycnanthemum. Type: Ctinopodium incanum L, typ. cons. = P. incanum (L) Michx.

Included species.—P. albescens Torr. & A
P. clinopodioides Torr. & A. Gray, P. incanu
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are partly or wholly diploid are in bold-face.

P. curvipes

*The reported count of 2n=78 for Rincanum (Chambers 1993) was a misprint for 2n=76.

2. Sect. Aristatae Benth. in DC. Prod. 12:186. 1848. Type: P aristatum Michx. (lectotype, designated here, Fl. bor.-ame

Includedspecies.—Rflexuosum (Walt.) Britton, Sterns & Poggenb. (syn.: P. hyssopifolium Benth.), P. setosum Nuti

3. Sect. Brachystemum (Michx.) Benth., Labiat. gen. spec. 329. 1834. Type: Brachystemum muticum Michx. (lectotyp]

Included species.— P. muticum (Michx.) Pers., P. beadlei (Small) Fernald, Rjloridanum E. Grant & Epling.

4. Sect. Capitellatae Benth. in DC. Prod. 12:189. 1848 (as Capitellata). Twe: Brachystemum lanceolatumWilld. (u-crorm

Includedspecies.—P. tenuifolium Schrad., P. pilosum Nutt., P. torreyi Benth., P. verticillatum (Michx.) Pers., T

virginianum (L.) Robins. & Fernald.

5. Sect. Macrocephalae Benth. in DC. Prod. 12:189. 1848 (as "Macrocephala"). Type: p. montanum Michx.

Included species.—P. montanum Michx.

6. Sect. Nudae Benth. in DC. Prod. 12:189. 1848 (as "Nuda"). Type: p. nudum Nutt.

Included species.—P. nudum Nutt.

Included species.—P. californicum Durand.
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Lectotypes are proposed, above, for the sections of Bentham containing more than one species. As noted, the

genus Brachystemum was earlier typified by Grant and Epling (1943) with B. muticum, so Bentham's Section

Mutica becomes superfluous. For Sect. Capitellatae, of the two species cited by Bentham we have elected

Willdenow's (1809) B. lanceolatum (= P. virginianum) as the type rather than his B. linijolium (= P. tenuijolium),

because the latter name is illegitimate, and Willdenow's description is at variance with the type and descrip-

tion of Satureja virginiana L., the origin of his cited synonym Thymus virginicus L. (1771).

Section Pycnanthemum is the only section containing more than one diploid species. Its members are

characterized by loose, well-branched flower clusters, both terminal and (often) in the axils of 1-4 bracte-

ate leaf pairs below this. Leaves are broad, petiolate, and often canescent on one or both sides, especially

distally on the plant. We hypothesize that this section contributed to the origin of intersectional alloploids

showing a tendency toward relatively tight but visibly branched flower clusters, for example P. beadlei, P.

jloridanum, and P. pilosum, the other putative parents having tight capitula.

We follow Bentham (1848) in placing P. Jlexuosum in Sect. Aristatae, in association with its very likely

allotetraploid derivative P. setosum (see chromosome pairing of 19 lis and 18 Is at meiosis in triploid backcross

hybrid #75, Chambers 1993). The other putative parent of P. setosum, P. muticum, is in Sect. Brachystemum. An

alternative would be to create a monotypic section for P. jlexuosum and leave P. setosum alone in an alloploid

Sect. Aristatae, but this goes against our plan to have each section contain at least one diploid species. Ad-

ditionally, it would create a precedent for other alloploid species like P. jloridanum, P. beadlei, P. virginianum,

et al, to be segregated into monotypic sections of their own. The resemblance of P. setosum to P. jlexuosum is

expressed in features of stem puberulence, distinct branchlets in the capitula, aristate inflorescence bractlets,

reduced calyx pubescence, and calyx teeth acuminate with an aristate tip up to 1 mm long. Especially in

the northern portion of its range, P. setosum often resembles its other putative parent P. muticum in traits of

habit (general absence of leafy, sterile side-branches), leaf shape (more broadly lanceolate leaves), and up-

per bracteate leaf pair subtending the capitula (reduced, ovate, canescent, and often drooping). Besides its

morphological intermediacy, P. setosum has 2n=76, which is the sum of the diploid numbers of the putative

Section Brachystemum, centered on diploid P. muticum, also provides other examples of alloploid species

being included, by choice, with one of their likely diploid ancestors. A relationship of tetraploid Pjloridanum

to P. muticum, as is suggested by the DNA data of Williams (2005), implies that the gametic number n=39

in Pjloridanum must include a 20-chromosome genome derived from P. muticum. On morphological and

cytological grounds, P. jloridanum's other diploid parent is probably a species with n=19 in Sect. Pycnan-

themum (as predicted by Grant and Epling 1943, p. 210, referring to their Incanum Phylad). One candidate

taxon is P. albescens, but this possible relationship has not yet been tested experimentally. In a further ex-

ample, P. beadlei, another tetraploid, has traditionally been associated taxonomically with P. montanum (they

are sympatric in the southern Appalachians). However, Williams' DNA data from nuclear ribosomal ITS

genes (2005) do not support a close phylogenetic relationship between the two. Instead, P. beadlei appears

in a clade with P. muticum and some of its other tetraploid derivates. The chromosome numbers of n=38 in

the former species and n=20 in the latter suggest that a second genome of 18 occurs in P. beadlei, perhaps

from an ancestral diploid in Sect. Pycnanthemum, where x=18 is known (although no extant species have

n=18). Artificial hybrids #12 and #15 between P. beadlei and P. muticum (Chambers 1993) showed up to 20

chromosome pairs and 18 singles at first division of meiosis in pollen-mother cells. Pycnanthemum beadlei

is therefore assigned to Sect. Brachystemum.

Section Capitellatae contains the core of the earlier Virginianum Complex, which we view as comprising

P. tenuijolium plus hybrid derivatives of that taxon with members of one or more other sections. Pycnanthemum

tenuijolium is distinguished by its linear leaves, numerous small and compact floral heads, bractlets of the

heads acuminate, pungent, and arcuate basally, with stout, emergent midnerve, and a bushy habit due to

numerous vegetative branches arising from the stem nodes. In the derived tetraploid species P. virginianum,

P. pilosum, P. torreyi and P. verticillatum, the leaves are usually lanceolate, the heads somewhat looser (espe-
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cially P. pilcsum), the capitular bractlets less pungent (though still with a notably stout midnerve), and the

habit frequently less bushy. There is good molecular evidence that the broader leaves, less-branched habit,

and non-pungent bractlets came from the second parent of many tetraploid forms, namely P. muticum (Yet-

ter 1989; Williams 2005). From his allozyme studies, Yetter concluded: "Tetraploids traditionally labeled

Pycnanthemum virginianum and P pilosum are thought to be allopolyploid derivatives of diploid P. muticum

and P. tenuifolium as indicated by the possession of alleles which are unique to the diploids" (1989, p. 80).

In the DNA analyses by Williams (2005), samples of the alloploid taxa P. virginianum, P. pilosum, and P.

verticillatum, of Sect. Capitellatae, were always associated in her cladograms with P tenuifolium or P. muticum,

not with species from other sections. Additional evidence comes from the artificial diploid hybrid of P.

muticum x P. tenuifolium (#84, Chambers 1993). In the morphology of habit, leaves, and floral capitula, this

hybrid can easily be classified as P. virginianum (voucher OSC 192224). Our assignment of P. muticum to the

separate Sect. Brachystemum recognizes its involvement in other intersectional hybrids in addition to those

involving P. tenuifolium. Finally, we differ from Bentham (1848) in placing P. torreyi in the same section as

P. tenuifolium rather than with P. muticum, but this is tentative awaiting further study, since DNA evidence

suggests that P. torreyi is itself of complex, polyphyletic hybrid origin (Williams 2005).

The monotypic sections Macrocephalae, Nudae, and Californicae are not at this point implicated in the

origin of any polyploid taxa. However, intersectional hybrids have been produced artificially (Chambers

& Chambers 1971; Chambers 1993), and a natural hybrid of P. nudum x P.flexuosum has been described

(Chambers & Chambers 1971). Hybrids with mostly sterile pollen have been produced in crosses of P.

muticum x P. montanum, P. muticum x P. californicum, P. muticum x P. tenuifolium, P.flexuosum x P. nudum, P.

flexuosum x P. tenuifolium, and P.flexuosum x P. loomisii (Chambers 1993). Puzzling intermediate forms will

the tetraploid level, will be blurred (Grant & Epling 1943, pp. 233-236). Even if sterile, such hybrids may

Our revised sectional classification of Pycnanthemum is summarized in Table 2. A taxonomic treat-

ment of the genus is in preparation for inclusion in a future volume of Flora ofNorth America (Flora of North

America Editorial Committee, 1993 onwards).

LECTOTYPIFICATION OF PYCNANTHEMUM VIRGINIANUM L.

There are three species named by Linnaeus in Species Plantarum (1753) that today are placed in the genus

Pycnanthemum. These are Satureja virginiana (p. 567), Nepeta virginica (p. 571), and Clinopodium incanum (p.

588). Clinopodium incanum L., now Pycnanthemum incanum (L.) Michx., is the conserved type of the genus

(Rickett & Stafleu 1960; McNeill et al. 2006). It was lectotypified with a Kalm specimen, Herb. Linn. No.

742.4, by Reveal et al. (1987, see Jarvis 2007, p. 428). We would not hazard a guess as to why Linnaeus cited

"Habitat in Europa boreal? for this strictly North American species.

The name Satureja virginiana (Linnaeus 1753, p. 567) has since 1908 or before been treated in all North

American floras as the basionym of Pycnanthemum virginianum (L.) Robins. & Fernald, a common and wide-

spread taxon in eastern North America. Its lectotypification has been uncertain, in part because some of

the pre-Linnaean polynomials cited in the original description are known to refer to the related species, P.

tenuifolium Schrad. (Epling 1929; Grant & Epling 1943; Jarvis 2007). Epling (1929) at first suggested that

P. virginianum was synonymous with P. linifolium (Willd.) Pursh, a synonym of P. tenuifolium. However, in

Grant and Epling (1943) he changed his mind, saying that Linnaeus had in his herbarium a specimen of

what we today know as P. virginianum, and because this usage "has now become well established. . ..it seems

preferable not to make another change." Epling did not formally propose the Linnaean Herbarium specimen

as a lectotype, however. This specimen is Herb. Linn. 744.21. It is annotated in Linnaeus' script "Sat[ureja] 1

virginiana" and reannotated by Smith "Sp. Pi. 1. Pycnanthemum linifolium Sm. in Rees's Cyclop." It is filed

as sheet number 21 under the genus Thymus (Savage 1945).

We have examined the excellent image of this sheet available through the Linnaean Herbarium website
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2 proposed. Bold-face indicates species that are partly

(<www.linnean.org>), and we find that it is undoubtedly a specimen of Pycnanthemum virginianum as that

name has been applied in North America for the last 100 years. There are certain details in Linnaeus' descrip-

tion otSatureja virginiana that aptly fit this specimen but that are inappropriate for P. tenuifolium (the other

species to which "virginiana" or the variant "virginica," have been applied). Firstly, Linnaeus described the

leaves as "foliis lanceolatis/' and in citing his earlier polynomial from Hortus Cliffortianus (Linnaeus 1737,

p. 305), he changed the "foliis linearibus acuminatis" from that work to "foliis lanceolatis acuminatis,"

presumably better to fit the specimen he had at hand. Secondly, this specimen has tiny stamens and clearly

represents the agamospermous form of P. virginianum which is the common type found in the Atlantic Coast

states (Chambers 1961a). These non-functional stamens are well described by Linnaeus in his observation,

"Stamina injundo corollae latent Antheris minimis effoetis, utfere posset genere propria tradl"3 This differs from

P. tenuifolium, which in this same region reproduces sexually and has exserted stamens with functional

anthers (Chambers 1961a).

Therefore, based on these considerations, we here designate Herb. Linn. 744.21 (LINN) as the lectotype

of Satureja virginiana L., Sp. PL 1:567. 1753.

The difficult case of the name Nepeta virginica L., which also lacks lectotypification, is under study by

James Reveal and Charlie Jarvis (pers. comm.), and their recommendation will be published in due course.

The epithet "virginica" is not available in Pycnanthemum, due to the preexisting P. virginicum (L.) Pers. (1806)

based on Thymus virginicus L. (1771).

We thank James L. Reveal and Charlie Jarvis for advice on nomenclatural matters, and Philip Cantino for

his helpful review comments. Mary Stiffler, Deborah Carroll and Gina Douglas gave valuable assistance in

our bibliographic research.
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For a forthcoming volume of Flora of North America (FNA), several nomenclatural notes, lectotypifications,

and a new name are required for Potentilla (Rosaceae); these are provided herewith.

I. Some overlooked sectional names in Potentilla

Subsequent to the publication of Potentilla sect. Hippianae (Rydb.) Ertter & Reveal (2007), a previously over-

looked source of validly published sectional names has been encountered that supersedes sect. Hippianae

and several other sections, at least as far as author attribution. In the key to Potentilla on page 255 of New

Manual ofBotany of the Central Rocky Mountains (Coulter & Nelson 1909), Nelson adopts several of Rydberg's

unranked "groups" and explicitly refers to them as sections. The nomenclatural results are as follows:

Potentilla sect. Supinae (Lehm.) A. Nelson in J.M. Coult. & A. Nelson, New Man. Bot. Centr. Rocky Mt.

255. 1909. Basionym: Potentilla series Supinae Lehm., Revis. Potentill. 8, 191. 1856.-Antedates Johnston's (Phytologia 57:297.
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-1. 9(1):669. 1904). Potentilla trib. Multifidae U

II. Segregates from Potentilla pensylvanica L. sensu lato

Several entities frequently included within a broadly defined Potentilla pensylvanica L. (e.g., Hitchcock &
Cronquist 1961, McGregor 1986) will be recognized as distinct species in FNA. The critical nomenclature

is briefly summarized here, along with a new name and a lectotypification.

Potentilla pensylvanica L. , Mant. Pi. 76 . 1 767. Lectotypification by Fernald (1935: 288) supersedes that of Sojak (1987: 298).

Excluded from synonymy is P. pensylvanica var. strigosa Pursh, since the homotypic P. strigosa (Pursh) Tratt. has been lectotypified

Potentilla lasiodonta Rydb., N. Amer. Fl. 22:351. 1908. An earlier name for P. finitima KoUi & Packer (Canad.J. Bot.

Potentilla litoralis Rydb., Bull. Torrey Bot. Club 23:264. 1896. Type: CANADA. Prov. Quebec. Gaspe Co.: Sta. Anne des

glabrata (Lehm.) S. Watson, P. bipinnatifida Douglas ex Hook. var. glabrata (Lehm.) Kohli & Packer, and P. glabrella Rydb. have been

belongs to the unrelated species P. ovina J.M. Macoun, as noted by Sojak (1996: 120).

Potentilla jepsonii Ertter, nom. nov. Basionym: P. pensylvanica var. ovium Jepson, Fl. Calif. 2:184. 1936; P. litoralis var. ovium

overlapping range. Of the two sheets in the Jepson Herbarium of the type collection (Jepson 7307), JEPS 2814 is here designated the

Potentilla bipinnatifida Douglas ex Hook., Fl. Bor.-Amer. 1:188. 1 83 2. Sojak (2008) is proposing to conserve P.bipin-

exLindHBoLReg. 17:1412. 1831).

Potentilla bimundorum Sojak, Cas. Nar. Mus., Odd. Prir. 141:195. 1974. Sojak (1974) described P. bimmdomm

III. Lectotypifications and identities of Potentilla nivea var. dissecta and P. concinna var. divisa

Potentilla niveavax. dissecta S. Watson (Proc. Amer. Acad. Arts 8:559. 1873) was described on the basis of four

syntypes: "in the Rocky Mts. of British America and Montana (368 Drummond; Douglas; Howard); and in

the Uintas, Utah (335 Watson, in part)." When Rydberg (1896b: 431) proposed "P. concinna divisa n. v.," he

cited P. nivea var. dissecta "at least in part" in synonymy and included the Douglas ("Rocky Mountains") and

Howard ("Montana") syntypes of P. nivea var. dissecta among the specimens representing his concept of P.

concinna var. divisa. The other collections cited by Rydberg were "South Dakota: Jenney. 1875; W.H. Forwood,

1887; P.A. Rydberg, nos. 672 and 673. 1892. Assiniboia: John Macoun, no. 10,468, 1895."
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Rydberg's citation of Potentilla nivea var. dissecta in synonymy has led to the interpretation that the two

names are nomenclatural synonyms, with the epithet divisa superfluous at the varietal level (e.g., Boivin

1952, Hitchcock & Cronquist 1961). This interpretation is not supported, however, by Rydberg's use of "in

part" and his explicit citation of some of Watson's syntypes to the exclusion of others. Rydberg (1896b)

preceded the citation of specimens with the statement that "Dr. Watson included the three first specimens

[actually only two, those by Douglas and Howard] cited below in his P. nivea dissecta, but in every respect

they are much nearer P. concinna than P. nivea: As proof that Rydberg had two distinct entities in mind, he

(1896a: 303) had not only previously cited P. nivea var. dissecta in the synonymy of P. nivea var. quinquefolia

Rydb., but in his subsequent 1898 monograph of North American Potentilleae, he cited P. nivea var. dissecta

"in part" in the synonymy of both P. nivea var. altaica (Bunge) Rydb. and P. concinna var. divisa. The Drum-

mond and Watson syntypes of P. nivea var. dissecta, which were excluded from P. concinna var. divisa, were

instead listed among the specimens seen of P. nivea var. altaica, preceded by the statement that "Watson's

specimens agree exactly with the figure of P. altiaca [sic] in Ledebour's Illustrations, and this name is the

only one available . .
." (Rydberg 1898: 87). This dual citation was repeated in Rydberg's 1908 revision, in

which P. divisa (Rydb.) Rydb. was raised to a species and P. nipharga Rydb. replaced P. nivea var. altaica.

With the distinction of Potentilla nivea var. dissecta and P. concinna var. divisa established, lectotypifica-

tion and identity need to be determined for both entities. Rydberg's removal of the Douglas and Howard

syntypes from P. nivea var. dissecta leaves only Drummond 368 and Watson 335 as candidates. Sojak has an-

notated the NY sheet of Drummond 368 as lectotype of P. nivea var. dissecta; this choice is herewith honored

and formalized. The identity of the single small, one-flowered plant is unfortunately ambiguous, with no

precise locality to aid identification; because of the subpalmate/subpinnate leaves and short columnar style

(ca 1 mm), it is tentatively identified as P. saximontana Rydb.

Of the syntypes of Potentilla concinna var. divisa, first stage lectotypification has been already been effec-

tively accomplished by Holmgren's (1997: 100) statement that Douglas's collection from the Rocky Mountains

was designated lectotype by Rydberg (N. Amer. Fl. 22:330. 1908). In that Rydberg only indicated that the

Rocky Mountains were the type locality, without actually citing a specific collection, Holmgren's statement

serves as an inadvertent lectotypification, without designating which herbarium houses the type. This would

be GH 19535, annotated as holotype by B.C. Johnston and cited as such in his (1980:165) unpublished dis-

Potentilla nivea L. var. dissecta S. Watson, Proc. Amer. Acad. Arts 8:559. 1873, not P dissecta Pursh. Type:

Potentilla concinna Richardson var. divisa Rydb., Bull. Torrey Bot. Club 23:431. 1896. Type: Rocky Mourn

IV. Lectotypification of Potentilla pseudosericea Rydb.

Potentilla pseudosericea Rydb. (Mem. Dept. Bot. Columbia Coll. 2:98. 1898) was described on the basis of

three syntypes: "Nevada: Shockley, No. 592, 1888. Rocky Mountains: Nuttall; Fremont, No. 218, 1845-7."

As noted byjepson (1936: 184), Shockley 592 is actually from the White Mountains of Mono Co., California,

not Nevada. Of the two Shockley collections in GH annotated by Rydberg as "P. pseudosericea n. sp.," GH
19583 is labeled in S. Watson's handwriting as originating in Esmeralda Co., Nevada, but with the caveat

"I think—ticket lost." The other (GH 19584) bears an original label on which a printed "Esmeralda Co.,

W. Nevada" is supplanted by Shockley's handwritten "White Mts., Mono Co., Calif., Aug. 19, 1888, W.H.

Shockley 592," confirming that the Nevada citation was indeed erroneous.

The Shockley syntype represents the species to which the name has been traditionally applied, endemic

s of California, and possibly Nevada (unconfirmed). In contrast, the Nuttall
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and Fremont syntypes belong to an unrelated species, P. bipinnatifida Douglas ex Hook. Rydberg (1898) also

cited Nuttall's manuscript name "Potentilla holosericea" in synonymy and subsequently (Rydberg 1908: 348)

specified "Rocky Mountains" as the type locality. This led B.C. Johnston to annotate Nuttall's specimen at

NY as lectotype, and to annotate Shockley's "Nevada" syntype (GH 19583) as an unpublished variety of P.

pensyhanica honoring the collector. However, citation of a locality alone is insufficient for lectotypiflcation

(Art. 37.3, Note 2, McNeill et al. 2006), so that effective lectotypiflcation begins with W. Jepson's (1936: 184)

citation of "White Mts., Mono Co., Cal, Shockley 592" as type locality. To complete the process, GH 19583

is herewith formally designated the lectotype of P. pseudosericea.

Potentilla pseudosericea Rydb., Mem. Dept. Bot. Columbia Coll. 2:98. 1898. type: "Nevada. Esmekalda Co." [actu-
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A SYNOPSIS OF THE MEXICAN AND CENTRAL AMERICA

SPECIES OF VACCINIUM (ERICACEAE)

Robert L Wilbur James L Luteyn
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ABSTRACT

INTRODUCTION

The representatives of the genus Vaccinium in Mexico and Central America were most recently treated by

Sleumer (1936) in a study with the deceptively modest title of "Die Arten der Gattung Vaccinium L. in Zentral-

und Sudamerika." Sleumer's account actually covered the species of both the West Indies and Mexico as

well as those occurring in Central and South America. Sleumer recognized 30 species in his treatment, but

of these only 12 were known from Mexico and Central America. The present synopsis includes 27 species

from Mexico and Central America, which gives some indication of the rich yield resulting from the more
intensive field work that has taken place within the region in the past seven decades. More than half of the

Mexican and Central American species of Vaccinium have been described in the most recent three decades,

while only four species (or about 15%) were named in the first seventy-five years of the twentieth century

and nine species (or 33%) during the nineteenth century.

Perhaps something should be said about the generic concept adopted in the present study. The generic

limits are very broad and inclusive like that of Sleumer (1936) in his treatments of the West Indian, Mexican,

Central American, and South American members of the genus, as well as his survey of the genus Vaccinium

(1941) throughout its total range. In the latter paper Sleumer recognized 33 sections in the genus Vaccinium,

which clearly demonstrates the great morphological diversity that the conservative concept of Vaccinium s.l.

accepted. As someone whose initiation into Botany was through Small's Manual of the Southeastern Flora (1933),

the senior author was exposed to a much narrower concept of genera. In the case of vaccinoioid genera such

as Batodendron Nutt., Polycodium Raf., Herpothamnus Small, Oxycoccus Hill, Hugeria Small, and Cyanococcus

Rydb., they still appear to demark natural groups biologically meaningful as genera than submerged into

the vast diversity of the genus Vaccinium s.l. However, traditional generic concepts were recently followed by
the authors (Luteyn & Wilbur 2005). Molecular data is sparse at present, but it is beginning to be helpful in

sorting out some of the relationships within the tribe Vaccinieae (see Kron et al. 2002). Molecular evidence

available from Kron et al. (2002) and Powell and Kron (2003) strongly suggests that the genus Vaccinium is

polyphyletic and hence unnatural; vander Kloet (2004) and Stevens et al. (2004) are also of this opinion. Kron
et al. (2002) concluded, however, that a much more thorough molecular survey must be completed before

any formal nomenclatural changes could be made. Their prognosis for Vaccinium is ominous for those who
were content with the heterogenous genus of 33 or so sections. Their molecular survey so far suggests that
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"Vaccinium will need to be enlarged to include all species currently recognized in the tribe Vaccinieae, or to

be broken up" (Kron et al. 2002). Their first alternative would seem to be biologically unsound, because the

resulting "Vaccinium" would contain so many and biologically diverse groups as to be meaningless; so we

are left with the second possibility. Fortunately, Kron et al (2002) agreed that a vast amount of work, both

morphological and molecular, needs to be done before anyone should contemplate how the diverse tribe of

several hundred species might best be redistributed. It seems certain that some of those groups to be recog-

nized may be those identified by Small and others a century or more ago. We also feel that the recognition

of the Central American greenish-flowered vacciniums into the genus Symphysia as seen by Vander Kloet et

al. (2004) is premature.

We believe that a morphologically-based and field-oriented synopsis of the genus Vaccinium s.l. in Mexico

and Central America may prove useful as a working hypothesis as botanists strive to achieve a more natural

classification. Hence, this synopsis of the Mexican and Central American Vaccinium is presented in the hope

that a new species-oriented base line will prove to be a useful summary of what is now known about the

genus Vaccinium in the extensive and biologically interesting region of Mexico and Central America.

The newly described taxa strongly suggest that additional collecting is still very much needed. The er-

roneous impression exists that most of the thousands ofnew species that are described as new each year are

present in abundance in our herbaria and that diligent general collecting is no longer needed. The species

of Vaccinium described in the past half century—and that genus clearly is not exceptional in this regard-

certainly demonstrate that all or nearly all of the newly described species are the result of material collected

since Sleumer's treatment appeared and definitely are not due to the failure of Sleumer or others to make

full use of the specimens available to them. A compelling case can be made that what is still needed is a

well-planned, intensive collecting campaign throughout much of the area.

VACCINIUM L.

Shrubs or rarely trees, often rhizomatous, sometimes arising from lignotubers (=burls). Leaves alternate

to pseudo-opposite, deciduous or briefly persistent (i.e., barely through the first unfavorable season) or

persistent and evergreen, petiolate, the blades with margin entire to (slightly) serrate, the venation pinnate

or plinerved. Inflorescences terminal or axillary, racemose, corymbose, rarely paniculate, or 1-2-flowered;

floral bract 1, subtending each pedicel; pedicels articulate or rarely continuous with calyx; bracteoles 2.

Flowers 4-5-merous, without odor; calyx synsepalous, the tube usually cylindric to globose, the lobes rarely

obsolete; corolla sympetalous, aestivation imbricate, valvate or rarely open, cylindric, urceolate, globose or

campanulate, white to pink, greenish or yellowish-green; stamens 8 or 10(-12), equal, included or exserted,

the filaments equal, distinct or weakly connate at base, equal to or longer or shorter than anthers, the con-

nectives lacking disintegration tissue, spurs on filaments present or lacking, sometimes with apparently

vestigial spurs, the anthers equal, lacking awns, the thecae surfaces smooth or papillate, the anther tubules

2, distinct or rarely shortly connate at base, dehiscing introrsely (sometimes obliquely), latrorsely or termi-

nally by pores or clefts; pollen grains in tetrahedral tetrads, lacking viscin strands; ovary inferior, 4-5 (or

falsely 8 or 10 by partial partitions)-locular; style included or rarely slightly exserted, glabrous, the stigma

small, simple or somewhat capitate. Fruit a berry, crowned by the persistent calyx lobes and capped by the

conspicuous nectariferous disc; seeds many, sometimes with mucilaginous sheath.

Vaccinium is a genus with approximately 450 species distributed in the Northern Hemisphere, Meso-

america, the West Indies, South America, E. Africa and Madagascar, Malesia, and Pacifica. Twenty-seven

species from Mexico through Panama are recognized here.

KEY TO THE MEXICAN AND CENTRAL AMERICAN SPECIES OF VACCINIUM

1 . Calyx continuous with the pedicel (i.e., lacking a disarticulation groove); corolla open just prior to anthesis or

2. Anthers conspicuously exserted beyond the corolla tube; corolia open prior to anthesis, considerably
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2. Anthers clearly included within the corolla tube; corolla closed

lacking.

3. Erect, terrestrial shrublet arising from a subterranean, slendei

rubletanthen >urs; corolla red, 7-1 Or lobed; leaves

3. V. dissimile

marked by a

.

conspicuous disarticulation groc)ve);corollcj closed prior

chises (1 .5-)3-6 cm long with large, leafy, persistent, floral bracts; corolla 5-7 mm long, cylindric to

urceolate; leaves lanceolate to lance-elliptic, (4-)8-12(-15) mm broad; veins on the upper surface

of the leaves mostly pronouncedly elevated; nectariferous disk glabrous to short-pilose 5. V. stenophyllum

8. Leaf-blades basally broadly cordate, mostly 2-5 cm broad 7. V. cordifolium

8. Leaf-blades basally acute to rounded, mostly less than 2 cm broad.

reticulate 8. V. breedlovei

9.

10. Leaf surfaces'densely pilose.

Leaf-blades elliptic to ovate-elliptic, 1-1.5 cm long and 3-8 mm broad; petioles 1-2 mm
long; corolla 3.5-5 mm long. 9. V. chihuahuense

1 1 . Leaf-blades oblong to lanceolate, 3-4J

1 3. Corolla aestivation imbricate, the tube 5-7.2C-9) x 3 mrr

glabrous internally; leaves lacking basal glands on low

minutely papillose; forested slopes from 1600-3200(-

Pedicels 7 mm long or less; calyx lobes 1 .5 mm long or less.

15. Leaf-blades mostly over 2 cm long.

1 6. Racemes 5-1 6-flowered, the peduncle/rachis arising from the axils ofsubtend-

ing foliage leaves or from subtending leaf scars, mostly (1.5-)5-9 cm long;

clearly falsely 10-locular 4. V. leucanthur

1 6. Racemes 6-1 2-flowered with the peduncle and rachis together mostly 0.3-1 .2

cm long; corolla cylindric, 5-9 mm long; berry 4-5-locular ll.V.selerianur

1 5. Leaf-blades mostly less than 2 cm long.

17. Corolla cylindric, 5-6.5 mm long; Costa Rica 13.V.floribunduri

long; Mexico, Guatemala, and Honduras 14. V. confertun

Pedicels (8-)1 2-1 4 mm long; calyx lobes ca. 2 mm long 1 5. V. wilburi



18. Calyx be

18. Calyx nc
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Dng, conspicuously nerved; filanr

21. Calyx limb saccate, 5(-10)-s

21. Calyx limb terete and unlob

22. Calyx lobes (1.8-)2-5m

uslybullate,thebases±dasping,th

_20.V.floccosum

25. Lower leaf surface glabroi

lobes 2.5-3.5 mm long; an

tubules 3-4.6 mm long, glabrous i

22. Calyx lobes 1 .5 mm long or less.

26. Corollas cylindric to cylindric-campanulate,

27 Petiole 1-4 m
27

28. Lea

6-15

28. Leafvenat

pink or gr

).2-0.4mmlongorless

cing by terminal pores

_ 25. V. santafeense

long.

29. Leaf-blades basally acutely tapering

29. Leaf-blades basally rounded to more

lobes 0.8-1 .2 mm long

n kimthianum Klotzsch, Linnaea 24:56. 1851.

1
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Terrestrial shrubs (1-)1.5-10 dm tall; branchlets densely and softly pilosulous or puberulent, the trichomes

throughout usually slender and hyaline but occasionally some gland-tipped. Leaf-blades deciduous, mem-

branous, elliptic to oblong-elliptic or ovate-oblong, 1.5-3.5(-6.5) cm long, 5-12(-2.2) mm broad, apically

acute to rounded, basally acutely tapering to rounded, marginally entire and sometimes strongly revolute,

densely spreading pilosulose on both surfaces or glabrate, the venation pinnate but only the midrib conspicu-

ous above, although the lamina also somewhat pustular above, all nerves raised and conspicuous beneath;

petioles ca. 1-2.5 mm long, subterete but narrowly canaliculate above, densely puberulent or pilosulose as

branchlets. Inflorescences axillary, of often leafy racemes, 3-8-flowered; rachises sharply angled, 4-34 mm
long, pubescent as branchlets; floral bracts leaf-like to leafy, persistent, elliptic, acute, 5-15 mm long, glabrous

to pilosulose abaxially; pedicels 5-6mm long, sometimes nodding, pubescent as branchlets; bracteoles basal

or near base, linear to oblanceolate, ca. 1.5-3 mm long, hirsutulous. Flowers 5-merous; calyx ca. 2.5-4.5 mm
long, continuous with pedicel although rarely appearing articulate as fruit matures, the tube campanulate

and ± flaring distally, ca. 1-1.5 mm high and 2 mm in diam., glabrous to densely hirsutulous with white,

downwardly reflexed, delicate, white trichomes, the limb flaring above, glabrous to pilosulose, the lobes

deltoid, acute to obtuse, ca. 1-2 mm long, ciliate or puberulous to pilosulose; corolla with aestivation open,

membranaceous, unistratose, campanulate, ca. 4.7-6(-8) mm long, white, glabrous, deeply-lobed, the lobes

deltoid to oblong, acute to rounded, ca. 3-4 mm long; stamens 10, conspicuously exserted (rarely included),

ca. (4.8-)8.5 mm long, the filaments ca. (27-)3 mm long, flattened, densely hirsutulous externally and

glabrous internally, the anthers ca. (3-)5-6.5 mm long, bearing dorsally, ascending or horizontally wide-

spreading, slender, finely muricate spurs ca. 0.7-2 mm long, the thecae ca. (1.3-)2-2.5 mm long, sharply

and finely muricate, the tubules ca. (1.7-)3-4.5 mm long, muricate, dehiscing by short, introrse, slightly

oblique pores that are marginally irregularly 2-4-dentate (lacinate); styles long-exserted, to 11 mm long.

Berry spherical, 5-10 mm in diam., black, sparingly to moderately pilosulose, 5-locular (?).

Distribution.—Montane forests, dry pine forests, and oak-pine forests of the Sierra Madre Oriental of

Mexico from Nuevo Leon and Tamaulipas, south through San Luis Potosi, Puebla, Hidalgo, and Vera Cruz,

at 1550-1785 m. Flowering: Apr-Jul; fruiting: Jun-Sep.

Vaccinium kunthianum is characterized by a calyx that is continuous with the pedicel, a corolla that is

open prior to anthesis and enlarges thereafter, by anthers conspicuously exserted beyond the corolla tube,

and by anther spurs present.

This is the only Mexican representative of the very distinctive subgenus Polycodium (Raf.) [= sect. Poly-

codium (Raf.) Rehder], a largely eastern North American taxon often treated as the separate genus Polycodium

Raf. It is all too easy for us to discount Rafinesquian genera out-of-hand, but this segregate genus does have

the independent approbation of Nuttall (1843), one of our historically most critical and acclaimed botanists,

who segregated this group of species from Vaccinium as the genus Picrococcus Nutt. The systematics of Poly-

codium whether treated as a section, subgenus, or genus is unresolved. As many as 20 species or as few as

one species (Baker 1970) have been recognized. Recently, Vander Kloet (1988) recognized a single species in

eastern North America, V staminium L., while relegating the Mexican outliers in the Sierra Madre Occidentale

to synonymy. Too little material is available to be dogmatic, but the Mexican plants seem very unlike the

common V stamineum of eastern North America. Therefore, for the present the Vaccinium kunthianum is best

field observation and collecting is needed.
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2. Vaccinium geminiflorum Kunth in H.B.K., Nov. Gen. Sp. PL 3:267, t. 252. 1818. Type: "Crescit in Regno Mexicano,

Erect, rhizomatous, densely branched shrublets mostly 10-25 cm tall, often forming dense colonies, gla-

brous throughout with the exception of the youngest stems and leaves; branchlets angled, at first densely

but minutely puberulent but becoming glabrate. Leaf-blades deciduous or briefly persistent, membranous,

oblanceolate or narrowly oblong-obovate to somewhat elliptic, 5-20(-32) mm long, 3-8(-12) mm wide,

apically obtuse to acute, basally narrowed to a ± cuneate base, marginally finely crenate-serrulate with the

teeth usually terminated especially when young with a very short, gland-tipped vein, both surfaces glabrous

but the veins (especially when young) often very minutely and sparsely puberulous, the venation pinnate,

forming a conspicuous, elevated reticulum on both surfaces at least when dried; petioles 1-2 mm long,

semicircular in cross-section, flatly grooved above, glabrous. Inflorescences axillary, of solitary flowers; floral

bracts leaf-like in shape and texture, 4.5-6 mm long; pedicels recurved, 3-5 mm long, slightly and very

shortly puberulous to glabrous; bracteoles basal, caducous, oblong, rounded, ca. 4-5 mm long, covering

pedicel and calyx. Flowers 5-merous; calyx 2-3 mm long, continuous with pedicel, the tube campanulate,

ca. 1.4-1.8 mm long, glabrous, the limb distally truncate to minutely lobed, the lobes obscure to broadly

ovate, apically rounded to apiculate, ca. 0.3-1 mm long, glabrous, occasionally with minute, glandular

squatly barrel-shaped or globose-urceolate, 4-6 mm long, 3-4 mm broad, white to pinkish or even roseate,

glabrous, the lobes broadly rounded, 0.8-1.5 mm long; stamens 10, included, ca. 3.5-4.5 mm long, the fila-

ments ca. (l-)2-2.4 mm long, glabrous, the anthers ca. 2.5 mm long, dorsally bearing 2, slender, antrorsely

and minutely barbellate, strongly ascendent spurs ca. 0.6-2.2 mm long, the thecae ca. (0.5-)l-1.4 mm long,

papillose, the tubules ca. 0.9-1.7 mm long, 10 or more times as long as wide, dehiscing by oblique or nearly

terminal introrse pores. Berry dull blackish, unknown at maturity.

Distribution.—Montane pine-oak forests, alpine meadows, boulder fields, and seepage areas, from

Chihuahua and Nuevo Leon south throughout much of mountainous Mexico into Guatemala, at 1785-4110

m. Flowering: throughout most of the year but mostly from Feb-Aug; fruiting: Mar-Oct.

Vaccinium geminiflorum is characterized by its subshrub, rhizomatous habit, deciduous (or nearly so)

leaves, calyx that is continuous with the pedicel, corolla with imbricate aestivation, long-spurred anthers,

and comparatively large and long bracteoles.

The most extensive discussion of the Mexican and Guatemalan members ofthe V: cespitosum - geminiflorum

complex was that of Camp (1942), based largely on his observations in western Mexico. Vander Kloet (1988)

recognized both V. cespitosum Michx. and V: geminiflorum Kunth as occurring in Mexico with V. cespitosum

represented by "one disjunct population" although his map shows three widely separated localities in west-

ern Mexico. Camp noted that the plants of V. geminiflorum from lower elevations, seldom if ever subjected

to frost, had persistent leaves while those from higher elevations had deciduous leaves. Roughly correlated

with persistence and lower elevations were more deeply grooved twigs and narrow, relatively longer leaves

at the lower elevations, while at higher elevations the twigs are more likely to be subterete and the leaves

wider. Camp concluded that because of the morphological intergradation that it would be best to maintain

the Mexican material of this complex or section under a single name, V. geminiflorum. He speculated that in

the Pleistocene the widespread northern V. cespitosum had had to migrate into Mexico where it encountered

V: geminiflorum and hybridized with it resulting in the great variability in the populations encountered in

the mountains of central Oaxaca. We are unable to evaluate this suggestion.

The focus of vander Kloet's earlier publications was upon the North American representatives of the
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genus, but he also delt with the species of "northern Mexico." Only Mexican species whose range was

largely in the United States and Canada were included in his account: Vaccinium cespitosum Michx. and V.

kunthianum Kunth (as V. stamineum L.). Little material was available to him for study. From vander Kloet's

keys and descriptions the following key has been extracted.

Leaf margins sharply serrate along most its length; blade often sparsely glandular beneath; berry dull black;

restricted to Mexico and Guatemala
.

V. geminiflorum

Leaf margins usually serrulate from the a|

beneath; berry usually blue and glau

into New England, Wisconsin, Colora<

7887 (MICH). Hidalgo: 1.5 km al

t. 53:271. 1915. Disterigmadis

Creeping, epiphytic or terrestrial, viney shrublets with stems interwoven amongst bryophytes; branchlets

wiry, perhaps to 1 m long, 1-1.5 mm in diam., the young stems densely spreading puberulent, glabrous in

age. Leafblades persistent, coriaceous, evergreen, ovate, lance-ovate, or narrowly to broadly elliptic, mostly

l-3(-4) cm long, 8-15(-20)mm broad, apically acute, basally rounded to cuneate, marginally entire, glabrous

or beneath sparingly to moderately beset with dark, glandular, appressed trichomes 0.1-0.2 mm long, the

venation obscure; petioles 1-2 mm long, puberulent. Inflorescences axillary, of solitary flowers; floral bracts

broadly reniform, ca. 0.3-0.4 mm long, rounded, glabrous; pedicels l-2(-4 or -8?) mm long; bracteoles

basal, ovate to broadly oblong, opposite, obtuse to broadly rounded, 0.8-1 mm long and nearly as wide,

puberulent. Flowers 4-merous; calyx ca. 2.2-2.8 mm long, continuous with pedicel, the tube campanulate,

0.8-1.2 mm long, densely hirsutulous with hyaline trichomes 0.1-0.2 mm long, the lobes broadly deltoid,

acute, 0.7-0.8 mm long, moderately to densely hirsutulous; corolla with aestivation valvate, thinly fleshy,

bistratose, campanulate to broadly flaringly funnelform, 7-10 mm long, 6-9 mm in diam. at the apex or the
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broadest point, red, sparingly and inconspicuously beset with spreading, gland-tipped trichomes 0. 1-0.2 mm
long, the lobes erect, acutely deltoid, 1.5-2mm long; stamens 8, included, ca. 4.3-5.8mm long, the filaments

1.3-4 mm long, elliptical, tapering both to the base and the apex where ca. 0.5 mm wide, sparsely pilose,

the anthers medihxed, 2-3.3 mm long, lacking spurs, the thecae ca. 1.7 mm long, conspicuously papillose,

the tubules 1.6-2.5 mm long, dehiscing by introrse clefts 0.5-0.7 mm long. Berry bluntly 4-angled, oblate,

0.7-1 cm in diam., translucent white, densely hirsutulous, 4-locular.

Distribution.—-Wet mountain slopes dominated by premontane rainforests and elfin thickets of shrubs

and small trees in Costa Rica and Panama and also in NW South America (Colombia and Ecuador), at

500-1800 m. Flowering and fruiting: throughout much of the year but perhaps heaviest from Feb-Aug.

Vaccinium dissimile is characterized by its lianoid, thin-stemmed habit, short pedicels, and dark red,

campanulate corollas. This is another species of Vaccinium that rests not too comfortably with its supposed

congeners. S.F. Blake, who orginally named the species as a Vaccinium, later transfered it into the genus

Disterigma. Luteyn, currently the leading authority on the neotropical representatives of the family, has

concluded that this species should be placed in the genus Sphyrospermum Poeppig & Endlicher as shown by

the mature fruit: "The fruits of Vaccinium and Disterigma (and most ericaceous blueberries) have a thick and

leathery pericarp that dries that way, and the seeds have normal embryos whereas in Sphyrospermum and

Themistoclesia the pericarp is very thin and papery ... and the seeds have a green embryo ..." (Luteyn 1987,

p. 126). [Note: RLW, first author of this paper, wishes to treat this species in Vaccinium] JLL, second author

of this paper, however, disagrees and still maintains the species belongs in Sphyrospermum.]

5, McPherson 786 (DUKE, MO). Chiriqui: cl

canthum Schltdl., Linnaea 8:524. 1833. Type: Mexico, ve

Type: G-DC (photos F neg. 33846 and NY neg. s.n.); isotypes: BM! , NY frag, ex G-DC!, OXF! P!] . The type specimen in the DeCandolle

Terrestrial shrubs 1-4.5 m to trees to 15 m tall; branchlets somewhat angulate when young but becoming

to lance-oblong to ovate, highly variable in shape and size, mostly 2-5(-7.5) cm long, 1.2-2.6 cm broad,

apically usually acute to less commonly obtuse or rounded, not mucronate, basally cuneate to rounded,

marginally crenate-serrate, when mature glabrous or at most very sparingly puberulous (or even densely but

often inconspicuously so along the midrib above), when young glabrous to densely puberulous beneath with

midrib puberulous above, rarely glandular-punctate beneath, the venation pinnate; petioles 2-4 mm long,
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semicircular in cross-section, broadly and shallowly grooved above, glabrous to densely short-puberulous.

Inflorescences axillary, sometimes arising from leafless nodes, racemose, 5-16-flowered; rachises finely ridged

and grooved, (1.5-)5-9 cm long, 0.5-1 mm in diam., densely to sparsely but minutely puberulent; floral

bracts caducous, oblong, cuculate, ca. 1.5-4 mm long, 2-2.5 mm broad; pedicels nodding, often somewhat

secund, ca. 1.5-7(-12) mm long, finely but densely to sparsely puberulent; bracteoles located medially to just

above or below middle, ± opposite, caducous, linear, 1.5-2.5 mm long, glabrous to puberulous, caducous.

Flowers (4~)5-merous; calyx 2.5-2.7 mm long, conspicuously articulate with pedicel, the tube obconical,

1-1.5 mm long, sparingly to very densely puberulent, the lobes deltoid, acute, 0.8-1.5 mm long; corolla

with aestivation imbricate, membranous, unistratose, broadly campanulate to urceolate, 3-6 mm long, white

to pinkish tinged, glabrous externally, the lobes deltoid, acute, 1-2.2 mm long; stamens (8-)10, included,

2.8-5.4 mm long, the filaments ca. 1-3.2 mm long, ciliate distally, the anthers 1.7-3.4 mm long, typically

bearing dorsally 2, slender, strongly ascendent and outwardly divergent spurs ca. 0.6-1.2 mm long but these

apparently sometimes represented by vestigial remnants 0.1-0.5 mm long, the thecae ca. 1-1.5 mm long,

the tubules ca. 0.7-2 mm long, dehiscing by short, oblique, introrse, oval pores; nectariferous disk glabrous.

Berry spherical, ca. 5-8 mm in diam., blackish, puberulous to glabrate, falsely 10-locular.

Distribution.—Montane pine-oak and both evergreen and deciduous forests, thickets and clearings from

Hidalgo south through Vera Cruz into Michoacan, Oaxaca, and Chiapas (Mexico), and much of mountainous

Guatemala to Honduras, mostly between 1500-3000 m. Flowering: throughout the year but peaking from

Apr-Jul; fruiting: throughout the year.

Vaccinium leucanthum is characterized by its broad, crenate-serrate leaves, long-racemose inflorescences,

its calyx articulate with the pedicel, spurred to unspurred anthers, and a falsely 10-locular berry. No other

species of Vaccinium in either Mexico or Central America has proven as baffling as V. leucanthum. As inter-

preted in this treatment, it has the greatest range of floral morphological variability of any species in the

area. On numerous occasions it was felt that a set of characters had been detected that would allow the clean

separation of a block of disconcerting variability but analysis of more specimens dashed the supposed solu-

tion. The most strikingly variable features are in leaf size and shape, number of perianth parts, and length

of the anther spurs. The variablility of spur length proved especially vexing for a priori it was felt that spur

length was of "fundamental" importance. These spurs ranged from slender, upwardly arching, long, horn-

like appendages to the merest protuberance and in some cases could not be detected with certainty and so

might well be absent. The presence or absence of spurs has usually been treated as of sectional, subgeneric

or even generic significance within the Vaccinieae. Belatedly and no doubt reluctantly, it was impossible

to employ anther spurs as a taxonomically useful character in this species. This is not a wholly satisfactory

solution; it just happens to be the best that can be done now. Extensive field work throughout the range of

V: leucanthum would probably be most helpful in resolving the apparent uncertainties. It would also appear

that the problems associated with this species can only be resolved in conjunction with its relatives in the

Andes of South America and the West Indies.
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39 (DUKE, F, MICH); bushy nn

5. Vaccinium stenophyllum Steud., Nomencl. Bot. 2:740. 1841.

Vaccinium angustifolium Benth., PL Hartweg, 45. 1840, ncm Alton (1789). Type: ]

}ibc^!^^^^&^uaScens^ P1H

Michigan neg. 694 an

artweg.45.1840.Vta*.

Vaccinium gonzaltzii Riley, Kew Bull. 116. 1923. Twe: ME?[ICO. Sinaloa: San Igna

Terrestrial shrubs or small trees l-4(-6) m tall; branchlets slender, glabrous to densely, shortly puberulous,

sometimes glaucous. Leaf-blades persistent, coriaceous, evergreen, narrowly lanceolate, lance-elliptic to linear-

oblong, 1-40-6.5) cm long, (4-)8-12(-15) mm broad, apically acute to acuminate, shortly and deciduously

mucronate, basally cuneate, marginally entire to minutely serrulate with the teeth often glandular-tipped,

lustrous above, glabrous or very nearly so on both surfaces except often densely puberulous along the midrib

above, the venation pinnate, conspicuously reticulate and often raised on both surfaces; petioles l-2(-3)

mm long, subterete to broadly and shallowly canaliculate above, glabrous to densely although minutely

puberulent. Inflorescences axillary, either leafy racemes of 3-10 flowers each, or flowers solitary in axils of

apparently normal or reduced leaves at tips of branchlets and then inflorescences apparently differing little

from leafy, vegetative branchlets; rachises (when present) finely ridged and grooved, mostly (1.5-)3-6 cm

long, ca. 1 mm in diam., puberulent to glabrous, sometimes glaucous; floral bracts slightly smaller than the

foliage leaves and of similar shape and texture, 8-30 mm long, 2.5-9 mm broad, puberulent to glabrate;

pedicels nodding or at least strongly divergent, mostly (2-)4-8(-10) mm long, 0.2-0.3 mm in diam., glabrous

or sometimes puberulent, sometimes glaucous; bracteoles nearly basal, caducous, subopposite to clearly

alternate, oblong to lance-elliptic or linear, 1.2-2.2 mm long. Flowers 5-merous; calyx 3.5-4.6 mm long,

conspicuously articulate with pedicel, puberulent to glabrous, sometimes glaucous, the tube obconic to

somewhat campanulate, 1.5-2 mm long, the lobes deltoid, acute to acuminate, ca. 1.2-2 mm long, glabrous

to densely ciliolate at tips; corolla with aestivation imbricate, membranous, unistratose, cylindric to urceolate,

5-7 mm long, whitish to creamy, glabrous externally, the lobes deltoid, acute, 1.2-2.2 mm long; stamens

10, included, 3.5-4.3 mm long, the filaments ca. 1-1.6 mm long, weakly to densely ciliate, the anthers ca.

2.8-3.5 mm long, dorsally bearing slender, strongly ascendent spurs 0.6-1.4 mm long, the thecae ca. 1-1.7

mm long, the tubules slender, 1.2-1.8 mm long, dehiscing by short, introrse, oblique pores; styles included;

nectariferous disk glabrous to shortly and densely white-pilose. Berry spherical, 5-9 mm in diam., blackish,

puberulous or glabrous, sometimes glaucous, falsely 10-locular.

Distribution.—Mountain slopes of the Mexican Sierra Occidental from Durango south into Oaxaca

(Durango, Sinaloa, Nayarit, Jalisco, and Oaxaca), dominated by open pine-oak forests and rocky slopes

and summits, mostly between 1075-2800 m. Flowering: (Jan-)Mar-Aug(-Oct); fruiting: (Jan-)Jun-Oct(-

Dec).



Wilbur and Luteyn, Synopsis of Mexican and Central American Vaccinium 217

Vaccinium stenophyllum is characterized by narrowly lanceolate, lance-elliptic to linear-oblong leaves

with prominent venation and mucronate tips, inflorescences of leafy racemes or flowers solitary in the axils

of apparently normal or reduced leaves, a calyx that is articulate with the pedicel, spurred anthers, an often

shortly and densely pilose nectariferous disk, and falsely 10-locular berry. Louis Williams (1965, and in

Standley& Williams 1966) included V. stenophyllum in the Flora ofGuatemala even though he stated that "the

material from Guatemala is hardly, if at all, distinguished from V. leucanthum" For this study, no specimens

of V. stenophyllum have been seen south of Jalisco, while V. leucanthum is well-represented in Guatemala.

Plants of V. stenophyllum are not at all reminiscent of V. leucanthum. We agree with Sleumer (1936) that V.

gonzalezii is merely a broader leaf form of V. stenophyllum.

road to Talpa de Allende, Municipio de Aytenguillo, 1890 m, 27 Nov 1983, Breedlove & Almeda 60617 (CAS, MO, NY); Sierra de Manan-

6. Vaccinium consanguineum Klotzsch, Linnaea 24:64. 1861.

1

Terrestrial shrubs or small trees (0.2-)l-3(-10) m tall, often compact and densely bushy; branchlets stiff, rigid,

glabrous to densely puberulent. Leaf-Hades persistent, coriaceous, evergreen, mostly narrowly to broadly

elliptic, occasionally oblong, (1-)1.5-3 (-4. 6) cm long, 5-12(-18) mm broad, usually 2-3 times as long as

wide, usually tapering to an acute apex and base, marginally callose-thickened and shallowly serrulate

with teeth mostly (l-)2-4 mm apart, each tooth often tipped with a darkish glandular callosity, glabrous or

with scattered glandular fimbriae beneath, moderately puberulous along the midrib, the venation pinnate;

sharply angled, mostly 1-4 cm long, puberulent; floral bracts scarious, ovate to oblong, 2-5 mm long, slightly

puberulent or ciliate; pedicels 1-2 mm long, puberulent; bracteoles subopposite, ovate to oblong, scarious,

1.5-3 mm long, ciliate but otherwise glabrous, entire to sparingly and also irregularly and minutely toothed.

Flowers 4-merous; calyx 3-4 mm long, sharply articulate with pedicel, the tube campanulate, 1-2.3 mm
long, glabrous, the lobes deltoid to broadly ovate, 0.8-1.5 mm long, apically ciliate but otherwise glabrous;

corolla with aestivation imbricate, membranous, unistratose, cylindric, 5-7.5 mm long, 2.7-4.5 mm in diam.,

creamy white with tinges of red or pink, glabrous, the lobes oblong, 1-1.7 mm long; stamens 8, included,

4.4-5.7mm long, the filaments 3-4mm long, ciliate, the anthers 2.8-4mm long, bearing dorsally 2, slender,

horn-like, ascendent spurs 0.2-0.6(-l) mm long originating from near the apex of the thecae, the thecae

1.5-1.8 mm long, granular-papillate, the tubules 1.2-2 mm long, dehiscing by introrse clefts 0.5-0.7 mm
long. Berry spherical, 5-6 mm in diam., reddish-to blackish-purple, 4-locular.

Distribution.—Mountain meadows, wooded montane slopes, oak forests, and paramillo thickets in Costa

Rica and western Panama (Bocas del Toro and Chiriqui provinces), between (1300-)1500-3500(-3900) m.

This species was included by Standley (1920-26, pp. 1101-1102) as a member of the woody flora of Mexico,

but its presence north of Costa Rica was questioned by Sleumer (1936) and the species was not included by

Standley and Williams in the Flora of Guatemala (1966). The species is known only from the mountains of

Costa Rica and western Panama. Flowering: throughout the year with the preponderance between Jan-Jul;

fruiting: throughout the year.

Vaccinium consanguineum is characterized by its pinnately nerved and serrulate-margined leaf blades,
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racemose inflorescences with small white to pink flowers, spurred connectives (these rarely vestigial), and

glaucous berries. The species varies from small, densely branched shrubs to large trees to 10 m tall. Leaf size

also varies greatly with trees often having leaves at the higher end of the range. The small-leaved populations

of V. consanguineum look especially like V. floribundum. Both species have spurred (or vestigially-spurred)

anthers, although the Costa Rican populations of V. floribundum lack spurs. Nevertheless, V. floribundum

would appear to be its closest relative.

7. Vaccinium cordifolium (M. Mar

Epiphytic or terrestrial shrubs, sometimes arising from lignotubers; branchlets stout, rather irregularly angu-

late, slightly hirtellous but soon glabrate, reddish. Leaf-blades persistent, stiffly coriaceous, evergreen, broadly

ovate or oblong-ovate, 2.5-5(-8) cm long, (1.3-)2-3.5(-5) cm broad, apically rounded to subacute, basally

shallowly cordate to rounded, marginally subentire to prominently crenate-serrate, glabrous, lustrous, the

venation pinnate, slightly elevated above and somewhat more prominently elevated and reticulate beneath;

petioles 2-4.5 mm long, ca. 1.5 mm in diam., glabrous or at most very sparingly pilosulose. Inflorescences

racemose or paniculate, 6-40-flowered, when paniculate then short-pedunculate and to ca. 8 cm long; ra-

chises 3-6 cm long, 1-1.5 mm in diam., glabrous to weakly short-pilose or hirtelous; floral bracts caducous,

lanceolate, ciliate, ca. 1.7-3.2 mm long; pedicels erect to secundly nodding, 5-10mm long; bracteoles nearly

basal, lanceolate, ca. 1-2.2 mm long. Flowers 5-merous; calyx 4.8-5.3 mm long, conspicuously articulate

with pedicel, the tube obconic to campanulate, 2-3.5 mm long, deep rose, glabrous, the lobes deltoid, acute,

1-1.8mm long, glabrous, non-ciliate; corolla with aestivation imbricate, membranous, unistratose, cylindric

to urceolate, 5-8 mm long, whitish tinged with deep pink or rose, glabrous externally, the lobes deltoid,

subacute to rounded or obtuse, ca. 1-1.3 mm long; stamens 10, included, 6.5-7 mm long, the filaments

ca. 3-4.7 mm long, proximally ciliate, the anthers 3.5-4.2 mm long, lacking spurs, the thecae ca. 1.5-2.2

mm long, pappilose, the tubules ca. 1-2.5 mm long, dehiscing by short, introrse clefts. Berry ca. 5-6 mm
in diam., 5-locular.

Distribution.—Pine-oak forests, cloud forests, and montain thickets and forests, from the Mexican states
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of Vera Cruz through Oaxaca and Chiapas, and mountainous northern Guatemala (Huehuetenango and

Quiche departments), between 2000-3100 m. Flowering and fruiting: throughout the year.

Vaccinium cordijolium is characterized by its stiffly coriaceous, broadly cordate leaves with margins sub-

entire to crenate, its racemose (or rarely paniculate) inflorescence, a calyx that is articulate with the pedicel,

stamens that lack spurs, and a dark rose to pink corolla.

Vaccinium matudae Lundell, a most distinctive species was first described as Gay-Lussacia cordifolia

Martens & Galeotti (21842), but was later determined to be a Vaccinium by Hemsley (1881). In attempting

to form the new combination based on Martens and Galleotti's binomial, he instead unfortunately pub-

lished Vaccinium cordatum (1881), mistakenly, and carelessly also citing the basionym as Gaylussacia cordata

Mart. & Gal., Bull. Acad. Brux. 9:529. 1842. As a result, instead of establishing the intended and needed

binomial in Vaccinium, Hemsley created an illegitimate name (Article 52 of the ICBN) that is to be rejected

as nomenclaturally superfluous. When Hemsley published Vaccinium cordijolium, there would have been

no obstacle to proposing the binomial Vaccinium cordijolium based on Martens and Galeotti's binomial, but

after 1894 Vaccinium cordijolium Stapf had been published (Trans. Linnean Soc. Ser. II. 4:189. 1894) and

therefore a combination based on Martens and Galeotti's binomial would have resulted in a later homonym.

However, when querried on this problem, three very experienced and knowledgable nomenclaturalists (Drs.

J. McNeill, G. Moore, and D. Nicolson) all agreed that Hemsley's carelessness in transfering Gaylussacia

cordijolium M.Martens & Galeotti into Vaccinium as V cordatum (M.Martens & Galeotti) Hemsley, while also

mistakenly citing the basionym as G. cordatum, should nevertheless be treated as a correctable error rather

than as the publication of a later invalid synonym that Lundell corrected by publishing a new name since

by that time Vaccinium cordijolium Stapf had been published for a species from Borneo. Consequently, the

American species will be known as V cordijolium (M.Martens & Galeotti) Hemsley as originally intended,

while the Borneoan plant is provided with a binomial in the footnote below1
.

Additional collections examined: MEXICO. Veracruz: Mimicipio de Las Vigas; en las faldas del Volcancillo, por la carretera federal

Jalapa-Las Vigas, 19°38'N, 97°03'W, 2000 m, 16 Aug 1979, Calzada 5483 (F); Las Vegas, Linden 420 (MICH); bosque de pino, 2300 m,

8. Vaccinium breedlovei L.O. Williams, Fieldiana Bot. 31:173. 1965. i

Epiphytic shrubs; branchlets irregularly angled to ± terete, glabrous, reddish-brown. Leaj-blades persistent,

coriaceous, evergreen, ovate to ovate-lanceolate, 5-15 cm long, 2.5-8 cm broad, apically acuminate to acute

or rarely even rounded, basally rounded, marginally very finely but distinctly and minutely glandular crenate

with the teeth 6-9 mm apart, glabrous on both surfaces, the venation pinnate, prominent on both surfaces

and pronouncedly elevated thru the third order of branching forming a conspicuous reticulum, the midrib

depressed into the upper surface forming a channel; petioles stout, 4-11 mm long, puberulous. Injlorescences

axillary or arising from leafless nodes, racemose or paniculate (2-4 branches), often pronouncedly secund,

10-20-flowered, glabrous throughout; rachises 3-7 cm long; floral bracts scale-like, triangular to narrowly

deltoid, 1-1.5 mm long, glabrous; pedicels slender, (5-)7-9 mm long, glabrous; bracteoles medially or more
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distally attached, narrowly triangular to linear-lanceolate, 1.5-2 m long. Flowers 5-merous; calyx ca. 3-4

mm long, articulate with pedicel, the tube campanulate, terete, slightly constricted near summit, ca. 1.5-2.2

mm long and 2 mm in diam., glabrous, the limb somewhat flaring, the lobes rounded to somewhat deltoid

to triangular, usually abruptly acuminate, ca. 1-1.5 mm long, glabrous; corolla with aestivation weakly im-

bricate, membranous, unistratose, broadly funnelform, strongly 5-angulate with pronounced medial nerves,

5-6 mm long, flaring distally to 6-7 mm in diam., glabrous, greenish to greenish-white often suffused with

maroon, the lobes triangular, 2-2.5 mm long; stamens 10, included, ca. 5-5.5 mm long, the filaments ca.

3 mm long, glabrous, the anthers ca. 3 mm long, lacking spurs, the thecae ca. 2 mm long, papillate, the

tubules ca. 0.8-1.5 mm long and 0.2 mm in diam., dehiscing by terminal, obliquely slanting pores; ovary

10-locular (?); styles ca. 5 mm long. Berry not seen.

Distribution.—Known only from four collections on forested slopes of pine, oak, and Cupressus, from

Chiapas (Mexico) and Lempira (Honduras), at ca. 2300-2670 m. Flowering: Dec-Feb.

Vaccinium breedlovei is characterized by large (to 15 x 8 cm), glabrous leaves that are finely crenate

margined and prominently, reticulately and pinnately veined, racemose to paniculate inflorescences, a calyx

that is articulate with the pedicel, anthers lacking spurs, a greenish corolla, and possibly falsely 10-locular

ovaries (mature fruits are needed). Although unable to make better suggestions as to the closest relatives

of the very distinctive Vaccinium breedlovei, we do not see the close relationships with V. poasanum and the

relatives of that species (sect. Leptothamnia Benth. & Hook.f.) as originally suggested by Williams. The

inflorescence pattern would seem to argue against any close relationship with species centered around V.

poasanum, although the stamens do suggest such a relationship.

Vaccinium tolbertianum Lundell was named from perhaps two incomplete collections made by the same

collector at about the same time and place in Guatemala. The specimens (both LL) consisted of attached

leaves, stems, and young fruits. The most unusual feature was the presence of coarse, stiff, rigid trichomes

on a few centimeters of older stem on two of the six sprigs and on a few nearby leaves. Nothing like those

trichomes has been seen in Meso-American vaccinia, but they are frequent in the genus Gaultheria. Other

than for the presence of these gland-tipped trichomes, the specimens would fit reasonably well within the

current concept of V. haematinum Standley& Steyermark. It seems they can still be best placed there in spite

of the presence of those unique trichomes. Obviously further collecting may change our understanding of

this little known variant. Specimens with flowers and trichome-bearing stems are unknown and it seems

reasonable to conclude that without the presence of those coarse trichomes on a few centimeters of certain

of the older branchlets, the species never would have been proposed.

Additional collection examined: MEXICO. Chiapas: broad ridge with evergreen cloud forest on the third ridge along logging road from

Terrestrial shrubs, 0.8-1.3 m tall; mature branchlets terete, striate, moderately to densely pilosulose with

the hyaline trichomes ± spreading at right angles to the stem's surface branchlets, to even glabrate, the bark

thin, grayish to brownish, splitting longitudinally and exfoliolating; twigs sharply and narrowly angled,

striate, moderately to densely pilosulose. Leaves apparently persistent, coriaceous, evergreen, the blades flat

to concave, elliptic to ovate-elliptic, 10-15 mm long, 3-8 mm broad, apically acute to broadly rounded,
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hihuahuense Wilbur& Luteyn. A, habit B, flower showing pubescence. C, corolla opened to show orientation of5 stamens. D, stamens

showing side, ventral, and two dorsal views with introrse, oblique dehiscence pores. E, portion of stem showing leaf, old inflorescence, and immature

fruit, with inset showing crenate leaf margin {drawn from type collection).
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basally cuneately tapering to broadly rounded, marginally indistinctly crenulate-serrulate with the teeth

terminating in a reddish, gland-tipped vein extension (glandular fimbriae), both surfaces densely puberu-

lent or pilosulose with hyaline, spreading trichomes, the lower surface deciduously glandular-fimbriate, the

venation pinnate, inconspicuous to conspicuous above, the midrib impressed above and raised beneath,

the secondary and tertiary venation impressed above; petioles somewhat flattened and canaliculate above,

1-2 mm long, densely pilosulose. Inflorescences axillary, racemose, 2-8-flowered; rachises ca. 4-9 mm long,

Moderately short-puberulent; floral bracts and bracteoles caducous, oblong, acute to obtuse, 1-2 mm long,

{J glabrous; pedicels 1.5-4.5 mm long, densely puberulent. Flowers 5-merous; calyx ca. 3.2-3.5 mm long,

articulate with pedicel, the tube ca. 1-1.5 mm long, ca. 1 mm in diam., moderately to densely puberulent,

the limb (0.8-)2-2.4 mm long, densely puberulent, the lobes erect, narrowly triangular to ovate, acute to

shortly acuminate, ca. 1-1.9 mm long, ca. 0.8 mm broad at base, puberulent; sinuses acute; corolla with

aestivation imbricate, membranous, unistratose, cylindric, angled opposite the lobes, 3.5-5 mm long, ca.

2-2.5 m in diam., whitish-pink, externally sparingly to moderately pilosulose especially distally along

angles, the lobes erect, oblongish, roundedly acute, ca. 1 mm long; stamens 10, included, ca. 2.7 mm long,

the filaments ca. 1.7-1.8 mm long, pilosulosely ciliate to densely pilosulose, the anthers ca. 1.5 mm long,

lacking spurs, the thecae ca. 0.5-0.7 mm long, ± smooth, the tubules distinct, ca. 0.8-1 mm long, dehiscing

by introrse, oblique, tear-shaped pores; styles glabrous, ca. 4-5.5 mm long. Berry not seen.

Distribution.—Known only from several collections in forest of Quercus-Pinus with thin, rocky, litosol

soils, from the state of Chihuahua, Mexico, at 1950-2200 m. Flowering: Jun-Aug; fruiting: Oct.

Vaccinium chihuahuense is characterized by having persistent pubescence in nearly all parts, small

leaves that are marginally crenate-serrulate, an articulate calyx, anthers that lack spurs. Morphologically it

resembles V. confertum, from which it differs most conspicuously in its persistent, dense pubescence of all

vegetative and floral parts.

Additional collections examined: MEXICO. Chihuahua: Mojarachic, Jan 1937 (st), Knobloch 5736 (MSU); Parque Nacional Cascada

de Basaseachic, Mpio. de Ocampo, 2200 m, 12 Mar 1994 (st), Garcia et al 2527 (NY), 2100 m, 3 Oct 1986 fan fr), Spellenberg et al. 8701

(NMC), 1950 m, 5Aug 1994 (fl), Yen& Estrada 2841 (DUKE, NMC, NY); Divisadero Overlook of Cascada de Basaseachic, 2100 m, 23 Jun

1987 (fl), T. R. Van Devender et al 87-160 (NMC); Mpio. de Guachochic, Cascada de Cusarare, 28 Jul 1973 (fl), Bye 4400 (NMC).

t. 31:173. 1965. (Based on Malta pilosa Lundell, non Vac-

Epiphytic shrubs; branchlets terete, ± blackish, ± pilosulose throughout with whitish trichomes. Leafblades

persistent, coriaceous, evergreen, oblong to lance-oblong or even lanceolate, 3-4.5(-7.5) cm long, 0.8-2(-3)

cm broad, apically obtuse to subacute, basally usually rounded, marginally entire or nearly so, occasionally

with a few, remote glandular teeth, somewhat shiny above and dull beneath, persistently pilose beneath

and puberulent or pilosulose above at first but glabrescent with age, the venation pinnate, visibly reticu-

late on both surfaces with the midrib and primary veins elevated; petioles ridged and grooved, 2.5-8 mm

long, densely pilosulose. Inflorescences axillary, solitary, racemose, congested, ca. 2-6-flowered; rachises

subsessile, mostly 2-5 mm long, densely pilosulose, bearing small, imbricate bracts at base; floral bracts

persistent, deltoid, ca. 1-1.2 mm long, pilosulose; pedicels slender, 3-7 mm long, pilosulose; bracteoles

persistent, basal or attached below the middle, opposite to subopposite, lanceolate to linear, 1.5-1.6 mm
long. Rowers 5-merous; calyx ca. 3-3.3 mm long, sharply articulate with pedicel, the tube subcampanulate

to ± globose, ca. 1.5 mm long, densely pilosulose, the lobes narrowly deltoid, acute, ca. 1.3-1.7 mm long;

corolla with aestivation imbricate, membranous, unistratose, subcylindric, pentagonal, slightly swelling

above, 8-10mm long, white, pilosulose externally, the lobes erect or nearly so, obtuse, 2-3 mm long; stamens

10, included, 8.5-9.6 mm long, the filaments 6.3-7.2 mm long, pilosulose, at the base weakly attached to

corolla, attached to the anthers dorsally near the middle, the anthers ca. 3.5-4 mm long, lacking spurs, the

thecae ca. 2-2.3 mm long including the attenuate base, the tubules slender, ca. 1.6-2 mm long, dehiscing
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by introrse clefts; styles slightly exserted. Berry spherical, at least 4 mm diam. when immature, pilosulose,

glabrate, falsely 10-locular.

Distribution.—Known only in cloud forests, from a few collections from the Mexican state of Chiapas

and the Guatemalan states of Huehuetenango and San Marcos, between 2000-3000 m. Floweringjul; fruit-

lundellianum is characterized by its oblong to lanceolate, entire-margined and pilose leaves to

4.5(-7.5) cm long, congested racemes, pilosulose inflorescences (including the rachis, pedicel, calyx, corolla,

and fruit), relatively long corollas (8-10 mm long), and a falsely 10-locular berry.

of El Porvenir along road from Huixtla to Siltepec, 19 Sep 1976, Breedlove 40381 (F, tX); sobre arboles altos,

Rodeo-Siltepec, 2000 m, 29 Apr 1964, Matuda 37378 (F, U

S. Atlantida: Pico Bonito National Park, 2435 m, T. Hawkins 920 (MO).

11. Vaccinium selerianum (Loes.) Sleumer, Notizbl. Bot. Gart. Berlin-Dahlem 13(116):124. 1936. Pemettya

4983 (holotype: LL!).

Epiphytic or terrestrial, bushy shrubs or rarely small trees (0.5-)l-3(-4.5) m tall; branchlets ridged and

grooved and somewhat angular to nearly terete, when young often reddish but becoming brown or even

blackish-brown in age, at first glabrous to more typically moderately to even densely puberulent and then

later becoming glabrate. Leaves often numerous and overlapping, the blades persistent, coriaceous, ever-

green, narrowly to broadly elliptic to oblong- elliptic or even obovate-oblong to even lanceolate, 2-4.5(-6.5)

cm long, (0.8-)1.2-2.5(-5) cm broad, apically acute to obtuse or even broadly rounded to tapering to an

ultimately obtuse apex, basally rounded to acutely cuneate, marginally remotely and inconspicuously to

conspicuously crenate-serrulate, often lustrous especially above, glabrous or nearly so on both surfaces to

moderately although inconspicuously and finely puberulent to pilosulose, the venation pinnate, the midrib

flush above or basally somewhat elevated but mostly somewhat channeled while beneath ± elevated, the lateral

veins above ± flush with the surface while beneath either flush or elevated and often conspicuously so and

then forming a reticulum; petioles subterete, often canaliculate above, rugose, 1.5-5 mm long, glabrous or

puberulent to short-pilose. Inflorescences axillary, racemose, 6-12-flowered; peduncles and rachises together

3-12 mm long, sparsely to moderately puberulous; floral bracts caducous to deciduous, narrowly triangular

to oblongish, often concave, (1.5-)2-7 mm long, shortly ciliate, ± scarious, externally glabrous or medially

ciliate; pedicels reflexed or turned downwards, 1.5-5(-9)mm long, puberulent; bracteoles medially to distally

placed, alternate, appressed, caducous to deciduous, broadly elliptic to lanceolate, 2-3.5 mm long, sparingly

indistinctly ciliate, occasionally externally medially short-pilose. Flowers 5-merous; calyx 3-4.5 mm long,

conspicuously articulate with pedicel, the tube spherical to oblong-cylindric, 1.5-2.2 mm long, glabrous to

densely puberulent or pilosulose, the lobes deltoid to narrowly triangular, acute, (0.8-)1.2-1.8 mm long,

externally and internally glabrous to externally moderately puberulent to pilosulose, marginally glabrous

to minutely ciliate and often sparingly and inconspiciously glandular; corolla with aestivation imbricate,
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membranous, imistratose, cylindric, 5-72(-9) mm long, ca. 3 mm in diam., deep rose to pinkish or white,

glabrous both externally and internally or moderately to densely pilosulose externally, the lobes broadly

oblong to deltoid, obtuse to acute, ca. 1-2 mm long; stamens 10(-12), included, 3.7-7(-77) mm long, the

filaments 2.3-5(-5.7) mm long, attached dorsally to the lower third or half of the anther, flattened, densely

ciliate, the anthers 1.8-4 mm long, lacking spurs, the thecae ca. 1.3-2.2 mm long, minutely papillose, the

tubules slender 0.7-2.2 mm long, dehiscing by short, oblique pores or short clefts. Berry terete, 5-9 mm
diam., reddish during maturation but apparently blackish at maturity, glabrate to sparingly pilosulose,

4-5-locular.

Distribution.—Oak forests, evergreen cloud forests, and mossy thickets, in southern Mexico (Oaxaca

and Chiapas), south through Guatemala (El Quiche, Huehuetenango, and Zacapa) into Honduras (Lempira

and Morazan) and El Salvador (Santa Ana), from 1600-3200(-3700) m. Flowering: (Jan)May-Aug(Dec);

fruiting: throughout the year.

Vaccinium selerianum is a morphologically variable species characterized by its congested leaves that

are elliptic to oblong-elliptic to lanceolate, 2-4.5 cm long, with margins crenate-serrate, short-racemose

inflorescences, an articulate calyx, glabrous to pilose corollas, anthers that lack spurs, and a 4-5-locular

ovary.

Recently, as exemplified by the trea

liams 1966), two species have been recoj

They are separated there by the following straightforward couplet:

Flowers glabrous v- haematinum

Flowers densely pubescent V. minarum

The brief descriptions there indicate that the calyces of V. haematinum vary from "sparsely and minutely

puberulent or glabrate." Specimens have been examined with glabrous or at least glabrate calyces and pilo-

sulose corollas. The leaves and vegetative features of both "species" seem to have the same range of variation.

It cannot be claimed that a morphological continuum exists between the two extremes, but the variation

exhibited by the small sample available suggests that a much larger sample would in all probability further

blur the supposed distinctions between the named extremes. It seems that only one, not extremely poly-

morphic species is represented. The extremes in pubescence of the calyx seem to be rather widely bridged,

but there seems to be no similar blurring in corolla pubescense; those previously assigned to V. minarum

have densely pubescent corollas while those attributable to V. haematium are glabrous.

The flowers on the type specimens of V. minarum, V. quicheanum, and V. hondurense are exactly similar

as to pubescence, although the leaves of V quicheanum are more elongate, while those of V. minarum are

smaller and narrower. As far as the long list of names is concerned, V. selerianum (Loes.) Sleumer (1936) has

priority.

e (Wilbur& Luteyn) Luteyn, Brittonia 53:444. 2001. a
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Terrestrial shrubs, 0.5-1 m tall; mature branchlets terete, striate, glabrous; twigs subterete, bluntly and

broadly compressed, puberulent to densely short-pilose, glabrate. Leaves imbricate, the blades persistent,

coriaceous, evergreen, obovate to more typically oblong- elliptic, 2.5-4.7 cm long, 1.2-1.8(-2.3) cm broad,

apically acute or rounded but with a 1-2 mm long apiculus, basally rounded, marginally indistinctly and

minutely serrulate, the actual margin a lighter color and seemingly a bit thinner than lamina proper, es-

sentially glabrous above except finely whitish, appressed-pilosulous near the base along midrib and incon-

spicuously ciliate especially proximally, indistinctly and sparingly whitish, appressed-pilosulous beneath

basally and also bearing appressed, reddish-brown, glandular-hmbriae ±0.2 mm long, provided with 1-2

reddish, circular basal glands, the venation pinnate with 3-4 arcuate-ascending lateral nerves per side, the

midrib slightly thickened and raised proximally but impressed distally, lateral nerves impressed above, all

veins prominently elevated beneath and of a lighter color than lamina proper; petioles thick, flattened or

broadly canaliculated above and slightly winged throughout, rugose, 2-3mm long, moderately puberulous to

short-pilose. Inflorescences axillary, racemose, 10-15-flowered; rachises strongly and sharply angled, l-2(-4)

cm long, pilose with soft, short, white trichomes; floral bracts appressed, linear to lanceolate 3-4 mm long,

puberulent; pedicels 6-10 mm long, softly pilosulous or puberulous, bearing distally a series of glandular

fimbriae; bracteoles basal, appressed, linear to narrowly lanceolate, 2-3 mm long, puberulent, marginally

glandular-fimbriate, without dorsal glands. Rowers 5-merous; calyx 4.5-5 mm long, articulate with pedicel,

the tube campanulate to cylindric, ca. 2.5-3 mm long and in diam., longer than limb, moderately puberulous

with whitish trichomes ±0.1-0.2 mm long, the lobes triangular, acute, 1.2-1.8 mm long, puberulous exter-

nally and internally; corolla with aestivation apparently valvate, membranous, weakly bistratose, cylindric,

terete, 8-13 mm long, 4-6 mm broad, pink to red, appressed- to spreading-puberulous externally with

moderately abundant hyaline trichomes ± 0.4mm long, moderately to densely pilose with hyaline trichomes

within, the lobes strongly reflexed, triangular, 1.5-2 mm long, pink to red although sometimes becoming

pale pink to whitish, densely pilosulous both externally and internally; stamens 10, included, 7-7.5 mm
long, the filaments 3.5-4 mm long, glabrous proximally but marginally with appressed-pilosulous hyaline

trichomes distally, the anthers 4.5-5 mm long, lacking spurs, the thecae 1.8-2 mm long, smooth, basally

strongly incurved, the tubules 2.5-2.7 mm long, dehiscing by oblique pores ca. 0.6mm long; styles exserted.

Berry spherical, 8-10 mm diam., blue-black, short-pilose, 5-locular.

Distribution.—Known only in upper oak forests and disturbed paramo habitats, from the upper slopes

of Cerro Chirripo, from ca. 2500-3819 m. Flowering: Jan, Mar-Apr; fruiting: Dec, Mar-Apr.

Vaccinium talamancense is characterized by its leaves with blade margins indistinctly and minutely ser-

rulate, red to pink corollas that are appressed- to spreading-puberulous externally and moderately to densely

pilose internally, anther connectives that lack spurs, and a pilose berry that is not glaucous. Its interspecific

relationships are uncertain at this time.

13. Vaccinium floribundum Kunth in H.B.K., Nov. Gen. Sp. Pi. 3:266, t. 251. 1818. l

Densely branched, terrestrial si
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highly variable in shape and size from very broadly ovate or nearly orbicular to elliptical or ovate-oblong,

0.4-1.5C-2.5) cm long, 0.3-1.2 cm broad, apically acute to obtuse, basally rounded to somewhat cuneate,

marginally thickened and ± revolute and shallowly crenate-serrulate, occasionally inconspicuously and

sparingly spreading pilosulose above and this pubescence more abundant basally and ± glabrate except for

the moderate to dense puberulence along the midrib, the lower surface glabrous to moderately beset with

appressed to somewhat ascendent, glandular trichomes and these appearing as punctate dots as the trichomes

drop away, the venation pinnate; petioles flattened above, 2-3(-4) mm long, very shortly puberulent. In-

florescences axillary, racemose (very rarely weakly paniculate), 6-10-flowered; rachises strongly angulate,

l_2(-4.5) cm long, puberulent to glabrous or very nearly so; floral bracts broadly ovate to oblong, 2.5-4.5

mm long, (2-)3-4.5(-5.5) mm broad, minutely appressed puberulent on the abaxial surface to nearly gla-

brous, minutely ciliate and occasionally glandularly ciliate; pedicels 3-4(-6) mm long, usually spreading

puberulous but occasionally glabrate; bracteoles medially to basally attached, ± ovate to lance-ovate or even

narrowly lunear-oblong, 2.5-4.8 mm long, 1.5-2.5 mm broad slightly appressed puberulous externally to

glabrate, marginally minutely ciliate and occasionally also slightly glandular-ciliate. Flowers 4-5-merous;

calyx ca. 3-4mm long, sharply articulate with pedicel, the tube campanulate to short-cylindric, 1.5-1.8mm
long, 1.2-1.8 mm in diam., glabrous, the lobes deltoid to ovate-oblong, acute, ca. 1-1.5 mm long, glabrous,

usually ciliate; corolla with aestivation imbricate, membranous, unistratose, cylindric, 5-6.5 mm long, 2-3

mm in diam., white to roseate, glabrous, the lobes ± erect, deltoid, acute, ca. 1.5 mm long, glabrous; stamens

8 or 10, included, 3.8-6 mm long, the filaments 2-2.5 mm long, flattened, densely spreading ciliate with

hyaline trichomes, the anthers 2.5-3.5 mm long, lacking spurs, the thecae 1-1.5 mm long, densely papillate

or sharply and minutely spinulose, the tubules 1.5-2 mm long, dehiscing by introrse, oblique pores. Berry

spherical, ca. 4-6 mm in diam., dark bluish-black, sometimes reddish when immature, 4-5-locular.

Distribution.—Disjunct from the South American Andes. Mossy thickets of the highest reaches of the

Talamancas of Costa Rica, at 1400-3450 m. Flowering: Feb-Apr, Oct; fruiting: Feb-Mar.

Vacciniumfloribundum is characterized by its small leaves the blades of which are pinnately nerved and

minutely crenate-serrate margined, racemose inflorescences with small white to pink flowers, spurless con-

nectives, and glaucous berries. In Costa Rica the stamens lack spurs, whereas populations in South America

have at least vestigial spurs. Vacciniumfloribundum is most closely related to V: consanguineum, as mentioned

82°49'W, 3050-3160 m, 22 Aug 1983, Davidse ct at 2381tf(MO).Lim6n:<lordilleradeTalamanc;i.Cerro]

3200-3350 m, 24 Mar 1984, Davidse ei:al 25979 (MO).

14. Vaccinium confertum KunthinH.B.K. ,
Nov Gen. Sp.. PL 3:265, t. 250. 1818.

Willdenow Herbarium has the i abel as "Humboldt &Bonpland4099:

""sTi"™"^SwraTlr^MdetzjTZ"Sa il!nle

NYs.n.,irag.NY!;isoTYPES:BtJ 4)!, W!). There are . three sheets at P, one is i ncorrectl

•types: CGE (x2)!

(CerrodeCapulalr e San Andres, etc.) ,entre7,500et9,500pieds,"GaIet Uholoty



Wilbur and Luteyn, Synopsis of Mexican and Central American Vaccinium

Densely branched, terrestrial shrubs, 2-6(-10) dm tall; branchlets strongly ridged and grooved and hence

appearing angulate, very densely puberulent or pilosulose to shortly hirsutulose (or reportedly very rarely

glabrous). Leaf-blades persistent, thick-coriaceous, evergreen, oval to oblong-ovate, 6-15(-30) mm long,

4-10(-15) mm broad, apically acute to somewhat rounded, basally rounded, marginally finely but conspicu-

ously crenate-serrulate, the upper surface finely and inconspicuously pilosulose to glabrate, deep green and

shining while beneath pale and usually with scattered, inconspicuous, appressed, gland-tipped trichomes,

the venation pinnate; petioles semicircular, canaliculate above l-2(-3) mm long, puberulent to pilosulose.

Inflorescenses axillary, densely compact, racemose, 3-7-flowered, almost always shorter than the subtending

leaf; rachises mostly 8-12 mm long; floral bracts caducous, cuculate, oblong, ca. 2-4 mm long; pedicels

(l-)2-3(-4) mm long, finely short-pubescent; bracteoles basal, caducous, cuculate, oblong, 1.2-1.5 mm long.

Flowers 4-5-merous; calyx 3-3.3 mm long, conspicuously articulate with pedicel, the tube campanulate or

globose, ca. 1-2 mm long and in diam. at anthesis but enlarging to ca. 3(-4) mm in diam. in fruit, glabrous,

the lobes deltoid, acute, ca. 1-1.5 mm long; corolla with aestivation imbricate, membranous, unistratose,

cylindric to weakly cylindric-campanulate or weakly cylindric-urceolate, 4-6.5 mm long, white to pinkish;

stamens 10, included, 4.7-6.4 mm long, the filaments (1.5-)2.4-3.5 mm long, ciliate, the anthers 3.2-3.6

mm long, lacking spurs (or rarely bearing dorsally 2, minute, vestigial spurs), the thecae ca. (l-)1.4-2 mm
long, the tubules ca. (l-)2-2.3 mm long. Berry 4-6 mm in diam., bluish or blackish with a glaucous bloom,

4-5-locular.

Distribution.—Montane forested slopes ofpine-oak, rocky meadows, and clearings, from northern Mexico

(Chihuahua, Tamaulipas, San Luis Potosi, Nayarit, Aguascalientes, Queretaro, Hidalgo, Vera Cruz, Puebla,

Mexico, Jalisco, Guerrero, Oaxaca, and Chiapas), south into Guatemala (Chimaltenango, Huehuetenango,

Quetzaltenango, San Marcos, Solola, and Totonicapan) and Honduras (Comayagua, Lempira, Olancho,

and Ocotopequez), at 1538-4038 m. Flowering: throughout the year but especially in Jan-Jun; fruiting:

throughout most of year but especially in Mar-Aug.

Vaccinium conjertum is characterized by small, more or less concave leaves, 6-15 mm long (rarely to 30

mm long) with finely crenate-serrulate margins, densely compact racemose inflorescences of 3-7 flowers

that are usually shorter than the subtending leaves, an articulate calyx, anthers that lack spurs (or are rarely

vestigial), and a glaucous, 4-5-locular ovary. Its similarities with V. chihuahuense are mentioned above.

Cerro Grande, 8 km al NW de Guadalcazar, 2100 m, 19 jun 1?^R^Zski 5960 CF, MO,S- Nayal: bosque en barranca, 1.5 km
al S de Santa Teresa del Nayar, Mimicipio de Jesus Maria, 8 Jur

Jalisco-Aguascalientes border, ca. 10 mi SE of Calvillo, oak fores

bosque de pino y encino, alrededores de Zacualtipan, 1 Feb 196

MO, NY, TEX); bosque de pino y encino, ca. 1 km al NE de He

(CAS, F, MO, WIS); wet ledges of river bluffs below Trinidad I

altepec, 18 Feb 1935, Hinton et al 7389 (DS, F, LL, MO, NY, US). Jalisco:

Manantlan, 2160 m, 17 Aug 1980, Breedlove &Almeda 45724 (CAS, NY);

SW del Cerro Teotepec, ca. 17°29'N, 100°12'W, 2900 m, 29 Jan 1965, Rzedowski&McVaugh 231 (CAS, MICH, MSC). Oaxaca: near Tres
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an 3053 (DUKE, G 11,3000-3800

& Utzschneider2900 (NY); Cerro El Bonete, S of VolcanTajumulco, 11 Mar 1971, Plowman 3055 (GH, TI

z Santa Maria, 10,500 ft, 14 April 1937, Muenscher 12363 (CU, F). Totonicapan: ca. 21 km E of Totonicapan at krr

)6 (MO) Ocotepequez:

le Agalta, 2 June 1992, Mejid Dario 149 (DUKE).

15. Vaccinium wilburii Almeda & Breedlove, Brittonia 44:50. 1992. Twe: MEXICO. Guerrero: ridge with Pinus, Quercus,

CAS!; isotypes: DUKE! MEXU, MICH, MO! photo NY neg. 13045, NY!).

Epiphytic, erect to pendent shrubs with branches 1-2 m long, arising from swollen lignotubers up to 2 dm in

diam.; upper branchlets ridged and grooved and there densely spreading puberulent, lower ones becoming

terete and glabrate. Leaves densely arranged with most internodes ca. 4-7 mm long, the blades persistent,

coriaceous, evergreen, lanceolate to lance-elliptic, mostly 2-3.4 cm long, (5-)7-14mm broad, apically acute

the tip itself often blunt, basally broadly cuneate to obtuse, marginally indistinctly and bluntly crenate-

serrate, with a narrow, thickened and elevated border, the venation pinnate, with all veins conspicuously

elevated on both the upper and lower surfaces at least when dried; petioles subterete, flattened to canaliculate

above, 2-4mm long, puberulent to glabrate. Inflorescences axillary, loosely racemose, sometimes corymbose,

5-10-flowered; rachises sharply angled, 1.5-2.5 cm long, glabrous or nearly so; floral bracts narrowly lan-

ceolate to linear, scarious, 2-3 mm long, marginally ciliate; pedicels sharply angled, ca. (8-)12-14mm long,

ca. 0.5 mm in diam., glabrous or nearly so; bracteoles submedial, narrowly lanceolate to linear, scarious,

1.5-2.2 mm long, distally ciliate. Flowers 5-merous; calyx ca. 5 mm long, articulate with pedicel, glabrous,

the tube ca. 1.5-2.5 mm long, ca. 2 mm in diam., the lobes narrowly triangular to deltoid, acute, ca. 2-2.5

mm long; corolla with aestivation imbricate, membranous, unistratose, cylindric-urceolate, angulate, 7.6-10

mm long, ca. 4 mm in diam., pink, glabrous externally, the lobes ± oblong, obtuse 1-1.5 mm long; stamens

10, included, ca. 6 mm long, the filaments 2.5-3 mm long, flattened, attached medially to anthers, glabrous

to ciliolate, the anthers ca. 4-4.2 mm long, lacking spurs, the thecae ca. 1.5-2.3 mm long, slightly papillose,

the tubules slender, distinct, ca. 1.6-2.2 mm long and 0.1-0.2 mm in diam., dehiscing by introrse, oblique,

terminal pores; styles ca. 11 mm long. Mature berry unknown, but at least 5 mm diam. when immature.

Distribution.—Known now only from the montane, pine-oak forests of the Sierra Madre del Sur of the

Mexican state of Guerrero, at ca. 2500-3000 m. Flowering and fruiting: Jul, Oct.

Vaccinium wilburii is characterized by its lanceolate to lance-elliptic leaves, glabrous calyx with compara-

tively long lobes, and uniformly pink cylindric-urceolate corollas that are angulate and glabrous throughout.

Although we have not studied this species in the field, the suggestions ofAlmeda and Breedlove (1992), who

stated that the relationships of this species seem to lie with V.selerianum (V. haematinum to them) and to a

lesser extent with V. lundellianum, are herein followed.

2600 m, 20 Aug 1989, A. deAvila 737 (CAS).

16. Vaccinium jefense Luteyn & Wilbur, Brittonia 29:272. 1977. Symphysiajefemis (Luteyn & wlbur) vander Kloet,
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Lianoid epiphytes or arching terrestrial shrubs to 2 m tall; branchlets subterete, glabrous, green becoming

reddish-brown, drying brown, the bark thin, cracking into longitudinal strips; twigs subterete, glabrous to

densely hirsute distally. Leaf-blades persistent, coriaceous, evergreen, elliptic or ovate-elliptic, (4.5-)8-12(-20)

cm long, (2-)3-7(-8.5) cm broad, apically acuminate to short-acuminate, basally rounded and cordate to

subcordate, marginally entire, dark green above and paler beneath, drying olive to grayish-brown, glabrous

above, sparsely to moderately hirsute beneath along the principal veins, the lower surface also with numerous,

minute, glandular fimbriae, the venation 5-7(-9)-plinerved or sometimes appearing weakly pinnate with

3 pairs of lateral nerves, the veins impressed above and raised beneath (i.e., the leaves somewhat bullate),

proximal 1-2 cm of midrib conspicuously thickened above; petioles terete, rugose, 5-9 mm long, 2-3.5 mm
in diam., hirsute to glabrate. Inflorescences axillary (rarely appearing terminal), racemose or subcorymbose,

(6-)8-17-flowered; rachises subterete, 1-1.5 cm long, glabrous or sparsely hirsute, densely glandular-fim-

briate; floral bracts linear-lanceolate, conspicuously nerved, (2.5-)3-9 mm long, ca. 1 mm broad, hirsute,

glandular-fimbriate; pedicels terete, striate, ca. (6-)14-26mm long, 1 mm in diam., sparsely hirsute, densely

glandular-fimbriate; bracteoles linear-lanceolate, (2.5-)5-8 mm long, ca. 0.5 mm wide, hirsute, glandular-

fimbriate. Flowers 5-merous; calyx 6-10 mm long, articulate with pedicel, sparsely to moderately hirsute and

glandular-fimbriate, the tube cylindric, conspicuously bluntly and roundedly 10-ribbed or fluted, slightly

angled opposite the sinuses, 2-4mm long, 2-5 mm in diam., the limb campanulate, 4-6mm long, the lobes

oblong to ovate, acute, often basally slightly imbricate, (2-)4.5-6 mm long, 1.7-3 mm broad, conspicuously

nerved; corolla with aestivation valvate, thinly fleshy, weakly bistratose, cylindric, 10-13.5 mm long, 5.5-10

mm in diam., green, sparsely hirsute and glandular-fimbriate especially on the surface of the lobes, the lobes

triangular, 2-4 mm long and broad; stamens 10, included, ca. 8-10 mm long, the filaments distinct, ca.

2.5-4 mm long, broadest basally, marginally densely sericeous especially on the connective, translucent

when fresh, the anthers ca. 7-8 mm long, lacking spurs, orangish-brown when fresh, the thecae ca. 3-37
mm long, strongly incurved at the base, papillose, the tubules ca. 3.5-5 mm long, sparsely pilose along in-

ner surfaces, dehiscing by latrorse clefts ca. 1.5-2 mm long; styles included, 9-10 mm long, glabrous. Berry

spherical, ca. 12 mm in diam., purple, 5-locular.

Distribution.—Elfin forests, densely moss-draped thickets of shrubs and small trees on mountain sum-

mits and upper slopes, in Panama from Chiriqui thru Panama provinces, at 750-1400 m. Flowering: Jan-Jul

and sporadically through the rest of the year; fruiting: throughout most of the year.

Vacciniumjefense is characterized by its weakly bullate leaf blades that are basally rounded and subcor-

date to cordate, conspicuous leaf nervation, glandular-fimbriate (sometimes densely) inflorescences, long

and narrow bracteoles, elongate and conspicuously striate calyx limb and lobes, sparsely hirsute corollas

(especially on the lobes), and anther tubules that are sparsely long-pilose along the inner surfaces and de-

hisce by latrorse clefts. It resembles several other green-flowered species of Vaccinium and its morphological

Apr 1987, Vaidespino et a\. 560 (NY). Veraguas: ridge of Cordillera de lute, along trail to Cerro lute, 3-4 km past Escuela Agricola Alto

17. Vaccinium furfuraceum Wilbur & Luteyn, Sida 21:1609, fig. 2. 2005. Type: costa rica. Limon: Canton de

G. Herrera 3286 (holotype: 1MB!; isotypes: DUKE! F! NY).

Much-branched, epiphytic, lianoid shrubs; branchlets ± terete, finely ridged and grooved, densely spread-

ing hirsutulous, 1.5-4 mm in diam. Leaf-blades persistent, coriaceous, evergreen, ovate to ovate-elliptic,

(2.5-H-6 cm long, (1.2-)1. 8-2.5 cm broad, apically acuminate and ± tapering abruptly to the narrowly

rounded tip, basally rounded, marginally entire, glabrous above or nearly so except moderately pilose along
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the principal veins, moderately to densely spreading pilose beneath along the principal, secondary and

even tertiary veins with hyaline trichomes up to 0.7 mm long and also densely beset especially when young

with short, thick, glandular, scale-like trichomes ca. 0.1-0.2 mm long on both the veins and the surface,

the venation weakly 5-plinerved, the secondary nerves joining together in a series of prominent arches, the

lamina ± bullate, the midrib and secondary veins impressed above and elevated beneath and the tertiary

veins slightly elevated on both surfaces; petioles 2-3(-4) mm long, densely spreading pilose. Inflorescences

axillary, congregated distally, sometimes appearing terminal, racemose but with the rachis often contracted

and the flowers hence appearing somewhat corymbose, 3-10(-12)-flowered, 2.5-5 cm long overall; rachises

(2-)4-8 mm long, densely glandularly strigillose with thickened trichomes 0.1-0.3 mm long and spar-

ingly to moderately pilosulose with hyaline spreading trichomes 0.3-0.6 mm long; floral bracts narrowly

lanceolate to linear-lanceolate, 2.5-2.6 mm long, marginally glandular ciliate; pedicels (0.6-)l-2(-2.4) cm

long, moderately to densely glandularly strigillose and also sparingly pilosulose with hyaline trichomes;

bracteoles located in about proximal third, appressed, linear-lanceolate, glandular ciliate, ca. 2.8 mm long.

Flowers 5-merous; calyx 3-4.5 mm long, strongly articulate with pedicel, the tube shallowly obconic, ca.

1.5 mm long, ca. 5-6 mm in diam. distally, pronouncedly flaring from the approximately 3 mm in diam.

basal portion, densely and scurfily glandular-squamate throughout, the limb ca. 3 mm long, the lobes

deltoidly triangular to broadly oblongish with an abrupt distal tip, ca. 1-1.2 mm long, ca. 2.3 mm broad

at base; corolla with aestivation valvate, thinly fleshy when fresh but membranous when dry, bistratose,

broadly cylindrical, relatively thin in texture, 8-12 mm long, ca. 8 mm in diam. distally, densely scurfily

glandular-squamate externally, glabrous internally, the lobes triangular, acute, 2.5-3 mm long, ca. 3 mm

broad basally; stamens 10, included, ca. 7-9.5 mm long, the filaments 2-3 mm long, conspicuously hyaline

ciliate, flattened, the anthers ca. 7 mm long, lacking spurs, the thecae 2-2.2 mm long, basally incurved,

papillose, the tubules ca. 3-5 mm long, dehiscing by latrorse, elongate clefts ca. 1-2 mm long; styles about

as long as the corolla, straight, glabrous. Berry not seen.

Distribution.—Known only from the type collection made in Costa Rica in the Talamanca foothills of

Limon Province, at ca. 700 m. Flowering: Jul.

Vacciniumfurfuraceum is characterized by its generally densely glandular-flmbriate leaf blades and flo-

ral parts, thin-petiolate leaves with blades that are bullate, apically short-acuminate, and basally rounded,

plinerved venation with the reticulate veinlets conspicuously raised beneath, short calyx lobes, thin and

membranous corollas that are cylindric-campanulate, and staminal tubules that are pubescent along the

inner surfaces and dehiscent latrorsely. The corollas are proportionally conspicuous with respect to the

calyx. Its morphological relationships lie near V. monteverdense and V. jefense with which it has in common

pilose inner surfaces of the staminal tubules and latrorse dehiscence. It also shares densely fimbriate leaves

and inflorescence parts with V. jefense, perhaps its closest relative. Vacciniumfurfuraceum differs most con-

spicuously from V. jefense by its possession of an overall shorter calyx (3-4.5 mm long vs. 6-10 mm) and

calyx lobes (1-1.2 mm long vs. 4.5-6 mm), inconspicuously apophysate (not 10-ribbed) calyx tube, and

non-striate calyx limb and lobes.

18. Vaccinium luteynii Wilbur, Sida 21:1612, fig. 3. 2005. Type: PANAMA. Bocas del Toro: Fortuna Dam-Chiriqm Grande

Terrestrial or epiphytic shrubs to 4 m tall; branchlets terete, tan to dull reddish-brown, glabrous. Leaves

subopposite, the blades persistent, coriaceous, evergreen, ovate to oblong-ovate or ovate-elliptic, ca. 5-15

cm long, 3-6 cm broad, apically acute to somewhat acuminate, basally rounded to almost subclasping,

marginally entire and slightly thickened and revolute, glabrous or very nearly so on both surfaces, the ve-

nation 3-5 (7)-plinerved with lateral nerves arising from proximal 1/4-1/3 of midrib, midrib proximally

much thickened and weakly elevated in basal # above, then thinner and weakly impressed becoming flush

to slightly elevated near apex, lateral nerves weakly impressed to flush proximally above but soon slightly

elevated distally, reticulate veinlets elevated above, all venation somewhat elevated beneath throughout;
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petioles stout, 1-5 mm long, glabrous. Inflorescences axillary (often appearing terminal), corymbose racemes,

mostly 5-8 cm long overall, 10-13-flowered, with a glabrous to very sparingly and minutely puberulent

peduncles; rachises 1.5-4.5 cm long; floral bracts persistent, triangular or lanceolate, scale-like, 2-2.5 mm
long, glabrous but often marginally, minutely ciliate; pedicels irregularly angulate or ridged, 20-40 mm long,

ca. 0.6-1 mm in diam., glabrous; bracteoles at or very near the base, persistent, subopposite, lanceolate to

narrowly triangular, 1.2-2 mm long, glabrous or minutely ciliate. Flowers 5-merous; calyx 4-4.2 mm long,

articulate with pedicel, the tube subcylindric, deeply and bluntly rugose, ca. 1 mm long, 4-4.5 mm in diam.,

glabrous, the limb smooth above but broadly and saccately spurred opposite and below each lobe, ca. 3 mm
long, the spurs solid (not hollow) and sometimes slightly and broadly bilobed, the lobes triangular, acute,

0.6-1 mm long, glabrous; corolla with aestivation valvate, thick and somewhat fleshy, bistratose, broadly

urceolate to urceolate-campanulate, ca. 10 mm long, ca. 8 mm broadest diam. when fresh, but drying 5-8

mm long and ca. 6 mm in diam. just beneath the throat and 3.5-4 mm in diam. just above the calyx, green,

externally glabrous and internally densely pilose with sordid, white trichomes especially in the throat and

lobes, the lobes acute, ca. 3 mm long; stamens 10, included, ca. 6.5 mm long, the filaments 3.5-4 mm long,

long-pilose in distal half, attached to the anther dorsally slightly above its middle, the anthers ca. 3.5 mm long,

lacking spurs, golden, the thecae ca. 2-2.5 mm long, densely and finely papillose, the lower third strongly

incurved, the tubules ca. 1 mm long, dehiscing by introrse, strikingly oblique pores. Berry not seen.

Distribution.—Montane rainforests in Panama, along the continental divide, between Bocas del Toro

and Chiriqui, at 700-950 m. All specimens yet seen were collected in flower in Mar.

Vaccinium luteynii is characterized by its subopposite leaves, glabrous leaf blades with rounded to almost

subclasping bases, saccately 5-spurred calyx limb, thick, fleshy, broadly urceolate to urceolate-campanulate

corollas that are internally densely pilose at the throat and onto the lobes, and glabrous stamens that dehisce

introrsely. The interspecific relationships of V. luteynii are uncertain at this time, although it is morphologi-

cally similar to V. bocatorense and V.floccosum.

19. Vaccinium bocatorense Wilbur, Sida 11:441. 1986 [as bocatorensis] . Jw. PANAMA. Bocas del Toro: headwaters ofRio

Epiphytic, scandent treelets (fide label); branchlets ± terete, drying brownish. Leaves apparently subopposite,

the blades persistent, coriaceous, evergreen, ovate to ovate-elliptic, 4-6.5 cm long, 3.5-5 cm broad, apically

± rounded, basally rounded and slightly cordate, marginally entire, glabrous above and moderately but

inconspicuously erect-pilosulose beneath with widely spaced, slender, hyaline trichomes 0.2-0.3 mm long,

apparently eglandular, the venation 5(-7) plinerved with 2-3 pairs of lateral veins arising within 5-10 mm
of the base, the midrib and lateral nerves impressed above and elevated beneath, the reticulate venation

not apparent; petioles 2-3 mm long, short-puberulent adaxially, ± glabrous abaxially. Inflorescences axil-

lary, congregated distally, sometimes appearing terminal, racemose to subcorymbose, 6-12-flowered, 3-7

cm long overall; rachises ± terete, 2-5 cm long, moderately and inconspicuously pilosulose; floral bracts

lanceolate to lance-ovate, acute to acuminate, 3-6 mm long, sparingly puberulent to pilosulose externally;

pedicels terete, 10-15(-20) mm long, ca. 1 mm in diam., densely but inconspicuously puberulent with erect

hyaline trichomes, striate, eglandular; bracteoles borne along the proximal third of the pedicel, lanceolate to

lance-oblong, 4-6 mm long, 0.6-1.5(-1.8)mm broad, adaxially glabrous and abaxially sparingly puberulent

to pilosulose and marginally ciliate. Flowers 5-merous; calyx 7-10 mm long, ca. 6 mm in diam., articulate
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with pedicel, inconspicuously and moderately pilosulose with erect trichomes, the tube broadly cylindric,

3.5-4 mm long, pilosulose and glandular-pustulate throughout, the lobes spreading-recurved or reflexed,

narrowly triangular to lanceolate, 4-5 mm long, ca. 2-3 mm broad at base; corolla with aestivation valvate,

thick and fleshy, bistratose, urceolate to cylindric-urceolate, constricted at throat, 7-9 mm long, 6-7 mm in

diam., externally glabrous, internally glabrous or very nearly so for the basal half and increasingly tangled

pilose distally, the lobes broadly deltoid, ca. 2-2.5 mm long, 2.5 mm broad at base, exceedingly densely

matted tomentose within; stamens 10, included, ca. 5-6.2 mm long, the filaments very weakly connate

basally, ca. 2.5-3 mm long and medially ca. 0.5 mm wide, very much flattened and rather broad, marginally

and on both surfaces moderately to densely sericeous especially on the connective abaxially, the anthers ca.

3-4 mm long, lacking spurs, golden, the thecae ca. 2.5 mm long, finely or moderately papillose, strongly

incurved basally, the tubules 1-1.5 mm long, about as wide as the thecae, glabrous, dehiscing by introrse,

oblique pores; styles included, ca. 7 mm long glabrous. Berry not seen.

Distribution.—Known only from the type collection, made along the heavily forested headwaters of the

Rio Colubre, in the province of Bocas del Toro, Panama, at 2400-2550 m. Flowering: Mar.

Vaccinium bocatorense is characterized by its subopposite leaves with stout, rugose petioles, bullate leaf

blades with the apices rounded and the bases rounded to subcordate and often somewhat clasping, plinerved

venation with the reticulate veinlets obscure beneath, elongate calyx with proportionately long lobes, thick

and fleshy corolla that is urceolate to cylindric-urceolate and conspicuously constricted at the throat, and by

stamens with introrse dehiscence and glabrous tubules. The corolla is proportionally small and inconspicu-

ous with respect to the calyx. Vaccinium bocatorense keys closest to V.floccosum and V. monteverdense because

of their long calyces and calyx lobes, but its overall relationships within the genus are uncertain.

20. Vaccinium floccosum (L.O. Williams) Wilbur & Luteyn, Brittonia 29:272. 1977. Homemanniafloccosa L.O.

Terrestrial or epiphytic shrubs 1-4 m tall; branchlets slender grayish to olive-brown, glabrous. Leaves alter-

nate to subopposite, the blades persistent, coriaceous, evergreen, ovate to lanceolate or elliptic, (3-)5-9(-ll)

cm long, (1.5-)3-5(-6.5) cm broad, apically acute to acuminate, basally cuneate to rounded, rarely short-

attenuate, marginally entire and slightly thickened, glabrous to moderately appressed glandular-fimbriate

above and especially beneath, the venation indistincly 3-5(-7)-plinerved and also somewhat arcuately

veined; petioles 2-4(-6) mm long, glabrous. Inflorescences axillary, loose, umbelliform racemes, mostly 2-4

cm long overall; rachises 2-10(-20) mm long, glabrous to sparingly puberulent; floral bracts persistent, ovate

to lance-ovate or lanceolate, 1-3.3 mm long, glabrous to sparingly short-ciliate; pedicels 10-20(-25) mm

long, glabrous to sparsely puberulous, but distally often fringed with glandular trichomes 0.1-0.2 mm long;

bracteoles approximately medial, subopposite, ovate to lance-ovate, persistent, 1-3.2 mm long, glabrous

to inconspicuously ciliate. Flowers 5-merous; calyx 4-7.8 mm long, articulate with pedicel, glabrous, the

tube campanulate, 2-3 mm long, 3-5 mm in diam., the limb longer than the tube, commonly striate, the

lobes broadly triangular, acute, 1.8-3.5 mm long; corolla with aestivation valvate, fleshy, bistratose, broadly

cylindric-campanulate, broadest at mouth, 7-10 mm long, 4-5 mm in diam., pale greenish often suffused

with red, externally glabrous to moderately appressed spiculate, internally densely floccose with a tangle of

white, villous trichomes, the lobes erect to spreading or reflexed, triangular, acute, 2-2.2 mm long, densely

villous-floccose within; stamens 10, included, ca. 5.2 mm long, the filaments slightly adherent to the very

base of the corolla tube, ca. 3-3.2 mm long, flattened, slightly ciliate, the anthers 3-3.5 mm long, lacking

spurs, golden, attached along the lower 1/3, the thecae ca. 2.2-2.5 mm long, papillose, basally incurved

and bluntly tapering, the tubules inconspicuous, stout, ca. 1-1.2 mm long, dehiscing by terminal, truncate

pores. Berry spherical, 8-10 mm in diam., dark purplish at maturity, 5-locular.

Distribution.—Elfin and premontane cloud forests in the high land along the border of the Panamanian

Bocas del Toro and Chiriqul provinces, between 1000-2500 m. Flowering: Jan-Oct; fruiting: May-Dec.
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Vaccinium floccosum is characterized by its alternate to pseudo-opposite leaves with flat blades, entire

margins and plinerved venation, conspicuously striate calyx limbs that are longer than the tubes, greenish

corollas that are internally densely floccose apically, and anther tubules that are short, ca. 1 mm long, glabrous,

and dehiscene introrsely or by perfectly terminal pores. Leaf morphology is variable with populations from

the Boquete region showing leaves coriaceous and inconspicuously petiolate, with blades ovate to ovate-

lanceolate, with apices acuminate, and bases rounded or short-attenuate. Populations from the Fortuna Dam

area show leaves more thinly coriaceous and more conspicuously petiolate, with blades more lance- elliptic,

with apices longer acuminate, and bases tapering and cuneate. All leaf blades with rounded bases are also

pseudo-opposite, whereas leaf blades with cuneate leaf bases may be either distinctly alternate or pseudo-

opposite. The synonymy of this species as listed above indicates something of the extent of its anomalous

characteristics. The relationships of this species are as close to the species centered about Vaccinium poasanum

as they are to the largely West Indian species usually treated as Symphysia racemosa (Vahl) Stearn (= Home-

mannia racemosa Vahl). The inclusion of all these species within Vaccinium does not significantly expand the

limits of that extremely diverse genus and still seems to us to be the best treatment for the complex until a

worldwide revision of the generic limits is undertaken. Vander Kloet (1985), whose study was largely based

upon the West Indian V racemosum (Vahl) Wilbur & Luteyn [= Hornemannia racemosa Vahl and Symphysia

racemosa (Vahl) Stern], argued against such an extension of the generic limits of Vaccinium claiming that

such an expansion "is tantamount to making the genus a dumping ground for any Vaccinieae of uncertain

affinity." In Vander Kloet's experience "the character unique to the genus "Vaccinium" is the absence of calyx

tube enlargement prior to anthesis" (see vander Kloet 1985 and vander Kloet et al. 2004 for an alternative

opinion).

21. Vaccinium monteverdense Wilbur& Luteyn, Brittonia 53:442. 2001. t*pe: Costarica. Guanacaste: Momeverde

Epiphytic or terrestrial shrubs, 1-2 m tall, arising from lignotubers; branchlets ± terete, reddish-brown, gla-

brous, those of the preceeding year's growth grayish with the bark exfoliating and splitting longitudinally. Leaj-

blades persistent, coriaceous, evergreen, ovate-lanceolate to elliptic, (2.4-)3.4-8 cm long, (0.8-)1.2-2(-27)

cm broad, apically somewhat abruptly acuminate to short-acuminate, the tip itself ± bluntly obtuse and

ca. 2 mm wide, basally rounded to obtuse, usually short-acuminate and narrowly decurrent onto petioles,

marginally entire and revolute causing leaves to be concave, weakly bullate, glabrous on both surfaces, the

venation 3(-5)-plinerved with usually only midrib prominent; petioles somewhat angulate and strongly

canaliculate, 4-8 mm long, ca. 1 .5 mm in diam., glabrous or very nearly so. Inflorescences terminal, racemose,

7-9(-16)-flowered; rachises ± terete ca. 2-3(-4.7) cm long, glabrous, reddish; floral bracts inconspicuous,

appressed, scale-like, ovate, ca. 0.8-1.5 mm long; pedicels terete, 14-19 mm long, ca. 1-1.2 mm in diam.,

glabrous, dull reddish; bracteoles nearly basal, subopposite, scale-like, appressed, elliptic to narrowly tri-

angular, ca. 0.6-0.8 mm long. Flowers 5-merous; calyx 10-16 mm long, articulate with pedicel, glabrous,

green flushed with red, the tube cylindric to obconic, 4.5-8.5 mm long, 2-3 mm in diam. basally and 4-6

mm in diam. proximally and ca. 1 cm in diam. distally, striate to slightly ribbed when dry, the limb spread-

ing to campanulate, 5.5-7.5 mm long, conspicuously striate, the lobes deltoid, 2.5-3.5 mm long, 4-5 mm
broad basally; corolla with aestivation valvate, thinly fleshy, bistratose, broadly cylindrical to campanulate,

13-18 mm long, 9-15 mm in diam. distally, green suffused with maroon to reddish-maroon or purplish,

glabrous, the lobes ca. 3-3.5 mm long, 3-4 mm broad at base; stamens 10, included, ca. 11.5-12 mm long,

the filaments distinct, ca. 4.7-5 mm long, flattened, marginally long-pilose, the anthers ca. 8-8.4 mm long,
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lacking spurs, golden, the thecae ca. 3.2-3.4 mm long, papillose, bluntly apiculate basally, the tubules ca.

4.8-5 mm long, distinct, long-pilose along inner surfaces, dehiscing by short, slightly latrorse clefts ca.

1.4-1.5 mm long; styles slender, 12-15 mm long, glabrous. Mature berry unknown, but at least 8 mm in

diam. and spherical when immature.

Distribution.—Known only from a few collections in cloud forest, from the Costa Rican Cordillera de

Tilaran in the vicinity of Monteverde, where the provinces of Alajuela, Guanacaste, and Puntarenas join

one another, and also from the Province of Guanacaste in the Cordillera de Guanacaste on the lower slopes

of Cerro La Gigante, at ca. 1400-1600 m. Flowering: Jan-Mar.

Vaccinium monteverdense is characterized by having leafblades with two circular, concave, blackish glands

ca. 0.2 mm diam., one on either side of midrib on lower surface, conspicuously striate calyx limb, cylindric-

campanulate corolla that is mostly green but suffused with maroon or reddish-maroon apically, stamens that

are adherent to the base of the corolla, relatively long filaments, and anthers with pilose tubules that dehisce

latrorsely. Furthermore, its leaves are often slightly bullate and concave. The relationships of V. monteverdense

it Wilbur & Luteyn, sp. no\

iatcUobato.gkn,

Epiphytic shrubs to 2 m tall; branchlets ± terete, brownish, grayish or blackish, the youngest 1.5-3 mm in

diam., finely ridged, inconspicuously puberulous. Leaf-blades persistent, coriaceous, evergreen, ovate to ovate-

elliptic, 2-4.7 cm long, 1.2-2.4 cm broad, apically usually tapering into a 4-8 mm long, blunt, tongue-like

tip, basally usually rounded, marginally entire, the venation 3-5-plinerved, the midrib and secondary veins

somewhat sunken above and elevated beneath, the upper surface glabrous at maturity but initially moderately

beset with dark reddish, glandular-appressed trichomes that rarely persist into maturity and the sunken

veins proximally usually somewhat puberulous, the lower surface moderately beset with minute, often ap-

pressed puberulence on the surface and principal veins and those on the surface apparently glandular and

darkening reddish-brown upon drying and perhaps 0.1 mm long, usually disappearing with age; petioles

terete or nearly so 3-4 mm long, minutely puberulous. Inflorescences axillary, racemose, 1-3-flowered, ca.

1-2.5 cm long overall; rachises mostly 4-8 mm long or less, sparingly puberulous to short-pilose; floral

bracts 1-1.2 mm long; pedicels 7-15 mm long, sparingly puberulous to short-pilose, drying reddish-brown;

bracteoles basal, linear, l-2(-3) mm long, glandularly minutely ciliate. Flowers 5-merous; calyx ca. 8-8.5

mm long, clearly articulate with pedicel, the tube cylindric, 5(-10)-ribbed when fresh, 2-3.5 mm long, 2-3

mm in diam., striate, moderately minutely glandularly appressed pubescent, the limb ca. 5.5 mm long, the

lobes triangular, strikingly acute, 4-5 mm long, 2-2.7 mm broad, striate, green, minutely reddish-glandular

puberulent; sinuses acute; corolla with aestivation valvate, thinly fleshy, bistratose, broadly campanulate, ca.

7-15 mm long, 9-10 mm in diam., green, the lobes triangular, acute, ca. 3 mm long and 3.5 mm broad at

base; stamens 10, included, 9.5-9.6 mm long, the filaments distinct, ca. 3-3.6 mm long and 1.5 mm wide

at base, slender but broadening basally, marginally long-ciliate, dorsifixed, the anthers ca. 7.5-8 mm long,

lacking spurs, orangish-yellow, the thecae 3-3.6 mm long and 1-1.5 mm wide, finely papillose, the tubules

somewhat divergent, each ca. 3-4.6 mm long and 0.5 mm wide, dehiscing by latrorse clefts ca. 1.5-2.5 mm
long and 0.5 mm wide; styles slightly exserted. Mature berry unknown.
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ipanense Wilbur & Luteyn. A, habit with inset of leaf undersurface showing glandular appressed trichomes and tip. B, flower

showing valvate aestivation of corolla, calyx tube ribs, and glandular-fimbriate pedicels. C, calyx, longitudinal section. D, mature corolla. E, sti

showing ventral, dorsal, and side views with latrorse dehiscence clefts (drawn from type collection).
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Distribution.—Epiphyte in the canopy of cloud forest trees. This very distinctive species has apparently

only been collected twice, which is surprising as Cerro Campana is a frequently visited and botanized area

relatively close to Panama City, at ca. 800-850 m. Flowering: Feb.

Vaccinium campanense is one of the green-flowered species of Vaccinium that is additionally distinguished

by its combination of small, entire-margined leaves, few-flowered inflorescences, calyces densely glandular-

fimbriate with 5-10 bluntly ribbed tubes and prominently striate, proportionately long and strikingly acute

calyx lobes, and broadly campanulate corolla.

Additional collection studied: Cerro Campana, topotype, 13 Feb 1996, Luteyn & Galdames 14857 (NY) (flowers from forest floor only).

23. Vaccinium poasanum J.D. Smith, Bot. Gaz. (Crawfordsville) 24:395. 1897. Symphysia poasana (j.d. Smith)

Terrestrial or epiphytic shrubs or small trees (l-)2-5(-7) m tall; branchlets glabrous. Leaf-blades persistent,

coriaceous, evergreen, ovate to lanceolate or elliptic, 3-8(-10) cm long, (l-)2.5-4(-6) cm wide, apically

acute to acuminate, basally acute, broadly cuneate or acuminate (very rarely auriculate), marginally entire

and slightly revolute, glabrous or sparingly to moderately appressed glandular-fimbriate above and especially

beneath, rarely short-puberulent near the base, the venation indistinctly 3-5-plinerved and also somewhat

arcuately veined; petioles 1-4mm long, glabrous to hirsutulous. Inflorescences axillary, umbelliform racemes,

mostly 2-4 cm long overall, (4-)7-l3 -flowered; rachises 0.5-2 cm long, glabrous to sparingly puberulent;

floral bracts persistent, lance-ovate to lanceolate, 1.5-2.5 mm long, ciliate; pedicels slender, 7-15 mm long,

sparingly puberulent, often distally with a fringe of glandular trichomes 0.1-0.2 mm long; bracteoles sub-

medial, subopposite, lance-ovate to lanceolate, often persistent, 1-1.5 mm long, ciliate. Flowers 5-merous; calyx

3.5-5 mm long, clearly articulate with pedicel, glabrous to densely puberulent, the tube short-campanulate

to turbinate, 2-3.5 mm long, about equal in diam., the limb 1-2 mm long, the lobes broadly and shallowly

deltoid, apiculate, 0.2-1 mm long; corolla with aestivation valvate, thinly fleshy, bistratose, broadly cylindric,

8-12 mm long, 6-10 mm in diam., pale yellowish or greenish-white and occasionally tinged with bright

rose or pink, externally and internally glabrous or rarely apically sparsely villose, the lobes erect to slightly

recurved, broadly oblong, apically acute to obtuse, 2-3.5 mm long; stamens 10, included, 7.5-8.5 mm long,

the filaments 2-2.5 mm long, ciliate, flattened, broadened basally where slightly adherent to the very base of

the corolla, the anthers 6-7 mm long, lacking spurs, golden, attached slightly above the middle, the thecae

1.8-2.2 mm long, papillose, basally incurved, the tubules 3.5-5.5 mm long, glabrous, dehiscing by slightly

introrse, oblique pores but appearing ± terminal; styles exserted, 8-10 mm long. Berry subspherical, 7-10

mm in diam., dark purple at maturity, 5-locular.

Distribution.—Montane forests and thickets from Guatemala south into central Panama, from 900-3300

m. Flowering: throughout most of year especially from Dec-Mar and Jul-Sep; fruiting: throughout much of

Vaccinium poasanum is characterized by its leaves with acute to broadly cuneate blade bases and acute to

acuminate apices, apiculate calyx lobes, broadly cylindric corollas, staminal filaments that are conspicuously

shorter than the overall anthers, and elongate anther tubules. Like many other of the green-flowered species

of Vaccinium, the inter-specific relationships of V. poasanum are uncertain. It is, however, morphologically

similar to V. campanense.
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Coarse, rigid, epiphytic shrubs 1-2 m tall; branchlets and branches ± terete, glabrous or nearly so but current

season growth not present, thin, brownish or grayish. Leaf-blades persistent, coriaceous, evergreen, elliptic,

mostly 6-18 cm long, 3-7.5(-9)cm broad, apically acute to acuminate, basally rounded to shortly tapering and

sometimes curling or somewhat conduplicate around the petiole at the junction, marginally entire, glabrous

on both surfaces, the venation 3-5-plinerved, the veins ± depressed above except the midrib elevated for the

proximal third to half while elevated beneath through the 3-4 order and forming an indistinct reticulum;

petioles somewhat flattened above and there rather broadly and shallowly canaliculate, mostly 7-15 mm
long, 2-3.5 mm in diam., glabrous. Inflorescenses mostly ramiflorous, of several to numerous, sessile fascicles

(2-10-flowered) emerging from small, depressed mounds 1-2 mm in diam. and 1-2 mm long; floral bracts

scale-like, 0.6-1.5 mm long, ciliate; pedicels slender, 5-10 mm long, 0.2-0.3 mm in diam., glabrous; brac-

teoles deltate, 0.5-0.8 mm long, ciliate. Flowers 5-merous; calyx ca. 3-4 mm long, clearly articulate with

pedicel, the tube cylindric-obconic, ca. 1.5-2.2 mm long, 1.6-2 mm in diam., glabrous, the lobes broadly

based, minute, varying from barely detectable to perhaps as much as 0.2-0.4 mm long, glabrous; corolla

with aestivation apparently valvate, membranaceous, thinly bistratose, cylindric to more typically gradually

funnelform, 5-9 mm long, flaring to ca. 5-6 mm in diam. from a 2-2.5 mm diam. base, greenish-white,

glabrous both externally and internally, the lobes narrowly triangular to deltoid, acute, ca. 2.5 mm long;

stamens 10, included, 7-8 mm long, the filaments 1-2.5 mm long, united in the basal 0.5 mm, glabrous,

flattened, the anthers 6-7 mm long, lacking spurs, attached medially, the thecae ca. 1.4-2.2 mm long, finely

papillose, basally incurved and apiculate, the tubules ca. 3-4.8 mm long, dehiscing by truncate to slightly

flaring, terminal pores; styles slightly exserted, glabrous. Mature berry unknown, but when immature at

least 3-4 mm in diam., glabrous.

Distribution.—Known only from four collections made in wet forest, near the Fabrega Dam site at

Fortuna (Chiriqui Prov.) and Cerro Colorado (Bocas del Toro Prov.), Panama, at 1150-1500 m. Flowering:

Jan.; immature fruits: Apr.

Vaccinium almedae is characterized by its short-racemose to fasciculate inflorescences that are sometimes

that are conspicuously shorter than the anthers, and anther tubules that are conspicuously longer than the

thecae and that dehisce by truncate to slightly flaring, terminal pores. Its relationships are unclear at this
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25. Vaccinium santafeense Wilbur & Luteyn, Ann. Miss. Bot. Gard. 65:140. 1978. Symphysiaperard.ua vander

Epiphytic shrubs l-2(-3) m tall, vegetatively glabrous throughout; branchlets and twigs terete, gray to light

brown when dry. Leaf -blades persistent, drying subcoriaceous, evergreen, elliptic, 5-8 cm long, 2-3 cm

broad, apically acute to acuminate or even tapering into a pronounced drip-tip 8-12 mm long, basally cu-

neate, marginally entire, the venation pinnate, the midrib elevated proximally above while sunken distally

and beneath elevated throughout; petioles dorsiventrally compressed, 6-11 mm long, 1.5-2 mm broad.

Inflorescences racemose to subcorymbose, 2-8-flowered; rachises terete, smooth or weakly striate, 5-9 mm
long; floral bracts ovate to oblong-ovate, acute, keeled, 1-1.2 mm long, appressed, irregularly and minutely

marginally denticulate; pedicels terete, smooth to weakly striate, 8-12mm long, distally minutely fimbriate;

bracteoles basal, slightly smaller and more closely appressed, ca. 1 mm long, minutely denticulate. Rowers

5-merous; calyx ca. 3.5 mm long, markedly articulate with pedicel, the tube terete, ca. 2 mm long, 2.5 mm
in diam., the lobes broadly triangular with shallowly indented to almost flat sinuses, ca. 0.6 mm long; co-

rolla with aestivation valvate, thin-carnose, bistratose, cylindric, 8-9 mm long, abruptly contracted for the

lower 1.5-2 mm and there 2.2-2.5 mm in diam., 4-4.2 mm in diam. above, greenish-white, glabrous both

internally and externally, the lobes erect to somewhat recurved, triangular, acute, 2-2.5 mm long; stamens

10, included, 6-7.7 mm long, the filaments distinct, 2-3.2 mm long, ca. 0.5 mm wide, flattened, ciliate, the

anthers ca. 5.5 mm long, lacking spurs, the thecae 2-2.5 mm long, finely to coarsely papillose, the tubules

3-3.6 mm long, glabrous, dehiscing by elongate, latrorse clefts 2-3 mm long; styles slightly exserted, 9-10

mm long. Mature berry unknown.

Distribution.—Known only from five collections in cloud forest, on or near Cerro Tute ca. 10 km NW
of Santa Fe, Veraguas, Panama, at 900-1000 m. Flowering and fruiting: Jan-May.

below summit of Cerro (MO, photo NY neg. 13044), 28 Mar 1975, Mori & Kallunki 5280 (MO);

26. Vaccinium costaricense Wilbur & Luteyn, Brittonia 29:270, fig. 5. 1977. Symphysia costaricensis (Wilbur &

Terrestrial or more typically epiphytic shrubs, l-3(-4) m tall; branchlets grayish to reddish-brown, gla-

brous. Leaf-blades persistent, coriaceous, evergreen, ovate or lanceolate to elliptic, (2.5-)4-8(-ll) cm long,

(1.5-)2.5-4.5(-6.2) cm broad, apically acute to acuminate, basally acutely tapering to rounded, marginally

entire and slightly thickened, appearing slightly revolute, glabrous to moderately but inconspicuously ap-

pressed glandular-strigillose both above and more especially beneath, the venation 3-5(-7)-plinerved and

also somewhat weakly arcuately veined; petioles 1-2 mm long, glabrous. Inflorescences axillary but often

superficially appearing terminal, of umbelliform racemes, 10-15 -flowered; rachises l-2.5(-3) cm long,

glabrous to very sparingly and minutely puberulent; floral bracts persistent, ovate-lanceolate to lanceolate or

triangular, scale-like, 1-3.5 mm long, glabrous to minutely ciliate; pedicels mostly 10-30mm long, glabrous

to inconspicuously puberulous or often indistinctly distally fringed with glandular trichomes ca. 0.1 mm
long; bracteoles usually in the lower third, ± subopposite, lance-ovate to lanceolate, persistent, 0.8-3 mm
long, appressed, glabrous to indistinctly ciliate. Flowers 5-merous; calyx 3.5-5(-5.8) mm long, clearly articu-

late with pedicel, glabrous to densely, minutely puberulent, the tube campanulate, ca. 2-2.5(-4) mm long,

2.5-3 mm in diam., the lobes triangular, acute, 1.2-1.8(-2) mm long; corolla with aestivation valvate, fleshy,
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bistratose, broadly cylindric to somewhat urceolate, 5-8 mm long, 4-7 mm in diam., pale greenish-yellow,

externally glabrous and internally moderately to densely pilose with sordid, white trichomes especially in

long; stamens 10, included, ca. 6 mm long, the filaments 3-4 mm long, flattened, slightly adherent to the

very base of the corolla tube, slightly ciliate, the anthers ca. 3-4mm long, lacking spurs, golden, attached in

the lower quarter, the thecae ca. 1.8-2 mm long, papillose, basally incurved and apiculate, the tubules stout,

ca. 1-2 mm long, dehiscing by introrse, slightly oblique or slightly flaring, terminal pores. Berry spherical,

11-16 mm diam., dark maroon to blackish-maroon, or purple, 5-locular.

Distribution.—Mountain slopes covered by premontane rainforests, on Atlantic slope of Costa Rica

(Heredia and San Jose) and Continental Divide forests in Panama (Bocas del Toro and Chiriqui), between

(700-)l 100-2000 m. Flowering and fruiting: throughout much of the year.

Vaccinium costaricense is characterized by its combination of acutely tapering to rounded leaf blade

bases, a calyx tube that is longer than the limb, corollas that are pilose internally at the throat, and short

anther tubules. Vaccinium costaricense has a longer rachis, shorter calyx limb and lobes, smooth, not stri-

ate, calyx limb and lobes, and longer anther tubules than its morphologically closest relative V floccosum,

from western Chiriqui Prov., Panama. These differences in the calyx may be influenced by where and how

the plants grow, i.e., epiphytes in the closed forest vs. terrestrial in exposed, windswept areas (JLL, pers.

observ.). Vaccinium costaricense differs from V. orosiense by acutely tapering to rounded leaf blade bases (not

cordate and amplexicaul) and shorter calyx lobes (at least in the Costa Rican populations). The characters

that distinguish these three species of Vaccinium are admittedly few and more collections are needed to help

clarify their morphologies and relationships.

cinium orosiense Wilbur & Luteyn, Brit

Epiphytic or terrestrial shrubs, 1-2 m tall; branchlets glabrous, olivaceous to purplish. Leaves appearing

subopposite, the blades persistent, coriaceous, evergreen, ovate to ovate-lanceolate, (2-)4-9(-14) cm long,

(1.5-)3-5(-7) cm broad, apically acute, basally rounded to more typically cordate, clasping to amplexicaul,

marginally entire and slightly thickened, glabrous to sparsely and inconspicuously appressed, glandular-

strigillose, the venation indistinctly 5-7(-9)-plinerved; petioles ca. 1 mm long, glabrous. Inflorescences

axillary but often superficially appearing terminal, of umbelliform racemes mostly 2-4 cm long overall;

rachises mostly 1-1.5 cm long, glabrous; floral bracts persistent, triangular to ovate-lanceolate, scale-like,

1-2.2 mm long, glabrous to minutely ciliate; pedicels mostly 15-25 mm long, glabrous; bracteoles usually

in the lower quarter, subopposite, deltoid to lance-ovate, persistent, 0.8-1.5 mm long, appressed, glabrous

to inconspicuously ciliate. Flowers 5-merous; calyx 2-4 mm long, clearly articulate with pedicel, glabrous,

the tube campanulate to urceolate, ca. 2-3 mm long, 2.5-4mm in diam., the lobes triangular, acute, 0.5-1.2

5-7 mm in diam., yellowish-green often suffused with maroon, externally glabrous and internally moder-
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ately to densely pilose with white trichomes especially on the lobes and the upper half of the tube, the lobes

spreading or reflexed, triangular, acute, 1-1.2 mm long; stamens 10, included, ca. 6 mm long, the filaments

ca. 3 mm long, flattened, weakly adherent to the very base of the corolla tube, villous, the anthers ca. 4 mm
long, lacking spurs, golden, attached medially, the thecae ca. 1.5-2.3 mm long, papillose, basally incurved

and apiculate, the tubules stout, ca. 1.5-2 mm long and 0.5 mm wide, dehiscing by slightly introrse, oblique

pores. Berry spherical, ca. 12 mm diam., "morada," 5-locular.

Distribution.—Known only from the heavily forested slopes above the Rio Grande de Orosi near Tapanti

(Cartago), Costa Rica, and from the Fortuna area, Panama (Chiriqui), at 1130-1800 m. Flowering and fruit-

ing: apparently extends through much of the year.

Vaccinium orosiense is characterized by its amplexicaul leaves with rounded or cordate blade bases,

short calyx lobes, corollas that are moderately to densely pilose internally at the throat, and by short anther

tubules. When fresh, the basal region of the leaf blades is red, as is also the case in V. costaricense, V.floc-

cosum, and V. luteynii, but usually not in V. poasanum. The relationships of V. orosiense are mentioned under

the discussion of V. costaricense.

steep roadside banks, 1500-1700 m, 29 Dec 1973, Almeda et al. 2180 (DUKE, F, GU, MO, NY, US); Tapanti Hydroelectric

project, wet road bank, 13 Dec 1975, Utley 3623 (CR, DUKE, F, MO). PANAMA. Chiriqui: Fortuna, camino de quebrada Bonita llegando

por el embalse hacia el norte, 1130-1150 m, 8 Apr 1987, Valdespino et al 631 (DUKE, NY) [JLL thinks Valdespino 631 maybe V. luteynii];

Gualaca-Fortuna Dam site road, 10.1 mi NW of Los Planes de Hornito, 1260 m, 10 Apr 1980 (fl), Antonio 4194 (MO).
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INTRODUCTION

In 1967, Yeo wrote a nice little paper entitled "Notes on some species oiMackania (Ericaceae)." That paper

helped to sort out the taxonomy and nomenclature for numerous species otMacleania, the species numbered

1-15 in Smith's (1932) monograph of the Thibaudieae. That group was characterized by having a single

anther tubule and connate staminal filaments, the subgenus Madeania as denned by Luteyn (1997), several

of which are still cultivated. Yeo recognized Smith's taxonomy as "largely satisfactory, but that he [Smith]

has misinterpreted a number of type specimens." On pages 51-56 of the article, Yeo discussed M. insignis

with its numerous synonyms. Yeo's attempt to clarify the typification of some of these names was also largely

satisfactory, but the types of three names discussed below still need further clarification.

Henri Galeotti was one of the first botanical explorers of Mexico. His collections were offered for sale

and this explains their dispersion over many institutions. However, the herbarium (BR) of the National

Botanic Garden of Belgium acquired large quantities of Galeotti material on two separate occasions. A first

and the largest part was purchased after Galeotti's death in 1858, as reported in the minutes of the meeting

of 14 February 1859 of the "Societe royale d'Horticulture" [which later became the National Botanic Garden]

.

This was not a complete set, however, of Galeotti's Mexico collection of ca. 7300 specimens (perhaps only

about half). Much later, in 1932, Pierre Martens donated the herbarium of his father Martin Martens to BR.

It contained circa 2000 Galeotti specimens that M. Martens himself had examined with Galeotti. Upon

his return from Mexico, the horticulturist Galeotti developed a collaboration with M. Martens (himself a

professor in chemistry and botany at Louvain). The main output was the "Enumeratio synoptica plantarum

phanerogamarum ...," identifying the Mexico collection and published in a long series of articles presented

at the meetings of the "Academie royale des Sciences et Belles-Lettres de Bruxelles" (Martens & Galeotti

1842-1845) (pers. comm. 2008 with E. Robbrecht).

It is with the aforementioned brief introduction that I set the context for the typifications mentioned

in this paper.

Thibaudia laurifolia M Martens & Galeotti

In 1842 (page 530), Martens and Galeotti described Thibaudia laurifolia based on Galeotti 1814 (protologue:

leaves short-petiolate, acuminate; racemes elongate, 6-8-flowered). In 1932, in his classic "The American
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Species of Thibaudieae; A.C. Smith cited the Galeotti 1814 sheets at B and US as the "type collection of

Thibaudia laurijolia."

Unfortunately, Galeotti 1814 is now seen to be a mixed collection of at least four elements based on ma-

terial seen at BR, G, K, NY, P, US, and W. These include examples of Macleania insignis, Satyria warszewiczii

Klotzsch, an unknown species possibly Satyria panurensis (Benth. ex Meisn.) Benth. & Hookl. ex Nied.,

and the true Thibaudia laurijolia. Based on my studies, there were at least 11 herbarium sheets numbered as

Galeotti 1814 including one destroyed at B (after A.C. Smith had seen it), but not including the fragments at

F. All the duplicate collections of Galeotti 1814 seen, except the herein designated lectotype, have original

printed Galeotti herbarium labels (Fig. 1A) that cite the collection locality as "Chinantla" and [Oaxaca]

"Mexico," and the collector as "H. Galeotti." All the duplicates were identified as Macleania insignis, with the

exception of the lectotype sheet. They are represented by:

B = Macleania insignis (fide A.C. Smith 1932; not seen since destroyed during WWII)

BR (barcode S.P 627855) = Thibaudia laurijolia [bearing modern printed red annotation label "TYPUS," and an original hand-written speci-

lotated, bearing only an original pi

:R = unknotti Ericaceae, perhaps Satyria war

'"^.(incorrectly armotatedas'^e coll.ofThibaud

JS (sheet 57:

Smc^ctty^i^ls
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LECTOTYPIFICATION OF THIBAUDIA LAURIFOLIA

Orthaea laurifolia (M. Martens & Galeotti) Luteyn, comb. nov. Basionym: Thibaudia laurijolia M. Martens & Galeotti,

Bull. Acad. Roy. Sci. Bruxelles 9(2):530. 1842, non Blume, Bijdr. R Ned. Ind. 859. 1826. Type. MEXICO. Oaxaca: Chinantla, 4000

ft, May (fl), K Galeotti 1814 (lectotype, designated here: BR (barcode S.P. 627855), photo NY neg. 12556).

The sheets of Galeotti 1814 from B and US that A.C. Smith (1932) cited as the "type collection of Thibaudia

laurijolia" in his "The American Species of Thibaudieae" are now both seen to be M. insignis. In that same

paper, on page 369, Smith also included Thibaudia laurijolia in the synonymy of Macleania insignis. He did

not see (or at least did not annotate) the specimens of either Galeotti 1814 or 1827 at Brussels (BR), but re-

lied on sheets at B and US for his concept. Thus he did not know that Galeotti 1814 was a mixed collection;

therefore, he synonymized Thibaudia laurijolia under Macleania insignis. Nevertheless, the only specimen

that fits the protologue of T. laurijolia is one of the sheets at BR, which Smith did not see, and which bears

an original hand-written specimen collection label (Fig. IB) that perfectly matches the handwriting sample

for Martin Martens kept at BR (pers. comm. 2008, E. Robbrecht). That sheet has now been properly an-

notated as the lectotype of T. laurijolia and the remaining sheets as Macleania insignis, Satyria warszewiczii,

or Satyria cf. panurensis.

In 1976, Luteyn described Empedoclesia stipitata based on MacDougall 606.5 (holotype: NY). Later,
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Fig. 1. Herbarium labels showing hand writing of Henri Galeotti and Martin Martens, all probably 1840s. A, Original printed Galeotti herbarium label in

the hand of Galeotti from US duplicate of Galeotti 1814 [Macleania insignis). B, Original hand-written specimen collection label in the hand of M. Martens

from BR sheet of Galeotti 1814, the lectotype of Thibaudia laurifolia. C, Original printed Galeotti herbarium label in the hand of H. Galeotti from BR sheet

of Galeotti 1827, the lectotype of Macleanit written specimen collection label in the hand of H. Galeotti also from BR sheet of

Galeotti 1827,the lectotype ofMacleania insignis. E, Original printed Galeotti herbarium label in the hand of H. Galeotti from BR sheet of Galeotti 1827, a

syntype ofMacleania insignis as well as the lectotype of Macleania coccinea. F, Original hand-written specimen collection label in the hand ofM. Martens

from BR sheet ofLinden 432. [E. Robbrecht (BR) kindly identified handwriting based on samples kept at BR]
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Luteyn (1987) synonymized the genus Empedodesia Sleumer under the genus Orthaea Klotzsch and made

the new combination Orthaea stipitata (Luteyn) Luteyn. As a result of herbarium studies carried out in the

United States (F, GH, MO, NY, US) and in Europe in 1986, 2006, and 2007 (B, BR, CGE, E, G, K, L, MA,

OXF, P, S, W), it is now clear that both Thibaudia laurijolia and Orthaea stipitata represent le same species.

Therefore, the new name becomes Orthaea laurijolia (M. Martens & Galeotti) Luteyn.

Macleania insignis

Martens and Galeotti (1842, page 531) also described Mackania insignis in the same article as above, based on

Galeotti 1827 (protologue: leaves subsessile, ovate, obtuse, 3-nerved; flowers fasciculate). The protologue stated

that the species was found on oaks near to the German colony of Mirador at 4000 feet elevation, and that it

was also found in the eastern cordillera of Oaxaca near Talea and Llano-Verde at 5000 and 6500 feet.

Based on my studies, there were at least nine herbarium sheets numbered as Galeotti 1827 including

one destroyed at B, but not including the fragments at F. The original printed Galeotti herbarium labels of

all the duplicates of Galeotti 1827 (Fig. 1C,E) give the general locality as "Cordillera, (Vera Cruz) Mexico,"

along with the dates of "Jun.-Oct." and "Coll. H. Galeotti, 1840," although the individual labels of some of

the duplicates seen at BR(2x), G, K(2x), NY, and P have three small differences with regards to more specific

hand-written information. Two of the sheets at BR mention Llano Verde at 6000 feet (Fig. ID), while the

sheets at G and P give no specific locality, but do say the plants were "parasite" on oaks; the K-Herb. Hook,

sheet says "parasite on oaks at 4-6000 ft." One of the BR sheets that was relatively recently designated as

"HOLOTYPUS" by P. Bamps (curator at BR) bears two hand-written labels at the bottom of the sheet—one

an original hand-written specimen collection label mentioning "Pres Llano Verde 6000" (Fig. ID), and the

other an original printed Galeotti herbarium label that reads "Macleania insignis, nobis" (Fig. 1C). This is

the only sheet upon which the original printed Galeotti herbarium label gives the word "nobis". The two

labels match the handwriting of H. Galeotti based on personal communication in 2008 with E. Robbrecht

(BR). This 1 feel means that this sheet was seen by the authors and is appropriate to designate as the lecto-

type, which is how I have annotated it. The W sheet reads "Macleania insignis nobis," but does not have

an original printed Galeotti herbarium label nor is it written in a recognized hand. The other Galeotti 1827

sheets have all been annotated by me as syntypes. All of these are identified as Macleania insignis and are

represented by:

R (barcode S.P. 627888) = M. insignis [lectotype, annotated as "HOLOTYPUS" by P. Bamps,

ignis (syntype, correctly annotated TYP

nis (syntype, correctly an

TYPIFICATION OF MACLEANIA INSIGNIS

Macleania insignis M. Martens & Galeotti, Bull. Acad. Roy Sci. Bruxelles 9(2):531. 1842. i

Macleania coccinea

The name "Macleania coccinea" was first introduced in the protologue of M. cordata Lem. (Lemaire 1848). In

that publication, which included a color illustration of the new M. cordata, Lemaire mentioned that his new
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species was cultivated at the establishment of "M. Jacob-Makoy, de Liege," having been introduced alive in

1842 or 1843 by "M. Ghiesbregt" along with two other species "les M. coccinea ... et insignis..."

In 1851, Decaisne formally described Madeania coccinea from a cultivated plant collected by A.B. Ghies-

brecht, presumably from Mexico (see Yeo 1976). The protologue (Decaisne 1851) included a description of

the new species (in French), a paragraph about cultivation techniques for species of Madeania, and a beautiful

color illustration of M. coccinea that as Yeo (1976) mentioned is "very similar" to the one of M. cordata. It does

not, however, give any information about the original collection or its locality; therefore, the actual location of

any type material is still uncertain. There are two herbarium specimens at BR bearing the name M. coccinea,

the one of Linden 432 (barcode S.P. 627954) from the "Collection Martin Martens," donated to BR by Pierre

Martens in 1932, bears the name "Madeania coccinea" on an original hand-written specimen collection label

in the hand of Martin Martens (pers. comm. 2008, E. Robbrecht) (Fig. IF). The second sheet, Galeotti 1827pp

(type number for M. insignis), also ex "Collection Martin Martens," donated to BR by Pierre Martens in 1932,

has the more explicitly written name "Madeania coccinea Nobis" in the hand of Galeotti on an original printed

Galeotti herbarium label that gives the general locality as "Cordillera, (Vera Cruz) Mexico," along with the

dates of "Jun.-Oct." and "Coll. H. Galeotti, 1840" (Fig. IE). These are the only two herbarium sheets that I

have seen that bear the name M. coccinea. Since Decaisne's types are supposedly at BR (Stafleu & Cowan 1976,

page 607), I am herewith designating the latter sheet as the neotype ofMadeania coccinea, the collection number

of which is itself a syntype of M. insignis.

I wish to thank the National Science Foundation for their continued support through several grants enabling

me to visit European and American herbaria, and to the herbaria themselves (mentioned above) and their

curators for their help and hospitality. I also wish to thank Bruno Wallnofer (W) for checking a type at Vienna;

Scott A. Mori (NY) who translated French literature for me; Michael Nee (NY) for beneficial discussions;

Larry Dorr (US) for numerous helpful suggestions to the final manuscript; Rose Gulledge (US), Nestor Perez-

Moliere (NY), and Robbin Moran (NY) for help preparing the figure; and especially to Elmar Robbrecht (BR)

for his help to identify the handwriting of Martin Martens and Henri Galeotti and for historical information

about the acquisition of Galeotti material at BR.
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REVISION OF SIPHONANDRA (ERICACEAE: VACCINIEAE),

A GENUS ENDEMIC TO PERU AND BOLIVIA

James L Luteyn Edgardo M. Ortiz
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INTRODUCTION

Siphonandra is a small, distinctive, high-elevation genus of five species that are endemic to the geographical

range from northern Peru (Amazonas) to northern Bolivia (Cochabamba). It was named by Klotzsch (1851)

on the basis of its long and slender staminal tubules, but is also characterized by its articulate calyx, usually

connate filaments, and perfectly terminal pores at the tips of the tubules (Smith 1932; Luteyn 1998, 2002b).

Siphonandra elliptica, the type species, spans the entire geographical range of the genus from northern Peru

(Amazonas) to northern Bolivia (Cochabamba), where it is common. The other four species, however, are

only known from one collection site each, thus making it difficult to assess relationships between any of

the species in this genus. The description of Siphonandra nervosa and S. santa-barbarense brings to three the

number of species found in Peru and to five the number described overall in the genus, which until a few

years ago was only known from the widespread S. elliptica (see Luteyn 2002a).

Smith (1932) compared Siphonandra morphologically with Lysiclesia (=Orthaea), Ceratostema, and Orthaea

on the basis of their having in common the characters of articulate calyces and anther dehiscence through

apical pores, although he believed that these similarities were "doubtless derived by distinct and somewhat

parallel courses." It is true that the genus Siphonandra is morphologically most similar to those species of

Ceratostema that have anther dehiscence by perfectly terminal pores (but there are about as many species

in Ceratostema that have dehiscence through oblique or lateral pores); both genera have articulate calyces,

large corollas, and equal stamens with very slender anther tubules with apical dehiscence. The major dif-

ferences are that Ceratostema has corolla lobes proportionally very long and narrow (usually greater than

4 mm long) and its corolla is also usually basally ventricose, whereas Siphonandra has corolla lobes very

short (equal to or less than 2 mm long) and its corolla is cylindric with parallel sides along its entire length.

Also the geographical ranges of the two genera do not overlap, with Ceratostema ranging from Venezuela

to northern Peru (Piura, Cajamarca), north of the Huancabamba Depression, whereas Siphonandra ranges

from northern Peru (Amazonas), south of the Huancabamba Depression, and into northern Bolivia (south

to Cochabamba). Orthaea seems more distantly related having alternately unequal stamens.

Morphological and molecular studies clarify that Siphonandra is definitely found within the blueberry

tribe Vaccinieae (Kron et al. 2002a). The only published molecular phylogeny of Vaccinieae that included

Siphonandra (Kron et al. 2002b) used matK and ITS data, which placed Siphonandra within an "Andean

clade" sister to a polytomous group containing Sphyrospermum, Disterigma, and one species of Ceratostema.
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A subsequent study within the "Andean clade" did not include Siphonandra (Powell & Kron 2003). Therefore,

the overall data that was based on only one sequence from one species of Siphonandra seems premature and

there is still uncertainty about its affinities.

KEY TO THE SPECIES OF SIPHONANDRA

I Filaments distinct.

2. Rachis to 0.5 cm long, 3-6-flcwered; calyx ca. 9 mm long, the tube densely bearing squamiform, carnose

warts; corolla 35-37 mm long 3. Siphonandra magnifica

2. Rachis 12-25 mm long, 1 0-22-flowe the tube without warts; corolla 18-26 mm long

5. Siphonandra santa-barbarense

3. Corolla 43-48 mm long __ 1. Siphonandra boliviana

3. Corolla ca. 25 mm long.

jntly acuminate, marginally

4. Leaves oblong, ovate-oblong, or slightly obovate, 3-5.5 x 1 -2.5 cm, apically obtuse or subacute, margin-

striate, .5-5 cm long; pedicels 7-20 mm long 2. Siphonandra elliptica

TAXONOMY

Siphonandra Klotzsch, Linnaea 24:24. 1851. Ceratostema Juss. sect. Siphonandra (Klotzsch) Hook. f. ex Benth. & Hook, f.,

Terrestrial or often epiphytic shrubs. Leaves alternate, with blades coriaceous, evergreen, marginally recurved

and entire or faintly crenulate; pinnately nerved, short-petiolate; axillary bud scales 2, valvate. Inflorescences

axillary, solitary, racemose, with 5-22 pedicellate flowers; floral bract inconspicuous; bracteoles 2. Flowers

(4-)5-merous, without odor; aestivation valvate; calyx articulate with pedicel, the tube short-cylindric, terete

to narrowly winged, the limb spreading, the lobes 5; corolla cylindric; stamens 10, equal, often slightly longer

than corolla, the filaments distinct to connate, equal, shorter than anthers, the anthers basifixed, lacking spurs,

lacking disintegration tissue, the thecae granular, the tubules distinct to base, elongate, slender, flexible, about

half as wide (or less) as thecae, 4-5 times longer than thecae, dehiscing by strictly terminal, slightly flaring

pores; pollen without viscin threads; ovary inferior; style filiform, slightly exserted; nectariferous disc annular.

The current generic concept follows that ofKlotzsch (1851) and Smith (1932), but differs by the acceptance

of species with distinct staminal filaments (vs. connate in original concept) as first noted by Sleumer (1941).

1. Siphonandra boliviana Luteyn, Sida 20:13-15. 2002. (Fig. 1). type. Bolivia. La Paz: Prov. Baimsta Saavedra: cha-

razani, W of Chullina, 3400 m, 1 Aug 1994 (fl), B. Herzog H200 (holotype: NY; isotypes: LPB, n.v., LZ, n.v.).

Shrubs (size unknown); mature branches terete, glabrous, the bark exfoliating in thin strips; immature

branches subterete, sometimes shallowly angled or ribbed, short-pilose with white hairs; axillary bud scales

ca. 2 mm long, short-pilose. Leaves with blades coriaceous, elliptic to oblanceolate, 2.5-5.5 x 1-1.8 cm,

basally cuneate, apically broadly acute to nearly obtuse, marginally entire, the lamina essentially glabrous

above or sparsely short-pilose proximally along midrib, sparsely pilose beneath especially along midrib,

also provided with reddish-brown, basally swollen, glandular fimbriae beneath; pinnately nerved with 4-6

secondary veins anastomosing near margin, the midrib and secondary veins impressed above and raised

beneath, the reticulate veinlets plane to slightly impressed above but inconspicuously raised beneath; petioles

rugose, subterete, broadly flattened above, 4-5 mm long. Inflorescences ca. 20-flowered, apparently nod-

ding; rachis subterete, striate to angled, at least 5 cm long (still in bud, apparently still elongating), densely

short-pilose with white hairs; floral bract ovate, acuminate, 3-4 mm long, densely short-pilose; pedicels

subterete, striate to angled, 11-13 mm long, densely short-pilose as rachis; bracteoles located in proximal
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1/3 pedicel, similar to floral bract, 2-3 mm long. Flowers with calyx 7-8 mm long, densely short-pilose as

rachis, the tube cylindric, ribbed, 4-5 mm long, rounded at base, the limb spreading-campanulate, 3.8-4.5

mm long, the lobes deltate, acute, 1.5-2 mm long; sinuses obtuse; corolla long-cylindric, 43-48 mm long,

6-7 mm diam., short-pilose throughout with white hairs, the lobes deltate, acute, ca. 2 mm long; stamens

ca. 32 mm long, the filaments connate, ca. 7 mm long, glabrous, the anthers ca. 28 mm long, the thecae

granular, ca. 6 mm long, incurved at base, the tubules ca. 22 mm long; style about equaling corolla. Berry
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Icones.—see Luteyn 1998, 2002 (Fig. 1).

Distribution (Fig. 2).—Endemic to Bolivia (La Paz) and known only from the type collection, which was

made in a Weinmannia forest at 3000-3500 m. Rare and endangered.

Siphonandra boliviano, is easily distinguished morphologically from the other two species by the char-

acters mentioned in the key and diagnosis.

2. Siphonandra elliptica (Ruiz & Pav. ex G. Don) Klotzsch, Linnaea 24:24. 1851 (Fig. 3). Thibaudia elliptica

Ruiz & Pav., Fl. Peruv. Chil. 4: pi. 384, fig. b. 1802, nom. nud. Thibaudia elliptica Ruiz & Pav. ex G. Don, Gen. Hist. 3: 861. 1834.

(numbered "15/50" and barcoded MA747445; photo F neg. 29347)]. I suspect that G. Don validated the name in Thibaudia based

Ceratostema hodkeri Br tub 20:137. 1893, nom. illeg. Britton based this new name on the Thibaudia elliptica il-

Ceratostema weberbauerii Hoerold, Bot. Jahrb. Syst. 42: 316. 1909. Type. PERU. Puno: Sandia, 3100-3300 m, Apr 1902 (fl), Weberbauer

Siphonandra pilosa A. C. Smith, Contrib. U.S. Natl. Herb. 28(2):355. 1932. Ceratostema pilosum (A.C. Smith) J. E Macbride, Univ. Wyo-

[holotype: NY; isotypes: G(4x; photo F neg. 26655), K-Herb. Hook., P(3x)].

Terrestrial or epiphytic shrubs to 2 m tall; mature stems terete, glabrous, the bark cracking in thin, longi-

tudinal strips yellowish to light brown in color; immature stems subterete, striate, puberulous when young,

glabrate or persistent; axillary bud scales 2, valvate, ovate, acuminate to apiculate, striate, ca. 3-4mm long,

not pseudo-stipular. Leaves with blades thick-coriaceous, oblong, ovate-oblong, or slightly obovate, 3-5.5

x 1-2.5 cm, basally cuneate, apically obtuse or subacute, marginally entire or faintly crenulate, slightly

revolute, the lamina glabrous or sparsely brownish-pilose above, pilose to sparsely pilose beneath with scat-

tered, appressed, dark brown hairs ca. 0.4-0.5 mm long, glabrate, often strongly punctuate on both surfaces

from deciduous glandular fimbriae; pinnately nerved, the midrib impressed above, prominent beneath, the

secondary nerves 3-5 per side, spreading, ascending at margin, slightly impressed above, plane to raised

beneath, the reticulate veinlets copious, sometimes obscure, plane; petioles subterete, rugose, 3-5 mm long,

puberulous or glabrous. Inflorescences 5-15 -flowered, deciduously bracteate at base with several, ovate

bracts ca. 1.5-2 mm long; rachis striate, 1.5-5 cm long, glabrous or pilose with copious, pale, spreading hairs

to 0.3 mm long; floral bract deciduous, ovate, acuminate, ciliate with white hairs to 1 mm long, the lamina

glabrous, ca. 3.5-4 mm long; pedicels rugose, 7-20 mm long, pilose or glabrous, bearing several minute,

cartilaginous teeth at apex; bracteoles basal, ovate, acuminate, ca. 1.5-3 mm long, ciliate. Flowers with

calyx ca. 7-8 mm long, the tube cylindric, sometimes 5-10-ribbed, ca. 3-3.5 mm long, glabrous to pilose

with short, pale, spreading hairs, the limb 3.5-4.5 mm long, the lobes to ca. 1.5-3 mm long; sinuses broadly

rounded; corolla cylindric, 20-26 mm long, 4-5 mm diam., glabrous to sparsely pilose, red with whitish

or pale greenish tips when fresh, the lobes triangular, obtuse to subacute, ca. 1-1.5 mm long; stamens ca.

25 mm long, the filaments connate (supposedly rarely distinct in type of S. weberbauerii), ca. 5-6 mm long,
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glabrous, the thecae incurved and sometimes setose at base, ca. 4-5 mm long, the tubules 13-18 mm long,

less than 0.4mm diam; style about as long as corolla or slightly exserted, the stigma peltate. Berry cylindric-

to elliptic-ovoid, glabrous to sparsely pilose, to 10-12 mm long, the calyx limb decurrent.

Distribution (Fig. 2).—Common from Peru (Dpts. Amazonas, Apurimac, Cusco, Pasco, Puno) into Boli-

via (Dpt. Cochabamba: Prov. Chapare and Dpt. La Paz: Provs. Bautista Saavedra, Franz Tamayo, Inquisivi,

Larecaja, Murillo, Nor Yungas, Sud Yungas). Found growing in montane cloud forest, shrub vegetation on

sandstone, wet puna, bosque siempreverde, bosque humedo montano de las yungas, ceja de montafia, at

elevations of 2200-4000 m. Flowering in Feb, Mar, Apr, May, Jun, Jul, Sep, Oct, Dec; fruiting injun, Dec.

Common to abundant.

vanderV, -rffe: il. 14894 (MO); Laguna de Pomacochas, van derMr«S tall. 822 (MO). Apurimac: Pin

13857 (F, nTY, US); La Co

5WCM*Tn
pa4440 (CUZ, MO); Pa

m^suSm ;;;
JS

^20("an^1^515
(USM); Huapal

295 (b ?(NY);Kee

(CUZ, NY); Pedrazae 475 (MO, NY);

th2441 (MO), 2516 (MC

4. Easter Ande s, Pear t 790 (K). Cochabamba: Chapare, kguxlar & *w: BOLV); Atahu

& Moraes 11424 (K); Nor Yungas, Beck 21472 (LPB); Luteyn et al 15477 (LPB, NY); Solomon & Moraes 11424 (LPB, F, MO, NY); Sud Yungas,

Luna-Pizarro 28 (LPB). Murillo: Beck 21551 (LPB); Luteyn & Dorr 13584 (LPB, BOLV, NY), Luteyn et al. 15431 (LPB, NY
(MO, NY). Unknown locality: Pearce s.n. (March 1866) (BM); C. Troll 1643, 2592 (both B, n.v.). Tablas, 3400 m, Herzog2188 (G).

Local name and uses.—willuntuy. Fruits edible, sweet.

Siphonandra elliptica and S. pilosa were distinguished only by pubescence persistence of the pedicels

and calyces, characters which we do not consider as stable.

3. Siphonandra magnifica Sleumer, Notizbl. Bot. Gart. Berlin-Dahlem 12(1 12): 132-133. 1934. Type. Bolivia.

stroyed; lectotype, here designated: US frag, ex B holotype (barcode US001 13579)].

Tall shrubs; mature stems thick; immature stems angled, glabrous. Leaves with blades thick-coriaceous,

oblong-ovate, basally narrowed, apically rounded, marginally strongly recurved, obscurely and minutely

denticulate or entire, the lamina glabrous; pinnately nerved (?), the midrib strongly impressed above and raised

beneath, lateral nerves 4-5, arcuate-ascending, joined at margin, impressed above and often raised beneath;

petioles thick, 5 mm long. Inflorescences 3-6-flowered; rachis short, hardly 5 mm long, or almost none;

floral bract unknown; pedicels thick, glabrous; bracteoles basal, ovate-deltate, acute, ca. 3 mm long. Flow-

ers with calyx campanulate, ca. 9 mm long, glabrous, the tube densely bearing squamiform, carnose warts,

the limb erect-spreading, the lobes broadly deltate, acute, ca. 1.5 mm long; corolla cylindric, thick-carnose,

3.5-3.7 cm long, 7-8(-9) mm diam., glabrous, the lobes triangular, ca. 2 mm long, reflexed; stamens slightly

shorter than corolla, ca. 3 cm long, the filaments distinct, often puberulent, ca. 6 mm long, the anthers ca.

2.6 cm long, the lecae subpapillose; style thick, glabrous, ca. 3.5 cm long. Berry not seen.

Distribution (Fig. 2).—Endemic to Bolivia (La Paz) and known only from the type. Rare and endan-

gered.
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Siphonandra magnified is herewith maintained despite the fact that the type and only specimen was

destroyed during World War 11. Sleumer (1934: 133) mentioned that it "surpasses both species as yet known

[S. elliptica and S. pilosa] in all dimensions", but differed from 5. elliptica by the very short, often indistinct ra-

chis, the very large corolla, the hairy filaments, and the calyx which was covered with fleshy squamules.

NEW SPECIES

4. Siphonandra nervosa Luteyn & E.M. Ortiz, sp. nov. (Fig. 4). Type. PERU. Puno: Carabaya, Dtto. Ayapata, near

Lianoid, epiphytic shrubs with branches to 10 m long; mature stems terete to subterete, ribbed to bluntly

angled, short-pilose with white hairs 0.2-0.3 mm long, the bark exfoliating in thin strips; immature stems

subterete to bluntly complanate, striate, moderately short-pilose as mature stems; axillary bud scales nar-

rowly ovate, long-acuminate, pseudostipular, ca. 3 mm long, short-pilose to glabrate. Leaves with blades

coriaceous, lanceolate to elliptic-lanceolate, (3.5-)5.5-9.5 x (l-)1.5-3 cm, basally broadly cuneate, apically

short-acuminate, the apex itself blunt, marginally entire, the lamina sparsely short-pilose and ciliate near

base otherwise glabrate above, persistently moderately short-pilose along midrib beneath; pinnately nerved

with 8-10 secondary veins per side anastomosing near margin, the midrib strongly impressed above and

prominently raised beneath, the secondary nerves slightly impressed above and raised beneath causing

leaves to appear slightly bullate, the reticulate veinlets obscure on both surfaces; petioles rugose, subterete,

canaliculate above, 3-8 mm long, short-pilose. Inflorescences to 5-flowered; rachis sharply angled, ca.

3-5 mm long, sparsely short-white-pilose as stems, circumscribed at base by numerous, ovate, apiculate,

ciliate bracts to ca. 2.5 mm long; floral bract ovate, acute, ca. 2.5 mm long, ciliate, marginally also with few

glandular fimbriae; pedicels striate to sharply angled, 8-11 mm long, densely short-pilose in bud, glabrate;

bracteoles located medially, opposite to subopposite, ovate, long-acuminate, ca. 2-3.5 mm long, marginally

glandular-fimbriate, ciliate. Flowers with calyx 7-9 mm long, moderately to densely short-pilose, the tube

cylindric, terete, 4.5-6.5 mm long, the limb campanulate, 2-4 mm long, the lobes deltate, short-apiculate,

ca. 1.5-2 mm long; sinuses broadly rounded; corolla carnose (when fresh), cylindric, conspicuously 5-angled

(when fresh), 22-26 mm long, ca. 5-6 mm diam., glabrous, red (when fresh), the lobes erect, deltate, acute,

1.7-2 mm long, yellow to greenish-yellow (when fresh); stamens nearly equaling corolla, 20-21 mm long,

the filaments connate, 4-4.5 mm long, glabrous, the anthers 17-18 mm long, the thecae 4.8-5 mm long,

strongly papillose, the tubules 12.5-13.5 mm long, the pores 0.2 mm diam.; style slightly exserted, glabrous.

Distribution (Fig. 2).—Endemic to southern Peru (Puno) and known only from the type, collected in

heavily-disturbed, mature montane forest along a river margin, at ca. 2600 m elevation. Endangered due to

Siphonandra nervosa is characterized by its comparatively large, lanceolate leaf blades with prominent

brochidodromous venation, few-flowered inflorescences, short rachis, pedicels and corolla, and connate

staminal filaments. When fresh the corolla is 5-angled and red with yellowish lobes. Morphologically it is

most similar to 5. elliptica, differing primarily in the characters mentioned in the key

5. Siphonandra santa-barbarense Luteyn & E.M. Ortiz, sp. nov. (Fig. 5). Type. peru. Pasco: Oxapampa, Dtto.
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Fig. 4. Siphonandra nervosa Luteyn & E.M. Ortiz. A. Habit with details of leaf venation and margin beneath. B. Flower showing pedicel, bracteoles, and

calyx (left) and longitudinal section of calyx (right). C. Corolla showing ribs. D. Stamens (4) showing connation of filaments and position with regards

to corolla (C). E. Stamens showing lateral, ventral, and dorsal views with details of terminal dehiscence pores. (Drawn from type collection).



Journal of the Botanical Research Institute ofTexas 2(1)

Fig. 5. Siphonandrasanta-barbarense Luteyn & E.M. Ortiz. A. I

surfaces with glandular-fimbriate hairs and margins. D. Flowc

F. Flower showing pedicel, calyx, and stylewith detailed longi

of obliquely terminal dehiscence pores. (A, D-G drawn from
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Terrestrial or epiphytic shrubs to 4 m tall; mature branches terete to subterete, glabrous, the bark separating

into thin, longitudinal strips, not exfoliating; vegetative bracts (at base ofnew twigs) membranous, suborbicu-

lar, 3-5 x 2.5-6 mm, basally articulate, truncate, short-acuminate, fimbriate, glabrous; immature branches

subterete to ribbed, glabrous to moderately puberulent, the nodes swollen; axillary bud scales 2, valvate,

coriaceous, ovate, 1.5-5 x ca. 0.7-1.5 mm, apparently basally continuous thus persistent, long-acuminate,

pseudostipular, ciliate to glandular-fimbriate, glabrous. Leaves with blades rigidly coriaceous, ovate-oblong,

ovate to lanceolate, 2-4 x (1-)1.2-1.8 cm, basally rounded to short-attenuate, apically acute to subacute,

sometimes shortly acuminate, also sometimes sharply mucronate, marginally crenate, plane, glabrous above,

glandular fimbriate beneath with hairs ca. 0.4 mm long; obscurely 3(-5)-plinerved, the midrib impressed

above and raised beneath, more prominent in the proximal 1/3 of the lamina, the lateral nerves slightly

impressed above and obscure beneath, the reticulate veinlets slightly impressed above; petioles subterete,

slightly flattened dorso-ventrally, rugose, 3-5 mm long, 1-2 mm diam., glabrous to moderately puberulent.

Inflorescences racemose to subcorymbose, 10-22-flowered; inflorescence bracts membranaceous, ovate, 3 x

2-2.5 mm, basally articulate, apically rounded, entire, glabrous; rachis subterete to ribbed, 12-25 mm long,

ca. 2 mm diam., puberulent; floral bract membranaceous, oblong, 5 x 1.5 mm, basally articulate, apically

obtuse to rounded, entire, glabrous; pedicels terete, 10-17mm long, ca. 1 mm diam., puberulent, also with

few, scattered, glandular fimbriae distally; bracteoles caducous to persistent, located in proximal 1/3-1/2

of the pedicel, membranaceous, lanceolate, 4 x 1.5 mm, basally articulate, apically acuminate, ciliate to

marginally glandular-fimbriate, glabrous. Flowers slightly zygomorphic; calyx 6-10 mm long, glabrescent,

pink when fresh, sometimes obscurely articulate with pedicel, the tube obconic, 5-ribbed (broadly when

fresh), 3.5-6mm long, ca. 4 mm diam., the limb campanulate, ca. 3-4 mm long, glabrous, the lobes deltate,

apiculate to acuminate, 1.2-2.5 mm long; sinuses rounded to subacute; corolla tubular, pentagonal, slightly

broadest in the middle, carnose especially along the angles, 18-26 mm long, 6-8.5 mm diam., glabrous,

rose-red, the lobes erect to reflexed, deltate, acute to subacute, 2-3.5 mm long, glabrous, externally rose-red,

internally whitish; stamens 10-20 mm long, the filaments distinct, 3-4 mm long, glabrous, the anthers ca.

17-18 mm long, the thecae tubular with the base shortly incurved and tapering into the tubules distally,

5-6 mm long, slightly papillose, the tubules distinct, 11-13 mm long, dehiscing by an oval, subterminal

pore 0.5-1 mm long; nectariferous disc pulvinate, glabrous; style 20-24 mm long, the stigma punctiform.

Berry immature, obconic, 5-ribbed, 10 mm long, 6 mm diam., glabrous, greenish-red.

Distribution (Fig. 2).—Endemic to the upper limit of montane cloud forest, in elfin forest patches in

sheltered areas, alternating with puna grasslands, at elevations of 3400-3600 m. Rare and probably endan-

gered.

25 Jan 2004 (bud, fl), R. Vdsquez et al. 29084 (HOXA, HUT, MO, USM); 10 o
21'24.5"S, 75°39'27.4"W, 3450 m, 9-13 Jun 2006 (fl), Luteyn

et al. 15659 (AAU, COL, CUZ, F, HUSA, MO, NY, USM), Pedraza et al 1600 (COL, CUZ, F, HUSA, K, MO, NY, USM).

Siphonandra santa-barbarense is characterized by its flat, marginally crenate, obscurely plinerved leaves

with sharply mucronate tips, relatively long rachis, many-flowered inflorescences, articulate (sometimes

inconspicuously) calyx, and staminal dehiscence by obliquely subterminal, elongate pores. The type was

also found growing in the vicinity of 5. elliptica.

Siphonandra mexicana Turcz. =Rondektia mexicana (Turcz.) Standley [Rubiaceae]
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ABSTRACT

RESUME

In the past few years, a better understanding of the relationship between taxa of the Boraginales was the

focus of several papers through the re-examination of old and the gathering of new morphological data

and the analysis of molecular data (Diane et al. 2002, 2003; Hilger & Diane 2003; Gottschling et al. 2005;

Miller & Gottschling 2007). Familial and generic limits have been re-considered. In the preparation of the

treatment of the Boraginales for the Flora of the Guianas, I had to decide whether I should follow the tra-

ditional taxonomy as used for the Boraginaceae treatments in "Flora of Venezuelan Guayana" (Miller et al.

1997) and in "Checklist of the Plants of the Guiana Shield" (Feuillet et al. 2007) or to adapt it to reflect the

changes proposed since 1997 in the systematic of this group. As it is often the case with work in progress,

some proposals should be adopted, like the separation of Varronia P.Br, from Cordia L. (Cordiaceae) and of

Myriopus Small from Tournejortia L. (Heliotropiaceae), when other aspects need further work including more

species in the data sets, like the split of Heliotropium L. and its relation with Tournejortia s.s. Currently less

than 10% of the species have been analyzed in the whole Heliotropiaceae and it is likely that some major

clades of Heliotropium s.l. and Tournejortia s.s. are missing from the data sets.

The part of the new classification of the Heliotropiaceae proposed by Diane and her colleagues that

is most likely to resist larger sampling is the separation of Myriopus from Tournejortia and its standing as

a sister group to Heliotropium s.l. and Tournejortia s.s. It was pointed out by Johnston (1930) that his new

Tournejortia sect. Cyphocyema I.M. Johnst. was distinct from the core of Tournejortia. He suggested on a

morphological basis that the two sections of Tournejortia were closer to other genera than to each other.

Small (1933) included two species of sect. Cyphocyema in his new genus Myriopus and said there was more

Neotropical species. The morphological characters that separate Myriopus apart from Tournejortia s.s. are

its elongated corolla lobes, narrow with involute margin, its anthers connate and always hairy at apex, its

drupoid fruits distinctly lobed and not dividing into mericarpids, its four 1-seeded endocarpids that are

strongly curved, and its curved embryos (Johnston 1930; Diane et al. 2002). The molecular and morpho-

logical data sets used by Diane et al. (2002, 2003), Hilger and Diane (2003) confirmed the deep separation

between Tournejortia sect. Cyphocyema and most of the Heliotropiaceae. The Cyphocyema/Myriopus branch

is supported by bootstrap percentages of 100% in all trees. Logically Diane et al. (2002) proposed to use

Myriopus Small as a generic name for the species of Tournejortia sect. Cyphocyema. The conspectus presented

below is listing the taxa of Myriopus present in the Guianas (Guyana, Surinam & French Guiana) and the

Venezuelan Guayana (Amazonas, Bolivar & Delta Amacuro), the most part of a region often referred to as
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KEY TO THE GENERA OF HELIOTROPIACEAE II

iually dry when fresh

Myriopus candidulus (Miers) Feuillet, comb. no\

r
. scandens Willd. (non Mill. 1768), Enum.

MyiiopUS paniculatUS (Chamisso) Feuillet, COmb. nov. BASIONYM: Tournejortia paniculata Chamisso, Linnaea 4:468

Myriopus paniculatus var. spigeliiflorus (A. DC.) Feuillet, comb. nov. Basionym: t. spigdiaejlomA. DC, Prodr. 9:525

1845. Tournejortia paniculata Chamisso var. spigeHijlora (A. DC) I.M. Johnst, J. Arnold. Arbor. 16:49. 1935. Type: GUYANA: Rob

Myriopus volubilis (L.) Small, Man. S.E. Fl. 1131. 1933. Tournejortia volubilis L., Sp. PL 140. 1753. Lectotype: "Bryonia

KEY TO THE GUIANAN SPECIES

cence terminal with short lateral branches, appearing as a very contracted panicle; fruits white-pubescent.

(Guyana) M. candidulus

2. Corolla tube 1.5-2.5 mm long, constricte

(Guyana, Surinam, French Guiana)

long as the tube or less; fruit yellowish, p

3. Leaves, young stems and inflorescence

to linear. (Guyana, Surinam, French Gi

3. Leaves, young stems and inflore:

long acuminate. (Guyana, Surinam, French Guiana) M. paniculatus var. spigeliiflorus
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iflora heterophylla Dryand. et le taxon n'a pas d'autre nom

Both Dryander (1789) and Lamarck (1789) published a taxon named Passiflora heterophylla. According to

TL-2 (Stafleu & Cowan 1976), Dryander's name was published between Aug 7 and Oct 1, while Lamarck's

name was from Oct 19 (Stafleu & Cowan 1979), thus giving Dryander's name priority. Killip (1938) ac-

cepted Lamarck's species and name but cited Dryander's as a synonym under P. suberosa L. as "Passiflora

heterophylla Dryand. in Ait. Hort. Kew. 3:309. 1789, not P. heterophylla Lam." Dryander's species is now con-

sidered a synonym of P. pallida L. in subgen. Decaloba supersect. Cieca (Medic.) J.M. MacDougal & Feuillet

(Porter-Utley 2003) and P. heterophylla Lam. is a good species without a valid name and without synonym.

Passiflora heterophylla "Jacq., Hort. Schoenbr. t. 181. 1797" is Dryander's species because Jacquin credited

"Ait. kew. vol. 3. pag. 309." There is no name available for the taxon currently called P. heterophylla Lam.,

so we propose the following new name:

Passiflora illSlieta Feuillet & MacDougal, nom. nov. Basionui Passiflora heterophylla Lam., Encycl. 3:41. 19 Oct 1789, non

Passiflora insueta belongs in subgen. Decaloba supersect. Multiflora (Small) J.M. MacDougal & Feuillet (Feuil-

let & MacDougal 2003). The leaf blades of this poorly known species are lobed nearly to the base and the

lobes themselves are unlobed or lobed in their apical half.

Etymology.—Tht epithet comes from the Latin adjective "insuetus" meaning "unusual" in reference to

the leaf shapes.

Passiflora insueta is known from Haiti and western Cuba.
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FOLIA TAXONOMICA 6. TWO NEW SPECIES OF BESLERIA

(GESNERIACEAE) FROM THE VENEZUELAN GUAYANA

This paper is the first of a series describing new species of Gesneriaceae from the Venezuelan Guayana.

This region of Venezuela includes the states of Amazonas, Bolivar, and Delta Amacuro, totaling 454,000

km2 that represents 50% of the area of Venezuela. The two new species of the subfamily Gesnerioideae

Link described herein belong to Besleria L., tribe Beslerieae Bartl. & H.L. Wendl., and were collected in the

Beskria neblinae Feuillet, sp. nov. (Fig. 1). Type: VENEZUELA. Amazonas. Dept. Rio Negro: near Cerro de la Neblina, swamp

Suffrutescent herb, 0.3-2 m tall, often with spreading, sub-horizontal branches. Stem slender, densely vil-

lous. Leaves of a pair mostly unequal: smaller leaves with petioles about 1/5 the length of those of the larger

leaves, blades about 1/3 the size of the larger; mature larger leaves with petioles 1.5-4.5 cm, densely villous;

blades 9-19 x 3-5.5 cm, lanceolate to elliptic, often asymmetric, base acute to obtuse, occasionally nearly

rounded, apex acute to acuminate, margin serrulate and ciliate, both surfaces with appressed trichomes,

indumentum loose between veins, dense and spreading on midrib and main veins, 8-12 main veins on each

side. Inflorescences sessile, 1-2-flowered; pedicels 3-5 mm long, densely villous. Flowers with calyx hirsute,

tube 1.5 mm long, lobes lanceolate, 5.5-6 x 1.2-1.5 mm, attenuate at apex, slightly longer in fruit; corolla

white, horizontal in the calyx, glandular puberulent outside, prominently spurred, spur 5-5.5 x 2-3 mm,
oblong, rounded, prolonging the tube at base, tube 25-35 mm long, 3 mm wide at base and 6 mm at throat,

lobes yellow (fide Davidse & Miller 26864), suborbicular, 4x4 mm; 4 stamens about 25 mm long, anthers

with thecae reniform encircling a round connective; 1 staminode 3 mm long, with a sterile linear anther;
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Fig. 1 . Beslerianeblinae Feuillet. Stem with flowers, Gentry& Stein 47253 (holotype: US); insets, flowers, id. (isotype: MO).
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dorsal glands fused into one, semi-annular, tongue-shaped, emarginate; ovary superior, ovoid, glabrous, 3

mm long, style 20 mm long, glabrous. Young fruits green, narrowly ovate, long-tapering, 9x3 mm.
Distribution.—Besleria neblinae grows in wet forests and on hummocks in swamp forests in the southern

part of the Municipio Rio Negro, Amazonas (Venezuela) near the base of Cerro de la Neblina, at 100-140

m elevation. The Neblina massif is on the border with Brazil and it is possible that populations of this new
species are present in nearby Brazil.

Phenology.—Blooming probably not seasonal, documented in February-March, May, July, November.

Besleria neblinae corollas have a spur at the base that prolongs the tube at a 0-20° angle (cf. Fig. 1 inset)

and displaces the attachment to the receptacle in a lateral position. According to Morton (1939), this char-

acter places B. neblinae in sect. Neobesleria C.V. Morton. Furthermore, its obsolete inflorescence peduncle

and the size of the corolla limb indicate the species belongs to subsect. Axillares C.V. Morton, one of the two

subsections of sect. Neobesleria that remain after five were transferred to the reinstated genus Gasteranthus

Benth. In the same subsection and from Amazonian Brazil and Venezuelan Guayana, B. gibbosa (Poepp.)

Hanst. also has white corollas, but B. neblinae differs by: 1) the leaf blades which are clearly unequal in a pair

(versus equal or subequal) and narrower, 2) the calyx lobes that are longer, narrower, and hirsute (versus

glabrous), and 3) the dorsal glands that are smaller. In the specimen Liesner 17300, most pairs of leaves are

subequal but the smaller petioles are 1/2 as long as the larger ones which is distinctive from B. gibbosa. The

collection TYiomas 3396 was made in the same locality and the same day as the type collection, Gentry &
Stein 47253. Although a different collection (W. Thomas, pers. com.), it is possible that both represent the

same population. This species was Besleria "sp. B" in Feuillet and Steyermark (1999).

Etymology.—Besleria neblinae is named for Cerro de la Neblina near the base of which all the known
collections have been made.

[ay 1984, W.W. Thomas 3396 (NY, US); Upper Cano Baria, ca. 0°52'N, 66°15'W, 130 m, 26 Mar 1984,

a Feuillet, sp. nov (Fig. 2). i

2195722 & 2614591).

Suffrutescent herb, 1 m tall, spreading branches. Stem somewhat succulent, appressed-pubescent. Leaves of

a pair mostly unequal; smaller leaves with petioles up to 1/4 the length of those of the larger leaves, blades

less than 1/2 the length of the larger; mature larger leaf with petioles 3-5 cm, appressed-pubescent; blades

11-20 x 4-6 cm, lanceolate to elliptic, slightly asymmetric, base acute, apex long acuminate, margin serrulate,

adaxially glabrous, abaxially glabrous except for the midrib and main veins sparsely appressed-short-pilose,

9-10 secondary veins on each side. Inflorescences sessile, 1-2-flowered; pedicels 3-6 mm long, appressed-

pubescent. Flowers with calyx minutely appressed-pubescent, lobes free to base, lanceolate-linear, attenuate at

apex, 6-10 x 2.5 mm; corolla horizontal in the calyx, white, sparsely to moderately pilose outside, trichomes

with spherical glandular tip, prominently spurred, spur 6x4 mm, ovoid-oblong, rounded, prolonging the

tube at base, tube 25 mm long, 4 mm wide at base and 2 mm at throat, lobes suborbicular, 5-6 x 1.5 mm;
4 stamens about 2.5 cm long, anthers orbicular-reniform; staminode not seen; dorsal glands fused into one;

ovary superior, ovoid, glabrous, 3 mm long. Fruits not seen.

Distribution.—-The type collection of Besleria yatuana in bloom was made in December in the flooded

forests along the upper-most Rio Yatua in the southern part of the Municipio Rio Negro, Amazonas (Ven-

Besleria yatuana shares with B. neblinae the characters that places both of them in subsect. Axillares.
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ig unequal leaves in a pair, Maguire, Wurdack & Bunting 36729 (holotype: US); bottom: nodes with
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vhite corollas like B. gibbosa and B. neblinae, but differs from the first one in having leaves that are

and appressed-pubescent (versus glabrous) calyx lobes, and its smaller dorsal gland Besleria yatuana

differs from B. neblinae in having the leaf blades adaxially glabrous (versus appressed pubescent), the calyx

minutely appressed pubescent (versus hirsute), calyx lobes free to the base, and the slightly shorter corolla

>e. Besleria yatuana was Besleria "sp. C" in Feuillet and Steyermark (1999).

Etymology.—Besleriayatuana is named for the Rio Yatua near which the type specimens have been col-

3. Leaves in a pair equal or subequal; calyx lobes glabrous B. gibbosa

3. Leaves in a pair, at least the petiole, strongly unequal in a pair; calyx lobes hairy.

4. Stems, petioles, pedicels, and calyx appressed pubescent; leaf blades glabrous except for the main

veins underneath; calyx lobes free to base, 6-1 x 2.5 mm, appressed-pubescent B. yatuana

4. Stems, petioles, pedicels, and calyx densely villous with lax spreading trichomes up to 2 mm long;

leaf blades with appressed trichomes; calyx tube 1.5 mm long, lobes 5.5-6 x 1.2-1.5 mm, hirsute

B. neblinae
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The two new species of the subfamily Gesnerioideae Link described below were collected in the Venezuelan

state of Amazonas. They belong to Episcia Mart, in the tribe Episcieae Endl. Since the regional treatment

by Leeuwenberg (1958) and the formal infrageneric classification he proposed for Episcia, the genus has

been split into four groups. Most authors now follow Wiehler (1973, 1978) in adopting Alsobia Hanst. and

Paradrymonia Hanst., as well as the transfer of several Episcia species to Nautilocalyx Linden ex Hanst. The

transfer to the other genera affected all the species of six of the seven sections and in section Episcia, three

of the five subsections. The current concept of Episcia is the equivalent of two of the subsections of Leeu-

wenberg (1958), i.e. section Episcia subsections Episcia and Trematanthera Leeuwenb., and follows the most

recent molecular studies (Smith 2000; Zimmer et al. 2003; Clark et al. 2006).

Episcia Mart., Nova Gen. Sp. 3:39. Jan-Jun 1829. Type: E reptans Mart. (Lectotype: cf. Leeuwenberg, Gesner. Guiana 309. 1958).

1.—Sect. Episcia

Anther cells dehiscing throughout by a longitudinal split.

Episcia reptans (type), E. andina Wiehl., E. cupreata (Hook.) Hanst., E. lilacina Hanst., E. prancei Wiehl., E.

xantha Leeuwenb. & E. duidae sp. nov.

Episcia duidae Feuillet, sp. nov. (Fig. 1). Type: VENEZUELA. Amazonas. Dept. Alto Orinoco: Cerro Duida, Culebra Creek,
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M *.
Fig. 1. Episcia duidae Feuillet. Plant, apex of growing stem showing young stolons (left), young leaves (low right leaf petiole 28 mm), and flower buds

(middle), Cowan & Wurdack 31288 (NY); bottom left, older flower with open corolla (total corolla length 21 mm), Maguire et al 29634 (isotype: NY);

i with gynoecium and detached corolla (total corolla length 19 mm), Berry, Huber&Rosales4972 (US); middle left, opened capsule

(left valve 4.7 mm long), Cowan & Wurdack31288 (NY).
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opposite, equal or subequal in a pair, clearly larger in proximal part of the stem; petiole 0.5-3 cm long,

hirsute, trichomes 2-2.5 mm long; blade carnose, suborbicular-ovate to broadly elliptic, 2-4.5 x 1.4-2.5

cm, base rounded to obtuse, apex rounded to broadly obtuse, margin crenate, with dense, long, appressed,

yellow trichomes on both surfaces, except above on the main veins that show their dark green color, 3-5

main veins on each side of the midrib, ending in margin sinuses. Inflorescence a reduced pair-flowered cyme,

fasciculate, 1-4-flowered, axillary in the apical part of the stem with small leaves still growing; pedicel about

8 mm long. Flowers with sepals free, entire or 1-2-toothed in apical half in the same flower, lanceolate to

oblanceolate, 8-9 x 1.5 mm, densely hirsutulous on both sides, the posterior one slightly involute and nar-

rower; corolla held transversal in the calyx, crimson, basal gibbosity 3x4 mm, uniformly densely pilose,

tube 15-18 mm long, densely appressed-pubescent outside, inside papillate in apical third and glabrous

below, lobes suborbicular, rounded, serrulate, 7x4 mm, glabrous on both sides except at very base where

joining the tube; stamens inserted about 2.5 mm above base of corolla tube, filament glabrous, broadened

at base, anthers suborbicular, 1.5 x 1.2-1.5 mm; dorsal glands fused in a tongue-like gland, about lxl
mm; ovary superior, ovoid, 3x3 mm, densely sericeous-pilose, style 12 mm long, densely pilose. Capsule

globose, 4.5-5 mm long.

Distribution.—Episcia duidae ii

(Munic. Atures) in the state of Am;

bases of waterfalls and in wet crevices.

Phenology.—It has been collected in bloom in February-March and November, and in fruit in Febru-

Episcia duidae resembles the red-flowered species of subsection Episcia: E. andina Wiehl., E. cupreata

(Hook.) Hanst., and E. reptans Mart. Inside the corolla tube, E. duidae has the apical third with large papil-

lae, E. cupreata and E. reptans have a ring of glandular trichomes in the throat, E. andina is said to have

a corolla glabrous inside (Wiehler 1984; but this could not be checked). The style is densely pilose in E.

duidae, unknown in E. andina, and glabrous in the other two, occasionally with scattered trichomes at the

apex in E. cupreata. Episcia duidae and E. andina differ from the other two by much smaller leaf blades with

a long dense appressed pubescence on both sides rather than hirsute leaf blades found in the other two spe-

cies. The corolla of E. reptans is about twice as long as in the other three; it is cylindric and nearly straight

in E. duidae and E. reptans, infundibuliform and straight in E. andina, and clearly curved in the middle in

E. cupreata. E. duidae differs from E. cupreata by the dense appressed (versus hirsute) indumentum on the

leaf blades, the corolla posture transverse (versus oblique) in the calyx, with a tube straight (versus curved

near middle), densely appressed-pubescent (versus pilose), smaller corolla lobes, and a style densely pilose

(versus glabrous or with a few trichomes near the apex). Episcia duidae was "sp. B" in Feuillet and Steyermark

(1999), where it should be noted that numbers 2 and 3 were switched in the first bracket of the "Key to the

species of Episcia" in that publication.

Etymology.—The new species is named after Mt. Duida at the base of which the type specimens have

been collected.

Anther cells dehiscing only on the basal half by a partial split.

Episcia sphalera Leeuwenb. (type), E.fimbriata Fritsch & E. rubra sp. r

Episcia rubra Feuillet, sp. nov (Fig. 2). 1
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Herb terrestrial, creeping with short stolons; stem with long, multicellular, fuzzy, dense, yellowish trichomes.

Leaves opposite, equal or subequal in a pair, clearly larger in proximal part of the stem; petiole 0.5-2.5 cm

long, trichomes longer than on the stem; blade 2.5-9 x 1.5-4.5 cm, ovate to elliptic, base acute to obtuse,

apex obtuse, margin crenate, ciliate with a tuft of trichomes at apex of each tooth, above pebbled, with

trichomes at apex of each of the bullae, beneath with dense, long, silvery indumentum, 6-9 main veins

on each side of the midrib. Inflorescence a reduced pair-flowered cyme, fasciculate, 1-4-flowered, axillary

in the apical part of the stem with small leaves still growing; pedicels 8-1.5 mm long, hirsute, with long,

fuzzy, dense, yellowish trichomes. Flower: sepals free, oblanceolate, 2-3.5 x 1 mm, apex acute, tip and 1-2

teeth thickened, hirsute, trichomes 1.8-2.3 mm long, fuzzy, dense, yellowish; corolla oblique in the calyx,

crimson, basal gibbosity 1.5-2 mm long, conical, rounded distally, tube 1.2-1.6 cm long, outside with scat-

tered, 1 mm long trichomes, lobes suborbicular, 3x4 mm, serrulate; stamens inserted 2-3 mm from the

base of the tube, filaments 9-12 mm long, anthers reniform, about 1 x 1 mm, cells divergent, dehiscence

wide at base, narrow then absent toward apex; nectary comprised of one dorsal tongue-shaped gland, 0.8
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x 0.5 mm; ovary superior, ovoid, 2.5 x 1.5 mm, hirsute, trichome;

brous, stigma papillose. Young fruit subspherical, 3.5 mm in diar

Distribution and phenology.—Episcia rubra is known only from the type collection from crevices in

moist, shaded, rocky canyon along a tributary of Rio Coro-Coro, in Amazonas, Venezuela, around 200 m
in elevation. It was blooming and had young fruits in February

The anthers dehiscent only in the basal half place Episcia rubra in sect. Trematanthera with E.fimbriata

Fritsch and E. sphakra Leeuwenb. among which it differs by its red corollas.

Etymology.—The new species is named after the color of its red corolla, unique in Episcia sect. Trema-
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In Feuillet (2007) two new species were described in Passiflora subg.

& J.M. MacDougal, and a key to the species was given. In that paper

led to "P. sp. (Guyana)", known only from photographs. Since publication of that manuscript, herbarium

material has become available, thus allowing a good description to be drawn from actual specimens. This

new species is described as Passiflora tecta.

Passiflora tecta Feuillet, Sp. nov. (Fig. 1-2). Type: GUYANA. Potaro-Sipakuni: Eagle Mountain, around ie OMI base camp,

Liana climbing on shrubs and small trees at forest edge, probably reaching the canopy. Young stems terete,

slightly striate, with short, irregularly curved trichomes. Tendrils long, thin, with short arched trichomes.

Vegetative bud in apical position, less than 1 mm away from the rest of the axillary complex (petiole, stipules,

pedicel, tendril), prophylls acuminate at apex, densely short-pubescent. Stipules linear, 2.5 x 0.8 mm,

short-pubescent, deciduous before the leaf differentiate in petiole and blade, leaving a round scar. Petiole

8-12 mm long, curved at base, with 2 lateral glands at the very base; glands scar-like, glandular surface

oval, ca. 1 x 1.5 mm, with 1-2 tufts of long white trichomes, otherwise glabrous, rim minute pubescent.

Blade ovate, 5-10 x 2.5-6 cm, bi-serrate, teeth ending in small, stipitate, round glands, acuminate and

mucronate at the apex, broadly cordate and briefly cuneate at the base, drying brown adaxially and yellow-

brown abaxially, 2-3 main lateral veins on each side of the midrib, the first pair about 2/3 as long as the

midrib, tertiary venation scalariform. Inflorescence sessile, 1-flowered. Pedicels erect, 4.5-6.5 cm long, with

dense short pubescence. Bracts three, verticillate, orange red, ovate, concave, 3-5 x 2-2.5 cm, free to base,

round at the apex, glandular serrate at the margin on the apical two-thirds, with dense short trichomes

on both surfaces. Flowers orange red, perianth lobes adaxially whitish at base; hypanthium 7 mm long, 9

mm broad on live material, round at base, inflated with the point of contact with the pedicel invaginated,
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densely short pubescent outside; sepals narrow-oblong, 2-2.5 cm long, plus a subapical awn, 0.7-1.0 cm

long, 0.5-0.6 cm broad, short-pubescent in the parts exposed in bud, otherwise glabrous; petals similar to

the sepal, slightly narrower, thinner, not awned, glabrous; corona bright red, in 3 rows, filamentose, the first

2 rows composed of laterally compressed, narrowly triangular filaments, erect to 70-80°, slightly oblique,

leaning against the androgynophore and the ovary, the first row about 12 mm long, the second row about

9 mm long, the third row filiform, about 5-6 mm long; operculum borne at the top of the hypanthium,

membranous, dependent to 2/3 down the hypanthium, then recurved inward, laciniate at the margin, 9-10

mm long, glabrous; nectar disc annular at the bottom of the hypanthium; limen membranous, surround-

ing the base of the androgynophore, 1-2 mm long, glabrous; androgynophore red throughout, cylindric,

ca. 1.7 cm long, glabrous; stamen glabrous, filaments flat, pale green with red dots throughout, 6x1 mm,

joined in a short membrane at base, anthers dorsifixed, rectangular, 6 x 2.5 mm; gynophore shorter than

and covered by the membrane at the base of the androecium; ovary green, 6 mm long, 2-2.5 mm in diam.,

ellipsoid, densely short-pubescent; styles pink with red dots, 9-12 mm long, minutely pubescent; stigmatic

surface light green, papillate. Immature fruit (according to photograph) green, hanging on elongated pedicel,

hidden by yellowish green bracts.



Feuillet, A new species of Passiflora from the Guianas 283

Distribution.—The only specimen of Passiflora tecta known to me was collected in flower from Guyana,

in the Potaro-Siparuni region, near Eagle Mountain in a clearing at the edge of the forest in September 2006.

The same species has been photographed twice in Guyana, once in February 1990 (C. Feuillet) in the Upper

Takutu-Upper Essequibo region near Surama, at the forest edge along a dirt road (with bud and young fruit),

and again in February 2007 (C. Kelloff) in the Potaro-Siparuni region, in Kaieteur National Park (flower),

though no herbarium specimens were made. The three localities are in western central Guyana and the plants

were collected or photographed at the edge of lowland rainforest (less than 500 m elevation). Passiflora tecta

could be easily confused with P. coccinea, the most common species of Passiflora in the Guianas.

Passiflora tecta sp. nov. clearly belongs to P. subgen. Passiflora supersect. Coccinea due to its distinctive

leaves with serrate margins, red floral bracts with glandular-serrate margins, red-colored perianth, and

straight corona filaments that form a cone angled towards the androgynophore. In this supersection, P. tecta

most closely resembles P. coccinea Aubl. (Fig. 3), a species with a large Amazonian and Guianan distribution

described from French Guiana (Aublet 1775). However, the Guianan endemic P. tecta has narrow-elliptic

rather than ovate bracts and red rather than white outer corona filaments. Passiflora tecta also resembles P.

miniata Vanderplank (Fig. 4), described from western Amazonia (Colombia, Brazil, Peru, and Bolivia) by

John Vanderplank (2006), from which it differs in its outer corona filaments that are orange-red and slightly

oblique inwards, rather than dark purple and slightly oblique outwards.

Etymology.—The Latin specific epithet means "covered." This refers to the three rows of corona filaments

that restrict pollinator access to the nectar chamber contrary to the condition in P. miniata, where only the

innermost row of filaments guard the throat.
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Despite the characteristic growth habit and relative abundance of available herbarium material, the genus

Pachyphyllum remains woefully understudied. Concentrated biodiversity studies in the Department of Cusco

in southern Peru (www.andesamazon.org) have recorded many species in the genus, some new to Peru

and some, no doubt, new to science. Critical study and dissemination of this information has just begun

(Repasky & Christenson, in press).

Recent collections of Pachyphyllum ecallosum from the Department of Cusco, Peru, have emphasized

the distinct nature of its inflorescence. Unlike the few flowered inflorescences of the type collection from

the Department of Huancavelica, more recent collections consistently bear 4-6 flowers arranged in a well

defined capitulum. A new section is proposed for P. ecallosum and its sister species, P. tortuosum. In addition,

the genus Orchidotypus is given formal status as a section of Pachyphyllum.

1 . Flowers arranged dense capitulum P. sect. Capitulum

2. Sepals and petals fused together at the base forming a tube for half their length P. sect. Orchidotypus

2. Sepals and petals free P. sect. Pachyphyllum

Pachyphyllum section Pachyphyllum. Type species: Pachyphyllum distichum Kunth.

Pachyphyllum breviconnatum Schltr., Repert. Spec. Nov. Regni Veg. Beih. 9:115. 1921; Repert. Spec. Nov.

Regni Veg. Beih. 57: t. 130, nr. 510. 1929. Type: PERU. Deft. Cusco: Prov. Paucartambo, below Tres Cruces Inn, 3600-3700

., Bot. Jahrb. Syst. 37:386. 1906. :
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Pachyphyllum cardenasii Smith & Harris, Contr. Gray Herb. 114:12. 1936. Type: Bolivia. Dept. Cochabamba: Prov.

Pachyphyllum costaricense (Ames & C. Schweinf.) L.O. Wms., Lilloa 3:481. 1938. CentropetalumcostaricenseAmes

Pachyphyllum crystallinum Lindl., Orch. Linden. 18. 1846. Type: Venezuela: Merida, 10,000 ft, j. Unden 686 (ho-

Pachyphylhim CUencae Rchb.f., Linnaea 41:31. 1877. Type: ECUADOR: Surucucho near Cuenca, 2900m, Jul 1864Jamescm

Pachyphyllum cyrtophyllum Schltr., Repert. Spec. Nov. Regni Veg. 15:217. 1918, in textu; Repert. Spec.

NOV. Regni Veg. Beih. 10:80. 1922. Basionym: Pachyphyllum falcifolium Schltr., Repert. Spec. Nov. Regni Veg. 10:460.

Pachyphyllum dalstroemh Dods. , Orquideologia 20(3):278. 1997. Type: ECUADOR: Loja, San Pedro road from Loja to

Vilcabamba, 2500 m, Apr 1984, Dalstrom & Hoijer 802 (holotype: SEL).

Pachyphyllum denticulatum (Ruiz &Pav.) Schltr., Repert. Spec. Nov. Regni Veg. Beih. 9:180. 1921. Femande-

zlql denticulata Ruiz & Pav, Syst. Veg. Fl. Peruv. & Chil. 1:240. 1798. Type: PERU. Dept. Huanuco: Pillao, Pavon s.n. (holotype: MA).

Pachyphyllum distichum Kunth, Nov Gen. & Sp. 1 :339. 18 16. Type: ECUADOR: Loxa, Gonzanam, 6420 ft (1070 hexap.),

Pachyphyllum falcifolium Rchbf., Linnaea 41:32. 1877. Type: ECUADOR: Loja, SepJameson s.n. (holotype: W; isotype:

Pachyphyllum favosifolium Kraenzl., Pflanzenr. 4, 50:23. 1923. Type: Colombia. Dept. Antioquia: Sonson, 3300 m,

Kalbreyer 1935 (holotype: ?W).

Pachyphyllum hagsateri Dods., Orquideologia 20:104. 1996. Type: Ecuador. Sucumbios, El Mirador between Playon

and San Gabriel, 3300 m, 8 Jul 1990, Dodson et at 18501 (holotype: RPSC; isotypes: MO, QCNE).

Pachyphyllum hartwegii Rchb.f., Bonplandia 2:219. 1854. Pachyphyllum distichum Lindl. ex Rchb.f., Bonplandia 3:219.

Pachyphyllum herzogii Schltr., Meded. Rijks-Herb. Leiden29:80. 1916. Type: Bolivia: Comarapa, 2600m, Apr 1911,

Pachyphyllum lycopodioides Schltr., Repert Spec. Nov. Regni Veg. Beih. 9:116. 1921; Repert. Spec. Nov

Regni Veg. Beih. 57: t. 130, nr. 511. 1929. Type: PERU: Huanuco, SW of Monzon, 3400-3500 m, Webcrbauer 3327

Pachyphyllum micrangis Schltr., Repert. Spec. Nov. Regni Veg. Beih. 7:203. 1920; Repert. Spec. Nov. Regni

Veg. Beih. 57: t. 73, nr. 281. 1929. Type: COLOMBIA: Cauca, ca. 3000 m, M. Modem s.n. (holotype: B, destroyed, drawings

Pachyphyllum micranthum Schltr., Repert. Spec. Nov. Regni Veg. Beih. 7:204. 1920; Repert. Spec. Nov.

Regni Veg. Beih. 57: t. 63, nr. 282. 1929. Type: COLOMBIA: Cauca, M. Modem s.n. (holotype: B, destroyed, drawings
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Pachyphyllum minus Schltr., Repert. Spec. Nov. Regni Veg. 10:460. 1912; Repert. Spec. Nov. Regni Veg. Beih.

58: t. 60, nr. 239. 1930. Type: BOLIVIA: Unduavi, ca. 3200 m, Nov. 1910, O. Buchtien s.n. (holotype: B, destroyed; lectotype,

Pachyphyllum nubivagum L.O. Wins., Lilloa 3:483. 1938. Type: COLOMBIA. Dept. Santander: western slope of Paramo

Pachyphyllum parvifolium Lindl. in Hook., Ic. PI. 2: t. 117. 1837. Type: PERU. Dept. Amazonas: Chachapoyas. 1836,

Mathews s.n. (holotype: K).

Pachyphyllum pastii Rchb.f., Bonplandia 3:239. 1855. Type: ECUADOR: QuitoJameson 439 (holotype: W; isotype: K).

Pachyphyllum pectinatum Rchb.f, Xenia Orchid. 3:22. 1881. Type: Bolivia. Prov. Larecaja: Sorata, 3100-3200 m, May

I860, Mandon 1152 p.p. (holotype: W; isotypes: MICH, NY).

Pachyphyllum peperomioides Kraenzl, Pflanzenr. 4, 50:27. 1923. Type: COLOMBIA. Prov. Narino: Pasto, 3300 mjun

Pachyphyllum piesiki Szlachetko, Mytnik-Ejsmont & Rutkowski, Orchidee (Hamburg) 58:94. 2007. Type:

Pachyphyllum pseudodichaea Rchb.f., Xenia Orchid. 3:22. 1878. Type: Bolivia. Prov. larecaja: Sorata, 3100-3200 m,

Pachyphyllum serra Rchb.f., Bonplandia 3:219. 1855. Type: PERU. Dept. Amazonas: Chachapoyas, Mathews s.n. (holotype:

Pachyphyllum squarrosum Lindl, Ann. & Mag. Nat. Hist. 15:107. 1845. Type: Colombia. Prov Popayan: 10,500

m stuebelii Schltr., Repert. Spec. Nov. Regni Veg

eih. 57: t. 73, nr. 283. 1929. Type: Colombia: Toiima,

The genus Orchidotypus has been considered a synonym of Pachyphyllum with the notable exceptions of Sen-

ghas (1995) and Szlachetko et al. (2007). The fusion of the sepals and petals into a tube, however, appears to

be ample reason to maintain them as a section of Pachyphyllum. Species of this section are also consistently

smaller statured than species of section Pachyphyllum.

Pachyphyllum aurorae D.E. Benn. & E.A. Christ., Icon. Orchid. Peruv. pi. 546. 1998. Type: PERU: chanchamayo,

2700 m, 12 Apr 1996, O. del Castillo ex Bennett 7501 (lectotype, designated here: MOL; isolectotype: NY).

Pachyphyllum bryophytum Schltr., Repert. Spec. Nov. Regni Veg. Beih. 27:181. 1924. Orchidotypus bryophytus

(Schltr.) Senghas, Die Orchideen, ed. 3, I/B(31):1923. 1995. Type: COLOMBIA. Dept. Cundinamarca: near Bogota, 2500 m, 1921,
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Pachyphyllum gracillimum C. Schweinf., Amer. Orchid Soc. Bull 16:564. 1947. Orchidotypus gmcillimus (C Sch-

Pachyphyllum hispidulum (Rchb.f.) Garay& Dunsterv., Venez. Orch. 111. 3:236. 1965. Aemmhushispidulus Rchb.f.,

Linnaea 41:31. 1876; Campylocentrum hispidulum (Rchb.f.) Rolfe, Orchid Review 11:246. 1903; Orchidotypus hispidulus (Rchb.f.)

Senghas, Die Orchideen, ed. 3, 1/B(31):1923. 1995. Type: COLOMBIA: Santa Martha, Purdie s.n. (holotype: W).

Pachyphyllum muscoides (Kraenzl.) Schltr., Repert. Spec. Nov. Regni Veg. 15:216. 1918; Orchidotypus muscoides Kraenzl., Bot. Jahrb. Syst.

Pachyphyllum microscopicum (Kraenzl.) Schltr, Repert. Sp. Nov. Regni Veg. Beih. 19:72. 1923; Dichaea microscopica Kraenzl., Pflanzenr.

Pachyphyllum mexicanum Dressier & Hagsater, Orquidea(Mex.) 6(3):73. 1976. Orchidotypus mexicanus (Dressier

Pachyphyllum SChultesiiL.O. Wms., Caldasia 1(3): 15. 1941. Orchidotypus schultesii(L.O.Wms.) Senghas, Die Orchideen,

Pachyphyllum tenue Schltr., Repert. Spec. Nov. Regni Veg. Beih. 9:116. 1921; Repert. Spec. Nov. Regni Veg.

Beih. 57: t. 131, nr. 512. 1929. Orchidotypus tenuis (Schltr.) Senghas, Die Orchideen, ed. 3, 1/B(31):1923. 1995. Type: PERU.

Dept. Junin: Chanchamayo Valley, Koehlcrs.n. (holotype: B, destroyed; lectotype, designated here: t. 131, nr. 512, loc. cit.).

Pachyphyllum vaginatum Schltr., Repert. Spec. Nov. Regni Veg. Beih. 27:182. 1924. Orchidotypus vaginatus (Schltr.)

Senghas, Die Orchideen, ed. 3, I/B(31):1923. 1995. Type: COLOMBIA: Cundinamarca, near Bogota, 2500 m, 1921, K Hopf s.n.

Pachyphyllum sect. Capitulum E.A. Christ., sect. nov. Type species: P. ecallosum D.E. Benn. & E.A. Christ

Pachyphyllum ecallosum D.E. Benn. & E.A. Christ., Icon. Orchid. Peruv. pi. 738. 2001. Type: PERU: Dept. Huan-

Pachyphyllum tortuosum Foldats, Soc. Venez. Cienc. Nat. 28:115. 1969. Type: Venezuela. Edo Tachira: Rio Quini-

The recent collection of P. tortuosum from southern Peru (Dept. Cusco , Machu Picchu, Winay Wayna, Nauray

181, CUZ) strengthens the relationship of these two species.

EXCLUDED SPECIES

Pachyphyllum echinocarpon (Sw.) Spreng., Syst. Veg. 3:731. 1826. Epidendrumechinocarpon Sw.,Prodr. 124. 1788. Cymbidium

nom. illeg. Type: JAMAICA: Swartz s.n. (holotype: BM). = Dichaea pendula (Aubl.) Cogn.

Pachyphyllum haemathodes (Ruiz & Pav.) Schltr., Repert. Spec. Nov. Regni Veg.Beih. 9:180. 1921. Fernandezia

Pachyphyllum pamplonense Kraenzl, Pflanzenr. 4, 50:27. 1923. type: Colombia: Pamplona to Las Vetas, 3300 m, Funk &

Pachyphyllum procumbens Lodd. exW Baxt., Loud. Hort. Brit. Suppl. 3:607. 1850, nom. nud.
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Pachyphyllum Iscandens Llave & Lex., Nov. Gen. 2:17. 1824. Type: }<

Pachyphyllum subbiflorum (Ruiz &Pav.) Schltr., Repert. Spec. Nov. Regni Veg. Beih. 9:181. 1921. i

Pachyphyllum steyermarkii Foldats, Acta Bot. Venez. 3:369. 196£

Repasky, R. and E.A. Christenson (In Press). Orchids of Peru: Pachyphyllum crystallinum. J. Orchideenfr.

Repasky, R. and E.A. Christenson (In Press). Orchids of Peru: Pachyphyllum gracillimum. Austral. Orchid Rev.

Repasky, R. and E.A. Christenson (In Press). Orchids of Peru: Pachyphyllum hispidulum. Orchid Digest.

Repasky, R. and E.A. Christenson (In Press). Orchids of Peru: Pachyphyllum pectinatum. Orchid Review.

Senghas, K. 1 995. Orchidotypus. Schlechter's Die Orchideen, ed. 3, l/B(3 1 ):1 922-1 924.

Szlachetko, D.L, J.M. Ejsmont, and P. Rutkowski 2007. Pachyphyllum piesiki Szlach. spec. nov. (Vandoideae, Pachyphyl-
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Baccharis riograndensis Malag. & J.E. Vidal, an endemic species from Rio Grande do Sul State, in southern

Brazil, was described by Malagarriga (1949, under his monk name Irmao Teodoro Luis) based on two speci-

mens collected by J.E. Vidal (syntypes) and two collections (paratypes) made by Malagarriga himself. After

the publication, accounts of this species appeared in the taxonomic literature several times (Malagarriga

1957, 1958, 1977; Barroso 1976; Diesel 1987; and Oliveira et al. 2007), but no lectotypification was made.

The study of the syntypes housed at Herbarium R, Museu Nacional do Rio de Janeiro, along with general

collections from various herbaria, confirmed this taxon as distinct and allowed a choice of lectotype. Along

with the lectotypification, additional data are presented, including a morphological description, illustration,

specimen citations, geographic distributional map, and IUCN (2001) status of conservation.

Baccharis riograndensis Malag. &J.E. Vidal, Bol. Inform. Inst. Geobiol. 1:13. 1949. (Fig. 1). Type: brasil. Rio

Diagnostic description.—Subshrub, 25-65 cm tall. Stems mostly erect, sometimes short reptant and decum-

bent, 3-alate, indument of clavate uniseriate hairs in tufts, wings of vegetative branches undulate, 0.5-5

cm long, 0.25-0.75 cm wide, fertile branches distinctly winged, wings narrower, 0.1-0.2 cm wide. Leaves

reduced to scales 0.1-0.2 cm long, 0.1-0.25 cm wide. Capitulescence a panicle of pseudospikes, 5-25 cm
long, lateral spikes reduced to solitary sessile capitula, not arranged in glomerules. Male capitulum: involucre

campanulate 3.5-5.5 mm long, 3.5-4 mm wide, phyllaries in 4-5 series, the outer oblong, the mediums

ovate, the inner short lanceolate, apex obtuse, margins narrowly hyaline, entire to short toothed apically.

Flowers 18-30 [40] ,
pappus 4-5 mm long, uniseriate, 20-22 bristles, corolla 3-5 mm long, apically 5-lobed,

tube 2.8-3.3 mm, throat 0.2-0.3 mm, lobes 1.5-2 mm, style 4-5 mm long, style apex not divided. Female

capitulum: clinanthium alveolate, bearing biseriate hairs, involucre cylindrical, 7-10 mm long, 2-3 mm
wide, phyllaries in 4-7 series, the outers short ovate becoming more linear onwards the innermost series,

apex acute, margins narrowly hyaline, entire to short toothed apically. Flowers 30-40, pappus 7-8 mm
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lie capitulum, F.Male flower.

long, uniseriate, corolla 5-7 mm long, ligulate with the ligule 5- toothed, style 7-7.5 mi

2.5-4 mm long, cylindrical, 12-20 ribbed, surface few papillose and glabrous. Chromoso

18 (Heiden et al. 2006).

Etymology—The name of the species refers to the type locality.

Vernacular names.—carqueja, chirca.

Phenology.—Fertile between December and March; dispersion of cypselas may last ui

Geographic range.—Known only from the state of Rio Grande do Sul, Brazil (Fig. 2).

Conservation.—Although an endemic with restricted area in Rio Grande do Sul, the spec

found in dry or rocky grasslands, mainly in the southern half of the state (granite sites in th
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jo. 2. Geographic range of Baccharis riograndensis (Asteraceae, Astereae) in Rio Grande do Sul State, southern Brazil.

and sparsely in the northern half (islands of discontinuous grassland areas on plateau sites inserted in the

Atlantic Forest biome). Increasing land use and planned forest projects may disrupt the habitat of the spe-

cies. Due to the anthropogenous pressure on the south Brazilian subtropical grasslands (compos) with the

increasing of displacement ofnative vegetation in substitution to large-scale Eucalyptus and Pinus plantations,

the species is regarded as Near Threatened (NT), concerning the IUCN (2001) status of conservation.

Comments.—Baccharis riograndensis is assigned to subgen. Molina Heering and sect. Caulopterae DC, to

the latter mainly due to presence of winged stems, clinanthium with glandular hairs, and pappus bristles

of female flowers that are enlarged basally and fused into a ring. Baccharis riograndensis is sympatric in its

entire limited range to Baccharis crispa Spreng., which has a wider distributional area in southeastern South

America. Similar characteristics to the both species are the similar habitat, erect branches with undulate

wings, involucre of male capitula campanulate and uniseriate pappus in male and female flowers. Baccharis

riograndensis differs from B. crispa due to the fertile branches distinctly narrow-winged (vs. not distinctly

winged fertile branches), lateral spikes reduced to solitary capitula (vs. lateral spikes fully developed or
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with reduced axis seeming glomerules), involucre of female capitula cylindrical (vs. campanulate) and

larger cypselas, 2.5-4 mm long (vs. smaller, 1-1.5 mm long). Another taxon, similar to B. riograndensis, is

the alopatric Baccharis genistdloides subsp. lorentzii Joch. Mull., from central Argentina, which shares some

characteristics with B. riograndensis, such as the pseudospikes with the lateral spikes generally reduced to

one capitulum, cylindrical involucre of female capitula and larger capitula and cypselas, but differs on the

basis of its erectopatent branching (vs. erect), usually narrower capitulescences (vs. wider), fertile branches

not distinctly winged (vs. distinctly narrow-winged fertile branches), fewer cypsela ribs (9-12 vs. generally

12-20) and multiseriate pappus (vs. uniseriate).

Representative specimens: BRAZIL. Rio Grande do Sul: Arroio dos Ratos: Fazenda Faxinal, 10 Mar 1977, K. Hagdund 10967 (ICN);

ritoAlegre,8Ma

i 96 (ICN); Fazenda Mulita, 5)Apr:1001, R.Wasum 1049 (HUCS).

277 (HAS). Sao Jose dos Ai

^b^^i^m£c
s.n. (PACA); Quint

6, G. Heide,

mas 6803 (PACA).Tramand rqneOsono,04Mar 1994, L.T.

J^^sS^GUAY. Mo™.video: 1821-1822 , J, Sella*

» gcnistelloides subsp lorei )ch.Miill.ARGENlflNA. Bue>
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RESUMEN

nuevasdeMyrtiaceaede, Ecuador: C^an^we^Eugeni

fMyrtaceae:for the Flora of Ecuador, four new species ]

Calyptranthes websteri, Eugenia concava, Eu

asaki, sp. nov. (Fig. 1). Type: ECUADOR. Pichinch

;foIiis 13.6-20 2x6.1-9.4cm,dhpticisvelleviterovatisvelobovatis,c

In preparation for the t

nized and are here des

Myrcia subcordifolia.

Tree to 10 m tall or scrambling tree; trichomes dibrachiate, minute, with very short arms, reddish, abundant

on new growth; branchlets terete to slightly compressed. Leafblades generally elliptic to very slightly ovate

or obovate, 13.6-20.2 x 6.1-9.4 cm, chartaceous when dry, bearing scattered trichomes, these deciduous

with age, olive green to brown on upper surface when mature, lighter yellow green on lower surface, im-

mature leaves with slightly yellowish grey pallor due to waxy layer; apex caudate, the tip 7-19 mm long,

margins slightly revolute; base attenuate to cuneate; midvein impressed on upper surface, convex and slightly

prominent on lower surface; lateral veins 19-26 pairs, flat on upper and convex on lower surfaces, princi-

pal marginal vein 2-6 mm distant from the edge, slightly less prominent than the lateral veins, secondary

marginal vein ca. 1 mm from edge, faintly evident; glands scattered, translucid on both surfaces; petiole

9-13 mm long, ca. 2 mm thick, margins inrolled and meeting to form a tunneled petiole. Inflorescences

paniculate, decompound, many-flowered, 2 or 4 borne together on abortive branches, when young, densely

covered by a light gray-tan waxy bloom over the small, appressed trichomes; bracts early deciduous, ca. 8 x

1 mm; peduncles 1-5 cm long, the first node bearing 3 or 5(7) branches and upper nodes bearing usually

3 branches, all branches from single node in same plane, the branches terminating with 3 long-pedicellate

flowers, the terminal one sometimes abortive; pedicels 18-37mm long; bracteoles early deciduous, 3-4mm
long. Flowers: buds globose, ca. 5 x 5 mm, with a light gray-tan waxy bloom, particularly on lower 2/3 of

bud; calyptra ca. 3 x 5 mm, generally lighter in color than hypanthium, apiculum barely evident; petals lack-

ing; stamens numerous; filaments ca. 6 mm long; anthers ca. 0.5 mm long; style ca. 5 mm long; hypanthium

ca. 4 mm long, the free portion ca. 2 mm long; ovary 2-locular, ovules 2 per locule. Fruits not known.
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i. ^Calyptranthes websteri B. Hoist & Ml. Kawasaki: A. Habit. B. Flower. C. Digital scan of flower buds. (A-C, Webster etai 29164).

Distribution.—Known only from Maquipucuna, Pichincha province, in primary rain forests at 2100-2150

m elevation.

Calyptranthes websteri is distinguished from all other Andean species by the elongate peduncles and

pedicels of the many-flowered inflorescence. This very distinctive species is named in memory of its dis-

coverer, Grady Webster, an astute student of the Euphorbiaceae and respected teacher at the University of

California, Davis, who passed away in 2005.
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Additional collection examined: ECUADOR. Pichincha: Cantoi

28884 (AAU, DAV, MO, QCNE).

Eugenia concava B. Hoist & M.L. Kawasaki, sp. ]

Shrub or tree, 2.5-10 m tall, mostly glabrous; twigs smooth, trunk and older branches with bark peeling

in plates or strips. Leaf blades mostly elliptic, less commonly ovate or obovate, chartaceous, 4-7.5 x 2.5-4

cm, drying olive green or greenish brown; upper and lower surfaces glabrous; glands punctiform, plane

or slightly salient on both surfaces; midvein convex on the upper surface; lateral veins 10-12 pairs, salient

on both surfaces; marginal veins 2, the innermost slightly arched, 1-3 mm from the margin; base usually

obtuse, rarely cuneate; apex abruptly acuminate, the acumen ca. 1 cm long; petioles 2-3 mm long, flattened,

glabrous. Inflorescences appearing fasciculate, with up to 4 flowers, axillary or subterminal, the pedicels

1-1.5 cm long, slender, glabrous; bracteoles ovate, ca. 1 mm long, ciliate, persistent. Flowers 4-merous, buds

ca. 5 mm long; hypanthium ca. 2 mm long, glabrous; calyx-lobes ovate to lanceolate, 3-4 mm long, obtuse,

concave, glabrous; petals suborbicular, ca. 4 mm diam., ciliate or glabrous; disk ca. 3 mm diam., glabrous;

stamens ca. 5 mm long; style ca. 6 mm long; ovary 2-locular, ovules several per locule. Fruits berries, el-

lipsoid, 1-1.5 x 0.8-1 cm, glabrous, red, gland-dotted; seed 1, ca. 9 x 6 mm, the seed coat membranous;

embryo eugenioid, the cotyledons fleshy, connate, the radicle indistinct.

Distribution.—Eugenia concava is known only from Guayas province, occurring in dry forests at 200-500

m elevation.

Eugenia concava is characterized by small, elliptic, glabrous leaves, abruptly acuminate at apex, the

midvein convex on the upper surface; the inflorescences are fasciculate, with slender pedicels and flowers

with concave calyx lobes. The pulp is characterized as "sweet" by Palacios & Rubio (9977). Eugenia concava

resembles E. rhombea Krug & Urb., a species from Southern Florida, Mexico, Central America, and West

Indies (McVaugh, 1989), but differs by the leaves with distinctly convex midvein (vs. concave), lacking a

distinct cartilaginous leaf margin (vs. present), and by the ellipsoid fruits (vs. globose).

fr), W. Palacios & D. Rubio 9977 (F, MC

79°58'W, 21-25 Jan 1992 (fl), D. Rui

400 m
t 02°10'S,79°58'W, 21-25 Jan

), QCNE, SEL); G

Hoist & M.L. Kawasaki, sp.

)lotype: QCNE; isotypes: F, MO, SEL).

nov (Fig. 3).

Tree 6-15 m tall, pubescent to puberulent on new growth. Leafblades elliptic to broadly elliptic, chartaceous,

27-45 x 19-25 cm, brown on upper surface, pubescent along veins, the lower surface evenly pubescent,

trichomes short and golden brown; glands indistinct above, dark and numerous below; midvein broadly

and shallowly concave on upper surface, all veins convex and prominent on underside (midvein extremely

prominent); lateral veins 11-16 pairs, first lateral (or secondary) vein extending to form inframarginal vein

and straightening out; marginal veins 3, the inner, most conspicuous vein 12-21 mm from blade margin,

the middle marginal vein 2-6 mm from margin, and a 3rd inframarginal vein, very faint, ca. 1 mm from

margin; apex acuminate; base rounded to obtuse to very slightly cordate; petioles 13-20 mm long, 4-6
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and young fruits. B. Detail of convex midvein on adaxial surface of leaves,

uit. E. Embryo. F. Digital scan offlowers past anthesis (A-B, Neill&Nunez 10474; C, Rubio&Tipaz2348; H-l,Palacios

&Rubio9977; F, Nunez& Hernandez 197).

mm diam., densely pubescent with golden trichomes. Inflorescences racemose, the axis 15-21 x 3-4 mm,

pubescent, often at leafless nodes, 3 pairs of pedicels per peduncle; bracts deciduous; bracteoles fused and

cupping hypanthium, 10-12 (14-15 hydrated)mm long, pubescent inside and out, deciduous after anthesis,

pedicel in flower ca. 1 cm long, lengthening and thickening considerably in fruit, to 4 cm long. Flowers

4-merous, buds roundish, ca. 13 mm long; hypanthium abundantly pubescent inside and out, ca. 6 mm
wide at summit, hypanthium after removal of bracteoles displaying slightly longer trichomes, having a hint

of red or dark orange, apparent wrinkles or bumpy protrusions (some of which corresponding to marks on

inner surface of bracteoles); outer calyx lobes suborbicular, ca. 9 x 9 mm, the inner lobes more closely ovate,

ca. 10 x 7 mm, the tip acute (with triangular or acuminate shaped discoloration or mark, perhaps where
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trichomes grow in a different direction, possibly where bracteoles lobe rests), the margin more or less entire;

petals cream color (live) with plentiful glandular dots, ciliate, rounded eliptical, 16-21 x 11-12 mm, the tip

more or less obtuse; stamens numerous (approaching 100), the anthers ca. 1 mm long, the filaments 17-20

mm long. Fruits berries resembling drupes, oblong, 13-28 x 8-16 mm, the hairs clustered in groups, black

at maturity; seed 1, mature size unknown, the seed coat membranous; embryo eugenioid, the cotyledons

fleshy, connate, the radicle indistinct.

Distribution.—Known only from Carchi province (Reserva Etnica Awa), in primary rain forests and

it 650-1

is characterized by the very large 1 >s (27-45 x 19-25 cm), brown to yellowish bi
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pubescent and large flower buds (ca. 13 mm long), with connate, deciduous bracteoles. Tipaz et al. (1370)

describe the fruit as "edible" and note the wood is used to make tool handles and walking canes.

m, 00°55«N\ 78°32'W, 22 Nov 1992 (fr), C. Aukstia et al 830 (MO, QCNE, SEL); Tulcan, Parroquia Tobar Donoso, Reserva Etnica Awa,

Myrcia subcordifolia B. Hoist& M.L. Kawasaki, sp. nov. (Fig. 4). Type: Ecuador. Zamora-Chinchipe: Nangaritza Canton,

valley of Rio Nangaritza, Miazi, 04°18'S
J 78°40'V^ 1200 m, 10 Dec 1990 (fl), W Palacios 6723 (holotype: QCNE; isotypes: F, MO, SEL).

Tree 4-10 m tall, mostly glabrous, the few trichomes on inflorescences and flowers yellowish to yellowish

white. Leaf blades suborbicular to elliptic, or ovate, 4-9.5 x 3-6 cm, coriaceous, plane, glabrous, drying

dark brown to brownish above, paler below; apex obtuse to rounded; base rounded or broadly subcordate;

midvein impressed above, convex below; lateral veins 7-10 pairs, slightly convex on both surfaces; marginal

veins 2 ,
the innermost 1-2 mm from blade margin, similar to the lateral veins; glands numerous, punctiform,

indistinct or impressed above, salient below; petiole 1-3 mm long, channeled, puberulous to glabrous, black.

Inflorescences paniculate, subterminal, multiflorous (approx. 20-60 flowers), 6-12 cm long, puberulous;

bracts and bracteoles not seen, early deciduous. Flowers 5-merous, buds obovoid to subglobose, 2-3 mm
long; calyx-lobes suborbicular, to 1 mm long, appressed-pubescent to puberulous without, glabrous within;

petals suborbicular, ca. 2 mm diam.; stamens numerous, the filaments ca. 4-5 mm long, the anthers ca.

0.5 mm long; style ca. 5 mm long, the stigma punctiform; hypanthium not prolonged beyond the ovary,

sericeous without; disk ca. 2 mm diam., hirsutulous; ovary 2-locular, 2 ovules per locule. Fruits (immature)

berries, ellipsoid, ca. 5 mm long, glabrous; seeds not seen.

Distribution.—This species is known from Zamora-Chinchipe and Morona-Santiago, in the Cordillera

del Condor region; it occurs in primary, premontane wet forests, at 900-1200 m elevation.

Myrcia subcordifolia resembles Myrcia clusiijolia (Kunth) DC, a species known from lowland, white-sand

savannas from Venezuela, Colombia, and Amazonian Brazil (Hoist et al., 2003). In M. subcordifolia, however,

the leaves are subsessile with petioles 1-3 mm long and plane (vs. petiolate with petioles 5-8 mm long,

and the leaves convex-conduplicate), the lateral veins are slightly convex, and the veinlets are indistinct (vs.

veins strongly convex and veinlets distinctly reticulate) on both surfaces.

ikui, Cerro Chuank Naint, 03°03 I34"S, 78°14 I45"W, 1150 m, 19 Dec 2005 (fl), C. Morales et al 1595 (F, MO, QCNE).
Zamora-Chinchipe: Nangaritza, region of Cordillera del Condor, upper river basin of Rio Nangaritza, Sector Las Orquideas,W of river,

04°12'22"S, 78°39 ,16"W
) 1100 m, 7 Aug 2002 (fl, yfr), W. Quizhpe et al U5 (F, MO, SEL); Nangaritza, region of Cordillera del Condor,
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ABSTRACT

INTRODUCTION

The present work seeks to clarify the status of the incorrect, confused, and/or misapplied names [e.g., Bor-

reriaflavovirens Bacigalupo &E.L. Cabral, BorreriagymnocephalaDC, Diodia gymnocephala (DC.) K. Schum.,

Diodia schumannii Standi, ex Bacigalupo] of taxa related to Spermacoce schumannii (Standi, ex Bacigalupo)

Delprete (Rubiaceae, Spermacoceae).

Candolle (1830, p. 549) described Borrerial gymnocephala DC, and was uncertain about its generic

position. He cited a specimen in his herbarium without giving the collector or the specific collection locality.

After the description he stated that this species, collected in Brazil, is so distinct that it could even be treated

as a separate genus and is characterized by 4-angular, smooth stems between the capitate inflorescences and

small corollas with included anthers.

Schumann (1888) transferred Candolle's taxon to the genus Diodia as D. gymnocephala (DC.) K. Schum.

After the description, he stated that it is very similar to Borreria latifolia (Aubl) K. Schum. var. siderites

(Cham. & Schltdl.) K. Schum., from which it differed by the yellowish color of the vegetative parts and the

fruit and style morphology. However, both Schumann's description and the specimens he cited apply to a

s the first to notice that Schumann's Diodia

)me herbarium specimens, which belonged to

the part of D. gymnocephala that differed from Candolle's Borreria gymnocephala, as Borreria schumannii Standi.

Bacigalupo (1974) treated this same species in volume 6, part 6 of the Flora llustrada de Entre Rios (Argentina),

and published Standley's name as "Diodia schumannii Standley ex Bacigalupo, nov. nom." with Schumann's

D. gymnocephala listed as a synonym and Candolle's B. gymnocephala specifically excluded. Article 69 of the

ICBN (Stafleu et al. 1972) in force at that time stated that "A name is to be rejected if it is used in different

senses and so has become a long-persistent source of error." Whether Bacigalupo intended to completely
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reject D. gymnocephala (DC.) K. Schum. or was simply creating a new name for D. gymnocephala sensu K.

Schum. is not entirely clear in this Flora, since no further discussion of nomenclature was provided.

Since the type of D. gymnocephala, i.e. Borreria gymnocephala DC, was explicitly excluded by Baciga-

lupo (1974), the citation of this earlier name does not make D. schumannu illegitimate under current ICBN

Art. 52 (McNeill et al. 2006). But, apart from having the correct Latin form, does this name meet the other

requirements under Art. 32.1 for valid publication, namely provision of a Latin description or diagnosis

(since 1935) and indication of a type (since 1958)? Bacigalupo (1974) provided only a Spanish description,

but her reference to Schumann's name, for which a full Latin description was provided, is an acceptable

"reference to a previously and effectively published Latin description" under Art. 36. In addition, under

this species Bacigalupo cited only the single specimen "Dpto. La Paz, isla Curuzu Chali, Burkart 27.103

(SI)." When Bacigalupo (1974) published her new species, Art. 37 of the ICBN (Stafleu et al. 1972), then in

effect, stated: "Publication on or after 1 Jan. 1958 of the name of a new taxon of the rank of family or below

is valid only when the nomenclatural type is indicated . .

." thus her citation would not then have satisfied

this requirement and her new name was not validly published under the 1972 Code.

It was this fact that motivated Bacigalupo and Cabral (1998) to later propose a new name, B.flavovirens

Bacigalupo & E.L. Cabral, to replace Diodia schumannii Standley ex Bacigalupo, "nom. illeg.", which had

been published "sin seleccionar el tipo", although in reality this shortcoming would have affected its valid

publication and not its illegitimacy However, these authors had overlooked the fact that already in the 1988

ICBN (Greuter et al. 1988) Art. 37 had been expanded considerably to include, in Art. 37.3, the following:

of the holotype." In the current ICBN (McNeill et al. 2006) this is now stated as: "for the name of a new spe-

cies or infraspecific taxon, mention of a single element or gathering . . ., even if that element is not explicitly

designated as type, is acceptable as indication of the type." Since Bacigalupo's (1974) citation of a single

specimen fulfills the requirement for a type indication, D. schumannii has been validly published under all

editions of the ICBN since 1988. Thus B.flavovirens was at the outset a nomenclaturally superfluous and

illegitimate replacement name for D. schumannii.

In their 1998 paper, Bacigalupo and Cabral finally clarified the status of Diodia gymnocephala (DC.) K.

Schum., which from their examination of the type of the basionym, B. gymnocephala DC. (1830), at G-DC

they determined to be synonymous with Borreria palustris (Cham. & Schltdl.) Bacigalupo & E.L. Cabral,

this based on the earlier Diodia palustris Cham. & Schltdl. (1828).

A further point should be made with regard to the type of Diodia schumannii Standley ex Bacigalupo.

Because this name was "validly published by reference to a previously and effectively published description

or diagnosis," that of Schumann (1888) as has already been noted, Art. 7.7 dictates that it "is to be typified

by an element selected from the context of the validating description or diagnosis, unless the validating

author has definitely designated a different type." While Bacigalupo can be said to have satisfied the Art. 37

requirement for "indication" of a type, according to Art. 7.11 "designation" of a type requires the inclusion of

"the term 'type' or an equivalent." So unless the term "Exsiccata" used by Bacigalupo is considered equivalent

to "type," which seems unlikely, does this mean that the indication of type under Art. 37 does not qualify

as designation of a different type under Art. 7.7, such that D. schumannu must be typified on an element

cited by Schumann? It is our interpretation that in this case an "indication" in the one case is equivalent to

a "designation" in the other, such that the type of D. schumannii is that indicated by Bacigalupo in 1974.

In conclusion, the species discussed above is maintained within the genus Spermacoce, as 5. schumannii

(Standi, ex Bacigalupo) Delprete, following the circumscription adopted by Delprete et al. (2005), Delprete

and Cortes-B. ("2006" [2007]), and Delprete (2007).
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Spermacoce schumannii (Standi, ex Bacigalupo) Delprete in A. Reis, Fl. llustr. Catarin. RUBI 2:754, fig

130. 2005. Diodia schumannii Standi, ex Bacigalupo in A. Burkart, Fl. llustr. Entre Rios 6(6):15, fig. 5. 1974. Borreriajlavoviren

Distribution and ecology.—Widespread from Colombia to southern Brazil, Paraguay, and northern Argentina.

In Brazil, it is known from the states of Rondonia, Mato Grosso, Goias, Tocantins, Minas Gerais, Maranhao,

Bahia, and southwards throughout Rio Grande do Sul. Mostly found at the margins of and inside gallery

forests, semi-deciduous forests, and slope forests, and less frequently in seasonally flooded vegetation.

Taxonomic observations.—Spermacoce schumannii is very similar to 5. latijolia Aubl. in its flexuous, some-

what climbing habit, and floral branches with 5-13 glomerules, but it differs in its cylindrical to cupular,

3-8 mm long stipular sheath [vs. short, triangular, (l-)2-5 mm long in S. latijolia] and commonly yellowish

tinge of the vegetative parts (vs. pale to olive green).
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RESUMEN

INTRODUCTION

The genus Aristida L. comprises some 250-350 species, nearly worldwide in distribution, growing in warmer,

more arid environments (Allred 2003). Members are characterized by a panicle inflorescence, one-flowered

spikelets, and relatively large glumes, usually larger than the floret. The florets are characterized by three

awns, the two lateral awns absent or much reduced in some species, and a sharp pointed callus with a tuft

of hair at the base. In some cases the lemma body is drawn out into an elongated beak below the divergence

of the awns. The genus has its share of taxonomically difficult species complexes. Members of such groups

often differ only slightly morphologically and commonly overlap in their geographic distribution (Allred

1984a, 1984b; Longhi-Wagner 1990).

The Aristida gibbosa complex is one such group. This New World complex is characterized by the fol-

lowing two features: 1) floret sulcate, the margins of the lemma slightly overlapping, and 2) callus short,

0.3-0.4 mm long, the attachment scar circular and tiny, 0.2-0.3 mm in diameter (Fig. 1). New World taxa

corresponding to these features have received the following names (in chronological order):

Chaetaria gibbosa Nees (1829): In his ample description, Nees noted the regular branching of the

culms, short lower sheaths exposing the gibbous nodes (whence the specific epithet), and folded or rolled

leaf blades. Blade margins are not thickened, the marginal veins being no wider than those inward, and the

adaxial surface is lacking pilose hairs except at the corners of the sheath. Panicles lack pulvini and are thus

narrow and contracted. This is a South American species, and the name was unused in North and Central

American works until Longhi-Wagner (1990) called attention to the sulcate lem:
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f at MO and US and annotated them as this. The name was then applied, in an expanded

sense, to Meso-American plants by Pohl and Davidse (1994) to include Aristida sorzogon-

ensis, A. orizabensis, and A. marginalis.

Aristida sorzogonensis J. Presl (1830): Erroneously believing Haenke's specimen

to be from Sorsogon on the island of Luzon in the Philippines, Presl applied the specific

epithet sorzogonensis to his new species. It is highly probable that the specimen actually

came from Central America or Mexico (annotation in 1921 on the type by E.D. Merrill;

Henrard 1928). The type collection is represented by at least two sheets, both with a single

flowering culm: the holotype at PR(!) has three mid- to upper blades, but lacks the base(of the plant or any basal blades; an apparent isotype at PR(!) has a culm with three upper

blades and two mid- to lower blades. Presl described the blades as convolute-setaceous,

which the upper are, but the middle and lower blades are flat (perhaps rolled a bit upon

drying) in both specimens. Blade margins are noticeably thickened, with a wide band of

sclerenchyma at the margin; this is easily visible even on the upper blades that are rolled.

The adaxial surface has prominent pilose hairs upwards from the throat region. A close

examination of the panicle branches and pedicels reveals small (perhaps young) pulvini

in nearly all the axils, with the resultant slight spreading of the axes, a feature not noted

^ for this species in any previous works. The name Aristida sorzogonensis has been largely

ignored or unknown by nearly all North American botanists, even though Henrard recog-

Fig. 1. Sulcate nized it in both his Revision and Monograph of Aristida (Henrard 1929, 1932). Pohl and

circular attachment
Dayidse (1994) rightly called attention to the priority of sorzogonensis over orizabensis and

scar (arrow). marginalis, but we believe they misinterpreted the typification in tentatively applying the

name sorzogonensis to plants with rolled, rather than flat, blades.

Aristida liebmanii E. Fourn. (1886): Fournier's description came from a collection

by Liebmann (whence the specific epithet) and noted the following distinctive features: basal blades are flat

and the upper blades are rolled (much as in the type of A. sorzogonensis), and first glumes are longer than

the second. He did not call attention to the nearly complete absence of an elongated beak on the lemma,

the awns immediately diverging from the apex, but this was stressed by Henrard (1927), is easily observ-

able in the type, and was re-emphasized by Pohl and Davidse (1994). An isotype at MO(!) contains three

flowering shoots and one basal portion. The margins of the blades are noticeably thickened, and the lower

panicle branches are naked at the base and somewhat flexuous. Panicles are non-pulvinate. Pohl and Davidse

(1994) called attention to its similarity with A. succedeana Henr., a species of Bolivia and Brazil that also

has sulcate lemmas, flat blades, and sub-flexuous panicle branches, with the suggestion that the two may

be conspecific. However, because of the scarcity of specimens further analysis and conclusions concerning

this species must await the availability of more material.

Aristida orizabensis E. Fourn. (1886): Fournier's description, though short, mentions flat blades

(rolled upon drying), somewhat unequal glumes, and a narrow lemma that was slightly shorter or longer

than the glumes. Material came from "Valle de Orizaba," Veracruz, Mexico (whence the specific epithet),

with Fournier citing two specimens, which are considered syntypes. Isosyntypes at NY(!) and US(!) have

flat, curling blades with thickened margins and with long pilose hairs on the adaxial surface near the ligule,

and panicles lacking pulvini. Henrard (1927) contrasted A. orizabensis with A. arizonica Vasey and A. appressa

Vasey, two species excluded from this complex that lack sulcate lemmas.

Aristida marginalis Ekman (1911): This species was named from material collected along the dry,

grassy edges of forests or woods ("in margine silvulae," whence the specific epithet) in Matto Grosso, south-

ern Brazil. The new species is very well described by Ekman. In type material (isotypes G!, US!), sheaths

are about half as long as the numerous internodes with gibbous nodes; lower blades are flat, curling, and

thick-margined with pilose adaxial surfaces; the panicle is obscurely and incompletely pulvinate (i.e., with

poorly developed pulvini in the axils of some branchlets and pedicels); and the lemmas are sulcate with a
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short, circular callus. Longhi-Wagner (1990) subsumed this name under A. gibbosa, using comparisons of

spikelet features such as beak length and relative glume length. The name A. marginalis has been applied to

numerous Mexican specimens with flat, curling blades and well-developed pulvini.

This study investigates the relationships among Aristida gibbosa, A. sorzogonensis, A. orizabensis, and

A. marginalis using multivariate analysis of morphological characters scored from herbarium specimens to

assess species boundaries and determine the usefulness of certain traits used to distinguish them.

MATERIALS AND METHODS

For analysis of taxonomic relationships, specimens identified as Aristida gibbosa, A. sorzogonensis, A. oriz-

abensis, and A. marginalis were obtained from the following herbaria: F, G, MO, NMCR, US, and WIS. All

specimens were examined for a sulcate lemma to distinguish them as members of the A. gibbosa complex.

A complete examination of all specimens yielded 90 OTUs (operational taxonomic units) for the analysis,

including type specimens ofA. gibbosa, A. sorzogonensis, A. orizabensis, and A. marginalis. The specimens used

represented the full geographic distribution of the species complex from northern Mexico through Central

and South America. A complete data set is available upon request. Roughly two-thirds of the specimens

received that were identified in herbaria as A. orizabensis were actually A. appressa, and not included in this

study. In addition to not having a sulcate lemma, A. appressa develops a thicker beak (0.2-0.3 mm), usu-

ally longer lemma (7-16 mm), and longer callus (0.6-1 mm) with a longer, elongated (rather than circular)

attachment scar.

Each OTU was scored for 13 characters, seven discrete and six continuous (Table 1). All discrete

characters were recorded for mature vegetative features as present or absent, with and without the aid of a

dissecting microscope depending on the nature of the character. All spikelet measurements were taken using

an ocular micrometer on a dissecting microscope and were obtained from one mature spikelet from each

specimen. Panicle measurements were taken using a standard metric ruler. Principal components analysis

(PCA) of the standardized data was conducted using Kovach (2005).

RESULTS AND DISCUSSION

An initial PCA of all OTUs indicated morphological differences with 83% of the variability among speci-

mens occurring along the first three components (Table 2). This is due in part to high variable-to-variable

correlations among various discrete features of leaf blade pubescence, type of blade involution and curling,

thickness of margins, and shape of nodes (Table 3); the high correlations render these features taxonomi-

cally important.

Component I accounted for 60.1% of the variability among OTUs, mostly reflecting weak correlations

of vegetative features. Component II accounted for 14.9% of the variability, correlating variation in awn and

glume lengths, and Component III correlated with pulvini and panicle length (Table 2).

Dispersion of OTUs was greatest along the first two components, with resolution between two morpho-

logic groups occurring along component I (Fig. 2). The two groups were distinguished by a combination of

vegetative and spikelet features. OTUs corresponding to Group 1 are characterized by leaf blades folded and

straight (Fig. 3), gibbous nodes (Fig. 4), lacking pilose hairs on the adaxial surface, margins not thickened

(Fig. 5), smaller glumes, shorter awns, and shorter callus to awn lengths (Figs. 6-7). OTUs clustered in Group

2 are characterized by contrasting features: curling leaf blades (Fig. 8), terete nodes (Fig. 9), leaf blades flat

with thickened margins and prominent pilose hairs on the adaxial surface (Fig. 10), larger glumes, longer

awns, and longer callus to awn lengths (Figs. 11-12). The type of Aristida gibbosa fell within Group 1, and

the types of Aristida sorzogonensis and A. orizabensis fell within Group 2. The placement of the type specimen

of A. marginalis between Groups 1 and 2 is a result of its having some features of Group 1 (gibbous nodes,

branching culms) and some features of Group 2 (flat curling blades, adaxial pubescence).

Because members of Group 2 had previously been identified as three different species {marginalis,

orizabensis, sorzogonensis), as well as including both pulvinate and non-pulvinate panicles, a second PCA
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was conducted on all 54 OTUs of Group 2 (Fig. 13). The first three components of the PCA explained 82%

of the variability of this second analysis (Table 4). Dispersion of OTUs along component I was a function of

variability in awn lengths, glume lengths, and callus to awn length. Component II revealed differences in

the central awn, glume two, and panicle lengths, as well as the pulvini development. Component III cor-

responded to variation in panicle length and pulvini development (Table 4).

Dispersion of Group 2 OTUs reveals no further clear morphological distinctions, nor a clear separation

between pulvinate and non-pulvinate forms, in spite of these being visually distinctive. Axillary pulvini

cause panicle branches and pedicels to spread outward, giving the panicle a somewhat diffuse appearance,

contrasting with the dense contracted appearance of non-pulvinate panicles (Figs. 14-17).

In summary, spikelet features are deceptively similar among the three species analyzed, and may lead

one to consider them as conspecific. In contrast, vegetative features, though often thought to be of lesser

value in grass taxonomy, serve very well in distinguishing the species.
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TAXONOMIC

Consequent to the results of the PCA, three species are recognized (in addition to A. liebmannii, which was

not analyzed in this study): Aristida gibbosa (Group 1 OTUs), Aristida sorzogonensis (Group 2 OTUs), and

Aristida marginalis (represented solely by the type specimen). Variation in features is described in Table 5.

The recognition of Aristida marginalis (based on the two isotypes from a single collection) is problematic,

since so little is known about it. It is distinguished from the other two species by a suite of peculiar vegeta-

tive features: taller, more robust culms with numerous nodes and conspicuously short sheaths, about half

as long as the internodes, exposing the many gibbous nodes. Other features are a mix of A. gibbosa and A.

sorzogonensis: flat, curling blades with adaxial pilose hairs characteristic of A. sorzogonensis, and gibbous

nodes and branching culms characteristic ofA. gibbosa. We leave the name A. marginalis intact until further

analyses are possible.

KEY TO THE SPECIES OF THE ARISTIDA GIBBOSA COMPLEX

. Lemma lacking a beak, the awns almost immediately diverging from e not-twisted apex of the lemma

body; awns 2-3 cm !ong^_ ,

1 A. liebmannii

1. Lemma with a well developed beak, often twisted prior to the divergence of awns; awns (0.5-)1-2 cm

We have studied only two specimens: the isotype at MO and an additional specimen (Burch 6143A) from

Honduras. A brief diagnosis follows [Pohl & Davidse (1994) provide a fuller description]: Sheaths glabrous;

blades flat (rolled upon drying or at the ends of the blades), with thickened margins; collar and throat glabrous;

panicles narrow, elongate, non-pulvinate, but the lower branches somewhat flexuous and naked at the base;

glumes inverse, the first 10-12 mm long, the second 8-9 mm long; lemmas involute, sulcate, a beak absent,

the awns diverging immediately at the tip of the lemma; awns 2-3 cm long, ± equal in length.

The combination of a sulcate lemma and long awns is immediately distinctive.

Distribution.—Mexico (Veracruz) and Honduras.

2. Aristida gibbosa (Nees) Kunth, Enum. pi. 1:189. 1833. Basionym: Chaetaria &bbosa Nees, Agrostologia Brasiliensis,

Aristida gibbosa is characterized by blades that are folded or rolled, stiffly erect, glabrous, and usually lacking

thickened margins. The culms regularly branch above the base and have prominently gibbous nodes, with

2-6(-8) nodes elevated above the base. Panicles are narrow and non-pulvinate.

Distribution.—South America: Bolivia, Venezuela, British Guiana, and Brazil (Fig. 18).
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3. Aristida marginalis Ekman, Ark. Bot. 10(17):23, t. 3, f. 2, t. 6, f. 12. 1911. Type: b

.6 Apr ]

Aristida marginalis is known only from the type collection, and is characterized as follows: culms robust,

generally about twice as thick as in A. gibbosa or A. sorzogonensis, branching above the base, with numerous

(7-8) nodes elevated above the base; sheaths short, about V2 the length of the internode, straw-colored and

contrasting with the pale greenish internode; blades flat, curling, with thickened margins, pilose on the

adaxial surface; panicles narrow, but weakly pulvinate.

Distribution.—Known only from Brazil: Matto Grosso, Cuiba (Fig. 18).

The name Aristida marginalis has been applied to similar plants from North America, many of which
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are conspicuously pulvinate, particularly collections reported as such by Howard Scott Gentry (1942) from

the Rio Mayo region in western Chihuahua. All of these North American plants fall well within the A. sor-

zogonensis cluster on the PCA, and differ from the true Brazilian A. marginalis in the features given in the key.

Further field and herbarium work are needed to fully explain the distribution and variation oiAristida

marginalis. Its apparent intermediacy between A. gibbosa and A. sorzogonensis seems coincidental, and not a

result of hybridization or introgression. As with many species oiAristida, species boundaries are likely to

be delicate, yet decipherable, and the name should not be discarded as inconsequential.
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4. Aristida sorzogonensis J Presl, in C. Presl, Reliq. haenk. l(2-4):224. 1830. Type: in Luzonia ad Sorzogon, r.

Distribution.—Mostly Mexico and Central America, with a few specimens from northern South America

(Fig. 18).

Aristida sorzogonensis is characterized by blades that are flat and curling, with pilose hairs on the

adaxial surface and with thickened margins. The culms do not branch above the base and the nodes are

not gibbous, with 0-4 nodes elevated above the base. Panicles may be pulvinate or non-pulvinate, which

is a minor feature, but the visual differences are immediately noticeable (Figs. 14-17). As has been done
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4a. Aristida sorzogonensis f. sorzogonensis

Distribution.—Mostly Mexico (Chiapas, Chihuahua, Jalisco, Michoacan, Nayarit, Sinaloa, Tepic) a

Central America (Costa Rica, Honduras, Panama), with a few specimens from Columbia and Bolivia.

Marta: no locality, H.K Smith 136 (US). BOLIVIA: between Aguas Zembrades and Pinal.ti

enJ.R. 11259 (US); rocky pn

IcvaughR 13384 (US). Sinaloa:
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TAXONOMY OF BROMUS (POACEAE: POOIDEAE: BROMEAE) SECTIONS

BROMOPSIS, BROMUS, AND GENEA IN BRITISH COLUMBIA, CANADA

Jeffery M. Saarela

P.O. Box 3443, Station D
)ttawa, ON K1P6P4, CANADA

Bromus L. is a large and taxonomically complex grass genus that includes more than 160 species distributed

in temperate regions worldwide. The genus is distinguished from other grass genera by the combination of

leaf sheaths that are closed for most of their length, awns that are inserted subapically and hairy append-

ages on the apices of the ovary (Clayton & Renvoize 1986). Approximately 80 Bromus species are currently

recognized in North, Central and South America (Pavlick et al. 2003); 29 of these reportedly occur in Canada

(Pavlick & Anderton 2007). Among the 10 Canadian provinces and three territories (Fig. 1), the western-

most and topographically diverse British Columbia has the greatest number of Bromus species. Bromus is

the second-largest grass genus in British Columbia; only Poa L., with 31 species (Soreng 2007), has greater

In North America most workers recognize five sections in Bromus (reviewed by Saarela et al. 2007),

but multiple recent molecular phylogenetic studies indicate that not all are natural groups, particularly the

globally widespread B. sect. Bromopsis Dumort., which appears to comprise distinct Sierra Madrean (Mexi-

can), North American, South American and Eurasian lineages (e.g., Pillay & Hilu 1990, 1995; Saarela et al.

2007). More work is needed to clarify higher-level phylogenetic relationships in Bromus. Nonetheless, the

traditionally recognized Bromus sections can generally be recognized morphologically and learning their

key characteristics can greatly aid in species identification in the field and herbarium.

There has been considerable progress in clarifying lower-level taxonomic problems in Bromus. Several

species that occur in North American have received recent taxonomic study, including: B. ciliatus L. and B.

richardsonii Link (Peterson et al. 2002); B. grandis (Shear) Hitchc, B. hallii (Hitchc.) Saarela & P.M. Peterson

and B. orcuttianus Vasey (Saarela et al. 2005); Bromus catharticus var. data (E. Desv.) Planchuelo (Planchuelo

2006); and B. carinatus Hook. & Arn. (Barkworth et al. 2006). Similar recent taxonomic work has been con-

ducted on taxa from South America (Massa et al. 2001, 2004; Saarela et al. 2006) and Eurasia (Sales 1993,

1994; Spalton 2002). Comprehensive taxonomic treatments of Bromus for North America north of Mexico
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. 1 . Map ofCanada, with the 1 provinces and three territories indicated. British Colui

have also recently been published (Pavlick 1995; Pavlick & Anderton 2007), but despite these resources,

identifying species of Bromus can be notoriously difficult for many workers. In such large and difficult groups,

geographically focused taxonomic treatments can greatly facilitate accurate identifications and provide more

detailed information than is normally found in standard floras, be they regional or continental in scope. The

most recent comprehensive treatment of Bromus for British Columbia, in Illustrated Flora of British Columbia

(Douglas et al. 2001), takes a taxonomically conservative approach and no longer reflects current understand-

ing of the genus. Another recent treatment (Stewart & Hebda 2000) is restricted geographically to only those

species that occur in the Columbia Basin region of British Columbia. The purpose of this work is to provide

a detailed and updated taxonomic treatment for Bromus in British Columbia, including a dichotomous key,

synonymies, species descriptions, distribution maps and citations of representative specimens.

Bromus in British Columbia

Bromus in British Columbia includes multiple native and introduced species that are currently classified in

four sections. Most of the introduced species are annuals classified in B. sects. Bromus (B. briziformis Fisch.

& C.A. Mey, B. commutatus L., B. hordeaceus L., B.japonicus Thunb., B. racemosus L., B. secalinus L. and B.

squarrosus L.) and Genea Dumort. (B. diandrus Roth, B. sterilis L. and B. tectorum L.). All of these (and other)

introduced species in B. sects. Bromus and Genea occur throughout western North America, mostly north

of Mexico (see Pavlick & Anderton 2007; Saarela & Peterson in press), and several have caused serious eco-

logical disruption. In general, annual species can be distinguished from perennial species based on basal

vegetative characteristics. In perennial Bromus species, the dried remains of the previous years' growth are

normally present, whereas there is no previous years' growth in the annual species. In most cases the annual

taxa are generally smaller in stature and have a more delicate appearance (with some exceptions, such as

some individuals of the large annual, B. diandrusl compared to the perennial taxa. Bromus sect. Bromus is

characterized by 3-5 -nerved first glumes, 5-7-nerved second glumes and lemmas rounded over the backs,
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whereas B. sect. Genea is characterized by l(-3)-nerved first glumes, 3(-5)~nerved second glumes and nar-

row, elongate lemmas. Species of B. sect. Bromopsis in British Columbia are perennials with l(-3)-nerved

first glumes, 3(-5)-nerved second glumes and lemmas rounded or slightly keeled over the backs (i.e., flat-

tened dorsiventrally). Two B. sect. Bromopsis species in British Columbia are introduced: the highly invasive

smooth brome (B. inermis Leyss.) and meadow brome (B. riparius Rehm.), which is reported here as part of

the British Columbia flora for the first time. The remaining five B. sect. Bromopsis species in the province

are native: B. ciliatus L., B. pacificus Shear, B. pumpellianus Scribn., B. richardsonii Link and B. vulgaris (Hook.)

Shear. The remainder of the Bromus taxa in British Columbia are classified in B. sect. Ceratochloa (P. Beauv.)

Griseb., a group that is widespread throughout the province and easily recognizable on the basis of its

strongly laterally flattened and keeled glumes and lemmas. Species limits within B. sect. Ceratochloa are

not clear, both in British Columbia and more broadly throughout western North America. Taxa in B. sect.

Ceratochloa have been variously recognized at different ranks; in British Columbia these include B. aleutensis

Trin. ex Griseb. [=B. sitchensis Bongard var. aleutensis (Trin. ex Griseb.) Hulten], B. carinatus Hook. & Arm,

B. marginatus Steud. [=B. carinatus var. marginatus (Nees.) Barkworth & Anderton] , B. polyanthus Scribn. ex

Shear and B. sitchensis Bongard (e.g., Calder & Taylor 1968; Hitchcock et al. 1969; Hubbard 1969; Pavlick

1995; Douglas et al. 2001; Clayton et al 2002 onwards; Barkworth et al. 2006; Pavlick & Anderton 2007).

Because taxon circumscriptions are not clear in B. section Ceratochloa, the section is not treated here (al-

though it is included in the key).

This study is based on study of over 1200 herbarium specimens from CAN, DAO, UBC, US and V, and ob-

servations made in the field from 2003-2007. The morphological descriptions are new and are based mostly

on study of herbarium specimens collected in British Columbia. For a subset ofintroduced species for which

there are not a lot of collections, Eurasian specimens at CAN were also used to generate the descriptions.

Nomenclatural information was compiled through study of the primary literature and numerous secondary

sources, including Pavlick (1995) and Pavlick et al. (2003). I have not attempted to account for all of the

names that have been applied to the introduced taxa in their native European ranges (i.e., species of B. sects.

Bromus and Genea); these names are rarely used in the North American literature. Information on common
names (in English and French) was obtained through internet searches and from information presented by

Darbyshire (2003). Data on geographical distribution, elevation and habitat are based on herbarium specimen

label data and personal field observations. Where not available on specimen labels, geographical information

was obtained from the Geographical Names of Canada website (http://geonames.nrcan.gc.ca/index_e.php,

accessed 2007). Maps were produced in ArcView (Environmental Systems Research). All illustrations were

prepared by Dr. Cynthia T. Roche, published originally in Flora of North America volume 24 (Barkworth et

al. 2007); they are used here with permission.

TAXONOMIC TREATMENT

Plants annual or perennial; usually caespitose, occasionally rhizomatous. Culms 7-172 cm tall, one to several

per plant. Leaf sheaths closed for most of their length, glabrous or variously pubescent; auricles present or

absent; ligules membranous, to 7 mm long; blades flat, abaxial and adaxial surfaces glabrous or variously

pubescent. Inflorescences panicles, sometimes racemose, occasionally reduced to a single spikelet, open to

dense, erect to nodding. Spikelets 1.3-8 cm long, terete or compressed dorsiventrally to laterally, disarticula-

tion above the glumes and below the lemmas. Glumes unequal, shorter than the adjacent lemma, glabrous or

variously pubescent, acute, sometimes mucronate; lower glumes 1-7(9) -veined; upper glumes 3-9(1 l)-veined.

Lemmas rounded to keeled, glabrous or variously pubescent, with a single ±terminal or subterminal awn,

occasionally unawned; paleas shorter than lemmas, usually variously ciliate on the keels. Styles 2, inserted

laterally on a bilabiate appendage of the ovary. Anthers 2-3. Base chromosome number, x = 7.
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1. Bromus briziformis Fisch. & C.A. Mey., Index Sem. (St. Petersburg) 3:30. 1837. (Figs. 2A-E, 3A). Type:

Annual; rhizomes absent; plants 17-70 cm tall. Culms 1-2 mm wide at base, smooth; nodes 2, brown-black,

pubescent, hairs to 0.2 mm long. Leaf sheaths closed for most of their length, densely pilose with soft hairs

to 0.6 mm; auricles absent; ligules 0.5-2 mm long, membranous, glabrous, erose; blades 5.5-10.2 cm long,

1.5-5 mm wide, abaxial surface densely pubescent with short, stiff hairs 0.1-0.3 mm long or densely pilose

with long, soft hairs to 1.2 mm long, adaxial surface densely pilose with long, soft hairs to 1.2 mm long,

margins smooth or serrulate. Panicles 5-11.5 cm long, 2-6 mm wide, open, lax and somewhat sparse, rac-

emose, often appearing one-sided (secund); branches usually longer than spikelets, scabrous, l(-2) spikelets

per branch, lowest inflorescence node with 1-3 branches. Spikelets 1.8-2.5 cm long, ovate, rachillas not

visible at maturity, florets 7-18. Glumes subequal, glabrous; lower glumes 4.6-6 mm long, 3-5-nerved;

upper glumes 5-8 mm long, 5-9-nerved. Lemmas 6-9 mm long, 3-4.5 mm wide, 7-9merved, nerves not

conspicuous, strongly angled near middle, glabrous or puberulent, hyaline margins 0.5-1.1 mm wide at

widest point, apex minutely bifid, the cleft 0.1-0.3 mm deep; awn absent or to 1 mm long. Paleas 6.1-6.6

mm long, glabrous. Stamens 3; anthers 0.7-1 mm long, dark brown. In = 14.

Distribution and Habitat.—Introduced. Bromus briziformis is native to Eurasia. In British Columbia it is

known only from a handful of populations near the Canada/ U.S.A. border (Fig. 3A). It has been collected

in the northwestern United States and in a few scattered locations in central and eastern North America

(Pavlick & Anderton 2007). Habitats include waste places, roadsides and other disturbed areas. Elevation:

600-914 m.

CommonNames.—rattlesnake brome, rattlesnake bromegrass, rattlesnake chess, rattlegrass.

Notes.—Bromus briziformis is an annual species that superficially resembles the quaking grasses (Briza

L.; the introduced B. major and B. minor are reported from British Columbia), but it is easily distinguished
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Fig. 2. Bromus briziformis. A. Habit. B. Spikelet. C. Lemma. D. Inflorescence. E. Ligule. Bromus ciliatus. F. Inflorescence. G. Spikelet. H. Lemma. I.
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Fig. 3. Geographic distribution in British Columbia.

L2 Jun 1991, Douglas 12535 (UBC, V

2. Bromus ciliatus L, Sp. PL 1:76-77. 1753. (Figs. 2F-I, 3B). B

Perennial; rhizomes absent; plants 55-149 cm tall. Culms 1.2-4 mm wide at base, smooth; nodes 4-6,

brown, pubescent, hairs 0.2-0.5 mm long. Leaf sheaths closed for most of their length, glabrous or

sparsely to densely pubescent with soft, wavy hairs to 1.6 mm long; auricles absent; ligules 0.5-1.6 mm
long, membranous, glabrous or minutely pubescent, erose; blades 10-27 cm long, 4-12 mm wide, adaxial

surfaces pubescent with soft, wavy hairs 0.3-1.3 mm long, abaxial surfaces glabrous, margins smooth or
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serrulate. Panicles 8-21 cm long, 3.5-10.5 cm wide, open; branches ascending to spreading or drooping,

shorter or longer than spikelet, glabrous or scabrous, 1-4 spikelets per branch, lowest inflorescence node

with 1-5 branches. Spikelets 2.2-3 cm long (including awns); florets 4-9. Glumes subequal, lanceolate,

glabrous, keels ± scabrous; lower glumes 5-7.5 mm long, l(-3)-nerved; upper glumes 6.5-9.5 mm long,

3(-5)-nerved, sometimes mucronate with mucros to 0.2 mm long. Lemmas 8-14mm long, 1-2.5 mm wide,

7-nerved, pubescent along margins with hairs 0.5-1.3 mm long, hairs sometimes restriced to lower 1/3,

backs glabrous or puberulent with hairs to 0.1 mm long, apex entire or minutely bifid, the cleft to 0.2 mm
deep; awns (l-)2-6.5 mm long, arising 0-0.2 mm below lemma apex, straight, antrorsely scabrous. Paleas

7.4-9.2 mm long, shorter than lemmas, keels ciliate, cilia to 0.5 mm long. Stamens 3; anthers 1-1.7 mm
long, dark brown. 2n= 14.

Distribution and Habitat—Native. Bromus ciliatus is the widest-ranging native B. sect Bromopsis species

in North America. It occurs across the continent, absent only in south-central and south-eastern U.S.A.

(Pavlick & Anderton 2007). Bromus ciliatus occurs throughout British Columbia, mostly east of the coastal

mountain ranges (Fig. 3B). Its distribution is sympatric with that of B. richardsonii, but B. ciliatus generally

occurs at lower elevations (Peterson et al. 2002). Bromus ciliatus occurs in a wide range of habitats, including

wet ditches, roadsides, boggy areas, dry terraces, moist woodlands, forest openings, stream banks, rocky

flats and grassy areas. Elevation: 396-1554 m.

Common Names.—English: fringed brome; French: brome cilie.

Notes.—Bromus ciliatus and B. richardsonii have been variously treated as the same or separate taxa (see

comments under B. richardsonii). Peterson et al. (2002) demonstrated that these taxa are morphologically and

genetically distinct and appropriately recognized at the species level. Because B. ciliatus occurs in a variety of

habitats, there is interest, particularly in western Canada, for developing ecological cultivars for re-seeding

disturbed areas and clearcuts (see May et al. 1998, 1999; Fu et al. 2005). Fu et al. (2005) used AFLP data

to examine molecular variation within and among B. ciliatus populations across Canada and found high

among-population variation and low within-population variation.

Representative Specimens Examined. CANADA. British Columbia: Yellowhead Pass, Rocky Mtns, 20 Jul 1848, W.S. Spreadborough

21012 (US); Sand Creek, Kootenay Valley, 23 Jul 1883, Dawson s.n. (CAN); Six-mile Creek, Selkirk Mtns, 8 Aug 1885, J. Macoun 72994

River headwaters of Columbia River, 27 Jul 1898, W.S. Spreadborough s.n. (CAN); Armstrong, 27 Aug 1904, E. Wilson 415 (UBC); Arm-
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i commutatus Schrad., Fl. Germ. 353. 1806. (Figs. 3C, 4A-D). BracHypodium commutatum (Schrad.) p.

var. gladewitzii Farw., Amer. Midi. Naturalist 10:24. 1926. Type: U.S.A. Michigan: Edgewater Park, Farwell & Gladewitz

Annual; rhizomes absent; plants 20-100 cm tall. Culms 1.5-3 mm wide at base, smooth; nodes 3-5, yellow-

brown, densely pubescent with stiffhairs 0.2-1 mm long. Leaf sheaths closed for most of their length, densely

pubescent, hairs soft and wavy to 1.2 mm long; auricles absent; ligules 1-3 mm long, membranous, glabrous

or pubescent, erose; blades 8-16 cm long, 2-4 mm wide, adaxial surface densely pubescent with long, stiff

hairs to 2.5 mm long, abaxial surface pubescent with dense hairs 0.1-0.5 mm long, margins smooth or ser-

rulate. Panicles 5.5-17 cm long, 2.5-8 cm wide, open, longest lower branch > 4 cm long (as measured from

node to apex of terminal floret including awn); branches erect to ascending, sometimes secund, scabrous to

pubescent, 1-3 spikelets per branch, lowest inflorescence node with 1-3 branches. Spikelets 2-3 cm long

(including awns), ovate-lanceolate, rachillas sometimes visible at maturity, florets 6-12. Glumes slightly

subequal, smooth or scabrous, keels occasionally serrulate distally; lower glumes 5.5-8.2mm long, 5-nerved;

upper glumes 6.9-8.5 mm long, 7(9)-nerved. Lemmas 7-11 mm long, 1.5-2 mm wide, 7-9-nerved, nerves

visible but not conspicuously raised, backs glabrous or scabrous to puberulent, margins often bluntly angled,

apex entire or minutely bifid, the cleft 0.1-0.2 mm deep; awns 5-8.5 mm long, arising < 1.5 mm below

Paleas 6-10 mm long, shorter than lemmas, backs glabrous, keels ciliate, cilia to 0.3 mm long. Stamens 2;

anthers 0.5-2.5 mm long, dark brown. In = 14, 28, 56.

Distribution and Habitat—Introduced. Bromus commutatus is native to Europe. It is common in eastern

and western North America and occurs in scattered locations across the United States Great Plains (Pavlick

& Anderton 2007). In British Columbia, B. commutatus occurs in the southern portion of the province (Fig.

3C). Habitats include waste places, fields and grasslands. Elevation: 0-967 m.

Common Names.—English: hairy brome, hairy chess, meadow brome, upright chess; French: brome

variable, brome confondu.

Notes.—Bromus commutatus and B. racemosus are morphologically similar species that are often notoriously

difficult to distinguish. They are both native to Europe, but now much more widely distributed. Hitchcock

& Chase (1951:49) noted that these taxa are "differentiated only by arbitrary characters." In his classifica-

tion of subgenus Bromus (=B. sect. Bromus), Scholz (1970) placed B. commutatus and B. racemosus in different

series, and many authors recognize them as separate species (e.g., Clapham et al. 1987; Conert 1997; Smith
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Fig. 4. Bromus commutatus. A. Inflorescence. B. Lemma. C. Spikelet. D. Ligule. Bromus diandrus. E. Inflorescence. F. Floret. G. Spikelet. H. Glumes. I.
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1980, 1985; Stace 1997; Douglas et al. 2001; Pavlick & Anderton 2007; Saarela & Peterson in press), but

others have treated B. commutatus as a subspecies of B. racemosus (e.g., Shear 1900; Acedo & Llamas 1999;

Lauber & Wagner 1996; Meijden 1996) or at least suggested that this treatment might be appropriate (e.g.,

Pavlick 1995; Planchuelo & Peterson 2000). Some workers lump these taxa and recognize only a single,

variable species (e.g., Liang et al. 2006). Acedo & Llamas (1999) noted substantial morphological variation

among these taxa in the Iberian Peninsula, and indicated that environmental conditions influence plant

and inflorescence size.

In most treatments, B. commutatus is circumscribed as having longer lemmas (8-11 mm vs. 6.5-8 mm
in B. racemosus), broadly angled lemma margins (vs. rounded) and shorter anthers (but measurements in

earlier keys vary substantially) [reviewed by Spalton 2002]. Additionally, B. commutatus is generally con-

sidered to have more open panicles with longer branches that sometimes have more than one spikelet (vs.

less open panicles with shorter branches usually with a single spikelet), but these characters have not often

been used in keys. Spalton (2002) conducted a morphological analysis of B. racemosus, B. commutatus and

the morphologically similar species B. secalinus, based on material from throughout their native ranges. He

demonstrated substantial overlap in characters traditionally used to distinguish B. racemosus and B. commutatus

(e.g., lemma length) and found that the single best diagnostic character to distinguish the taxa is the length

of the lowest panicle branches (including the terminal spikelet) (i.e., > 4 cm long in B. commutatus vs. < 4

cm long in B. racemosus). Consequently, Spalton's (2002) circumscriptions of B. commutatus and B. racemosus

are slightly different from those employed by earlier authors, but his work is also the most comprehensive

study ofvariation in the complex. Spalton (2002) concluded that B. commutatus is distinguished by its larger,

more open and often branched inflorescences and larger spikelets, and B. racemosus is distinguished by its

narrower, unbranched inflorescences and smaller spikelets. Using these characters, most British Columbia

individuals can be readily placed into one of these two taxa. My observations of material from British Co-

lumbia indicate that plants with longer inflorescence branches are generally more robust, usually with some

branches that have more than one spikelet and larger spikelets. I follow Spalton's circumscription here and

recognize B. commutatus and B. racemosus at the species level, as in most recent treatments of these taxa in

North America and Europe. I have observed mixed populations of B. commutatus and B. racemosus in British

Columbia near Princeton [Saarela, Sears & Maze 586A (CAN, UBC), 586B (CAN)] and Elko [Saarela 405A

(CAN, UBC), 405B (CAN)]. A comprehensive genetic study of this complex, ideally based on material from

throughout their native ranges, would contribute to clarifying the natural boundaries between these taxa.

Representative Specimens Examined. CANADA. British Columbia: Cedar Hill, Vancouver Island, 16Jun 1887, Macoun 29982 (CAN);

vicinity of Victoria, 6 Jun 1908, J. Macoun 77852 (CAN, US); Saltspring Island, 24 May 1914J.M. Macoun 90094 (CAN, US); Comox,

Vancouver Island, 19 Jun 1915, J.M. Macoun 93968 (CAN); Vernon, 27 jun 1917, E.M. Warren s.n. (UBC); Langley Prairie, 30 May 1931,

s.n. (UBC); Victoria, 2 Jun 1938, J.W. I ;.n. (UBC); The Gorge, Victoria, 11 Jun

1939J.W. Easthams.n. (DAO, UBC); Sproat River Falls, 1 Jul 1939, J.W. Easthams.n. (UBC); Arrowhead, 19 Jul 1939, H. Groh210 (DAO);

S of Kamloops, 24 Jul 1939, H. Groh 29.5 (DAO); Christine Lake, 16 Jun 1940, J.W. Eastham s.n. (UBC); Thetis Lake, 27 May 1941, J.W.

Eastham s.n. (UBC); Cariboo District, Alkali Lake, 640 m, 18 Jul 1982, S.G. Aiken, SJ. Darbyshire & A. Roberts 2396 (DAO); Abbotsford,

Roe 254 (CAN, UBC); Rocky Mountain Forest District, along Hwy 3, 1.5 km E of Elko, 23 May 2006, J.M. Saarela 405B (CAN); 10 kmW

UBC); Spotted Lake, ca. 5kmW of Osoyoos, S of Hwy 3, 20 Jun 2006, J.M. Saarela, C. Sears &J. Maze 679 (CAN).

4. Bromus diandrus Roth, Bot. Abh. Beobacht. 44. 1787. (Figs. 4E-I, 5A). Anisanthadiandra (Re
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Fig. 5. Geographic distribution in British Columbia. A. Bromus diandrus. B. Bromus hordeaceus. C. Bromusinermis. Scale bars =

tall. Culms 0.8-3 mm wide at base, smooth, sometimes pubescent

)wn, glabrous. Leaf sheaths closed for most of their length, pubescent,

with short stiff hairs to 0.6 mm long or soft hairs to 2.5 mm long; auricles absent; ligules 2.2-5 mm long,

membranous, glabrous, erose-lacerate; blades 3-18 cm long, 2-7 mm wide; adaxial and abaxial surfaces

pubescent with long, soft hairs to 1.5 mm long, margins smooth or hairy. Panicles 6-30 cm long, 2-25 cm

wide, erect when young, sometimes becoming spreading or nodding at maturity; branches usually shorter

than spikelets, scabrous to densely pubescent, usually with one spikelet per branch; lowest inflorescence

node with 1-3 branches. Spikelets 6.5-8 cm long (including awns), cuneate, ±compressed dorsiventrally,

sometimes spreading at maturity with visible rachillas; florets 5-8. Glumes subequal, linear-lanceolate,

glabrous, keels glabrous or serrulate, particularly distally, margins hyaline; lower glumes 12-26 mm long,

l(-3)-nerved; upper glumes 18-35mm long, 3(-5)-nerved. Lemmas 18-35 mm long, 1-2mm wide, 7-nerved,

lanceolate, backs sparsely to densely scabrous, sometimes with hairs to 1 mm long at apex or along margins,

occasionally with a dense tuft of hairs 0.1-0.2 mm long at base, margins hyaline (except at base), smooth

or minutely serrulate, keels serrulate, apex bifid, the cleft 2.2-5.2 mm deep; awns 30-50 mm long, arising

3.5-6 mm below lemma apex, straight, antrorsely scabrous. Paleas 13-16 mm long, shorter than lemmas,

backs glabrous, keels ciliate, cilia to 0.5 mm long. Stamens 3; anthers 0.5-1.2 mm long, dark brown. 2n =

42, 56.

Distribution and Habitat—Introduced. Bromus dian

mon in the west from Washington to California and Tex;

United States (Pavlick & Anderton 2007). In British C

Island and in the Vancouver area (Fig. 5A), where it is d

banks, sand bars, rocky outcrops, grassy banks and di<

^us is native to Europe. In North America it is com-

i, with some scattered localities in the southeastern

umbia the species occurs on southern Vancouver

itributed in waste places, roadsides, thickets, river

arbed ground. Elevation: 0-290 m.
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Common Names.—ripgut brome, ripgut grass.

Notes.—In British Columbia (Douglas et al. 2001) and elsewhere in western North America, this intro-

duced taxon has previously been treated as B. rigidus Roth. Sales (1993) conducted a comprehensive survey

of morphological, geographical and ecological variation in the Bromus diandrus/ rigidus complex based on

material collected throughout its native European range, and recognized these taxa as varieties: B. diandrus

var. diandrus and B. diandrus var. rigidus (Roth) Sales. However, Sales (1993) noted that the differences between

her varieties are very subtle and that it is often very difficult to place specimens into one variety or the other.

I therefore treat all British Columbia material as B. diandrus si, with no recognition of intraspecific taxa, as

in the recent Bromus treatment for North America by Pavlick and Anderton (2007) and that forthcoming for

California (Saarela & Peterson in press). Bromus diandrus has the largest spikelet characters (glumes, lem-

mas, awns) among the three B. sect. Genea species in British Columbia; consequently, it is straightforward

to identify.

5. Bromus hordeaceus L., Sp. PL 1:77. 1753. (Figs. 5B, 6). Bromus secalinus var. hordeacci

176, Dawson 3001W (CAN); Nanai]

2 (CAN, US); Vic

i.H.Spilsbury&/

Annual; rhizomes absent; plants 7-110 cm tall. Culms 0.8-5 mm wide at base, smooth; nodes 2-4, yellow-

brown, minutely to densely pubescent, hairs soft or stiff, to 0.6 mm long. Leaf sheaths closed for most of their

length, moderately to densely pilose, hairs soft and wavy to 1.2 mm long; auricles absent; ligules 1-2.6 mm
long, membranous, glabrous or pubescent, erose; blades 2.2-18 cm long, 1-5.3 mm wide, adaxial surface

densely pubescent with long, stiff hairs to 1.2 mm long, abaxial surface pubescent with dense hairs to 0.3

mm long or like adaxial surface, margins smooth or serrulate. Panicles 2.5-14 cm long, 1-4 cm wide, dense,

sometimes reduced to a single spikelet; branches erect to ascending or somewhat lax, scabrous to pubescent,

most shorter than spikelets, 1 spikelet per branch; lowest inflorescence node with 1-3 branches. Spikelets

1.7-3 cm long (including awns), ovate-lanceolate, rachillas sometimes visible at maturity, florets 6-11.

Glumes subequal, minutely to densely pubescent, keels serrulate; lower glumes 5.2-7mm long, 3-5-nerved;

upper glumes 6-8.5 mm long, 7-9-nerved. Lemmas 7.5-9 mm long, 1.9-2.5 mm wide, 7-9-nerved, nerves

visible and conspicuously raised, particularly apically, backs densely pubescent with hairs to 0.3 mm long,
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hyaline margins 0.3-0.6 mm wide, often bluntly angled; apex bifid, the cleft 0.3-0.7 mm deep; awns 4-7.6

mm long, arising 0.4-1.2 mm below lemma apex, straight or slightly divaricate, antrorsely scabrous. Paleas

shorter than lemmas, backs glabrous, keels ciliate, cilia to 0.3 mm long. Stamens 2; anthers 0.3-1.3 mm
long, dark brown. 2n = 28.

Distribution and Habitat—Introduced. Bromus hordeaceus is thought to be native to the Meditteranean

basin (Smith 1986). It is now distributed widely in North America (Pavlick& Anderton 2007), Europe, Africa

and Australia. In British Columbia B. hordeaceus occurs throughout the southern portion of the province

and on the Queen Charlotte Islands (Fig. 5B). It is distributed in waste places, roadsides, fields, grassy areas

and sandy beaches. Elevation: 0-1110 m.

CommonNames.—English: soft chess, softbrome-grass, soft cheat, tender brome-grass, soft-brome, soft

brome; French: brome mou, brome doux, brome mollet.

Notes.—Bromus hordeaceus can be very difficult to distinguish from B. racemosus, even with considerable

experience. These taxa have been lumped by some workers, reflecting this difficulty (e.g., Wilken & Painter

1993), but most workers recognize both taxa. Their major distinguishing characteristic is the degree oflemma

nerve protrusion. In B. hordeaceus, the lemma nerves are raised and conspicuous (Fig. 7B), whereas in B.

racemosus the lemmas are smooth, with nerves raised barely or not at all (Fig. 7A). This character is usually

most easily observed near the apex of the lemma. Bromus hordeaceus tends to have more dense inflorescences

compared with B. racemosus, but there is variation in this character and it is not always reliable.

Bromus hordeaceus is a morphologically variable species (Fig. 6). In Europe, most workers recognize

several intraspecific taxa (as subspecies) in the complex, differentiated by lemma length, awn width at its

base, awn curvature, culm height and spikelet pubescence (e.g., Smith 1968, 1980, 1985; Zajac 1996).

These subspecies are generally difficult to tell apart, but they have been recognized in recent treatments

for North America (e.g., Pavlick 1995; Pavlick & Anderton 2007). Two subspecies [subsp. hordeaceus and

subsp. thominei (Hardham ex Nyman) Braun-Blanquet] were recognized in British Columbia by Douglas

et al. (2001). Douglas et al. (2001) also indicated that the putative hybrid B. x pseudothominei P.M. Sm. (B.

hordeaceus subsp. hordeaceus x B. lepidus Holmberg) is infrequent on southern Vancouver Island.

In material of the B. hordeaceus complex from British Columbia, I have observed that many individuals

have a combination of the morphological characters typically used in keys to distinguish the subspecies,

and they cannot be reliably differentiated. Specimens of the putative hybrid are also indistinguishable from

other B. hordeaceus individuals. Ainouche et al. (1996, 1999) found no evidence of DNA sequence or al-

Dzyme differentiation among individuals of the putative B. hordeaceus subspecies collected from throughout

leir native eastern Meditteranean ranges, and also noted substantial overlap in morphological characters

raditionally used to segregate intraspecific taxa among populations they examined. Intraspecific taxa in

lis group in North America are not recognized here.

13 Jim 1908, J. Macoun 76853 (US); Vancouver Island, Robertson River, 5 Jul 1911, W. Spreadborough

.(DAO);Agassiz,2Junlc
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Fig. 7. Lemma morphology. A. Bromusracemosus [Saarela, Sears&Maze586A (CAN)]. Lemma surface is smooth; nerves ai

B. Bromushordeaceus [McCalia8256 (UBC-61258)]. Lemma surface is rough; nerves are conspicuously protruding. Sc

presence or absence of lemma pubescence is not useful in distinguishing these taxa.
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DarbysHrc &JA. Darybshire

ill along ramp>,29Junl988,SJ. Darbyshii

i5(UBC);AbbotsfordDist.*

rhill, 25 Jun 2003J.M.Saar,

ie Bay, Whytecliff Park, 27 May 2006J.M.

[ighway), 27 May 2006, JM. Saarela 513 (V

e
f 22Juii2006

s Leyss., Fl. Halens. 16. 1761. (Figs. 5C, 8A-E). i

' bifequens, Ley*

synonym of II pumpellianus, b

ichigan, 21 [i10 month] 1904,

Perennial; strongly rhizomatous; basal leaves decaying into straight fibres, though not readily, plants 21-150

cm tall Culms 2.9-6mm wide at base, smooth; nodes 3-4, brown, glabrous or minutely pubescent, hairs to

0.2 mm long. Leaf sheaths closed for most of their length, glabrous or pubescent with soft hairs to 1.2 mm
long or stiff hairs to 0.6 mm long; auricles absent or rudimentary; ligules 1.5-3.5 mm long, membranous,

glabrous, erose; blades 10-21.5 cm long, 3.8-11.5 mm wide, adaxial surfaces glabrous with occasional long,

soft hairs to 1.2mm long or with dense soft hairs to 0.8mm long, abaxial surfaces glabrous or pubescent with

short hairs to 0.3 mm distributed along blade center, margins serrulate. Panicles 6.5-22 cm long, 3.5-14 cm
wide, open; branches erect to ascending, often nodding at maturity, scabrous, usually longer than spikelet,

1-5 spikelets; lowest inflorescence node with 3-7 branches. Spikelets 1.7-3.2 cm long (including awns);

florets 7-10. Glumes subequal, lanceolate, glabrous, midnerves scabrous or with hairs to 0.2 mm long; lower

glumes 4.1-7 mm long, l(-3)-nerved; upper glumes 6-9.5 mm long, 3-nerved. Lemmas 10-13.5 mm long,

1.5-2.5 mm wide, glabrous or variously scabrous or puberulent on lower 1/6 to V4, nerves scabrous; awns

absent or to 3 mm long, arising 0-0.5 mm below lemma apex, straight, antrorsely scabrous. Paleas 8-10.5

mm long, shorter lemmas, keels ciliate throughout, the cilia ca. 0.2 mm long. Stamens 3; anthers 4-5.5

mm long, yellow. In = 28, 56.
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Distribution and Habitat—Introduced. Bromus inermis is native across central Eurasia, and introduced

in Africa, Australia, North America and South America. It is distributed widely across North America and

it is extremely common (Pavlick & Anderton 2007). Bromus inermis has been collected throughout British

Columbia, mostly on southern Vancouver Island, in the Vancouver area and east of the coastal ranges (Fig.

5C; also see Otfinowski et al. 2007:188). Habitats include roadsides, fields and pastures, wet meadows and

open woods. Elevation: 0-1256 m.

Common Names.—English: Austrian brome, Austrian brome grass, awnless brome, awnless brome

grass, Hungarian brome, Hungarian brome grass, Hungarian fodder grass, Russian brome, smooth brome,

smooth brome grass; French: brome inerme, brome de Hongrie, brome sans aretes.

Notes.—The introduced B. inermis and the native B. pumpellianus have been variously treated as the same

(e.g., Elliott 1949; Wagnon 1952; Scoggan 1978) or separate species (e.g., Pavlick 1995; Pavlick & Ander-

ton 2007). Elliott (1949) demonstrated that the taxa are partially interfertile and presented morphological

evidence (i.e., intermediate specimens) indicating that hybridization has likely occurred between the taxa.

Nevertheless, the taxa have different morphological characteristics and native distributions and they occur

in different habitats, suggesting that they have independent evolutionary histories. Bromus inermis is also

morphologically similar to the relatively recently introduced B. riparius (see discussion under that taxon).

Bromus inermis was introduced into North America in 1884 by the California Agricultural Experi-

mental Station. In Canada it is widely cultivated for hay and pasture and used in revegetation projects, but

although economically beneficial as forage, B. inermis is extremely invasive and poses serious threats to

Canadian ecosystems (Otfinowski et al. 2007). It was recently ranked as the 8th most serious invasive alien

plant threatening natural habitats in Canada (Catling & Mitrow 2005). Otfinowski et al. (2007) provide a

detailed review of the biology of Bromus inermis.
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7. Bromus japonicus Thunb. in Murray, Syst. Veg., ed.

(FigS. 8F-K, 9A). Bromus arvensis var. japonicus, Nuov. Fl. Its

Brit. Bot. (Babington), ed. 10. 510. 1922. Type: JAPAN: Thunberg s.n. (holotype: UPS).

Annual; rhizomes absent; plants 17-85 cm tall. Culms 1-2.2 mm wide at base, smooth; nodes 3-4, black-

brown. Leaf sheaths closed for most of their length, densely pilose with soft, wavy hairs to 1.2 mm long;

auricles absent; ligules 1-2.2 mm long, membranous, glabrous, apex erose; blades 3.5-13 cm long, 1-6

mm wide, adaxial and abaxial surfaces densely pubescent with short, stiff hairs to 0.6 mm long, margins

smooth or serrulate. Panicles 3-26 cm long, 6-16 cm wide, open; branches spreading to ascending (lower

branches sometimes nodding), flexuous, smooth to scabrous, usually longer than spikelets, 1-6 spikelets per

branch, lowest inflorescence node with 1-6 branches. Spikelets 1.8-4.2 cm long, broadly oblong to ovate-

lanceolate, terete to moderately compressed, rachillas sometimes visible at maturity, florets 7-15. Glumes

subequal, smooth, margins sometimes hyaline; lower glumes 4-7 mm long, 3-5 (-7)-nerved; upper glumes

5-8 mm long, 7-9-nerved. Lemmas 7-9.2 mm long, 1.2-2.2 mm wide, 7-9-nerved, nerves not conspicu-

ous, backs glabrous or scabridulous, scabrules ca. 0.1 mm long, hyaline margins 0-0.5 mm wide at widest

point, apex minutely bifid, the cleft to 1 mm deep; awns 4.2-13 mm long (awn on lowest lemma usually

shorter), arising 1.5-2.6 mm below lemma apex, straight to strongly divergent, widest at base, antrorsely

scabrous. Paleas 6-7 mm long, backs glabrous, keels ciliate, cilia 0.3-0.5 mm long. Anthers 2; stamens

0.6-1.1 mm long, brown. In = 14.

Distribution and Habitat.—Introduced. Bromus japonicus is native to Europe. In North America, B.

japonicus is distributed widely throughout the U.S.A. and in southern Canada (Pavlick & Anderton 2007).

Bromus japonicus has been collected in various places throughout British Columbia; it is most common in

the interior of the province (Fig. 9A). Habitats include roadsides, grassy areas, hillsides and meadows. El-

evation: 152-1050 m. Whisenant (1990) suggested that B. japonicus has become problematic in areas that

have reduced occurrence of fire and grazing by large animals.

Common Names.—English: Japanese chess, Japanese bromegrass, Japanese brome, spreading brome;

French: brome du Japon, brome japonais.

Notes.—The authority for this name has been variously attributed to Thunberg', 'Thunberg ex Mur-

ray
5

, Thunberg in Murray', and 'Murray, because it was published in both Flora Japonica (Thunberg, 1784,

August) and Systema Vegetabilum, ed. 14 (Murray 1784, May-June), being attributed to Thunberg in the latter.

Because of this confusion, Bartholomew et al. (Taxon 46:311-314. 1997) considered the author citations of

the many new names published in these works and concluded that their authorship should be attributed

to Thunberg in Murray' when a complete bibliographic citation is given (as above), or as Thunberg' when

only the authority is provided.

Bromusjaponicus and B. squarrosus are morphologically similar species, distinguished on the basis of their

hyaline lemma margin widths and their degree of panicle branching (see Taxonomic Key). Some individuals

with seemingly intermediate morphologies can be difficult to determine, but the taxa have consistently been

recognized as distinct species in their native and introduced ranges. Molecular (Ainouche & Bayer 1997;

Ainouche et al. 1999) and serological data (Smith 1972) indicate that they are closely related. Based on al-

lozyme and morphometric data, Oja et al. (2003) suggested that the two taxa might be more appropriately

recognized as intraspecific taxa of a single polymorphic species. Oja et al. (2003) did not, however, propose

a formal taxonomic revision of the group. I recognize these taxa here at the species level.

Representative Specimens Examined. CANADA. British Columbia: Armstrong, 31 May 1928 J.B. Munro s.n. (V); near Kamloops, 2000 ft,

27 May 1934, G.V. Copley 7 (US); Kamloops, Mission Flats, 1200 ft, 22 Jim 1937, E.W. Tisdale 40-10 (US); Tranquille Ranges, Tranquille, 21
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Fig. 9. Geographic distribution in British Columbia. A. Bromusjaponkus. B. Bromus pacificus. C. Bromusporteri. Scale bars = 200 km.

8. Bromus pacificus Shear, Bull. Div.

pacifica (Shear) Holub, Folia Geobot. Phytc

Area, 20 Jim 2006JM. Saarela, C.J. Sears &]. Maze 673 (CAN, UBC).

., U.S.D.A. 23:38, f. 21. 1900. (Figs. 9B, 10A-E). Bromopsis

Perennial; rhizomes absent; plants 45-172 cm tall. Culms 4-5 mm wide at base, smooth; nodes 5-9, brown,

finely to densely retrorsely pubescent, hairs to 0.7(-l) mm long, occasionally glabrous with hairs above and

below nodes. Leaf sheaths closed for most of their length, open for 14-35 mm in length, glabrous or sparsely

to densely pilose with hairs to 2.1 mm long; auricles absent; ligules 2-4 mm long, membranous, glabrous,

erose; blades to 32(-37) cm long, 7-16 mm wide, adaxial surface pilose, hairs to 1.5 mm long, soft and wavy,

abaxial surface glabrous, margins smooth or serrulate. Panicles 17-28 cm long, 12.5-19 cm wide, open;

branches mostly spreading and/or nodding, scabrous to pubescent, longer than spikelets, 1-6 spikelets per

branch; lowest inflorescence node with 1-4 branches. Spikelets 2.1-3.8 cm long, ovate-lanceolate, terete to

slightly compressed, rachillas sometimes visible at maturity, particularly distally; florets (4)6-8(10). Glumes

slightly subequal, pubescent, hairs to 0.6 mm long, longer hairs sometimes restricted to keel; lower glumes

8.2-10.5 mm long, 1-nerved, lanceolate; upper glumes 9.7-12 mm long, 3-nerved, lanceolate to strongly

acuminate with mucros 0-1.3 mm long. Lemmas 10-13.5 mm long, 1.8-2.3 mm wide, 7-nerved, sparsely

to densely pubescent with appressed hairs to 1.5 mm long, longest hairs sometimes along margins, hairs

sometimes denser on lower %, apex entire or minutely bifid, the cleft 0-0.3 mm deep; awns 3-6.5(-7) mm
long, arising 0-0.1 mm below lemma apex, straight, antrorsely scabrous. Paleas 9-10.5 mm long, usually

shorter than lemmas, keels densely ciliate, cilia to 0.5 mm long. Stamens 3; anthers 2-3 mm long, dark

Distribution and Habitc -Nati j the Pacific coast from south-
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eastern Alaska to central Oregon (Pavlick & Anderton 2007). Pavlick & Anderton (2007) indicated that B.

pacificus also occurs in northern California, based on two specimens from HSC identified as B. pacificus (M.

Barkworth, pers. comm.). Examination of these specimens indicates that they were incorrectly determined

[Barker 1035 (HSC-44691!) from Del Norte Co. is B. vulgaris; and Anderson 5120 (HSC-22840!) from Hum-

boldt Co. is B. carinatus Hook. & Arn. var. marginatus (Nees) Barkworth & Anderton]. Bromus pacificus is

not known from California (Saarela & Peterson, in press). In British Columbia, B. pacificus occurs in coastal

regions of the province (Fig. 9B); absence of collections along much of the coastline likely reflects a paucity

of collecting activities in difficult-to-access areas, rather than the absence of the species. Habitats include

moist ravines, shaded woods, grassy swards, saline beaches, ditches and along roadsides. Elevation: 0-50

Common Names.—Pacific brome, Shear Pacific brome.

Notes.—Many B. pacificus specimens from British Columbia have previously been determined incor-

rectly as species of B. sect. Ceratochloa (i.e., B. carinatus or B. sitchensis). With large, open panicles, B. pacificus

is superficially similar to these taxa, but it can be easily distinguished from them by its lemmas that are

rounded or slightly keeled over the back (vs. lemmas that are strongly laterally flattened and keeled in spe-

cies of B. sect. Ceratochloa), and 1- and 3-nerved lower and upper glumes (vs. 3-5- and 5-9-nerved lower

and upper glumes, respectively). Additionally, B. pacificus occurs only on or near the coast, whereas plants

in B. sect. Ceratochloa are distributed much more widely.

Representative Specimens Examined. CANADA. British Columbia: Qualicum, Vancouver Island, 29 Jul 1887, Macoun 30008 (CAN,

US); Renfrew, 18 Jul 1902, CO. Rosendahl 776 (CAN, US); Sidney, Vancouver Island, 30 May 1914, M.O. Malte s.n.(DAO); Courtenay

River, Comox, 10 Jul 1915J. Macoun s.n. (V); Courtenay, 23 Jul 1915, M.O. Malte 108338 (CAN, DAO); Alberni, Jul 1916, W. R. Carter s.n.

(V); Prince Rupert, 1 Aug 1916, M.O. Malte 106910 (CAN, DAO); Vancouver Island, Port Alberni, head of Alberni Canal, 18 Aug 1922,

]. Cayouette C7592 (DAO); Port Moody, Rocky Point Park at head of Burrard Inlet, about 14 km E of Vancouver, 5 Augut 19

96-128 (UBC); Queen Charlotte Islands, Moresby Island, 11 km SE of Sandspit, Sheldens Lagoon, m, 18 Jul 1997, F Lome

Sound Forest Service Road at Rennell Sound, ca. 36 kmNW of Queen Charlotte City, 23 Jul 2007J.M. Saarela& DM. Percy

9. Bromus porteri (J.M. Coult.) Nash, Bull. Torrey Bot. Club 22:512. 1895. (Figs. 9C, 10F-K). E

Lakes, 25 Jul 1872, T.C. Porter s.n (lectotype: NY, designated by Wagnon, Brittonia 7:471. 1952).



Journal of the Botanical Research Institute of Texas 2(1)

hand "Probably Vasey's type of Bromus kalmii occidentalis Vasey; Beal's type probably in

Perennial; rhizomes absent; plants 32-100 cm tall. Culms 0.7-1.8 mm wide at base, smooth, sometimes

pubescent below inflorescence; nodes 3-8, brown, glabrous, sometimes with minute hairs below nodes; lower

nodes covered by sheaths . Leaf sheaths closed for most of their length, glabrous; auricles absent; ligules 0.5-1 .9

mm long, membranous, glabrous, erose; blades 7-28 cm long, 1.9-5 mm wide, adaxial surface glabrous,

abaxial surface glabrous or with sparse, soft hairs to 1.5 mm, margins smooth or serrulate. Panicles 5-12

cm long, 1.5-7 cm wide, open; branches ascending to drooping, shorter or longer than spikelet, pubescent,

1-2 spikelets per branch, lowest inflorescence node with 1-2 branches. Spikelets 1.7-3.1 cm long, ovate-

lanceolate, terete to slightly compressed, rachillas sometimes visible at maturity, particularly distally; florets

4-9. Glumes lanceolate, pubescent, hairs 0.2-0.3 mm long; lower glumes 5.2-7.5 mm long, (l-)3-nerved;

upper glumes 6.2-9.5 mm long, 3-nerved. Lemmas 8-10 mm long, 1.5-2.5 mm wide, 7-nerved, densely

pubescent with hairs 0.2-1.5 mm long, hairs sometimes denser on lower V2 ,
apex entire or minutely bifid,

the cleft 0-0.2 mm deep; awns 0.8-3.1 mm long, arising 0-0.3 mm below lemma apex, straight, antrorsely

scabrous. Paleas 7-8.2 mm long, shorter than lemmas, keels ciliate, cilia to 0.3 mm long. Stamens 3; anthers

1.9-2.5 mm long, dark brown. 2n = 14.

Distribution and Habitat—Native. Bromus porteri occurs in southern Alberta, Saskatchewan and Manitoba

and south to western Texas and California (Pavlick & Anderton 2007). In British Columbia B. porteri occurs

mostly in the interior of the province. Habitat includes dry talus slopes, meadows, open ground, woodland

flats and grasslands. Elevation: 152-1310 m.

Common Name. — nodding brome.

N0tes .

—

Bromus porteri has been variously treated as a distinct species (e.g., Gould & Moran 1981;

Pavlick 1995; Pavlick & Anderton 2007; Scoggan 1978; Soderstrom & Beaman 1968) or as a synonym of

Bromus anomalus Rupr. ex E. Fourn. (e.g., Douglas et al. 2001; Wilken & Painter 1993). Bromus anomalus and

B. porteri are morphologically and geographically distinct taxa. Bromus anomalus is easily separated from

B. porteri by its 1-nerved lower glumes [vs. (l)3-nerved in B. porteri] and conspicuously narrowed midvein

of the leaf below the collar (Wagnon 1952; Pavlick 1995; Pavlick & Anderton 2007; J. M. Saarela, personal

observation). The two species are largely allopatric. Bromus porteri has a wide distribution in western North

America where it is distributed from Manitoba to British Columbia and south to California, New Mexico

and northeastern Mexico (Wagnon 1952; Pavlick 1995; Herrera Arrieta 2001; Pavlick & Anderton 2007;

Saarela & Peterson in press), whereas B. anomalus is distributed in Texas and throughout northern and cen-

tral Mexico (Soderstrom & Beaman 1968; Pavlick et al. 2003; Herrera Arrieta 2001; J. M. Saarela, personal

observation). Plants in British Columbia are clearly referable to Bromus porteri.

Representative Specimens Examined. CANADA. British Columbia: Klinaklini Valley, 3000 ft, 17 Sep 1920, T. MacKenzie 3-1 (UBC);

junction of Banbricker and Big Creeks, Chilcotin, 16 Jul 1929J. Davidson 63 (UBC); Chilcotin (E), Riske Creek, 13 Aug 1938, E.W. Tis-

dale 40-1 (US); Hanceville, Chilcotin, 24 Jul 1944, J.W. Eastham 12236 (CAN, UBC); Francois Lake, 6 Jul 1944J.W. Eastham s.n. (UBC);
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10. Bromus pumpellianus Scribn., Bull. Torrey Bot. Club 15:9. 1888. (Figs. 11A-E, 12A). Fomsaccuspumpel-

nial; rhizomes present; basal leaves readily decaying into straight fibres. Culms 3.2-4.5 mm wide at

± densely pubescent below nodes; nodes 2-3, light brown-yellow, moderately to densely pubescent,

to 1 mm long. Leaf sheaths closed for most of their length, glabrous or pilose with long, soft hairs to

ong; auricles present or absent; ligules 1-4 mm long, membranous, glabrous, erose; blades 9-17

cm long, 2.1-10 mm wide, adaxial surfaces glabrous or pubescent with dense, short hairs to 0.5 mm long,

abaxial surfaces glabrous or variously pubescent with hairs 0.5-1.2 mm long, hairs sometimes present

only marginally, margins serrulate. Panicles 10-29.5 cm long, 1.5-14.5 cm wide, open, branches erect to

ascending, shorter or longer than spikelet, scabrous, l(-2) spikelets per branch, lowest inflorescence node

with 4 branches. Spikelets 2.3-3.3 cm long (including awns); florets 7-14. Glumes subequal, lanceolate,

glabrous, midnerves scabrous; lower glumes 6.5-10 mm long, 1-nerved; upper glumes 9-12.8 mm long,

3-nerved. Lemmas 10-13 mm long, 1.5-2.6 mm wide, variously pubescent with hairs 0.5-0.8 mm long

along margins and midvein or moderately to densely villous throughout; awns 1-4.5 (-5) mm long, arising

0-0.5 mm below lemma apex, straight, antrorsely scabrous. Paleas 9.2-11 mm long, shorter than lemmas,

cilia present on keels along lower 3A to entire length, cilia ca. 0.2 mm long. Stamens 3; anthers 4.1-6.5 mm
long, yellow to dark brown. In = 56.

Distribution and Habitat—Native. Bromus pumpellianus occurs in western North America from Alaska

to New Mexico and west through south-central Alberta, Sasakatchewan and Manitoba to northern Ontario

(Pavlick & Anderton 2007). In British Columbia B. pumpellianus occurs in the Rocky Mountains (Fig. 12A).

Habitat includes grassy banks, grassy meadows, wet banks, sand and gravel bars along rivers and roadsides.

Elevation: 597-2000 m.

Common Name.—pumpelly brome.

Notes.—Bromus pumpellianus is a morphologically variable taxon. In North America, some authors have

treated it as a subspecies or variety of the morphologically similar and putatively closely-related taxon Bromus

inermis (e.g., Elliott 1949; Wagnon 1952; Scoggan 1978). Several intraspecific taxa have been recognized
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ig. 1 2. Geographic distr i. A. Bromuspumpellianus. B. Bromus rat

within B. pumpellianus based on degree of spikelet pubescence [e.g., var. arcticus (Shear) Porsild, var. purpura-

scens (Hook.) Wagnon] but there is substantial intergradation among these types and recent authors do not

recognize them (e.g., Mitchell 1967; Pavlick 1995; Douglas et al. 2001; Pavlick & Anderton 2007). Bromus

pumpellianus is also morphologically similar to the introduced B. riparius (see discussion under that taxon).

Representative Specimens Examined. CANADA. British Columbia: Moberly, 14 Jul 1930, R. Graham s.n. (UBC); vicinity of Sikanni

. 1949, V.C Brink s.n. (UBC)^

i s.n. (UBC); U.S. Border, Hath

8 Aug 1943, J.W.

;t.john,23junl

n. (UBC); Mt Turnbull, plot

rison s.n. (UBC); Emkay, B

L., Sp. PL, ed. 2. 1:114. 1762. (Fig. 11F-I, 12B). Seuafakusm

Annual; rhizomes absent; plants 17-60 tall. Culn

ninutely to densely pubescent, hairs to 0.6 mm lo:

)rous, erose; blades 2.7-12 cm long, 1-3 mm wide, adaxial surface densely pubescent with stiff hairs to 0.

J mm long, abaxial surface densely pubescent with shorter, stiff hairs to 0.6 mm long or like adaxial sur-

ace, margins smooth or serrulate. Panicles 3-8.5 cm long (or less when reduced to a single spikelet), 1-2.5

:m wide, longest lower branch < 4 cm long (as measured from node to apex of terminal floret, including
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inflorescence node with 1-4 branches. Spikelets 1.5-2.2(-2.6) cm long (including awns), ovate-lanceolate,

rachilla sometimes visible at maturity, florets 6-9. Glumes slightly subequal, smooth or scabrous, keels oc-

casionally serrulate distally; lower glumes 5.2-67 mm long, 3-5-nerved; upper glumes 6.2-8.5 mm long,

7-9-nerved. Lemmas 6.5-9.5 mm long, 1.5-2 mm wide, 7-9-nerved, nerves visible but not conspicuously

entire or minutely bifid, the cleft 0.1-0.2 mm deep; awns 3.4-8.5 mm long, arising < 1.5 mm below lemma

apex, straight or minutely divaricate, antrorsely scabrous, awns of lowest florets shorter than others. Paleas

5.5-8.5 mm long, shorter than lemmas, backs glabrous, keels ciliate, cilia to 0.3 mm long. Stamens 2; anthers

(0.5)1-1.6 mm long, dark brown. 2n = 28.

Distribution and Habitat—Introduced. In North America, B. racemosus occurs in scattered locations

across the U.S.A. and southern Canada (Pavlick & Anderton 2007). In British Columbia B. racemosus occurs

mostly in the southwestern and southcentral parts of the province (Fig. 12B). Habitats include waste places,

field, roadsides and gravelly hillsides. Elevation: 0-967 m.

Common Names.—bald brome, meadow brome, smooth brome, smooth chess.

Notes.—Bromus racemosus is often confused with Bromus hordeaceus because both taxa have relatively

narrow inflorescences, and the two have sometimes been treated as synonyms (e.g., Wilken and Painter

1993). Bromus hordeaceus is distinguished by its lemmas with conspicuously raised nerves and generally

denser inflorescences. See additional comments under B. commutatus and B. hordeaceus.

1 (CAN, US); Robertson River, Vancouver Is]land, 5 Jul IS

ig Island, 24 May 1914 ,]..

da, Jun 1920, G.V. Copley

(DAO); Saanichton,27Mayl931,H.Grohs .n. (DAO); G

;.n. (DAO); Henderson Point W coast of Saa nich Peninsula, 14 May 1962, J. Hetts.n. (DAO); Uplands Park, Victoria, 15

>2 (DAO); Gordon Head, Victoria, 19 May 15

n. (DAO); North Hill, Saanich, 350 ft, 2 Jun 1965, B.W. Davies&R.A. Keller

I, 3 Jul 1988, S.J. Darbyshire &J.A. Darbyshire 3777 (CAN); alongside parking

im of Anthropology, 25 May 05, J.M. SaarelcI 305 (CAN, UBC); Rocky Mountain Forest District, along Hwy 3, 1.5 km E

006J.M. Saarela405A (CAN, UBC); Osoyo os, Haynes Provincial Park, 25 May 2006, J.M. Saarela484 (CAN, UBC); 10

Garnet Valley Road from Hwy 97 at Summerland, 21 Jun 2006J.M. Saarela, C. Sears &]. Maze 707

12. Bromus richardsonii Link, Hort. Berol. 2:281. 1833. (Fig. 11J-M, 12C). z
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Perennial; rhizomes absent; plants 47-110 cm tall. Culms 1.5-3.5 mm wide at base, smooth; nodes 3-4,

brown, glabrous, lower nodes sometimes minutely pubescent. Leaf sheaths closed for most of their length,

glabrous or sparsely to densely pilose with stiff hairs 0.2-1.2 mm long; auricles absent; ligules 1-2.5 mm
long, membranous, glabrous or minutely pubescent, erose; blades 18.5-34 cm long, 3-9(-13) mm wide,

adaxial and abaxial surfaces glabrous, margins smooth or serrulate. Panicles 13-23.5 cm long, 2-17.5 cm
wide, open, branches ascending to drooping, shorter or longer than spikelet, smooth-scabrous, 1-5 spikelets

per branch, lowest inflorescence node with 1-4 branches. Spikelets 2.4-3.5 cm long, rachilla sometimes

visible at maturity; florets 3-9. Glumes subequal, lanceolate, glabrous or minutely pubescent, hairs some-

times restricted to margins, keels glabrous or scabrous; lower glumes 7-9.5(-12) mm long, l(-3)-nerved,

lanceolate; upper glumes (8-)9.5-11.5(-14.5) mm long, 3-nerved, sometimes acuminate or mucronate with

mucros to 0.7(-l) mm long. Lemmas 9-13.5(-15) mm long, 2-2.8 mm wide, 7-nerved, pubescent, hairs

along margins 0.2-1 mm long, hairs sparsely or densely scattered across the back > 0.1 mm long, apex entire

or minutely bifid, the cleft to 0.2 mm long; awns 3.1-6.5 mm long, arising 0-0.5 mm below lemma apex,

straight, antrorsely scabrous. Paleas 11-12 mm long, shorter than lemmas, keels glabrous or ciliate, cilia to

0.2 mm long. Stamens 3; anthers l-2.6(-3.4) mm long, dark brown. 2n = 28.

Distribution and Habitat.—Native. Bromus richardsonii is generally distributed west of the continental

divide from the Yukon territory to central Mexico, with disjunct populations known from the Cypress

Hills in southern Alberta/Saskatchewan, the Black Hills in South Dakota and western Texas (Peterson et al.

2002; Pavlick & Anderton 2007). Bromus richardsonii occurs throughout British Columbia east of the coastal

mountain ranges (Fig. 12C). Its distribution is sympatric with that of B. ciliatus (Fig. 3B), but B. richardsonii

generally occurs at higher elevations (Peterson et al. 2002). Habitats include meadows, open woods and

gravelly areas. Elevation: 289-2133 m.

Common Name.—Richardson's brome.

Notes.—Bromus richardsonii has been variously recognized as a distinct species (Shear 1900; Hitchcock

1913; Wagnon 1952; Mitchell & Wilton 1965; Mitchell 1967; Hulten 1968; Welsh 1974; Pavlick 1995; Herrera

Arrieta 2001; Peterson et al. 2002; Saarela et al. 2005; Pavlick & Anderton 2007; Saarela and Peterson, in

press), as a synonym of B. ciliatus (e.g., Alfred 1993; Hitchcock 1951; Soderstrom & Beaman 1968; Wilken

& Painter 1993; Douglas et al. 2001) or as a variety of B. ciliatus (e.g., Kartesz 1999). In a detailed study of

the complex, Peterson et al. (2002) identified distinctive morphological, cytological and genetic differences

that support recognition of these taxa as distinct species (see Taxonomic Key).

Representative Specimens Examined. CANADA. British Columbia: Sicamous, 3 Jul 1889, Macoun 30013 (CAN); below Wapta Lake,

ilia 780 7 CUBC); valley of - ,.- Horse Rivi=r, 3 mi E of

sS
Hi

addyLak^Z
• (UBC);EE:r Lake, NW

ridge, ] 00 ft, 14 jul 1974, V.J.

rs,19jul].974, J.Pojar

J.Pojar sai. (UBC); W
J.Pojar s.n. (UEO; ca. 1 mi E of 5^elay Crei>k Cabin, 18 Jul 1977,
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13. Bromus riparius Rehm., Notiz. Veg. Gest. Schw;

Perennial; caespitose with short rhizomes; decaying basal leaves reticulate-fibrillose, plants 34-120 cm tall

Culms 2.8-6mm wide at base, smooth; nodes (2-)3-4, brown, smooth or pubescent with hairs 0.2-0.5 mm
long. Leaf sheaths closed for most of their length, glabrous to moderately pubescent with soft, wavy hairs

to 0.5-1.6 mm long; auricles absent; ligules 1.1-3 mm long, membranous, glabrous, erose; blades 11.5-32

cm long, 2-6.5 mm wide, adaxial surfaces glabrous or sparsely to densely pilose with hairs 0.5-2.5 mm
long, abaxial surfaces pubescent with short hairs 0.3-0.5 mm long or longer hairs to 2 mm long, margins

with robust, stiff hairs to 2.5 mm long that are widest at the base. Panicles 5.5-23 cm long, 1.5-10 cm

wide, open, branches erect to ascending, branches shorter or longer than spikelet, scabrous, 1-3 spikelets

per branch, lowest inflorescence node with (1)2-3 branches. Spikelets 1.9-3.6 cm long (including awns);

florets 4-10. Glumes subequal, lanceolate, glabrous or sometimes pubescent with hairs to 0.7 mm long,

hairs sometimes restricted to nerves; lower glumes 6-9.7 mm long, 1-nerved; upper glumes 7.5-11 mm
long, 3-nerved. Lemmas 11-13 mm long, 1.3-1.6 mm wide, glabrous or pubescent throughout or margin-

ally, hairs to 0.5(-l) mm long, midribs scabrous distally; awns 3.5-7.1 mm long, arising 0-1 mm below

lemma apex, straight, antrorsely scabrous. Paleas 9-9.6 mm long, shorter than lemmas; keels ciliate along

upper half to 2/3 of their length, the cilia 0.1-0.2 mm long. Stamens 3; anthers (3-)4-5.7 mm long; dark

brown to orange. In = 70.

Distribution and Habitat—Introduced. Grassy meadows, pastures. Bromus riparius is known only from

a single collection along Highway 3 in southeastern British Columbia (Fig. 13A). It is promoted in western

North America for forage, but its precise distribution is not clear (Pavlick & Anderton 2007). See additional

notes below.

Common Name.—English: meadow brome; French: brome des pres.

Notes.—Meadow brome (Bromus riparius) is native to southeastern Europe, Turkey, the Caucasus and

central Asia. It was introduced into North America in the last century as a potential forage crop. A cultivar

CRegar') selected from material collected in Turkey was registered in the United States in 1966 and in Can-

ada in 1980 (de Araujo & Coulman 2004). Bromus riparius is now promoted and grown widely for forage

across western Canada and in adjacent regions of the U.S.A. There is substantial interest in this grass in the

agronomic community and several cultivars ('Fleet', 'Paddock', 'Cash' and 'Montana') have recently been

developed (Knowles 1990a, b; Cash et al. 2002; Jensen et al. 2004). From its first release, the name applied

(incorrectly) to meadow brome in the United States was B. biebersteinii Roem. & Schult., a name that is still

widely used in many government agronomy publications and in the seed trade. Bromus biebersteinii is a

morphologically distinct Eurasian species (Tzvelev 1976) that is not reported for North America.

Bromus riparius is morphologically similar and closely related (Saarela et al. 2007) to B. inermis (smooth

brome; see above), another introduced species widely used for forage and hay, which is seriously invasive

in native plant communities (Otfinowski et al. 2007). Smooth bromegrass is widely grown because it is

drought-tolerant and sod-forming, but it has slow regrowth characteristics and is considered better suited

for use as hay. Meadow brome has better re-growth characteristics and is thus considered better suited for

forage in pasture conditions (e.g., Thompson et al. 2003). Several reports indicate that B. riparius is less
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is. C. Circles: Bromus squarrosus var. sq

aggressive than B. inermis and not invasive (Anonymous 2000; de Araujo 2001; Ogle et al. 2004). Through

breeding efforts, two hybrid bromegrasses have been developed and selected by Agriculture and Agri-Food

Canada: one originating from a cross between B. inermis and B. riparius ('Knowles'; Coulman 2004), the other

originating from a B. inermis x B. riparius hybrid backcrossed with B. inermis ('Success'; Coulman 2006). These

hybrids combine characteristics of each of their parents; they are considered suitable for use as both hay and

pasture (Knowles & Baron 1990; Knowles et al. 1993; Coulman 2004, 2006). Because of their agricultural

importance, numerous aspects of morphology, forage quality and genetic diversity have been characterized

in B. inermis, B. riparius, and their hybrids (e.g., Ferdinandez and Coulman 2000, 2001, 2002; Ferdinandez

et al. 2001; de Araujo & Coulman 2004). There are no reports of B. riparius being adventive in Canada.

Bromus riparius was treated in the Flora of North America (Pavlick & Anderton 2007). It was included

there shortly before the volume went to press, but a detailed distribution map for the taxon was not available.

In Canada, Bromus riparius is recognized as part of the flora in Saskatchewan (determined incorrectly as B.

biebersteinii Roem. & Schult.; Harms 2006). Almost certainly it is present in Alberta, and a recent collec-

tion from Manitoba is cited below. It has not yet been reported for British Columbia. There is no mention

of B. riparius (or B. biebersteinii) in recent treatments of the British Columbia flora (Qian & Klinka 1998;

Douglas et al. 2001), nor in Pavlick 's (1995) treatment of Bromus in North America. In May 2006 I collected

B. riparius in southeastern British Columbia in a fenced-in meadow at a rest stop along Hwy 3 [Saarela 417

(CAN, UBC)]; this collection apparently represents the first record of the species in the province. Indeed,

the species has been grown in field trials in British Columbia (e.g., at Devick near Kamloops; May et al.

1999), and cultivars of B. riparius are promoted for forage in British Columbia and used for amelioration (S.

J. Darbyshire, pers. comm, March 2007; see http://www.agf.gov.bc.ca/forage/factsheets.htm). Bromus riparius

may have been deliberately planted here as forage, or it may have been introduced by road traffic. Seed of B.

riparius is sometimes found as a contaminant in smooth brome seed commodities (Allison et al. 2001; S.J.

Darbyshire, pers. comm. March 2007). Whatever the source of the introduction, Bromus riparius should be

recognized as a component of the British Columbia flora, and additional occurrences for this species should

be looked for.

The morphological description is based on my field collections from British Columbia and Manitoba, as
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well as several specimens of cultivated plants (mostly greenhouse grown at the Agriculture and Agri-Food

Canada Central Experimental Farm in Ottawa, Ontario, Canada) in DAO. Some of this cultivated material

represents the cultivars 'Fleet,
1

'Paddock' and 'Regar'; differentiating morphologically among these and the

other cultivars was beyond the scope of this study. Bromus riparius is one of three Bromus species in British

Columbia (including B. inermis and B. pumpellianus) with rhizomes and long anthers (usually > 4 mm), and

it therefore is relatively straight forward to identify. These three species are members of an Old World al-

liance of taxa (B. pumpellianus is the only native species in North America that is part of this group) whose

evolutionary relationships with other North American perennial Bromus species are not yet clear (Saarela et

al. 2007). Because B. riparius is a relatively recent addition to the New World flora, there is little information

in the North American botanical taxonomic literature for the species.

There are several morphological characters that distinguish Bromus riparius. In an effort to identify

characteristics to help seed analysts distinguish florets of B. inermis and B. riparius, which are sometimes

mixed in seed commodities, Allison et al. (2001) conducted a careful study of the floret morphology of these

taxa and found useful variation in the cilia (described by them as 'siliceous prickle hairs') on the palea keels.

In B. riparius, cilia on the palea keels are present only distally, whereas in B. inermis cilia are present on the

keels along the entire palea length. Figures 1-4 and 9 in Allison et al. (2001) illustrate this character clearly.

Allison et al. (2001) did not examine this character for B. pumpellianus. In B. pumpellianus cilia are present

along the entire length of the palea keels, like in B. inermis, or only along the lower 3
A. Bromus riparius is

further distinguished by its longer awns, which are (3-)4-7.1 mm long [vs. 0-3 mm long in B. inermis and

1-4 mm long in B. pumpellianus]. Several vegetative characters are also useful in distinguishing the three

species. Leaf blade margins of B. riparius are characterized by the presence of long, stiff hairs (to 2.5 mm
long) that are conspicuously wider at their base (Fig. 14); such robust hairs do not occur in B. inermis and B.

pumpellianus. In his keys to Bromus in the (former) U.S.S.R., Tzvelev (1976) distinguished B. riparius from B.

inermis and B. pumpellianus by the degree of shredding of basal leaf sheaths. Examination of this character

in Canadian material confirms that it is very useful for distinguishing B. riparius from the other two taxa.

The basal sheaths of decaying leaves in B. riparius are reticulate-fibrillose (i.e., they have a 'thatched' ap-

pearance), the readily decaying basal sheaths in B. pumpellianus are split into straight fibers and the basal

sheaths of B. inermis, which do not appear to decay as readily as those in B. pumpellianus or B. riparius, also

split into straight fibers (Fig. 15). Pavlick & Anderton (2007) distinguished B. riparius from B. inermis and B.

pumpellianus based on culm height and rhizome length; they noted that time constraints did not allow them

to fully clarify its similarities and differences with these other taxa. Bromus riparius is weakly rhizomatous,

B. pumpellianus is moderately so and B. inermis is strongly rhizomatous. Pavlick & Anderton (2007) also

noted that it is not clear how B. riparius differs from B. pumpellianus subsp. dicksonii W. W. Mitch. & Wilton,

a taxon known only from the Yukon River drainage in northwestern North America (Yukon and Alaska);

characterization of differences between these two taxa was beyond the scope of this study.

2, SJ. Darbyskire s.n. plant #28 (DAO-668498), plant #17 (DAO-668495), plant #25 (DAO-668496), plant #8 (DAO-668494),

(DAO-668493), plant #27 (DAO-668497), plant #31 (DAO-668500), plant #29 (DAO-668499); Ottawa, Central Experimental

k, 7 Aug 1992, SJ. Darbyskire s.n. plant # 19 (DAO-668488), plant #31 (DAO-668492), plant #30 (DAO-668490), plant

7\ plant #17 (DAO- 668486), plant #27 (DAO-668489), plant #32 (DAO-668491); Ottawa, Central Experimental Farm,
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4. Leaf blades of Bromus riparius [Saarela 417 (CMi)], showing the long, robust marginal hairs that characterize the species. Scale bar = 1 .5 mm.

Saufferer s.n. (DAO-594935).

14. Bromus secalinus L, Sp. Pi. 1:76. 1753. (

ientific Research 2], 14 Aug 1<

Annual; rhizomes absent. Culms 23-130 cm tall, l-5(-7) mm wide at base, smooth; nodes 3-5, blackish-

brown to yellow-brown, finely to densely retrorsely pubescent, hairs 0.1-0.4mm long, lower nodes covered

by sheaths. Leaf sheaths glabrous or sparsely pilose, hairs soft, 0.5-0.6 mm long; auricles absent; ligules

1.7-2.8 mm long, membranous, glabrous, apex erose; blades 8-28.5 cm long, 2-9 mm wide, abaxial sur-

face pilose, hairs to 1.5 (-2) mm long, soft and wavy, adaxial surface glabrous with occasional hairs to 0.5

mm long, margins smooth. Panicles 11-22 cm long, 2-9 cm wide, open, branches stiffly erect, sometimes

secund, one or more lower branches usually longer than spikelet, smooth to scabrous, 1-3 spikelets per

branch, lowest inflorescence node with 1-6 branches; 6-36 spikelets. Spikelets 1.3-2.5 cm long, ovate-
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lanceolate, terete to slightly compressed, rachilla zigzagged and vis-

ible at maturity, florets 5-12. Glumes slightly subequal, smooth or

scabrous, keels occasionally serrulate distally; lower glumes 3.6-4.9

mm long, 3-5(-7)-nerved; upper glumes 4.2-6.1 mm long, 7-nerved,

sometimes mucronate, mucros 0.2-0.6 mm long. Lemmas 6-7.7

mm long, 1.6-3 mm wide, 7-9-nerved, nerves not conspicuous,

ovate-lanceolate, backs glabrous and shiny, occasionally scabrous

distally, margins dinstinctly inrolled in fruit; apex entire or minutely

bifid, the cleft 0.1-0.2 mm deep; awns 1-6.5 mm long, occasion-

ally reduced to mucro or absent, arising 0.5-0.7 mm below lemma

apex, usually straight, occasionally twisted once near base, widest at

base, antrorsely scabrous. Paleas ± equal in length to lemmas, apex

usually visible at lemma summit, backs glabrous, keels ciliate, cilia

to 0.3 mm long. Stamens 2; anthers 1-1.3 mm long, dark brown.

Caryopses U- or V-shaped (i.e., margins strongly infolded) in cross

>n. In = 28.

Distribution and Habitat—Introduced. In North America, B.

secalinus has been collected throughout the U.S.A. and southern

Canada. It is apparently absent from the Canadian prairie provinces.

In the U.S.A. it is most common in the midwestern states (Pavlick &
Anderton 2007). Bromus secalinus has been collected only a few times

in British Columbia, mostly in the southwestern part of the province

(Fig. 13B); the most recent collection is from 1991. Habitat includes

waste places and fields.

Common Names.—English: cheat, cheat chess, cheat grass, chess,

chess brome, ryebrome, rye brome; French: brome des seigles, brome

secaline, coquiole noire, seglin, seigle batard, brome faux seigle,

us (L.)B,

squarrosus, Sp. Pi. 1:76. 1753.

Fig. 15. Pattern of decay in basal leaf sheaths. A.

Bromus riparius [Saarela 417 (CAN, UBC)]. Basal

sheaths decay readily and are reticulate-fibrillose.

B.firomws//?erm/s[B/7/7/f5./i.(UBC-V215195)]. Basal

leafsheaths do not decay readily; when they do de-

o straightfibers. C.Bromuspumpel-

fat/j[n.c.(UBC-V221751)].Basalleafsheathsread- long. Leaf sheaths closed for most of their length, open for 4.2-9 m
ily decay into straight fibers. Scale bars = 1 .5 mm.
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Fig. 16. Bromus secalinus. A. Spikelet. B. Habit. C. Caryopsis. D. Lemmas. E. Inflorescence. Bromus squarrosus. F. Inflorescence. G. Spikelet. H. Glum
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near apex, densely pilose with soft or sometimes stiff hairs 0.5-2 mm long; auricles absent; ligules 0.5-2 mm
long, membranous, pubescent, apex erose; blades 2.5-10 cm long, 1.5-3 mm wide, abaxial surface densely

pubescent, hairs 0.5-1.5 mm long, adaxial surface glabrous or minutely to densely pubescent, hairs stiff

and short or like abaxial surface than, margins smooth or serrulate. Panicles (5-)7-10.5 cm long, 2.7-7mm
wide, open, lax and somewhat sparse, racemose, often appearing one-sided (secund), sometimes reduced

to a single spikelet, one or more lower branches usually longer than spikelet, branches smooth to scabrous,

l(-2) spikelets per branch, lowest inflorescence node with l-4(-5) branches; 3-17 spikelets. Spikelets

1.4-3.5 cm long, broadly oblong to ovate-lanceolate, terete to moderately compressed, rachillas not visible

at maturity, florets 7-18. Glumes subequal, smooth, margins sometimes hyaline; lower glumes 4.5-7 mm
long, 3-5(-7)-nerved; upper glumes 6.1-9.5 mm long, 7-nerved. Lemmas 8.2-11 mm long, 1.8-3.1 mm wide

(when compressed), 7-9-nerved, nerves not conspicuous, broadly obovate, strongly angled near the middle,

backs glabrous or scabridulous or (rarely) densely pubescent with hairs to 0.5 mm long, hyaline margins

0.5-1.2 mm wide at widest point, puberulent, apex minutely bifid, the cleft 0.1-0.3 mm deep; awns 8-11.7

mm long (awn on lowest lemma shorter), arising 1.7-3 mm below lemma apex, strongly divergent, usually

twisted once near base, widest at base, scabrous. Paleas 6.1-9 mm long, backs glabrous, keels ciliate, cilia

0.3-0.5 mm long. Stamens 2; anthers (0.5-)0.9-L6 mm long, dark brown. 2n = 14.

Distribution and Habitat—Introduced. Bromus squarrosus var. squarrosus is native to Eurasia (Tzvelev

1976). In North America it occurs across the Great Plains in the northern U.S.A., around the Great Lakes

area and in other scattered locations (Pavlick & Anderton 2007). In British Columbia it is most common

in the interior and in the Columbia basin (Fig. 13C). Habitats include grasslands, hillsides, disturbed areas

and roadsides. Elevation: 311-823 m.

Common Names.—corn brome, downy brome, field brome, nodding brome, one-way brome.

Representative Specimens Examined. CANADA. British Columbia: near Kamloops, 2000 ft, 27 May 1934, G. V. Copley 7 (DAO);

Richter Pass, Jul 1936, E.W. Tisdale 8850 (UBC); Kamloops, 22 Jim 1939, E.W. Tisdale 8759 (UBC); Lac du Bois, Kamloops, 4 Aug 1939,

E.W. Tisdale 8760 (UBC); Kamloops, Sep 1939, E.W. Tisdale 8761 (UBC); Lac du Bois, Kamloops, 2700 ft, 10 Aug 1939, E.W. Tisdale 40-8

(DAO); Ashcroft, 6 Aug 1950, V.J. Krajinas.n. (UBC);Tranquille, 1100 ft, 5 Oct 1962, V.C. Brinks.n. (UBC); Bonaparte River Valley, 15 mi

N of Cache Creek, 1200 ft, 20 Jun 1965, V.J. Krajina 65062007 (UBC); St. Eugene Mission, Cranbrook, 23 Jun 1968, F. Fodor 647 (UBC);

Kamloops, Lac du Bois Range behind Research Station, 23jun 1980, S.G. Aiken 1071 (DAO); Dallas Cliff (Point), 17 jun 1982, R.K. Scagel

t Lake, 9 Jul 1991, F. Lomer 91-139 (UBC); Kootenay, Wasa, 20 Jun 1993, I.E. Pavlick

-, F. Lomer 94-152 (UBC); near border of N end ofYale region and S end of Kamloops

3 (UBC); No f Copper Cireek, tow;

44 (V); Caril

8-134 (UBC);WofOsoj,oos, 1.3

squarrosus L. ls Roth, Neue Beytr. Bot. 1:109. 1802. (Figs. 13C, 17).

Similar to var. squarrosus, but glumes and lemmas densely pubescent with hairs to 0.8 mm long.

Distribution and Habitat — In North America B. squarrosus var. villosus is only known from the three

southern British Columbia collections cited below. Additional occurrences in North America should be

searched for in the field and in herbaria. Tzvelev (1976:335) indicated that, in its native range, the variety

is somewhat rarer in distribution than the typical variety.

Notes.—Nomenclature used here follows Kerguelen (1999). Bromus squarrosus var. villosus Roth is

reported here for the first time for continental North America. Material examined from British Columbia

closely matches material seen from Russia [e.g., Skvortsov s.n. (CAN-578016!) collected in Volgograd]. The

description for B. squarrosus by Pavlick (1995) and Pavlick& Anderton (2007) does not mention the presence

of dense pubescence in the taxon, which suggests that these authors did not observe pubescent forms of

the species. The 1993 record from British Columbia was collected by Pavlick, but this was likely long after

he completed work on his revision of Bromus for North America (Pavlick 1995).

1993, L.E. Pavlick 93-143 (V); roadside pullout onW side of Hwy 1 (Trans Canada) at Hells Gate, 22 Jun 2006, J.M. Saarela, C. Sears &
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variety by the presence of

sterilis L, Sp. PL 1:77. 1753. (Figs. 18A-E, 19A). 5

inual; rhizomes absent. Culms 25-110 cm tall, 2-4 mm wide at base, smooth; nodes 3-5, light to dark

own, glabrous, lower nodes usually covered by sheaths. Leaf sheaths closed for most of their length,

en for 8-15 mm in length, moderately to densely pubescent with short stiff hairs to 0.5 mm; auricles

sent; ligules 2.3-4.6 mm long, membranous, glabrous or pubescent, erose-lacerate; blades 4.5-22 cm
lg, 2-6 mm wide, adaxial surface glabrous, minutely pubescent or densely pilose with soft, wavy hairs to

5 mm long, long hairs sometimes only along the margins, abaxial surface minutely pubescent with small

pressed hairs, margins smooth. Panicles 10-28 cm long, 3-18.5 cm wide, dense and ascending when

ung, becoming open and lax; branches usually longer than spikelets, shorter when panicle reduced to 1(2,

spikelets, l(-3) spikelets per branch, lowest inflorescence node with 4-6 branches. Spikelets 4.5-6.7 cm
lg (including awns), cuneate, subcylindric-compressed, rachilla sometimes visible at maturity, florets 3-11.
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Fig. 19. Geographi
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L Percy & Y. Chang 909 (CAN, UBC); Vancouver Island, just off Hwy 19A alonj

e Creek and the Straight of Georgia, 7 Jun 2007, JM. Saarda, DM. Percy & Y C

. Bromus tectorum L , Sp PI 77. 1753 (Figs. 18F-1, 19B) z

Annual; rhizomes absent; 5-80 cm tall. Culms 0.7-2.5mm wide at base, smooth; nodes 2-4, blackish brown,

glabrous or minutely pubescent. Leaf sheaths closed for most of their length, glabrous or variously pubescent

with dense, stiffhairs to 0.5 mm or long, soft, wavy hairs to 1 mm long, longer hairs to 2mm long sometimes

present towards sheath apex; auricles absent; ligules (l-)2-3mm long, membranous, glabrous, erose-lacerate;

blades 1.3-14 cm long, 1-5 mm wide, adaxial surface pubescent with sparse to dense short, stiff hairs to

0.3 mm long, abaxial surface puberulent with minute, appressed hairs ca. 0.1 mm long, hairs sometimes

denser towards blade apex, margins smooth or with hairs like adaxial leaf surface. Panicles 4-22 cm long,

1-13.5 cm wide, condensed and ascending when young, becoming lax and nodding, sometimes reduced to

a few spikelets, branches longer or shorter than spikelets, scabrous to densely pubescent, 1-14 spikelets per

branch, lowest inflorescence node with 1-8 branches. Spikelets 2.5-3.5 cm long (including awns), cuneate,

sometimes broadening at maturity, rachillaes sometimes visible at maturity; florets 3-6(-8). Glumes subequal,

lanceolate, apices ± bifid, the cleft 0.1-0.5 mm deep, glabrous or minutely to densely pubescent with short,

appressed hairs, with occasional long, soft hairs to 1 mm long, these sometimes occurring in a line just inside

margins, margins hyaline, keels smooth or scabrous; lower glumes 4-9 mm long, l(-3)-nerved, occasionally

minutely awned, awn to 1.1 mm long; upper glumes 7-13.5 mm long, 3(-5)-nerved. Lemmas 9-13.8 mm
long, (0.6-)0.9-1.5 mm wide, 7-nerved, backs glabrous, scabrous, or pubescent with long, soft hairs to 1

mm long, sometimes denser along margins and sometimes only pubescent on upper 2/3; keels smooth or

serrulate, apex bifid, the cleft 1-3 mm deep; awns 8-18 mm long, arising 1.1-2.7 mm below lemma apex,

straight, antrorsely scabrous. Paleas 7-8.7 mm long, shorter than lemma, backs glabrous and translucent,

keels ciliate, cilia to 0.6 mm long. Stamens 3; anthers 0.5-0.9 mm long, dark brown. 2n = 14.

Distribution and Habitat—Introduced. Bromus tectorum is widespread across the United States and

southern Canada, with scattered collections from locations in Alaska, Yukon and the western Northwest

Territories (Pavlick & Anderton 2007; Valliant et al. 2007). The species is most common in the southern

half of the province and it has been collected sporadically in northwestern British Columbia [Fig. 19B; see

Valliant et al. (2007) for another recent distribution map]. Habitats include roadsides, fields, meadows, arid

slopes, woodlands, cliffs and talus slopes, hillsides, dry rangeland, pastures, sandy beaches, railroad tracks

and other waste places. Elevation: 0-1800 m.

Common Names.—English: cheatgrass, cheat grass, downy brome, drooping brome, early chess, military

grass, thatch bromegrass; French: brome des toits, brome des murs.

Notes.— Bromus tectorum is a serious invasive weed. It was first recorded in North America from Pennsylvania

in 1790, and the first report in western North America is from Spence's Bridge, British Columbia (Mack 1981;

specimen cited below). Numerous genetic studies have indicated that B. tectorum in North America is highly

inbreeding and has very low levels of genetic variation across its North American range (e.g., Novack et al.
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1991; Bartlett et al. 2002; Ramakrishnan et al. 2006). Genetic variation within populations, however, shows

strong regional differentiation, with populations in British Columbia having the highest level of within-

population variation among those sampled across North America (Bartlett et al 2002). Multiple introductions

of B. tectorum into North America have been documented using genetic data (e.g., Mack 1981; Novack et

al. 1991; Novack & Mack 1993, 2001; Bartlett et al. 2002). Valliant et al (2007) provide an account of the

introduction history of B. tectorum in British Columbia and Canada; based on allozyme data they identified

a minimum of five independent introductions of B. tectorum into western Canada.
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L0); Boston Bar, 30 May 1955, D.R. Lindsay & W. Woodbury 861 (DAO); 4 mi S of Spence's Bridge, 31 May 1955, D.R. Lindsay and

5, D.R. Lindsay & W. Woodbury 906 (DAO); Williams Lake, 5 Jun 1955, D.R. Lindsay & W. Woodbury 971 (DAO); near Pavilion, 7

5, D.R. Lindsay & W. Woodbury 995 (DAO); 2 mi N of Vernon, 10 Jun 1955, D.R. Lindsay & W. Woodbury 1023 (DAO); Lumby, 14

5, D.R. Lindsay & W. Woodbury 1073 (DAO); 10 mi S of Vernon, 15 Jun 1955, D.R. Lindsay & W. Woodbury 1096 (DAO); 31 mi S
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W
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»AO); NW slopes above E end of Nicola Lake, 40 mi. S of Kamloops, 1900 ft, 23 Jun 1965, V.J. Krajina 61

inceton, 23Jun 1965, V.J. Krajina 650623192 (UBC); Beaver Pond, Manning Park, 14 Jul 1965, 1. L. Bayly 6i

530 ft, April 1966, V.J. Krajina 65062303 (CAN, UBC); Island View Beach, Vancouver Island, 25 ft (7.6 m),

rk, along Hope-Princeton Hwy, Beaver Pond area, 1189 m (3900 ft), 22 Jun 1973, C.C. Chuang 118 (CA?

legraph Creek, 17 Jul 1973, VJ. Krajina, R.G. McMinn, K. Klinka & R. M. Annas s.n. (UBC); Botanie Valley r

ay 1974, J. Pinder-Moss &J. Pojar 657 (UBC); Nanoose Hill, E side of Nanoose Bay, ca. 15 mi N of Nanair,

edral Park, 2 Jul 1976, R. Hainault 7766 (DAO, UBC); Quesnel Region, S of Quesnel on Hwy 97, 16 Jul 197i

Harrison Lake, r i Hot Spirings, 10 Jul 19*32, S.G. Aiken & S.J. Darbyshire 2237

T. Ogilvie

I Rose s.n. (UBC);

> (UBC) . Whiting 36 (UBC); Osoyoos

390,DM.Tiedje 5581 (DAO);

rshall,D. Justice &L.Goertzen

JofOldRichterPassRoad,WofOsioyoos,26Mayl 995, H.II. Dickson8719 (DAO); Hope,

stop), 18 May 2006, J.M,

4.7 km S of Osoyoos at U.S.A./ Canada border, 25 May 2006, J.M. Saarela 471 (CAN, UBC); Osoyoos, Haynes Provincial Park, 25 May

2006, JM. Saarela 485 (CAN, UBC); Richmond, London Farm, Gilbert Beach, just E of London's Landing, 28 May 2006, J.M. Saarela &

C. Sears 525 (CAN, UBC); Ladner, S side of Canoe Passage, W terminus of River Road, 28 May 2006J.M. Saarela & C. Sears 539 (CAN,

UBC); 10 kmW of Princeton on Hwy 3, 19 Jun 2006, J.M. Saarela, C. Sears &J. Maze 587 (CAN, UBC); Princeton, across from Princeton

High School, 19 Jun 2006J.M. Saarela, C. Sears &J. Maze 596 (CAN, UBC); N of Princeton, ca. 6 km along Iron Mountain Road, beyond

Saarela, C. Sears &J. Maze 608 (CAN, UBC); Fairview Road, ca. 4 km NE from intersection with Lowe Road, 19 Jun 2006, J.M. Saarela,

C. Sears &J. Maze 622 (CAN, UBC); University of British Columbia, beside Biological Sciences Building, 8 Sep 2006, J.M. Saarela 761

(CAN).

18. Bromus vulgaris (Hook.) Shear, Bull. Div. Agrostol, U.S.D.A. 23:43, f. 24. 1900. (Figs. 18J-L, 19C).

Note: Hooker (1840:252) cited four collections when he described B. purgans var. vulgaris: "Goldie. Dr Richardson. Red River. Douglas.

Columbia. Dr Scouler," and he cited "Fort Norman. Dr Richardson" following a description for a subvariety. Shear (1900) was the first
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Perennial; rhizomes absent; plants 45-125 cm tall. Culms 2-5(-9) mm wide at base, smooth; nodes

(3-)4-6(-7), brown, glabrous or finely to densely retrorsely pubescent, hairs to 0.7(-l) mm long, occasion-

ally with denser hairs above nodes; lower nodes covered by sheaths. Leaf sheaths closed for most of their

length, glabrous or sparsely to densely pilose with hairs to 1.2 mm long; auricles absent; ligules (2-)3-6(-7)

mm long, membranous, glabrous, erose; blades 12-33 cm long, 3-16 mm wide, thin and papery when dry,

adaxial surface sparsely to densely pilose, hairs to 1 mm long, soft and wavy, abaxial surface glabrous,

margins smooth or serrulate. Panicles 8-25 cm long, 1-5 cm wide, narrow, branches erect to ascending or

drooping, shorter or longer than spikelets, branches scabrous-pubescent, l(-2) spikelets per branch, lowest

inflorescence node with 1-5 branches. Spikelets 1.5-3 cm long, ovate-lanceolate, terete to slightly compressed,

rachilla sometimes visible at maturity; florets 3-9. Glumes subequal, lanceolate, glabrous or pubescent,

hairs sometimes restricted to margins and keel; lower glumes 4-9 mm long, l(-3)-nerved, lanceolate; upper

glumes 5-11 mm long, 3-nerved, sometimes mucronate, mucros to 0.5 mm long. Lemmas 10-16 mm long,

7-nerved, 1.2-2 mm wide, margins glabrous to sparsely or densely pubescent, backs glabrous to variously

pubescent, hairs to 1 mm long, sometimes denser on lower Vi\ apex entire or minutely bifid, the cleft to 0.3

mm deep; awns (4-)6-ll mm long, arising 0-0.5 mm below lemma apex, straight, antrorsely scabrous.

Paleas 7.5-11 m long, shorter than lemmas, keels densely ciliate, cilia to 0.5 mm long. Stamens 3; anthers

2-3.5(-4) mm long, dark brown. In = 14.

Distribution and Habitat.—Native. In North America, B. vulgaris occurs in British Columbia, southwestern

Alberta and south to western Wyoming and south-central California (Pavlick & Anderton 2007). Bromus

vulgaris occurs throughout the southern half of British Columbia (Fig. 19C). It was only recently reported from

Moresby Island (Queen Charlotte Islands; Lomer & Douglas 1999). A 2007 collection [Saarela & Percy 1169

(CAN, UBQ] represents the first record of B. vulgaris from the neighbouring Graham Island. Habitats include

moist woods, stream banks, damp thickets, along trails, meadows and rocky banks. Elevation 0-2286 m.

Common Names.—Columbia brome, narrow-flowered brome, common brome.

Notes.—In herbarium material of B. vulgaris, leaf blades tend to appear conspicuously thin and papery

compared to those in other species of B. sect. Bromopsis, though it is difficult to adequately describe this

qualitative characteristic. This characteristic does not seem to be as evident in the field. At present, there

are no leaf blade anatomical data for North American B. sect. Bromopsis species which might allow further

evaluation of this character.
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Notes on Excluded Species

There is a single, early collection of B. arvensis L. (field brome) from British Columbia [Invermere, 29 Jul 1915,

M.O. Malte 108375 (CAN!, DAO!)]. In his distribution maps, Pavlick (1995) indicated that B. arvensis occurs

in British Columbia, probably based on this collection. The annual B. arvensis, a species classified in B. sect.

Bromus, is native to Europe; it occurs in scattered locations across North America, more commonly in the

eastern U.S.A. (Pavlick & Anderton 2007). It is not known if B. arvensis species persists in British Columbia;

it therefore is not formally treated here. Should the species be collected again in British Columbia, it can be

distinguished from other B. sect. Bromus species in the province as follows: anthers 2.5-5 mm [vs. anthers

< 2.5(-3) mm]; linear-lanceolate spikelets that narrow only slightly towards their apex [vs. ovate-lanceolate

spikelets that narrow conspicuously towards their apex]; lower leaf sheaths with dense, softly appressed

hairs 0.4-0.6 mm long [vs. lower leaf sheaths glabrous, sparsely to densely pilose with stiff hairs 0.5-0.6

mm long, or with soft and wavy hairs to 1.2 mm long]; and often purple-tinged spikelets (this colouration

is not always present in dried specimens).

Taylor and Macbride (1977) reported B. rubens L. [=B. madritensis subsp. rubens (L.) Husn.] from Brit-

ish Columbia. Following this report, Salo (2005) indicated that red brome occurs in British Columbia, but

she did not include any specimens on her distribution maps. There is a single collection of this species

from British Columbia, collected over a century ago (Nanaimo, Vancouver Island, 13 Jul 1893, Macoun 118

CAN-39043!, photo: DAO-56101!). The species seems not to have persisted in British Columbia and it is

therefore not treated here.

Scoggan (1978:252) noted that B. orcuttianus Vasey had been previously reported from near Victoria,

Vancouver Island. Bromus orcuttianus does not occur in British Columbia (see Saarela et al. 2005).
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MUNROCHLOA, A NEW GENUS (POACEAE: BAMBUSOIDEAE)

WITH A NEW COMBINATION FROM INDIA

Muktesh Kumar and M. Remesh

Forest Ecology and Biodiversity Conservation Division

Peechi,680653Jhrissu

INTRODUCTION

While working on revisionary studies of the genera Oxytenanthera Munro, Pseudoxytenanthera Soderstr. &
Ellis, it was observed that Pseudoxytenanthera ritchiei (Munro) Naithani, possessed characters not included in

the genus Pseudoxytenanthera. Detailed morphological studies revealed that the species possesses a number of

unique characters which are very distinct from the generic characters of Oxytenanthera and Pseudoxytenanthera.

Therefore, we are erecting a new genus to accommodate the species.

It was Colonel Munro (1868) who first described the new species in his monograph on Bambusa.

Bambusa ritcheyi, was based on a herbarium specimen collected by J.C. Ritchie from Kala Nuddi, Bombay,

India. In the addenda of the same publication, Munro corrected the spelling of the ritcheyi to 'ritchiei'

to commemorate Ritchie's name. After a lapse of five years Beddome (1873) collected this bamboo from

Anamalai and included it under the genus Oxytenanthera Munro. Due to the presence of a monostigmatic

ovary, Beddome named this species as Oxytenanthera monostigma. This species was subsequently reported

by various workers from Western Ghats, hills of south west India from Mahabaleshwar to Anamalai up to

Palakkad gap such as Brandis from Sattara Ghats in 1870; R.S. Fagan at Mahabaleshwar in 1892; WA. Talbot

from North Canara in 1884 and 1889; R.C. Wroghton, from Pune district and A.D. Wilkins from Ahamed

Nagar in 1892 (Gamble 1896). Gamble stated that Munro himself had also agreed with the new treatment

as Oxytenanthera monostigma. Later, Brandis (1906) and Bourdillon (1908) followed this treatment. Gamble,

noted that the species has very well-marked velvety culms, a narrow culm sheath, long narrow spikelets

with only one flower, and a glabrous ovary and style. While working on this species at a later day, Gamble

commented, "I am rather in doubt whether Munro's specific name should not have precedence". And this

doubt was clearly noted by Blatter and McCann (1929) and provided a new combination Oxytenanthera ritchiei

(Munro) Blatt. & McCann. Without considering the corrected species name as 'ritchiei', several workers

erroneously spelled the epithet as ritcheyi in their publications. Nayar and Ansari (1982) also followed the

species name spelling it ritcheyi.

While preparing an account of the enumeration of Indian monocotyledons, Majumdar (1989) came to

the conclusion that the Indian species of Oxytenanthera do not fit the generic description of Oxytenanthera.

He erected a new genus, Pseudotenanthera, to include species having sub-scandent to scandent branches in

tufts, no resting central bud, a thin solid style, a pericarp thin and separable from seed, and made a new

combination Pseudotenanthera ritcheyi (Munro) R. Majumdar.

Subsequently, Naithani (1990) treated ritcheyi in the genus Pseudoxytenanthera of Soderstrom and Ellis
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(1988) to accommodate Oxytenanthera monadelpha (Thwaites) Alston which has a vine like culm, numerous

basal branches, capitate cluster of spikelets, and six stamens. Naithani (1990) maintained that Majumdar's

new genus, Pseudotenanthera, coincidental!/ possesses similar characters of Pseudoxytenanthera Soderstr. &
Ellis. Therefore, Naithani considered the genus a superfluous name and transferred all the species known

of Oxytenanthera from India to the genus Pseudoxytenanthera Soderstr. & Ellis.

During revisionary studies on Indian Bamboos the authors conducted a detailed comparative account

on generic characters of Oxytenanthera, Pseudoxytenanthera and noted that the Pseudoxytenanthera ritchiei

(Munro) Naithani, possesses a number of distinct characters such as, completely solid culms, prophyllum

buds without keels, inflorescence with strongly capitate heads, with leaf sheaths, palea without keels, and

a monostigmatic ovary. The other species treated under the genus Oxytenanthera possesses hollow culms,

keeled prophyllum ofbuds, semicapitate heads without leaf sheaths, palea two keeled, and three stigmas. The

distinguishing characters of the species also were compared with other genera of the sub tribe Bambusinae

such as Dendrocalamus, Bambusa and Gigantochloa It has been noted that the diagnostic characters like

solid culms clothed with silky white tomentum; prophyllum buds and palea without keel; monostigmatic

ovary, and united filaments, together make this species distinct and therefore, belongs under a new genus

Munrochloa.

Inter generic affinities

The genus Munrochloa shows some affinities with Dendrocalamus, Oxytenanthera, Pseudoxytenanthera and

Gigantochloa. (Table 1). The habit and habitats of this taxon resembles Denrocalamus stocksii and Dendro-

calamus strictus both having thick walled culms for those clumps especially growing in dry areas. Though

Munrochloa ritchiei grows even in fully irrigated areas have fully solid culms. The nature of inflorescence is

almost similar to Dendrocalamus, Oxytenanthera and Pseudoxytenanthera but in Munrochloa spikelets clusters

are usually supported with leaf sheaths. The spikelets are single flowered. The palea of all the other members

in the subtribe Bambusinae is two-keeled. In Munrochloa palea is without any keels. The stigma of the species

of Oxytenanthera and Pseudoxytenanthera is divided in to three and Munrochloa has a monostigmatic ovary

similar to Dendrocalamus and Gigantochloa. The inter generic affinity of the Munrochloa shows that there is

an interlink between Dendrocalamus and Oxytenanthera and also having distinct generic status with few key

characters like, imperfectly keeled prophyllum buds, fully solid culms, palea without any keels.

KEY TO MUNROCHLOA AND ALLIED GENERA

1, Bamboo floret with undivided stigma.

>. Culms fully solid, midculm prophyllsar

>. Culms hollow, midculm prophylls and
|

3. Inflorescence strongly packed in s<

_ Dendrocalamus

Gigantochloa

Munrochloa M. Kumar & Remesh, gen. nOV Typus species: Munrochloa ritchiei (Munro) M. Kumar & Remesh.

An erect medium sized gregarious, bamboo forming loose clumps. Rhizome is sympodial. Culms are erect

and solid. Prophyllum imperfectly keeled. Culm sheaths narrow, conical in shape. Branches are almost equal

size. Leaves arise on branches. Inflorescence a large compound spicate, terminal panicle, arises on the nodes

ofbranches as dense globose heads associated with leaf sheaths. Spikelets usually single flowered, sometimes

2, lanceolate, Lemma linear-lanceolate, glabrous. Palea membranous, glabrous, not keeled. Stamens 6,
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monadelphous, strongly apiculate. Ovary glabrous, ovate; stigma single, curved plumose. Fruit a caryopsis,

linear-oblong, faintly grooved with a small beak.

Similar to Oxytenanthera Munro in general appearance and inflorescence type but differs in presence of

solid culms clothed with silky white tomentum on the surface, imperfectly keeled mid culm prophyll buds,

palea without keels and monostigmatic ovary.

Etymology.—The generic name is to commemorate the name of Colonel William Munro (1818-1880),

who had contributed the most valuable monograph on Bamboos of the world. This genus is represented

only with a single species and endemic to Western Ghats of India.

). nov. (Fig. 1). Bambusa ritchiei Munro, Trans. Linn. Soc.

in, J. Bombay Nat. Hist. Soc. 33:773. 1929, "ritcheyi"; VJ. Nair

999, an isonym. Type: INDIA: Bombay, Kala Nuddi, J.C. Ritchie 820 (lectotype, here designated: K).

Vernacularnames.—Choomaree, chiwa, chiwan, Huda, manga, udhe, thandali (Marathi) Erankol and Korn

(Malayalam)

Distribution and ecology—This species is endemic to Western Ghats. It is distributed in northern Kerala

and Karnataka. It was also reported from Maharashtra. It is found growing from an altitude of 200-1100

m. It is a component of moist deciduous forests and also found as pure patches. Sporadic flowering is

common during summer months. Gregarious flowering was observed in the year 2001 at Nilambur forests,

Malappuram district, Kerala.

Conservation status.—This potential bamboo of south India is extracted for various uses. The recent

study by the authors revealed that the species is Conservation Dependent as per the IUCN standards and

needs appropriate conservation and management strategies for a sustainable utilization of this species.

[/ses._The solid culms of this bamboo are used for making furniture, lathi, etc. It is also used as a

support for betal plants, for making baskets, umbrella handles and walking sticks.
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TWO NEW SPECIES OF CYPERACEAE FROM PENINSULAR INDIA

MA Wadood Khan P. Lakshminarasimhan

Majalgoon Arts, Science & Commet

Mojolgaon-43 1131, District: I

Maharashtra, INDIA West Bengal, INDIA

INTRODUCTION

The genera Cyperus L. and Fimbristylis Vahl consist of ca. 300 and 250 species respectively and are distributed

in tropical and warm regions of the world (Mabberley 1997). Karthikeyan et al. (1989) in his enumeration

of Monocotyledons, listed 86 taxa (71 species) of Cyperus and 102 taxa (90 species) of Fimbristylis from

India.

During the course of botanical explorations of the tropical evergreen forests in the Western Ghats, two

interesting specimens belonging to Cyperaceae were collected viz., Cyperus (Section Mariscus) and Fimbri-

stylis (Section Fimbristylis, Series Dichotomae). Based on a perusal of the literature, comparison with the

herbarium collections at Herbarium of Cyperaceae, Majalgaon College, Majalgaon (HCMCM), BSI & CAL,

and our own field observations, the specimens were found to be very distinct and both are described here

as new species viz., Cyperus karthikeyanii and Fimbrist

l.Cypei s karthikeyanii Wad. Khan & Lakshmin., : r. (Fig. 1). 1 !0Sep

ials, 15-35 cm tall with tuberiferous stolons; stolons slender, wiry, 1-2 cm long, 1.25-1.5 mm thick,

; scales (2.5-4 x 1-2.5 mm) which

Lg and broad, covered with fibrous

xigonous, filiform to rather slender, 0.5-0.7 mm thick, glabrous, with often corm like or

5, shorter to, as long as or rarely overtopping the stems,

:d; sheath pale to dark purple-brownish, fibrous with

id of 2-5 sessile clustered spikes under 1 cm long and broad;

, the longest one 6-20 cm long, spreading or sub-

>enish with up to 15 spikelets. Spikelets trigonous,

yards both the ends, curved, whitish, tinged with

>ersistent on rachilla, broadly

enlarged base. Leaves basal, 0.5-1 mm wide, fk

age. Inflorescence of single, terminal capitate he

involucral bracts 3-5, 1-2 setiform, the others

erect, glabrous, subcylindricaly oblong, 4-5 mr

ellipsoid, deciduous, 3.8-4 x 0.5-0.7 mm, nai

purple near base or purple dotted, one flowered.

hyaline margined, unequal, the larger one broadly to suborbicu]

the second smaller one lanceolate; fruiting glumes 2, subequal, the basal one 3.8-4 x 0.7 mm, enrolled,

tightly wrapping the nut, multinerved, herbaceous, acute, rounded on the back, the upper one narrowly
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lanceolate, hyaline, uninerved, acuminate (with awn-like tip). Stamens 3. Styles 3-fid, filiform, 0.8-1 mm
long, glabrous; stigmas shorter than the styles. Nuts acutely trigonous, ellipsoid-oblong, 2.4-2.5 x 0.4-0.6

mm, curved, narrowed towards both the ends, pale orange-yellow, puncticulate with isodiametric epidermal

cells; gynophore obscure.

In its stoloniferous habit with usually corm-like base of stems, the one fruited spikelets and involute

fruiting glume with rounded back, it shows affinities with Cyperus clarkei T. Cooke and C. paniceus (Rottb.)

Boeck. but differs essentially by the extreme slender habit, the tuberiferous slender stolons covered with

fibrous remains, the smaller (4-6 mm long) spikes, the some what longer nuts (ca. 2.5 mm) and the 3 sta-

Habitat and ecology.—Occasional under shade of thick semi-evergreen forests (1000 m above m.s.L).

Flowering andfruiting.—September-November.

Etymology.—This species has been named after Dr. S. Karthikeyan (ex Deputy Director, Botanical Survey

of India) in appreciation of his contribution to the field of systematic botany.

2. Fimblistylis naikii Wad. Khan & Lakshmin., sp. nov. (Fig. 2). Type: INDIA. Maharashtra: Kolhapur-Amboli Road,

Annuals, 10-35 cm tall; stems slender, trigonous to compressed trigonous, 0.3-1 mm thick, ribbed, glabrous,

rather rigid. Leaves ligulate, subbasal, 1-2 mm wide, 1/2 to 3/4 or more as long as the stems, flat with often

thick rib-like margins, hairy with long white cilia or glabrescent, acute; sheaths densely hairy, glabrous or

glabrescent, pale ferrugineus or dark brownish. Inflorescence small, simple to subcompound, 1.5-3.5 cm

long and broad with usually 3-9 spikelets; rays if present 1-3, each one bearing usually paired (rarely 3)

spikelets; involucral bracts up to 6, 1-2 foliaceous, the other ones setiform, the longest one as long as to

much overtopping the inflorescence up to 6 cm long, long ciliate at least on margins and base. Spikelets all

solitary, ovoid or ovoid-oblong, 3-7 x 2-3.5 mm, acute, brown-white variegated, many flowered; peduncles

2-5 mm long; rachilla winged. Glumes spiral, some what loosely imbricated, ovate to broadly ovate, 2-2.8 x

1.8-2.2 mm, almost as long as to slightly longer than broad, multistriate on sides, obtuse or acute, distinctly

apiculate, often enrolled in fruiting, reddish-brown with whitish keel portion on the back, broadly hyaline

margined; keel 3-5-nerved with strong mid nerve. Stamens 1 or 2; anthers elliptic-oblong, 0.4-0.5 mm
long, apiculate. Styles flat, shorter than the nuts, 1-1.2 mm long, conspicuously broader than the staminal

filaments, fimbriate throughout, not hyaline margined, pyramidally dilated at base or somewhat gradually

narrowed upwards; stigmas shorter than the styles, shortly hairy. Nuts biconvex, broadly obovoid, 1.5-1.6

x 0.8-1.2 mm, turgid in the centre, subtrabeculate with 15-18 vertical striations in between transversely

oblong thin walled epidermal cells, distinct in the centre and on the shoulder, nearly quadrate near base
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and apex, and on shoulder, apex rounded to subtruncate, muticous; gynophore discoid or cupoid, small,

0.1-0.2(-0.3) mm long and broad, not or obscurely lobed, often reddish-brown (very rarely dull whitish),

It is very similar to F. tomentosa Vahl but differs from the latter by the smaller, usually reddish-brown,

0.1-0.2(-0.3) mm long and broad gynophore, the broadly obovoid nut with subtrabeculate, tuberculate

surface pattern with 15-18 vertical rows of epidermal cells, and subtruncate, muticous or obscurely apiculate

apex together with 3-9 spikelets in smaller inflorescence. Apparently it also approaches F. dichotoma (L.)

Vahl and differ in having many nerved sides of glumes, the larger (1.5-1.6 x 0.8-1.2 mm) nuts with more

than 15 vertical rows of thin walled epidermal cells.

Habitat and ecology.—Occasional in wet open grassland and eutrophicated marshes.

Flowering andfruiting.—October-November.

Etymology.—The species has been named after Dr. V.N. Naik (teacher of senior author) in appreciation

of his outstanding contribution in the field of taxonomy.

inglaj to Ajra, 11 Oct 2004, Chavan 5314, 5317 (HCMCM). Andhra Pradesh. Medak District: Patancheru, 30 Oct 2005, Solanke 824

(HCMCM).

Notes.—This and other 3 taxa viz., F. tomentosa Vahl (= F. podocarpa sensu C.B. Clarke, 1893; = F. dichotoma

(L.) Vahl subsp. podocarpa sensu T Koyama, 1985; = F. dichotoma var. pluristriata sensu Napper 1971), F.

alboviridis C.B. Clarke, and the African F. striolata Napper are very closely related to each other. Authors

such as Clarke (1893), Kern (1974), Krai (1971), and a few others treated F. tomentosa distinct specifically

from F. dichotoma.

With its smoothly subtrabeculate nut surface pattern having more than 15 fine close vertical striations

or rows of thin walled cells and conspicuous tuberculations, F. naikii is very unlike to F. dichotoma or F
merrilliij. Kern, but somewhat approaches to F. alboviridis C.B. Clarke. The latter is distinguished by the

smaller nuts (0.8-1 x 0.5-0.7 mm) and white-brown variegated nerveless glumes (ca. 2 mm long). The new
species is undoubtedly more close to F tomentosa and can be thus distinguished from the latter and other

KEY TO NEVV AND ALLIED SPECIES

Nuts with 1 5-24 ftne close vertical striations or row of thin walled epidermal cells, smoothly ret

subtrabeculate, usually large, 1 .5-2.2 mm long; glurr es distinctly nerved on sides.

2. Gynophore large, 0.5-0.7 mm long, cupoid or obcc

rim distinguishable or not appressed to nut base;

acutish at apex, etuberculate (rarely with 1-3 fain t tubercles), reticulate from isod ametric hex

s£
II, 0.2-03 mm Ic

15-1 8 vertical ro

ng, cupoid, not

n of nut-body);

r rows of thick w
g; glumes nerve

r oadly o

^LsvZyo
71 appres

ng, roun

blong or Stic

s Dp, not hyaline margined-nlt
F.dich

mostly

F.IT
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LYONOTHAMNEAE, A NEW TRIBE IN THE ROSACEAE (ROSALES)

Luc Brouillet

e, notably the Potter et al. (2007) paper, have led to changes in the

Molecular phylogenetic analyses of the angiosperms and, more specifically, of Rosidae Tahkht. (summarized in

Angiosperm Phylogeny Group 2003) and Rosaceae Juss. (e.g., Morgan et al. 1994) have substantially changed

our perception of the relationships of Rosaceae, and have resulted in slight changes to its circumscription.

Traditional Rosales Bercht. & J. Presl (e.g., Cronquist 1981) included families that are now dispersed in

many orders and subclasses (Angiosperm Phylogeny Group 2003). Rosales now has a circumscription that

includes members of the former Rhamnales Linnk and Urticales Juss. ex Bercht. & J. Presl (Angiosperm

Phylogeny Group 2003). Similarly, phylogenetic analyses have led to a new classification of the Rosaceae

(Potter et al. 2007), with a reorganization of subfamilies and, to a lesser extent, tribes. Hypotheses of rela-

tionships among tribes and subfamilies were also considerably modified as a result of this analysis. One may
compare, for instance, the traditional classification used by Kalkman (2004) to that of Potter et al. (2007):

the classic subfamilies Spiraeoideae Arm, Rosoideae Arm, Prunoideae Horan., and Maloideae Weber, rec-

ognized in the former, were reduced to three in the latter, Rosoideae, Dryadoideae Sweet, and Spiraeoideae.

The last subfamily now incorporates genera formerly included in three subfamilies, including Prunoideae

and Maloideae. In the phylogenetic analysis of Potter et al. (2007), Lyonothamnus A. Gray appeared at the

base of Spiraeoideae, sister to all other members of the clade. In their classification, Lyonothamnus was not

assigned to a tribe. Historically, Lyonothamnus has been considered part of tribe Quillajeae Endl., along with

Quillaja Molina. Quillaja is now treated as the only genus in Quillajaceae D. Don of the Fabales Bromhead

(Angiosperm Phylogeny Group 2003). The subfamilial and tribal classification of Potter et al. (2007) is be-

ing used as the basis for treating Rosaceae in the Flora of North America project (volume 9, Rosales in part).

Currently, no tribal name exists for Lyonothamnus (Pankhurst 2007; Reveal 2006). Therefore, I am proposing

the creation of a tribe, Lyonothamneae, to accomodate Lyonothamnus.

Tribus Lyonothamneae Brouillet, tribus nOV Type: Lyonothamnus A. Gray, Proc. Amer. Acad. Arts 20:291. 1885.

mple or compound; stipules caducous, free; \
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perigynous; epicalyx of (l-)2-3 bractlets; hypanthium campanulate; torus none; carpels 2(-3), distinct,

free, styles terminal, distinct; ovules 2-4 or more, clustered. Fruits aggregated follicles (follicetum), styles

tardily falling, x = 9.

)hn Strother for their helpful c<
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THE TAXONOMY OF NORTH AMERICAN LOTI (FABACEAE: LOTEAE):

NEW NAMES IN ACMISPON AND HOSACKIA

Luc Brouillet

The taxonomy of Lotus s.l. (Fabaceae: Loteae) has been controversial, particularly with respect to the issue

of including or excluding the North American species from the genus; Cullen (1959) and Sokoloff (1999,

2000) together provide a summary of the taxonomic history involved. Following Greene (1890), it became

usual (though not unanimous) to treat North American species within Lotus s.l, as was done, among others,

by Ottley (1923, 1944), Isely (1981, 1993), Barneby (1989), Arambarri (2000), and Stenglein et al. (2003).

Traditionally, three subgenera have been recognized in North America: Hosackia, Syrmatium, and Acmispon,

the latter subdivided into sections Microlotus and Simpeteria. In the last 10 years, however, morphological

studies have shown that North American taxa were distinct from Eurasian Lotus s.s. Therefore, Sokoloff

(1999, 2000a, b; Sokoloff <Sr Lock 2005) proposed the recognition of four genera of North American Loteae:

Hosackia, Acmispon, Syrmatium, and Ottleya (section Simpeteria segregated), corresponding with the four

traditionally used subgeneric groups mentioned above. This taxonomy was accepted by Arambarri et al.

(2005) in their numerical taxonomic study of the American species. The molecular phylogenetic analyses

of Allan and Porter (2000) and Allan et al. (2003), based on the nrDNA internal transcribed spacer (ITS),

confirmed that the North American taxa were distinct from Lotus s.s. and resulted in the recognition of two

clades among American species: the Hosackia clade and the clade comprising the subgenera Acmispon and

Syrmatium, and section Simpeteria (Ottleya), hereafter called the Acmispon clade. Hosackia appears monophyl-

etic on both morphological (e.g., triaperturate pollen, leafy stipules) and molecular grounds, except for the

unexplained position of L. aboriginus in Allan and Porter (2000). Nomenclatural transfer of some varieties

recognized in Hosackia species has yet to be done, however.

The taxonomic disposition of species within the Acmispon clade (Allan & Porter 2000; Allan et al.

2003) (with 4-aperturate pollen and gland-like stipules, among others) appears less clear-cut. While there

was some resolution within the clade in the ITS-based phylogenetic study of Alan and Porter (2000), Allan

et al (2003) showed a well-supported but unresolved Acmispon clade. In the Allan and Porter analysis, sub-

genus Syrmatium appears monophyletic, with L. salsuginosus (Acmispon maritimus, sect. Acmispon, Sokoloff

2000) - L. aboriginus (Hosackia) as sister to the subclade. A second subclade includes members of sections

Simpeteria (Ottleya, Sokoloff 1999) and Microlotus (L. wrangelianus; Acmispon sect. Anisolotus, Sokoloff 2000).

It is worth noting that Ottley (1944) included her new section Simpeteria within Lotus subgenus Acmispon.
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Thus Acmispon, as defined by Sokoloff (2000) and as traditionally understood, appears polyphyletic in the

ITS phytogeny, each section belonging to a separate clade. Only two members ofAcmispon were included in

the study, which prevents further conclusion. Thus, contrary to what morphological data may suggest, it does

not seem possible to clearly delimit three monophyletic groups within the clade. Therefore, I am suggesting

that two genera should be recognized among American Loti at the present time, corresponding to the two

clades recognized in molecular analyses: Hosackia and Acmispon (the oldest generic name available for the

Acmispon clade). Given the ambiguity concerning the monophyly of lineages within Acmispon, I prefer not

to recognize subgeneric taxa at the present time, even though the Syrmatium group appears monophyletic.

The delimitation of such taxa will have to be evaluated using more complete molecular and morphological

The purpose of this paper is to provide the nomenclatural combinations that are needed in Hosackia

and Acmispon, particularly in view of the upcoming treatments of these genera for the second edition of The

Jepson Manual and for the Flora of North America project. I am mainly following the taxonomy of Isely

(1981, 1993) for the North American species. A list of already accepted names in Hosackia and Acmispon for

North America north of Mexico is provided.

NEW COMBINATIONS IN HOSACKIA

Hosackia crassifolia Benth. var. otayensis (Moran ex Isely) Brouillet, comb. nov. Basionym: Lotus crassijohus (Benth.)

Hosackia oblongifolia Benth. var. cuprea (Greene) Brouillet, comb. nov. Basionym: Lotus cupreus Greene, Leafl. Bot.

var. cupreus (Greene) Ottley, Univ. Calif. Publ. Bot. 10(3):206. 1923.

Hosackia Stipularis Benth. var. Ottleyi (Isely) Brouillet, comb. nov. Basionym: Lotus sdpularis (Benth.) Greene var. ottleyi

NEW COMBINATIONS IN ACMISPON

Acmispon americanus (Nutt.) Rydb. var. helleri (Britton) Brouillet, comb. nov. Basionym: Lotus hdleri Britten, Bull.

Acmispon argophyllus (A. Gray) Brouillet, comb. nov. Basionym: Hosackia argophylla

Syrmatium argophyllum (A. Gray) Greene, Bull. Calif. Acad. Sci. 2:147. 1886. Lotus argophyllus (A. Gray)

1890. Acmispon argophyllus (A. Gray) Brouillet var. argophyllus. Hosackia argophylla A. Gray var. argophylla.

Acmispon argophyllus (A. Gray) Brouillet var. adsurgens (Dunkle) Brouillet, comb. nov.

Acmispon argophyllus (A. Gray) Brouillet var. argenteus (Dunkle) Brouillet, comb. nov. Basic



Brouillet, New names in Acmispon and Hosackia 389

Acmispon argophyllus (A. Gray) Brouillet var. fremontii (A. Gray) Brouillet, comb. nov. Basionym: Hosackia argophylla

9(5):67. 1913. Lotus argophyllus (A. Gray) Greene var. fremontii (A. Gray) Ottley, Univ. Calif. Publ. Bot. 10(3):237-238. 1923.

Acmispon argyreus (Greene) Brouillet, c

Acmispon argyraeus (Greene) Brouillet var. multicaulis (Ottley) Brouillet, comb. nov. Basi.

Acmispon argyraeus (Greene) Brouillet var. notitius (Isely) Brouillet, comb, nov Basionym: Lo

ispon dendroideus (Greene) Brouillet, comb, no 1

Acmispon dendroideus (Greene) Brouillet var. traskiae (Noddin) Brouillet, comb. nov. Basic

Ottley Univ. Calif. Publ. Bot. 10(3):229. 1923. Lotus scoparius (Nutt. ex Torr. & A. Gray) Ottley subsp. traskiae (Nod

Acmispon dendroideus (Greene) Brouillet var. veatchii (Greene) Brouillet, comb. nov. Basionym: j

Acmispon distichum (Greene) Brouillet, comb. nov. Basionym: Hose

m: Hosackia flexuosa Greene, Bull. Calif Sci.

Acmispon glabrus (Vogel) Brouillet, comb, r

(Vogel) Greene, Pittonia 2:148. 1890, nom. illeg
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Acmispon glabrus (Vogel) Brouillet var. brevialatus (Ottley) Brouillet, comb. nov. Basionym: LdIus scoparius (Nutt.

exTorr. & A. Gray) Ottley var. brevialatus Ottley Univ. Calif. Publ. Bot. 10(3):227, pi. 77, fig. 10-16. 1923. Hosachia glabra (Vogel)

Acmispon grandiflorUS (Benth.) Brouillet, comb. nov. Basionym: Hosackia grandiflora Benth., Trans. Linn. Soc. London 17:366.

1837. Lotus grandijlorus (Benth.) Greene, Pittonia 2:145. 1890. Anisolotus grandiflorus (Benth.) A. Heller, Mulhenbergia 8(l-2):20.

1912. Ottleyagrandtflora (Benth.) D.D. Sokoloff, Feddes Repert.ll0(l-2):94. 1999.

dagrandiflora Benth. var. anthylloides A. Gray, Proc. Acad. Nat. Sci. Philadelphia 1863: 350. 1864. Hosackia anthylloides (A. Gray)

Acmispon grandiflorus (Benth.) Brouillet var. macranthus (Greene) Brouillet, comb. nov. Basionyi

S^l:^AQ8^tus ma (Greene) A. Heller, Mulhe

Acmispon greenei (Wooton & Standi.) Brouillet, comb. nov. Basionym: Anisolotus greenei Wootc

Natl. Herb. 1(4A):185. 1886 [1885]. Hosackia greenei (Wooton & Standi.) Wiggins, Contr. Dudley Here

greenei (Wooton & Standi.) D.D. Sokoloff, Feddes Repert. 110 (l-2):94. 1999.

Acmispon haydonii (Orcutt) Brouillet, comb. nov. Basionym: Hosackia haydonii W Ame:

(Orcutt) Greene, Pittonia 2(9): 149. 1890. Syrmatium haydonii (Orcutt) Brand, Bot. Jahrb. Syst. 2

(Orcutt) A. Heller, Muhlenbergia 9(5):67. 1913.

Acmispon heermannii (Greene) Brouillet, comb. nov. Basionym: Hosackia heermannii

Acmispon heermannii (Greene) Brouillet var. orbicularis (A. Gray) Bro

Hilg.) Greene var. orbicularis (A. Gray) Isely, Brittonia 30:467. 1978.

ispon intricatus (Eastw.) Brouillet, comb, r
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Acmisponjunceus (Benth.) Brouillet var. biolettii (Greene) Brouillet, comb. nov. Basiony

Acmispon maritimus var. brevivexillus (Ottley) Brouillet, comb. nov. Basionym: Lotus sahi

alif. Publ. Bot. 10(3):217, t. 73. 1923. Lotus maritimus subsp. brevivexillus (Ottley) Mu

1890. Ottleya mearnsii (Britton) D.D. Sokoloff, Feddes Repert. 110 (l-2):95. 1999.

s (J.L. Anderson) Brouillet, c

inthus (Nutt. ex Torr. & A. Gray) Brouillet, comb. nov. Basionym: Hosac

Acmispon nevadensis (S. Watson) Brouill

Bot. California 1:138. 1876. Lotus nevadensis (<

(S. Watson) Ottley, Univ. Calif. Publ. Bot. 10(3;

Acmispon nevadensis (S. Watson) Brouillet var. davidsonii (Greene) Brouillet, comb, i

Acmispon niveus (S. Watson) Brouillet, comb. nov. B,
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us (M.E. Jones) Ottley, Britto

Acmispon rigidus (Benth.) Brouillet, comb. nov. Basionym: Hosackiari&da Benth., PL Hartw. 305. 184<

Greene, Pittonia 2(9):142. 1890. Anisolotus rigidus (Benth.) Rydb., Bull Torrey Bot. Club 33:144. 1906. A. rig

Muhlenbergia 8:20. 1912. Ottleya rigida (Benth.) D.D. Sokoloff, Feddes Repert. 110(l-2):95. 1999.

Hosackiapuberula A. Gray, Smithsonian Contr. Knowl. 5(6):42. 1853, nom. illeg., non Benth. 1849.

Acmispon strigosus (Nutt. ex Torr. & A. Gray) Brouillet, comb. nov. Basionym: Hosackia strigo

. strigosus. Anisolotus strigosus (Nutt. ex Torr. & A. Gray) A. Heller, Muhlenbergia 3(6): 101. 1907. Ottleya str

k. Gray) D.D. Sokoloff, Feddes Repert. 110(l-2):95. 1999.

ispon wrightii (A. Gray) Brouillet, comb. nov. Basionym: Hosad

1906. Ottleya wrigntii (A. Gray) D.D. Sokoloff, Feddes Repert. 110(l-2):9<
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LIST OF ACCEPTED NAMES IN HOSACKIA FOR NORTH AMERICA NORTH OF MEXICO

Hosackia alamosana Rose, Contr. U.S. Natl Herb. 1(4):96. 1891.

Hosackia crassifolia Benth., Trans. Linnean Soc. London 17:365. 1837.

Hosackia crassifolia Benth. var. crassifolia

Hosackia gracilis Benth., Trans. Linnean Soc. London 17:365. 1837.

Hosackia incana Torr., Pacific Railr. Rep. 4:79, pi. 4. 1857

Hosackia oblongifolia Benth., Pi. Hartw. 305. 1849.

Hosackia oblongifolia Benth. var. oblongifolia

Hosackia pinnata (Hook.) Abrams, 111. Fl. Pac. States 2:541. 1944.

Hosackia rosea Eastw., Proc. Calif. Acad. Ser. 2, 6:424, pi. 55. 1896.

Hosackia stipularis Benth., Trans. Linnean Soc. London 17:365. 1837.

Hosackia stipularis Benth. var. stipularis

Hosackia yollaboliensis (Munz) D.D. Sokoloff, Kew Bull. 55:1009. 2000.

LIST OF ACCEPTED NAMES IN ACMISPON FOR NORTH AMERICA NORTH OF MEXICO

Acmispon americanus (Nutt.) Rydberg, Ann. Bot. Fennici 37:129. 2000.

Acmispon americanus (Nutt.) Rydb. var. americanus

Acmispon brachycarpus (Benth.) D.D. Sokoloff, Ann. Bot. Fennici 37:130. 2000.

Acmispon denticulatus (Drew) D.D. Sokoloff, Ann. Bot. Fennici 37:130. 2000.

Acmispon maritimus (Nutt.) D.D. Sokoloff, Ann. Bot. Fennici 37:129. 2000.

Acmispon parviflorus (Benth.) D.D. Sokoloff, Ann. Bot. Fennici 37:129. 2000.

Acmispon rubriflorus (Sharsm.) D.D. Sokoloff, Ann. Bot. Fennici 37:130. 2000.

Acmispon wrangelianus (Fish. & C.A. Mey.) D.D. Sokoloff, Ann. Bot. Fennici 37:129. 2000.
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MICRANTHES NELSONIANA VAR. PORSILDIANA (SAXIFRAGACEAE),

THE PROPER NAME AT THE VARIETAL LEVEL

Luc Brouillet

4101 rue SherbrookeE

Montreal, Quebec, CANADA H1X2B2

lucbrouillemumon treal.ca

Micranthes nelsoniana

Recently, Brouillet and Gornall (2007) presented new combinations in Micranthes for the North American

flora. In the treatment of the genus for the Flora of North America, Elvander and Brouillet (ined.) are merg-

ing two infraspecific taxa of Micranthes nelsoniana (D. Don) Small that had traditionally been considered

distinct: varieties or subspecies pacifica and porsildiana. Subspecific and varietal names exist for both entities

in Saxifraga. When merging the taxa at the subspecific level, the name pacifica has priority over porsildiana. At

the varietal level, however, porsildiana has priority over pacifica (see taxonomy below). Currently, the varietal

level is being used for the Flora of North America treatment. In publishing new names, however, Brouillet

and Gornall (loc. cit.) made a combination for var. pacifica but not for var. porsildiana. A new combination

in Micranthes for the latter is therefore required and is presented here. Since Gornall and Ohba (ined.) had

prepared combinations for all varieties in Micranthes nelsoniana, I am attributing the new combination to

these authors.

Micranthes nelsoniana (D. Don) Small var. porsildiana (Calder & Savile) Gornall & H. Ohba, comb. nov.

ulten)H. Ohba, J. Jap

Micranthes petiolaris

Brouillet and Gornall (2007) made a new combination for Micranthes petiolaris. The combination by Bush

(1928), however, is currently considered valid and has priority. Therefore, Micranthes petiolaris (Raf.) Brouillet

& Gornall must be considered an isonym.

Micranthes petiolaris (Raf.) Bush, Amer. Midi. Naturalist 11:225. 1928. Basionym: Hexaphoma petiolaris Raf., Fl. Tellur. 2:67. 1837. Saxi-
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NOMENCLATURAL CHANGES IN NEMACLADUS (CAMPANULACEAE)

Nancy R.Morin 1

Biology Department

Northern Arizona University

Flagstaff, Arizona 8601 7, USA

Nemacladus is an isolated genus in Campanulaceae (Nemacladoideae M.H.G. Gustafsson, Lammers 2007a,

2007b, or Nemacladaceae Nuttall, Takhtajan 1997, which include Pseudonemacladus McVaugh and Parishella

A. Gray) basal to the Campanuloideae and Lobelioideae (Cosner et al. 1994) or sister to a clade comprising

Cyphiaceae, Cyphocarpaceae, and Lobeliaceae (Gustafsson & Bremer 1995). Distributed in southwestern

U.S. and northern Mexico, extending south to Sonora and Baja California and north into southeastern

Oregon and western Wyoming, it is most diverse in California. Filaments connate for part of their length

distinguish it from Campanuloideae, free anthers distinguish it from Lobelioideae, and absence of a fluid

filled cavity in the stigma separates it from Cyphioideae.

A detailed study of Nemacladus has been in progress since the author prepared a treatment of it for

the Jepson Manual (Morin & Milburn 1993). Extensive field work, study of herbarium specimens, and, in

collaboration with T.J. Ayers at Northern Arizona University, analysis of DNA and study of floral and seed

morphology using SEM, have been done for a monograph that is in preparation. In order to reflect the results

of this work in the revision of the Jepson Manual in preparation, it is necessary to make some nomenclatural

changes in advance of the full monograph.

The monospecific Parishella A. Gray, found in the Mojave Desert and disjunct in mountains in Santa

Barbara County, California, has long been thought to be the genus most closely related to Nemacladus and

is here transferred into Nemacladus. In ITS (Haberle 1998), and atpB (Ayers in prep.) analysis Parishella

californica is nested within Nemacladus, with closest alliance to N. rigidus Curran. As in other Nemacladus,

large, clear cells are attached to the filaments; the non-resupinate, nearly actinomorphic flowers with white,

cup-shaped corolla are similar to those of N. pinnatifidus Greene.

McVaugh (1939) recognized three varieties in N glanduliferus based on their habit and the aspect of the

pedicels, considering the flowers to be similar in all three. The flowers differ significantly, however, and

these taxa are here recognized as species. Nemacladus glanduliferus and N. orientalis are sister taxa in the

atpB and ITS analysis (Ayers, in prep.).

Nemacladus glanduliferus Jepson has nearly actinomorphic, upward facing flowers that are mostly resu-

pinate, petals white, all similar in size and shape, connate at base forming a cuplike tube, free lobes reflexed;

Contact address, Nancy R. Morin, P.O. Box 71 6 Point Arena, California 95468, U.S.A.
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Mexico.

Nemacladus orientalis has highly zygomorphic, outward-facing flowers that are not resupinate, petals

white with maroon and sometimes yellow markings, free nearly to base, lower two petals longer and narrower

than upper three petals; filament tube and style deflexed between lower two petals; capsules hemispheric

with base rounded and apex acute, 1.5-2 mm diameter. It is widely distributed in desert areas of California,

Nevada, Arizona, Utah, north to Wyoming and south to Baja California and Sonora, Mexico.

Nemacladus australis has highly zygomorphic, outward-facing flowers that are not resupinate, petals

white with maroon markings, free nearly to base, lower two petals longer and narrower than upper three

petals, filament tube and style deflexed between lower two petals; capsules spherical, 3.5-4 mm diameter.

It is known from Rosario, Bajia de los Angelos, Santa Catarina, El Terminal, and Sierra Calvario, in Baja

California.

Nemacladus orientalis (McVaugh) Morin, comb, et Stat. nOV. Nemacladus glanduliferus var. orientalis McVaugh, Amer.

Nemacladus australis (Munz) Morin, comb, et Stat. nOV. Nemacladus rigidus var. australis Munz, Amer. J. Bot. 11:242, tab.

10. 192. Type: BAJA CALIFORNIA. Rosario, 1 May 1886, C.R. Orcutt 1348 (holotype: GH!; isotypes: MO!, UC!).

Nemacladus glanduliferus var. australis (Munz) McVaugh, Amer. Midi. Naturalist 22:540. 1939

Nemacladus rubescens Greene is one of the most striking species in the genus, with highly zygomorphic flow-

ers and conspicuous markings on the petals. McVaugh named var. tenuis based on shape, size, and margins

of the basal leaves, size of anthers, and nature of the clear cells attached to the filaments. Except for these

characters, he believed the flowers were basically the same as typical rubescens. Field studies show that the

flowers of tenuis are very different from those of rubescens and in ways that almost certainly preclude gene

transfer between the two, and that there are two different floral mophologies within tenuis. Nemacladus tenuis

is here recognized as a species with two varieties.

Nemacladus rubescens and Nemacladus tenuis both have silvery grey stems or reddish stems with a silvery

sheen, and yellowish green leaves. Nemacladus rubescens has oblanceolate to elliptic, mostly obtuse leaves

with entire margins; flowers face outward, are highly zygomorphic, not resupinate, petals divided nearly to

base, yellowish with maroon markings, elliptic to lanceolate and straight; filament tube and style declined

between two lower petals. Nemacladus tenuis has leaves oblanceolate, deeply pinnatifid; flowers face upward

or outward, are resupinate, petals yellowish with maroon and yellow markings or white with pinkish or

yellowish markings, lower three petals connate at base or divided nearly to base, together bowl-shaped;

filament tube and style erect and arching over the flower.

Nemacladus tenuis var. tenuis

Sepals 0.7-1 mm long, linear; corolla divided 1/2 length, lobes nearly alike; all lobes white with deep pink

or yellowish tips, deltate, 0.9-2 mm long; filaments 1-2 mm long, arched, anthers 0.4-0.5 mm long. Mojave
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Sepals 1-2.5 mm long, narrowly deltate; corolla divided nearly to base, 2 upper lobes maroon or brownish,

linear, arched, 0.9-2.5 x 0.3-0.5 mm long, 3 lower lobes white with yellow and brownish marks, 0.9-2.2

mm long, ciliate; filaments 2-3.5 mm long, anthers 0.5-0.6 mm long. Mohave Desert.

Etymology.—The epithet "aliformis" (from ala, wing, and -formis, with the form of) refers to the winged

appearance of the flowers, which resemble small flying insects.

Robbins (1958) helped clarify the circumscription of Nemacladus species that have resupinate flowers

with corollas that are mostly white or white with a lilac or pink tinge. One of these is Nemacladus secundiflo-

rus G.T. Robbins, known from the South Coast Ranges and Greenhorn Mountains in California. He noted

an unusual population (Raven 9138 and Bacigalupi 5649) from San Benito County but concluded it was not

different enough to warrant recognition. Study of fresh material and additional populations indicates that

the flowers of these plants consistently differ from typical secundiflorus in being much smaller and in having

a narrower corolla tube.

Nemacladus secundiflorus var. secundiflorus has flowers with a white corolla, sometimes with pinkish

veins, tube 2.5-3.5 mm long, broadly cylindrical, upper 2 lobes widely spreading, 2-2.5 mm long, glabrous

to hairy, lower lobes reflexed, 2.5-3 mm long; filaments ± 2-2.5 mm long, anthers 0.5-0.7 mm long, with

many long, ca. 0.7 mm hairs. South Coast Ranges in Monterey and San Luis Obispo counties, and the

Greenhorn Mountains in Tulare and Kern counties.

Nemacladus secundiflorus var 1 obbinsii Morin, var no

Corolla white or pale lavender; tube 0.5-0.8 mm long, narrowly cylindrical, upper 2 lobes spreading,

0.3-0.5 mm long, glabrous, lower lobes reflexed, 0.3-0.5 mm long; filaments ± 0.8 mm long, anthers 0.1

mm long, hairs absent or few, ca. 0.5 mm long. South Coast Ranges in San Benito, San Luis Obispo, and

Ventura counties with one population in the Greenhorn Mountains in Tulare Co.

Etymology.—Variety robbinsii is named in honor of Guy Thomas Robbins, 1916-1960, in recognition of

his careful and perceptive studies oiNemacladus. He received a B.S. from the University of California, Berkeley

and an M.S. at University of Colorado, Boulder, after which he was on the faculty at University ofArizona and

at Oklahoma State College, Ada. He then entered the Ph.D program at University of California, Berkeley and

in 1952 took a full-time position as a Research Botanist in the Jepson Herbarium. In addition to his work on

Nemacladus, he published a revision of North American Androsace (Robbins 1944). Additional information

about his life can be found in the memoirs of Lavinia Pearl Butler Robbins (1882-1985), his mother, who
donated her memoirs in 1972 to the Bancroft Library at University of California, Berkeley, in his memory.

Nemacladus calcaratUS Morin, sp. nov. Type: CALIFORNIA. Tuiare Co.: S of Chimney Creek Campground, ca. 9.3 air mi WofHwy

Plants 2-4 cm tall, branched from base or 0.5-1 cm from base, axis somewhat zig-zagged, stems widely

spreading at a 60-75° angle to axis, sparsely hairy; internodes 0.5-1 cm. Basal leaves green with reddish

margins, narrowly lanceolate to spatulate, 2-5 x 0.2-1.5 mm, remotely toothed, densely hairy, apex acute.

Bracts l-1.2(-2) mm long, ovate-lanceolate, entire or remotely and minutely toothed, sparsely hairy, ±

clasping pedicel at base, abruptly arched away from pedicel 1/3 to 1/2 from base, apex minutely apiculate;

pedicels straight or arched, 1-1.2 cm long, ± densely hairy at base, more sparsely hairy distally. Flowers

bilaterally symmetrical, not resupinate; hypanthium tube hemispheric to broadly obconic, ca. 0.5 mm long;

calyx lobes lanceolate, glabrous, lowest calyx lobe reflexed and appressed at base to spur, 1.2-1.5 x 0.5 mm,
2 flanking lobes 1.2-1.5 mm long, upper 2 lobes 0.8-1 mm long; petals radiating on adaxial (upper) side

of corolla, white with longitudinal red or maroon line on proximal half, ovate, apex acute, bearing slender,
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0.4 mm, downward pointing hairs abaxially and adaxially, lowest 2 petals connate basally 1 mm forming a

spur, free portion 2.5 x 1.5 mm, 2 flanking and uppermost petals narrower, ca. 2.5 x 1 mm; filaments con-

nate in distal 2/3, 1.8-2 mm, bearing 0.5-1 mm long hairs at apex, 2 narrow, yellow, stipe-like appendages

extending from near base of filaments terminated by semicircular pad from which 8-12 clear, narrow, acute

cells ca. 0.3 mm long radiate, anthers 0.3-0.4 mm; ovary subinferior, broadly hemispheric, base obtuse,

apex nearly flat, 3 glands alternating with filaments low, oblong, densely papillate; capsule ca. 3 mm long,

calyx lobes splayed outward.

Nemacladus calcaratus is known only from the Chimney Creek area, Tulare County, California at the

southern end of the Pacific Crest.

Etymology.—Calcaratus is in reference to the nectar spur. Ertter et al. (6331) noted the red stripes on

the corolla, and Boyd and Bramlet (1931) pointed out the small spur. It is the first species of Nemacladus

known to have a definite nectar spur, although the corolla of Nemacladus ramosissimus Nutt. is gibbous. The

flat ovary apex and relatively large corolla with all petals arranged on the upper part are also distinctive.
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PHYLOGENETIC ANALYSIS OF NORTH AMERICAN PLUMS

(PRUNUS SECT. PRUNOCERASUS: ROSACEAE) BASED ON

NUCLEAR LEAFYAND S6PDH SEQUENCES

Joseph R. Rohrer, 1 Megan A. O'Brien, and Julie A. Anderson

Department ofBiology

RESUMEN

INTRODUCTION

Prunus is one of the larger genera of the Rosaceae with about 200 species, which are most abundant in the

North Temperate zone but also range into the tropics and Southern Hemisphere (Rehder 1940; Robertson

1974). It is important commercially as the source of cherries, almonds, peaches, nectarines, apricots, and

plums; numerous species are grown ornamentally for their beautiful early-spring flowers. The classifica-

tion of Prunus has been debated from Linnaeus to the present day, with some botanists arguing for a broad

concept of the genus that includes all of the fruits mentioned above (e.g., McVaugh 1951; Robertson 1974)

and others dividing Prunus into a variety of segregate genera including Amygdalus, Armeniaca, Cerasus,

Laurocerasus, Padus, and Persica (e.g., Iwatsuki et al. 2001; Flora of China Editorial Committee 2003). The

most widely used classification has been that of Rehder (1940) who recognized Prunus in its broad sense

At the species level there has been considerable taxonomic uncertainty among the North American

plums (Prunus sect. Prunocerasus). In 1892 Bailey called Prunocerasus the "hardest puzzle in American

pomology," a memorable phrase quoted by Shaw and Small (2004) more than a century later in reporting

the use of multiple cpDNA sequences to bear on this enduring puzzle. Shaw and Small (2004) provided an
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extensive review and analysis of the taxonomic history of Prunoce

classification of North American plums is the result of interspecifi

probably interspecific hybridization.

The earliest studies using DNA sequences to examine relationships in Prunus focused on a limited

number of cultivated species (Badenes & Parfitt 1995; Uematsu et al. 1991). In 2001 two research groups

sought to clarify phylogenetic relationships among the subgenera and numerous sections of Prunus by ex-

amining species on a worldwide scale (Bortiri et al. 2001; Lee & Wen 2001). Unfortunately relationships

among the species of section Prunocerasus remained unresolved. Both groups used ITS sequences and found

slight variation among the native plums included in their studies. Analyses by Bortiri et al. (2001) using

chloroplast trnL-trnF sequences also revealed only slight variation among six North American species.

Rohrer et al. (2004) used microsatellite analysis in an attempt to find molecular markers more variable

among species of Prunocerasus than ITS or trn sequences. However, all pairs of species in the study shared

fewer than half of their alleles, indicating greater genetic divergence among the North American plums than

expected given their similar ITS and trn sequences. Accessions of two or three individuals of the same spe-

cies often did not cluster together, suggesting that microsatellites might be too variable to be informative in

resolving species relationships in Prunocerasus. Seeking to test the hypothesis of monophyly for Prunocerasus

and to resolve relationships among the species, Shaw and Small (2004, 2005) turned to seven noncoding

regions in the chloroplast genome shown to be highly variable across a wide array of taxa (Shaw et al. 2005).

Given their taxonomically broad sampling of species both within the section and across all of Prunus, Shaw

and Small (2004, 2005) provided unequivocal support for the monophyly of sect. Prunocerasus. Within the

section the analyzed sequences varied little among the species. They demonstrated strong support for P.

subcordata as sister to the rest of Prunocerasus. An unexpected result was the inclusion of the hairy-fruited

P. texana within Prunocerasus positioned between P subcordata and the other species, which formed three

primary clades with little resolution within each clade. Many of the species have exemplars on more than

one clade, and the chloroplast haplotypes show greater correlation with geography than species limits.

Bortiri et al. (2002) demonstrated that the nuclear gene s6pdh was more variable among Prunus species

than either ITS or trn and showed greater promise for resolving relationships in the genus. However, only

three species of Prunocerasus were included in their analysis. In addition, Oh and Potter (2003) reported

sequences from the second intron of the nuclear gene LEAFY were more phylogenetically informative than

either ITS or cpDNA in the rosaceous genera Neillia and Stephanandra. In this study we explore the use of

these low-copy nuclear genes for resolving relationships among the species of Prunocerasus. Specifically we

expand the use of s6pdh to all commonly recognized species in the section and include sequences from the

Plant Material—-We were able to obtain at least one accession from each of the 15 (or so) species of North

American plums. The exact number of species is subject to the differences in opinion concerning species

circumscriptions that animate taxonomic debate. Apricot (P. armeniaca), cherry plum (P. cerasifera), and two

varieties of sand cherry (P. pumila var. pumila and P. pumila var. susquehanae) were used for outgroup com-

parison. In all, we analyzed 37 accessions of North American plums plus the four outgroup taxa (Table 1).

Some specimens were collected from wild plant populations; others were collected from cultivated plants of

the University of California, Davis campus, the USDA National Clonal Germplasm Repository in Davis, and

the USDA Southeastern Fruit and Nut Research Station in Byron, GA. All sources of DNA are documented

by voucher specimens deposited in the University of Wisconsin-Eau Claire herbarium (UWEC). We verified

identifications against published descriptions and authentic herbarium material.

DNA Extraction, Amplification, and Sequencing.—Total DNA was isolated by grinding approximately

100 mg (wet weight) of fresh or frozen leaves in liquid nitrogen and using the DNeasy Plant Mini Kit (Qia-

gen) according to the standard protocol. We prepared PCR reactions in 50-ul volumes containing -10 ng
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of genomic DNA, 1.25 units of ExTaq DNA polymerase (Takara), lx PCR buffer, 200 uM dNTPs, 0.2 uM of

each primer, and sterile water. Intron 2 of the nuclear gene LEAFY was amplified using primers modified

from Oh and Potter (2003): LFY5: 5'-CAGAACATTGCCAAGGAGC-3', LFY4: 5»-GGCTTGTTGATGTAGCT-

TGC-3'; and nuclear gene s6pdh from Exon 2 to Exon 6 was amplified using primers modified from Bortiri

et al. (2002) plus a new primer (o): s6pdh-k: 5'-CAAGAGTGAAGCAGACGTTGG-3', s6pdh-h: 5'-AGACCA-

ATGCTACGAACTAGGCCG-3', s6pdh-o: 5'-AGAATAAGGTGTTGGACATAGACG-3', s6pdh-p: 5'-AGAGTG-

GTCCTGGATTTCTTATCTA-3'. Thirty-five cycles of three-step PCR, preceded by an initial melting step of 4

min at 94°C and concluded by a final extension of 7 min at 72°C, were carried out as follows: denaturation

at 94°C for 30 sec, primer annealing at 52°C (LEAFY) or 54°C (s6pdK) for 1 min, and extension at 72°C

for 2 min.

Following electrophoresis we excised PCR products from 1% agarose gels and purified them using a

QIAquick Gel Extraction Kit (Qiagen). We sent the fragments for direct sequencing using the PCR primers

either to Davis Sequencing (Davis, CA) or the DNA Sequence Laboratory of the University of Wisconsin

Biotechnology Center (Madison, WI). PCR products with unreadable sequences or a significant number of

ambiguous base calls were cloned using the TOPO TA Cloning Kit for Sequencing (Invitrogen) following

the manufacturer's instructions. Sequencing of all clones using T3 and T7 primers was done by the DNA
Sequence Laboratory of the UW Biotechnology Center. Following cloning, sequences with possible PCR

artifacts were identified and removed from further analysis by comparing the cloned sequences to each other

and to the original chromatogram obtained through direct sequencing. When two or more clones yielded

identical sequences, only one was used in the analyses.

Each sequence chromatogram was scrutinized for base determination errors using Chromas 2.22 (Tech-

nelysium Pty Ltd), and the sequences were aligned by eye in GeneDoc 2.6.002 (Nicholas & Nicholas 1997).

The close relationship among Prunus species made manual alignment of the sequences straightforward. For

data analysis, parsimony informative indels were coded as additional binary characters. Seven indels were

included for LEAFY and eight for s6pdh. LEAFY sequences were trimmed to just Intron 2; s6pdh sequences

were truncated to begin 18 bp downstream from the end of primer k, located in Exon 2, and end 14 bp

upstream from the start of primer p in Exon 6. Sequences were submitted to GenBank (accession numbers

listed in Table 1).

Phylogenetic Analyses.—Both data sets were analyzed using maximum parsimony (MP) with PAUP*

4.0bl0 (Swofford 2002) and Bayesian inference (BI) with MrBayes 3.1.2 (Huelsenbeck & Ronquist 2001;

Ronquist & Huelsebeck 2003). Two heuristic MP searches with TBR branch swapping and the Multrees

option were performed: the first with MaxTrees set to one million; in the second, the "nchuck" and "chuck-

score" options were employed so that 10,000 trees were saved and swapped for each of 30 random addition

replicates. The results of each search were summarized as strict consensus cladograms. Relative support

for each branch was assessed by heuristic searches of 1000 bootstrap replications with 10 random addition

replicates each and TBR branch swapping. For each random addition replicate 100 trees were saved. For

BI analyses each data set was partitioned into nucleotide characters and indel characters. ModelTest 3.7

(Posada & Crandall 1998) was used to select the substitution model that best fit the nucleotide data using

the Akaike information criterion: TVMef for LEAFY and HKY+I+G for s6pdh. Each of two BI runs for each

gene consisted of three heated and one cold chain with samples drawn every 100 generations. We ran the

LEAFY data for 1,000,000 generations discarding the first 500,000 generations, whereas for s6pdh we ran

1,500,000 generations discarding the first 750,000 generations. The runs for each data set were combined

and a majority rule consensus tree constructed with a 67% threshold.

Determination of chloroplast haplotypes.—In order to compare our phylogenetic results from nuclear

LEAFY and s6pdh with those of Shaw and Small (2004, 2005), we sequenced the trnL-trnF intergenic spacer

from the chloroplast genome for our accessions. We amplified the spacer using the e-f primer pair of Taberlet

et al. (1991) and used primer e, and sometimes primer f, for sequencing (GenBank accessions EU606152-

EU606192). We aligned our sequences with those from the 18 Prunocerasus exemplars used in Shaw and Small
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(2004). The maximum parsimony tree from the combined dataset was used to place each of our native plum

accessions into one of the primary chloroplast haplotypes (A, B, C, S, or T) of Shaw and Small (2005).

For clarity in the results and discussion sections we refer to specific sequences by their names on the phy-

lograms, omitting the genus name and differentiating among clones from the same collection by decimels

following the last three digits of the collection number.

LEAFY Alignment and Data Analysis.—PCR with primers LFY5 and LFY4 yielded fragments approxi-

mately 750 or 1000 nucleotides in length, the difference being a 250-bp insertion. Only 1000-bp fragments

were PCR amplified for Prunus hortulana and P. murrayana. All three individuals of P. rivularis and two of

the four collections of P. munsoniana (513, 676) had both 750 and 1000-bp fragments (Fig 1). The other

collections of P. munsoniana and the remainder of the species yielded only 750-bp fragments. Some of the

cloned P. rivularis sequences appeared to be recombinations of the 750 and 1000-bp sequences, similar to

those of P. angustifolia and P. hortulana/P. murrayana respectively (Fig 2). Putative recombinant sequences

were omitted from the phylogenetic analyses. Trimmed to LEAFY Intron 2, the ingroup sequences varied

in length from 658 bp in P. texana to 925 bp in one clone of P. rivularis (528.22). The final alignment used

in the LEAFY data analysis included 930 nucleotide characters, of which 856 were invariant, 35 varied but

were parsimony-uninformative, and 39 (4.2%) were parsimony informative for the ingroup taxa.

The strict consensus MP cladograms from the two parsimony analyses are identical (not shown), each

of length 194 with consistency index (CI) of 0.634 and retention index (RI) of 0.796. Their topologies are

similar to the Bayesian analysis phylogram (Fig. 3), but several nodes (indicated by the solid circles) are

collapsed and there are minor rearrangements within Clades 3 and 4 (topology indicated by dotted lines).

Species of Prunus sect. Prunocerasus form a monophyletic group split into three lineages: P. subcordata plus

Clades 1 and 2. Clade 3 is composed of P. angustifolia and angustijolia-\ike sequences from P. munsoniana

and P. rivularis. The latter two species (names in bold on Fig. 3) also have cloned sequences from the same

individuals on Clade 2. Relationships among P. americana, P. mexicana, and P. nigra are unresolved; they

diverge from a basal polytomy on Clade 2. Sequences of Clade 4, including those of P. hortulana, P. mur-

rayana (except 525S), P. munsoniana, and P. rivularis, have a 250-bp insertion not found among the other

s6pdh Alignment and Data Analysis.—The final alignment for the s6pdh analysis includes 1272 nucleotide

characters, ofwhich 1197 were invariant, 46 varied but were parsimony-uninformative, and 29 (2.3%) were

parsimony informative for the Prunus sect. Prunocerasus species. The shortest sequences among the ingroup

were those of P. hortulana (628), P. maritima, and P. suhcordata at 1204 nucleotides, including 7 or 8 TC

repeats in Intron 3, whereas one P. americana clone (505.2) had the longest sequence at 1256 nucleotides

with 31 TC repeats.

Just as in the LEAFY analyses, the strict consensus MP cladograms from both parsimony analyses of

s6pdh are identical (not shown) and have lengths of 153, consistency indices (CI) of 0.699, and retention

indices (RI) of 0.854. The MP cladograms are nearly identical to the BI phylogram (Fig. 4). On the MP cla-

dograms, Clades 5 and 6 are sister groups such that Prunus sect. Prunocerasus forms a monophyletic group,

albeit with bootstrap support less than 50%, the branch indicated by the black circle is collapsed, and

americana.684.1 is sister to amencana.495.3/ameriama.505.23 on Clade 5 (indicated by dotted lines). Clade

5 includes P. suhcordata plus subcordata-likz sequences from five individuals of P. americana and one of P.

munsoniana. These accessions (names in bold on Fig. 4) also have sequences on Clade 6, which includes all

the other native plum taxa. There is poor resolution among these taxa. Prunus angustifolia, P. texana, and

angustifolia-like sequences from P. munsoniana and P. rivularis compose Clade 7. Clade 8 consists solely of P.

americana and P. mexicana, plus a similar sequence from one individual of P. umbellata (520.4), which also

has a sequence among the taxa of the Clade 6 basal polytomy (umbellata.520 .3).



Fig. 1 . Gel following electrophoresis of PCR products using LFY 5 and LFY 4 primers.

Position on LEAFYsequence alignment

r/Vt//a/fs.514.24

rivulari$.52$2

rivularis.5U.21

rivularis.52725

rivutaris.528.3

i C GA .. ;
|

I
C GA CTTCAC A |

! I
A TG CTTCAC A |-

I I
1* A TG CTTCAC A

Fig. 2. Graphic representation of cloned LEAFY sequences from Prunus rivularis accessions. Each bar represen

correspond to close relationship with P. hortulana and P. murrayana sequences (Clade 4 on Fig.3) and light gray

ship with P. angustifolia sequences (Clade 3 on Fig. 3). Characters used to map sequence segr

(alignment gap), stars indicate the presence of 6-bp and 9-bp deletions, and

and angustifolia-type sequences. The boundaries between sequence types are drawn to within

DISCUSSION

The nuclear genes LEAFY and s6pdh provide weak resolution of relationships among species of Prunus sect.

Prunocerasus. The majority of taxa diverge from polytomies on the MP consensus and BI trees. The topology

of these trees is different from the cpDNA cladogram of Shaw and Small (2005) where P. subcordata and then

P. texana are sister groups to the remaining species, which segregate into three primary clades: American
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(A), Beach (B), and Chickasaw (C). Clade 1 on the LEAFY tree and s6pdh Clades 5 and 7 consist largely of

accessions with cpDNA haplotype C, otherwise taxa on the nuclear gene trees do not resolve into the A,

B, and C clades of Shaw and Small (2005). Incongruence between chloroplast and nuclear phylogenies is

common and typically attributed to such factors as hybridization, lineage sorting, or long-branch attraction

(Albaladejo et al. 2005; Doyle 1997; Maddison 1997; Sang & Zhong 2000). The geographic distribution of

the chloroplast ABC clades suggests introgression with chloroplast capture given the ease with which North

American plums are known to hybridize (Hedrick 1911; Shaw & Small 2004).

Although Prunus texana, known as peachbush or Texas wild peach, has historically been placed in

sect. Amygdalus due to its hairy-skinned fruit, Shaw and Small (2004) found that it has a plum chloroplast

genome. Evidence from the nuclear genes LEAFYand s6pdh confirms its placement in sect. Prunocerasus. On

the cpDNA cladogram P. texana was sister to the other plums of eastern North America, a position we could

not confirm. It is sister to P. geniculate, the rare endemic of the Lake Wales Ridge in central Florida, on our

LEAFY phylogram. However, this relationship is based on one character change and has weak bootstrap

support. On the s6pdh phylogram P. texana is part of Clade 7 with P. angustijolia and the angustifolia-like

sequences of P. munsoniana and P. rivularis.

Prunus alleghaniensis, P. gracilis, P. maritima, and P. umbellata form a paraphyletic group on LEAFY

Clade 1, basal to Clade 3. These four species clustered on the UPGMA dendrogram based on similarity

of microsatellite markers in the study of Rohrer et al. (2004). These species closely resemble each other

morphologically and were allied by early students of American plums such as Wight (1915). On the s6pdh

cladogram, they are part of the large Clade 6 basal polytomy.

Prunus americana and P. mexicana can be difficult to separate morphologically, especially when working

with herbarium specimens. Similarly their LEAFY and s6pdh sequences were similar and without resolution

into monophyletic P. americana and P. mexicana groups. On the LEAFY phylogram the P. americana and

P. mexicana sequences diverge from a basal polytomy along with P. nigra, munsoniana.5921, and Clade 4.

LEAFY sequences americana.508 (WI), americana.684 (PA), mexicana.518 (TX), and mexicana.545 (cult.)

differ trivially by the length of a poly-A run and some nucleotide characters heterozygous for one or two

sequences but with only one of the two bases on the other sequences. Otherwise they are identical.

Although our data do not separate Prunus americana from P mexicana sequences on either LEAFY

Clade 2 or s6pdh Clade 8, Boonprakob et al. (2001) calculated a UPGMA dendrogram, based on similarities

of RAPD markers, on which all 13 of their accessions of P. americana clustered together and distinct from

a cluster of all 11 accessions of P. mexicana. Clearly more collections with a wide geographic distribution

and more genes will need to be examined and correlated with the morphological characteristics of those

accessions before the taxonomic structure of the P. americana-mexicana complex is understood.

In an earlier microsatellite study, Rohrer et al. (2004) included two collections from east Texas near

Marshall (designated P. sp. (americana x mexicana?) 10517 and 10518 in that publication) that are morpho-

logically intermediate between typical Prunus americana and P. mexicana. The lack of differentiation between

P. americana and P. mexicana LEAFY and s6pdh sequences leaves their determination ambiguous. However,

because neither 517 nor 518 have a subcordata-like s6pdh sequence and because most modern floras exclude

P. americana from Texas, we have provisionally determined these accessions to be P. mexicana.

Two distinct sequences were isolated from five of the six accessions of Prunus americana by cloning

their s6pdh PCR products. One sequence from each pair is on Clade 8 along with P. mexicana and the single

sequence of P. americana 587; the other is on Clade 5 with P. subcordata. Given that these P. americana se-

quences form a monophyletic group sister to P. subcordata and that P. subcordata grows only in California and

Oregon, far west of P. americana range in eastern North America, it seems unlikely that the five P. americana

collections with two s6pdh sequences are recent hybrids independently involving P. subcordata. If s6pdh is

a single copy gene in all diploid Prunus species as concluded by Bortiri et al. (2002) and if P. americana is

diploid as it is reported to be (2n = 16, Love & Love 1982), then a high degree of heterozygosity is being

maintained at a single locus. However, we cannot rule out the possibility that there are two heterologous
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ancestral s6pdh loci across Prunus with only one or the other copy observed in most North American plums,

or alternatively gene duplication in P. americana. Bortiri et al. (2002) found divergent s6pdh sequences in

Prunus caroliniana and P. emarginata. They hypothesized that divergent paralogs in P. caroliniana, a tetraploid

species, may have arisen through gene duplication associated with polyploidization. In P. caroliniana the

inferred polypeptides of the divergent clones differed at 16 of 251 amino acids (Bortiri et al. 2002), whereas

for each of our five accessions of Prunus americana with divergent s6pdh sequences, the inferred polypeptides

of the two clones differ by only 1-4 out of 223 amino acids. To better explain the existence of divergent

sequences in P. americana, it would be useful to have chromosome counts from each of those accessions to

verify that they are indeed diploid. Also because Southern blotting with a Malus domestica cDNA s6pdh probe

by Bortiri et al. (2002) detected more than one region of sequence similarity in several genera of Rosaceae,

the possibility of paralogous genes might be further investigated.

Alleles closely related to those of Prunus americana, and possibly P. mexicana, were found in other plum

species suggesting introgression. Prunus munsoniana 592 has both s6pdh and LEAFYsequences monophyletic

with sequences from P. americana 607. On the s6pdh tree munsoniana 592.23 is nested with the five subcordata-

like P. americana clones and has the same amino acid sequence as americanaA95.3 and americana.50523.

On the LEAFY tree munsoniana.592.1 is sister to americana.607. Also P. umbellata 520 has an americana/

mexicana-type s6pdh sequence (umbellata.520 .4) in addition to a sequence similar to that of the P. umbellata

620 collection.

Sequences from both LEAFY and s6pdh suggest that Prunus rivularis may be an allopolyploid with P.

angustijolia as one parent. The LEAFY sequences further suggest that the other parent is most likely P. hor-

tulana or P. murrayana and that recombination between parental sequences has taken place. Three or four

distinct sequences were cloned from each of the P. rivularis accessions. LEAFY is believed to be a single-copy

nuclear gene (Frohlich & Parker 2000; Oh & Potter 2003) and would be expected to have one or two alleles

of P. angustifolia (Clade 3 on the LEAFY phylogram and Clade 7 on the s6pdh phylogram). The other se-

quence is on Clade 4 of LEAFY along with sequences of P. hortulana and P. murrayana. In addition, some

LEAFY recombinant sequences were cloned where part of the sequence matches P. angustifolia and the rest

matches P. hortulana/murrayana (graphically illustrated on Fig. 2). Although it is possible for recombinant

sequences to arise as PCR artifacts (Cronn et al. 2002; Posada et al 2002), in our study they were isolated

only from P. rivularis and they were found among the LEAFY sequences of all three P. rivularis accessions.

This would seem to support the hypothesis that the recombinant sequences arose through meiotic recom-

bination following hybridization between P. angustijolia and either P. hortulana or P. murrayana. Given the

few phylogenetically-informative characters in the s6pdh data, if there were recombinant s6pdh sequences,

we were unable to identify them.

Plants in our study determined as Prunus munsoniana appear to be a mixture of hybrids having P. an-

gustijolia as one of the parents. All four P. munsoniana collections have a LEAFY sequence on Clade 3 with P.

angustijolia and P. rivularis, and three collections have s6pdh sequences on Clade 7, again with P. angustijolia

and P. rivularis (we are lacking a s6pdh sequence for P. munsoniana 676). Two P. munsoniana collections (513

and 676) have a second LEAFY sequence with the 250-bp insertion found also among sequences of P. hortu-

lana, P murrayana, and P. rivularis on Clade 4. On the BI cladogram, munsoniana.513.2 and munsoniana.676.3

form a trichotomy with rivularis. 527. 24, but on the MP cladogram they are sister to hortulana.628. Thus,

these two P. munsoniana collections have LEAFYsequences closely related to those of P. rivularis, which lends

support to the suggestion by Diggs et al. (1999) that P. munsoniana is simply a larger version of P. rivularis.

However, the other two specimens of P. munsoniana (592 and 626) lack hortulana/murrayana-likz LEAFY

sequences, yet are very similar morphologically to 513 and 676. For P. munsoniana 626 we were only able

to isolate angustijolia-like LEAFY sequences. Likewise we isolated only a single s6pdh sequence, which lies

on Clade 7 with P. angustijolia and P. rivularis. P. munsoniana 513 and 592 each yielded three distinct s6pdh

sequences, suggesting that at least some P. munsoniana specimens may be allopolyploids. P. munsoniana 592
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has a sequence on s6pdh Clade 7 (592.24) with P. angustifolia, and on Clade 5 (592.23) sister to a clone of

P. americana (607.2), just as on the LEAFY phylogram. The third s6pdh sequence (592.21) is sister to rivu-

laris.527.2 and these two are sister to munsoniana.5 13.1.

To our knowledge we are the first to suggest a close phylogenetic relationship between Prunus mur-

rayana and P. hortulana (Clade 4 on the LEAFY phylogram). P. murrayana.525L and murrayana.526 form a

clade with hortu/ana.598.1 having 93% MP bootstrap support and 100% BI posterior probability. The s6pdh

sequences do not confirm or refute the close relationship between P. murrayana and P. hortulana, because

their sequences along with those of P. alleghaniensis, P. geniculata, P. gracilis, and several other species all are

unresolved on the Clade 6 basal polytomy. Until a decade ago, P. murrayana was a poorly known species

endemic to Texas west of the Pecos River and represented in herbaria by only a handful of specimens. When

originally described, Palmer (1929) wrote that it might be most closely related to P. rivularis. Enquist (1997)

formalized this relationship by designating P. murrayana as a synonym when he described P. rivularis var.

pubescens Enquist. He discovered numerous plums on the western side of the Edwards Plateau with pubes-

cent first-year branchlets, pubescent pedicels, and pubescence encircling the petioles, and he concluded that

these plants were the same taxon as P. murrayana known from further west. Many of Enquist's collections

are morphologically well matched with authentic P. murrayana specimens. He explained how most of the

apparent differences between P. murrayana and P. rivularis did not hold in light of the new collections and

that the only distinguishing character was pubescence; the branchlets, pedicels, and petioles of P rivularis

are glabrous or nearly so (Enquist 1997). Clade 4 of the LEAFY phylogram includes not only P. hortulana

and P. murrayana but also sequences from all three accessions of P. rivularis and a couple from P. munsoniana.

Our P. murrayana collections are from Coke and Tom Greene Counties east of the Pecos River at localities

where Enquist (1997) collected P. rivularis var. pubescens [= P murrayana]. These collections have only Clade

4 LEAFY sequences, whereas our three collections of P. rivularis have both Clade 4 and Clade 3 sequences.

Similarly, P. murrayana accessions have s6pdh sequences only from the Clade 6 polytomy, whereas all three

P. rivularis accessions have a cloned sequence on Clade 7 with P. angustifolia and from the basal polytomy of

Clade 6. We believe that P. murrayana is a diploid species distinct from P rivularis, which we believe is an

allopolyploid derived from P. angustifolia and either P. murrayana or P. hortulana.
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RECOGNITION OF THREE TAXA OF EASTERN NORTH AMERICAN

"WALDSTEINIA" AND THEIR APPROPRIATE NAMES WHEN
INCORPORATED INTO GEUM (COLURIEAE: ROSACEAE)

Alan S. Weakley Kanchi N. Gandhi

University ofNorth Caroline Herbarium (NCU) Harvard University Herbaria (GH)
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Campus Box 3280 Cambridge, Massachusetts 02 138-2094, U.S.A.
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Recent investigations in the taxonomy of tribe Colurieae Rydberg of the Rosaceae have led to the conclu-

sion that Waldsteinia Tratt. is phylogenetically embedded within Geum L. and should be combined with it

(Smedmark 2006). Smedmark (2006), Smedmark et al. (2003), and Smedmark and Eriksson (2002) presented

strong evidence that Waldsteinia is involved in ancient allopolyploidization from which parts of Geum have

arisen, and they argue that the most reasonable circumscription of the genus is to include all the perennial

herbs of Geinae involved in the reticulate evolution. Morphologically, Waldsteinia is comfortably congruent

within a broadly defined Geum, differing only in the style dehiscent at its base; and Geum (in a narrower

sense) already includes a wide diversity of style morphologies, apparently adaptations to a variety of pol-

lination and dispersal mechanisms.

Most North American workers have accepted three taxa of Waldsteinia for eastern North America: Taxon

A ("fragarioides" sensu stricto), a northern larger-petaled entity with trifoliolate leaves; Taxon B Cparviflora"

or "doniana"), a southern smaller-petaled entity with trifoliolate leaves; and Taxon C ("ktea"), a Southern

Appalachian endemic with small petals and lobed, rather than trifoliolate, leaves (Table 1). A notable excep-

tion to the acceptance of Taxon A and Taxon B as distinct at some formal taxonomic level is the treatment of

Radford et al. (1968), which lumps Taxa A and B and does not mention W. lobata, reported for the Carolinas

by earlier authors. Smedmark (2006) made transfers into Geum of Waldsteinia species, but regarded Taxon

B as a synonym of Taxon A (without explanation, but perhaps because of the nomenclatural and taxonomic

confusion discussed below), leaving it without a name in Geum.

Although their acceptance as taxa has been nearly universal, the appropriate taxonomic level at which

to recognize these entities (species, subspecies, or variety) has remained controversial and variable (Table 1).
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Taxon B: doniana/parviflora

-nail (1898)

/dberg (1913) 1£S£££ midl

nail (1933)

-rnald (1950)

Waldsteinia fragarioides

Waldsteinia fragarioides ssp.

fragarioides

parvif

adford,Ahles,&E ell (1968) Waldsteinia fragar oides

eason&Cronquist(l991) Waldsteinia fragarioides var.

parvif

donia

Waldsteinia don

A review of literature and specimens reveals that three taxa should be recognized in eastern North America.

Habitally quite similar, the three taxa differ from one another in details of leaf lobing/division and petal size,

the combination of characters strongly correlated with coherent geographic distributions. Though imperfect

herbarium specimens may be difficult to interpret, there seem to be no true intermediates, nor is their clinal

variation in petal size. Moreover, the "Waldsteinia group" of Geum is morphologically conservative, with rela-

tively minor morphological characters separating taxa on different continents (such as the North American

G. fragarioides and the Eurasian G. ternatum (Stephan) Smedmark. Indeed, the morphological relationships

of the three taxa make the closer affinity of Taxon B problematic (if leaf lobing is the more phylogenetically

revealing character, then Taxon B may be more closely related to Taxon A, but lacking molecular data it is

plausible that the floral characters are more phylogenetically revealing, and taxa B and C are more closely

related, forming a southern, small-petaled clade). For these reasons, we agree with Phipps (in prep.) that the

best current (and conservative) taxonomic treatment of the "Waldsteinia group" in eastern North America

Nomenclature has also been contentious, with disagreement as to the appropriate basionym ('doniana'

or 'parviflora') to apply to Taxon B (Table 1). Fernald (1935) believed that the application of the epithet 'do-

niana' to the small-petaled southern taxa was a misapplication. He argued that the type plate "seems to me

a garden-development in which, presumably through unwonted nutrition, the sepals become exaggeratedly

large, the petals remaining fairly typical for W. fragarioides? Teppner (1968) convincingly argued the op-

posite case, that the relative size of the sepals and petals are clearly shown and described, and this primary

diagnostic characteristic between the two taxa should be taken at face value. A review of the description

and plate (which serves as the type) confirms Teppner's opinion, making 'doniana' the correct basionym for

the southern taxon, should it be recognized taxonomically at the specific level. The plate in Sims (1813) (on

which Trattinick's name is based) resembles Taxon B closely and obviously, in that it shows a plant with

petals shorter than the sepals, a characteristic that is also stated in the text of both Sims (1813) and Trattin-

ick (1823) as a distinctive or diagnostic characteristic. The stated provenance of the plant illustrated (Sims

1813) is pertinent, as well: "the plant, from which our drawing and description were taken, was brought

from America, by Mr. Lyons [sic] , and purchased at his sale, by Mr. Kent, of Clapton, by whom it was kindly

communicated to us:' Ewan & Ewan (1963) show that John Lyon listed this plant in a catalogue in 1812 (as
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Dalibardafragarioides), and also listed Mr. William Kent as having purchased plants for 14 £, 18 sh. in 1812.

Presumably the plant illustrated the following year was in this lot. Though the location from which Lyon

collected the plant cannot apparently be definitely known, the identification ofJohn Lyon as the source of

the plant illustrated and described is of interest, since Lyon collected extensively within the southeastern

United States range of the small-petaled Taxon B. Thus, it seems very plausible that the plant described and

figured as Waldsteinia fragarioides by Sims, and later described and named by Trattinick as the distinct W.

doniana, is exactly what it appears to be.

Based on our review of generic circumscription, taxonomic distinctiveness, appropriate taxonomic

rank, and nomenclature, we hereby effect the transfer of "Taxon B" to Geum at the rank of species:

Geum donianum (Tratt.) Weakley& Gandhi, comb, nov Waldsttinia doniana Trm.^oszceammMonogmphti 3:109. 1823.

SC, and sw. NC) G. lobatum (Baldw.) Smedmark

1
. Leaves trfoliolate (fully dividec; nally lobed; petals shorter than to longer than the

2. Petals 2.2-4 mm long (shorter then to about as long as the sepals), 1 -1 .5 mm wide; terminal leaflet with a

olule 1 -6 mm long, the basal angle of the leaflet acute, mostly 60-90° (avg. 75°); [distributed

in the Southern Appalachians and adjacent Piedmont of AL, GA, KY, NC, SC, andTN] G. donianum

(Tratt.) Weakley & Gandhi

2. Petals 4-1 mm (longer than the sepals), 2-6 mm wide; terminal leaflet sessile or with a petiolule to 3 mm
long, the basal angle of the leaflet about a right angle, mostly 75-1 05° (avg. 90°); [widely distributed

northeastern United States and adjacent Canada, south to VA, KY, and AR] G. fragarioides

(Michx.) Smedmark
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The Nyctaginaceae is a taxonomically complex family because of the heavy reliance upon mature fruit for

identification (Galloway 2003; Welsh 2003). This is particularly true in the genus Abronia, where vegetative

morphology can be highly variable within and among species while fruit morphology remains constant and

distinct among taxa. The genus Abronia consists of 20 species, distributed throughout the Southwest, high

Great Plains, Mexico, coastal California, and Pacific Northwest (Galloway 2003). Five species have been

reported for the state of Colorado: Abronia argillosa Welsh & Goodrich, A. carletonii Coult. & Fisher, A. el-

liptica A. Nelson, A.jragrans Nutt. ex Hook., and A. nana S. Wats. var. nana. Abronia bolackii Atwood, Welsh

& Heil is a newly described species endemic to San Juan County, New Mexico (Atwood et al. 2002).

Abronia argillosa is practically identical to A. elliptica vegetatively, and it is only through analysis of the

fruit that identification can be made. Both species are perennial from a branching caudex with elliptic to

ovate or suborbicular, entire leaves, and with white or purplish tinged flowers grouped in heads that are

subtended by ovate to suborbicular bracts. However, Abronia argillosa has wingless fruit while A. elliptica has

winged fruit with the wings dilated and inflated at the top (Fig. 1A,C). Abronia argillosa was described in

1980 (Welsh & Goodrich 1980) as a new species from Utah and Colorado restricted to Mancos Shale sub-

strates. Examination of the original description ofAbronia glabrijolia (Standley 1909) and the type specimen

[Colorado: 1878, Wm. R Flint s.n. (UC)] shows that this is clearly the same species. The type specimen of A.

glabrijolia has the characteristic dark brown, wingless fruit with conspicuous white lines seen in the fruit of

A. argillosa (Fig. 1C). The name Abronia glabrijolia predates that of Abronia argillosa by almost 70 years, and

should thus be the name applied to all specimens of A. argillosa. William F. Flint was in Colorado at the Los

Pinos Indian Agency in 1878 (Flint 1878), where he also collected a type specimen of Senecio fltntii Rydb.

[Colorado: S.W. Colorado, Wm. F Flint s.n. (NY)] . Los Pinos was the name for the Ute Indian Agency, located

about 25 miles north of Ouray and 11 miles south of Montrose, near the town of Eldredge (Young 1997), on

what was then the reservation for the Uncompahgre Ute tribe. This locality is close to the Montrose-Ouray

County line. Mancos Shale, the type of habitat known to support A. glabrijolia populations (Fig. 2), occurs
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[>n the N side of road 29.00, 27 May 2005, Wm. F. Jennings s.n. (CS)].

The presence o( Abronia carletonii in Colorado in particular has been questioned or misinterpreted by

numerous taxonomists (Weber & Wittmann 2001). Assumption of its presence was based on the type col-

lection made by Mark Carleton in 1891, and attributed to eastern Colorado. Abronia carletonii has not been

collected in the state since, but is known to occur in New Mexico and Texas, where it is usually restricted to

gypsum soil, very unlike the sandy soil that is found on the eastern plains of Colorado. Examination of the

type specimen of A. carletonii [Colorado: Eastern Colorado, 1891, M.A. Carleton 459, (F)] confirms that it is

actually a narrow-leaved, trailing form oi A. fragrans. The fruit is winged, but the wings are not dilated and

are thick and indurate as in typical A. fragrans (Fig. IB). This form of A. fragrans is seen in other specimens

from the plains growing in sandy soil [Colorado. Baca Co.: sand hills on south bank of Cimarron River,

31 Aug 1949, Weber & Anderson 5157 (KANU); Kansas. Finney Co.: ca. 2.5 mi S Garden City, scattered in

sand dune area south of Arkansas River, 11 Sep 1989, Brooks & McGregor 19676 (KANU)]. In addition, the

specimen was probably not collected in Colorado at all, but in extreme southwestern Kansas, just north of

Elkhart, where the only Abronia known to be present is A. fragrans. The name A. carletonii should now be

subsumed under A. fragrans, and specimens of A. carletonii in New Mexico and Texas should be referred to

as A. nealleyi Standley, as suggested by Turner (2004).

In the Holzinger tabulation (Holzinger 1892), collection number 459 is not an Abronia at all, but is

shown to be Cnicus altissimus and was collected in Kingfisher County, Oklahoma in August. The specimen
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labeled collection number 459 of Abronia carletonii likely has the wrong label information, and is probably

collection number 352 of Abroniafragrans collected in July in Morton County, Kansas, along the Cimarron

River, probably near Point of Rocks north of Elkhart. According to Holzinger (1892), Carleton collected

in Oklahoma, Kansas, and Texas, but not Colorado. Carleton began his collection trip in Oklahoma in

June, collecting in the Cimarron Valley (collection numbers 202-235). He then continued north to Kansas

where he collected until July (collection numbers 236-353), traveling across the southcentral counties of

Comanche, Barber, Harper, and Sumner before going north to Sedgwick County. He continued westward

from Wichita making collections in Reno and Stafford counties, and then in Seward, Stevens, and Morton

counties in extreme southwestern Kansas. Carleton then traveled back to Oklahoma and Texas in July and

August (collection numbers 354-474).

Some taxonomists consider Abronia elliptica to be synonymous with, or a variety of, Abroniafragrans. In

particular, Welsh (2003) includes A. elliptica within a broad concept of A. fragrans. However, he misquotes

Galloway (1975) as saying that the fruit of A. elliptica is 2-winged with a groove between the wings, and

that of A. fragrans is 2-5-winged but not especially grooved. In fact, Galloway (1975) states that A. elliptica

is 5-winged or 2-winged with the wings folded together, with dilated wing tops on the fruits that are not

folded. Galloway (1975) further states that A. fragrans is deeply grooved or narrowly winged, with thick wings

that are not inflated at the top. The fruits on the periphery of the heads in both A. fragrans and A. elliptica

are often contorted, with 2 wings folded together, while the fruits in the middle of the head are 5-winged.

Careful analysis of the fruit as well as habit shows that A. elliptica and A. fragrans are indeed different

species, as shown by the following characters. First, the fruit ofA. fragrans is wingless or winged, with hard,

rather indurate wings that are flat and lacking dilations (Fig. IB). The fruit on the periphery of the heads is
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often wingless in A. fragrans while within the central portion, fruits are winged. In contrast, A. elliptica has

winged fruit with papery thin wings that are inflated and dilated at the top (Fig. 1A). Second, A.jragrans

is generally a prostrate and spreading or semierect plant with more robust stems 3-5 mm wide, and with

leaves that are ovate to triangular or lanceolate, especially on the upper part of the stem. Abronia elliptica,

however, is generally erect or sometimes semierect with narrower stems typically 2-3 mm wide, with ovate

to elliptic-oblong leaves. In addition, the distribution of A. elliptica in Colorado is scattered in the western

counties. In contrast, A.jragrans is common on the eastern plains, but is also found in Chaffee County near

Buena Vista. It is uncommon in the southwestern counties with a few records from Montezuma County and

one from Mesa County (Fig. 2).

Abronia nana var. nana in Colorado is known only from gypsum outcrops in the Sinbad Valley in extreme

western part of the state, on the Mesa-Montrose county line. This is the easternmost edge of its distribution

range. It is a very distinctive species with acaulescent stems, and the entire plant is usually extremely viscid

glandular. The fruit of A. nana var. nana is conspicuously viscid glandular and also winged. The five wings

are broad, flat, and not dilated at the top (Fig. ID).

Abronia bolackii Atwood, Welsh & Heil is a newly described species ofAbronia endemic to gypsum soil

in SanJuan County, New Mexico (Atwood et al. 2002). It is delimited from A. elliptica based on the presence

of rhizomes and fewer flowers per head (15-25 opposed to 25-75). However, the fruit and habit of A. bolackii

are identical to that of A. elliptica. Specimens of A. elliptica with rhizomes have been collected as far north

as San Juan County, Utah [Utah: SanJuan Co.: E base of Comb Ridge just N of Hwy US 613, 1 Jun 1999, L.

Yeatts 4251 (COLO)] . Richard Spellenberg (pers. comments) has also observed rhizomatous A. elliptica plants

throughout its range from northcentral Arizona and northwestern New Mexico to northeastern Utah and

southwestern Wyoming, including western Colorado. Welsh (2003) states that recognition of the occasional

rhizomatous plants (ofA. elliptica, included within his description ofA.jragrans) at any taxonomic level seems

unwarranted. In addition, several specimens ofA. elliptica have as few as 19-24 flowers per head [Colorado:

Moffat Co.: ca. 2.5 mi E of mouth of Irish Canyon, 7 Jun 1983, Baker & Kennedy 83-32 (CS); Colorado: Mof-

fat Co.: Junction of Green and Yampa rivers, 8 Jul 1945, KD. Harrington 1480 (CS); Colorado: Mesa Co.:

Rabbit Valley, sandstone outcrop in sandy soil, 21 May 2004, Wm. F. Jennings s.n. (CS)] .
Finally, the range of

A. bolackii is well within the range of A. elliptica. Consequently, the status of A. bolackii as a species appears

unjustified, and should be included in synonymy under A. elliptica.

The following key includes the common name, scientific name, synonyms (if applicable), ecology and/

or distribution, elevation range, flowering time, and occurrence on the eastern or western slope of Colorado

(designated by an E or W, respectively) for each species.

KEY TO THE SPECIES OF ABRONIA IN COLORADO

dwarf sand-verbena. Uncommon on gypsum outcrops in the Sinbad Valley, ki

in Colorado from Mesa and Montrose cos., 5400-5800 ft. Apr-M

:, spreading and procumbent to erect; fruit unwinged or winged, dilated or flat, glabrous to
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also known from a few collections in the southwestern counties

(Mesa and Montezuma), 3500-8000 ft. May-Aug(-Sep). E/W.

ded distally, thin and papery; plants erect or some-
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ABSTRACT

rhe following new corribinations in Dysphania are proposed for

:

21 species pr

*a (L.E. Simon) Mosyakin & Clemants, D

nandonii (S. Watson) Mosyakin & Clemants, D. stellata (Standley) Mos;

INTRODUCTION

The genus Chenopodium L. (Chenopodiaceae) in its traditional wide circumscription has long been sus-

pected to be an unnatural (polyphyletic or paraphyletic) union of taxa belonging to different phylogenetic

lineages. Consequently, many segregate genera and infrageneric taxa of various ranks were described and

accepted within this group by various authors (see an overview in Scott, 1978). The genus Dysphania R. Br.

during its turbulent taxonomic and nomenclatural history also experienced numerous shifts: from a single

genus of a separate family Dysphaniaceae (Pax & Hoffmann 1934) or a representative of Illecebraceae or

Caryophyllaceae—to a mere section of Chenopodium s.l. (Aellen 1930a, 1930b; see also discussion in: Eckardt

1967; Mabry & Behnke 1976; Scott 1978; Wilson 1983, 1984; Mosyakin & Clemants 2002, and references

therein). The present article continues a series of our publications (Mosyakin 1993; Mosyakin & Clemants

1996, 2002; Clemants & Mosyakin 2003) on Chenopodium L. s.l. and its segregates.

Earlier (Mosyakin& Clemants 2002) we justified the transfer of species previously placed in Chenopodium

L. subg. Ambrosia AJ. Scott, commonly called and henceforth referred to as glandular chenopods, to the

genus Dysphania, and validated new taxonomic combinations in preparation for the treatment of the genus in

Flora oj North America north ofMexico (Clemants & Mosyakin 2003). At that time we made 18 new combina-

tions, including 11 at the species level, 4 at the section level, and 3 at the level of subsection. Nomenclatural

changes were essentially limited to taxa occurring in North America (both native and introduced), leaving

a number of glandular chenopods yet to be formally transferred to Dysphania.
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The taxonomic and nomenclatural decisions treating glandular chenopods within an

were further discussed in the Dr. Sci. dissertation of Mosyakin (2003). The genus Dysphania circumscribed

so as to include all glandular taxa of Chenopodium has been accepted for the treatments of Chenopodiaceae

in Flora oj North America north ofMexico (Clemants & Mosyakin 2003) and Flora of China (Zhu Gelin, Mos-

yakin & Clemants 2003). At least one additional transfer of a species from Chenopodium to Dysphania (D.

pdseudomultiflora (Murr) Verloove & Lambinon) has been made (Verloove & Lambinon 2006) since then.

Here we validate new combinations in Dysphania for other species not transferred to that genus earlier.

We refrain here from making specific conclusion on phylogenetic relationships within Dysphania. However,

judging from a thorough analysis of relevant literature, our herbarium and field experience, studies of mor-

phology and biogeography of glandular chenopods, we firmly believe that Dysphania in the new circum-

scription is a natural phylogenetic unit distinct from Chenopodium s.s. Since 2002 it was partly confirmed

by molecular phylogenetic studies.

DISCUSSION

Results of recent molecular studies confirmed to some extent a deep phylogenetic split between at least three

branches (clades) containing taxa previously traditionally placed in Chenopodium s.l. (Kadereit et al. 2003,

2005). Species of Chenopodium s.l. appeared scattered in three lineages informally named Chenopodieae I, II,

and III. The segregation of species between these three clades mainly corresponded to recognized subgenera

of Chenopodium s.l. (subgenera Chenopodium, Blitum (L.) I. Hiitonen, and Ambrosia A.J. Scott, respectively; see

Scott, 1978). In particular, Kadereit et al. (2003, p. 976) indicated: "In Chenopodieae III, a close relationship

of the Eurasian species Chenopodium hotrys and Teloxys aristata, and of the Australian species Chenopodium

cristatum and Dysphania glomulifera, is supported by the presence of multicelluar glandular hairs (type 8

in Carolin 1983). By that character, they fit into subgenus Ambrosia (Scott 1978; Simon 1996). <.
. .> These

results confirm the proposal of Mosyakin and Clemants (2002) to transfer Chenopodium subg. Ambrina [sic!

- S. M. & S. C] to Dysphania <. .
.>." In a study of the origin and age of Australian Chenopodiaceae Kadereit

et al. (2005, p. 74) indicated that "[recently, Mosyakin and Clemants (2002) used morphological characters

to separate subg. Ambrosia from Chenopodium, and included it in Dysphania. This last view is strongly sup-

ported by our results."

Other options alternative to our wide circumscription of Dysphania would be to recognize several gen-

era, for example, Teloxys Moq. (including only Chenopodium aristatum L. = T. aristata (L.) Moq., or also other

related taxa), Roubieva Moq. (mainly an American group, which may be recognized either in the original

sense of Moquin-Tandon (1834), or with addition of other American taxa), the Australian group previously

placed in Chenopodium sect. Orthosporum R.Br., and Australian Dysphania in its traditional circumscription.

These groups, corresponding mainly to sections in various classification schemes of Chenopodium s.l, seem

to be natural. However, recognition of such groups as genera, at least at our present level of knowledge, has

its negative aspects related to paraphyly or yet uncertain phylogenetic positions ofmany taxa. In our opinion,

a slightly expanded circumscription olDysphania (including related sect. Orthosporum, but excluding other

non-Australian taxa) would be also inconvenient, because it will erase practically applicable morphological

diagnostic characters distinguishing the resulting broader genus from other glandular taxa.

For avoiding such problems and for maintaining the nomenclatural stability we strongly prefer to place

all glandular chenopods in Dysphania, which is characterized by its glandular trichomes and also by other

morphological and biochemical characters extensively discussed in literature (Scott 1978; Carolin 1983;

Wilson 1983; 1984; Palomino et al. 1990; Schwarzova 1993; Simon 1995, 1996; Bonzani et al. 2003 etc.).

In the present article we validate 21 new nomenclatural combinations at the species level resulting from

the transfers of glandular-pubescent species to Dysphania. A moderately narrow species concept is applied,

which is mainly consistent with prevalent taxonomic treatments of "glandular chenopods" and species of

Chenopodium s.l. We admit that many species of the considered groups are in need of further revisions and

more detailed studies, but that should not preclude making available new combinations in Dysphania for
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them. In addition to our experience and herbarium studies of these taxa, we especially consulted with and

relied upon the basic taxonomic publications by Aellen (1930a, 1930b, 1933, 1973), Aellen and Just (1943),

Wilson (1983, 1984, 1987), Simon (1995, 1996, 1997), as well as other relevant works (Voroshilov 1942;

Scott 1978: Carolin 1983; Weber 1985; Palomino et al. 1990; Kiihn 1993; Schwarzova 1993; Uotila 1997,

2001).

HE NEW COMBINATIONS

1. Dysphania sect. Orthospora (R. Br.) Mosyakin & Clemants, Ukrayins'k. Bot. Zhurn. 59:382. 2002.

Several names of putative hybrids between Australian taxa belonging to Dysphania sect. Orthospora w
published (Aellen 1933, 1961; Wilson 1983, 1984). However, since their taxonomic status remains uncert,

and their hybrid origin is mostly in need of confirmation, we refrain from making here any new combii

tions for hybrids.

Dysphania melanocarpa Q.M. Black) Mosyakin & Clemants, comb. nov. Basionym: Chenopodium carinatum R. Br.

Dysphania pusilla (Hook, f.) Mosyakin & Clemants, comb. nov. Bash

Dysphania truncata (EG. Wilson) Mosyakin & Clemants, comb, nc

Dysphania saxatilis (EG. Wilson) Mosyakin & Clemants, comb, i

The last species was described by Wilson (1983) from Western Aus

species noted that "[superficially this species would appear to be i

genus Dysphania (e.g. D. rhadinostachyd) but in seed character

to Chenopodium pumilio and its allies of the section Orthospoi

since the other species of this section have flowers arranged in compact glomerules, have one stamen, and

normally a 5-merous perianth." (Wilson 1983, p. 180). Wilson also compared his species with members

of the Chenopodium botrys group (which evidently differ from C. saxatilis in having 5-merous perianth and

horizontal seeds) and section Margaritaria (which has whitish subglobose, as well as glandular, hairs, and

some other distinctive characters, see Brenan 1956), and concluded that "it appears that C. saxatile does not

fit satisfactory into any of the presently recognized groups." E.G. Wilson refrained from describing a new
monotypic section and instead expanded the circumscription of Chenopodium sect. Orthosporum to include

his species. Fending further research, we keep the species in Dysphania sect. Orthospora.

2. Dysphania sect. Adenois (Moq.) Mosyakin & Clemants, Ukrayins'k. Bot. Zhurn. 59:382. 2002.

In our previous publications (Mosyakin & Clemants 2002; Clemants & Mosyakin 2003; Zhu Gelin et al.

2003) we mentioned that opinions vary widely regarding the proper species delimitation in this section, with

some authors recognizingjust a few species, including extremely polymorphic Chenopodium ambrosioides L.

with infraspecific taxa, while other authors preferring several (up to 12) more narrowly circumscribed species

(Aellen 1929, 1961, 1973; Aellen &Just 1943; Voroshilov 1942; Simon 1996, 1997; Giusti 1997). Sometimes

the same author (notably Aellen) in different periods of his work was of differing opinions regarding the

number of species related to C. ambrosioides. We believe that taxa in this group differ from each other not

less than many generally recognized species of Chenopodium s.l. (subg. Chenopodium), especially in the C.

album group. Numerous infraspecific entities were recognized in C. ambrosioides and some other variable

taxa. In the present article we are concerned with the species-level taxonomy, and thus for the time being

refrain from making any new infraspecific and infrageneric combinations.
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Dysphania dunosa (L.E. Simon) Mosyakin & Clemants, comb. nov.

Dysphania oblanceolata (Speg.) Mosyakin & Clemants, comb. no\

Dysphania retusa (Juss. ex Moq.) Mosyakin & Clemants, comb. nov. Basionym: Chenopodium retusumjusi

Dysphania sooana (Aellen) Mosyakin & Clemants, comb. nov. Basionym: Chenopodium sooanum Aellen, Ac

Dysphania tomentosa (Thouars) Mosyakin & Clemants, comb. nov. Basionym: chenopodium tomentosum

Dysphania venturii (Aellen) Mosyakin & Clemants, comb, nov Basionym: chenopodium ambrosioides L. sl

Aellen in Aellen&Just, Amer. Midi. Naturalist 30:5 1. 1943. Chenopodium venturii Aellen ex Vorosch., Bot. Zhurn. S.S.S.F

3. Dysphania sect. Roubieva (Moq.) Mosyakin & Clemants, Ukrayins'k. Bot. Zhurn. 59:382. 2002.

Dysphania bonariensis (Hook, f.) Mosyakin & Clemants, comb. nov. Basionym: Roubievabonarien

1923, comb, illeg., nonTen. 1833. Chenopodium haumanii Ulbr. in Engl. GrPrantl, Nat. Pflanzenfam. 16c:491. 1934.

Dysphania microcarpa (Phil.) Mosyakin & Clemants, comb. nov. Basionym: Roubieva microcarpa Phil. .AnalesUni

4. Dysphania sect. Botryoides (C.A. Mey.) Mosyakin & Clemants, Ukrayins'k. Bot. Zhurn. 59:383. 2002.

4a. Dysphania sect. Botryoides (C.A. Mey.) Mosyakin & Clemants subsect. Botrys (Aellen& lljin) Mosyakin

& Clemants, Ukrayins'k. Bot. Zhurn. 59:383. 2002.

The name of this subsection within the genus Chenopodium is often incorrectly cited as a combination Che-

nopodium subsect. Botrys (W.D.J. Koch) Aellen & lljin. Since the name published by Koch is illegitimate,

the above subsectional name should be attributed to Aellen and lljin, who provided its description only in

Russian, but also included a reference to the earlier pre-1935 publication and description by Koch, which

makes their subsection validly published.

Dysphania nepaknsis (Colla) Mosyakin & Clemants, comb. nov. Basionym: Chenopodium nepalense Colla, Herb. Pede-

Chenopodium multiflorum Moq. in DC, Prodr. 13(2):75. 1849.

This little-known Central Asian species morphologically resembles D. schraderiana in its habit, but differs in

having weakly keeled perianth segments with simple non-glandular hairs at the keel (Uotila 1993, 1997).

Another species closely related to D. schraderiana was recently transferred from Chenopodium to Dysphania

as D. pseudomultiflora (Murr) Verloove & Lambinon (= Chenopodiumfoetidum Schrad. subsp. pseudomultiflorum

Murr, C. schraderianum Schult. var. pseudomultiflorum (Murr) Aellen, C. pseudomultiflorum (Murr) Uotila)

(Verloove & Lambinon 2006). Uotila (2001) indicated that this species of South African origin differs from
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Dysphania procera (Hochst. ex Moq.) Mosyakin & Cler

5. Taxa yet unplaced in sections of Dysphania

Dysphania stellata (Standley) Mosyakin & Clemants, comb. nov. Basionym: Chenopodium stdlatumS. Watson, Proc.

This morphologically deviant species having 6-8 perianth segments (described from Coahuila, Mexico

placed by Standley (1916) in a separate genus Meiomeria Standley, and then transferred to Chenopodium

Meiomeria (Standley) A J. Scott (Scott 1978). Relationships of this little-known taxon with other repres.

tives of Dysphania remain insufficiently known.
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NEW COMBINATIONS IN THE PANARCTIC VASCULAR PLANT FLORA

Reidar Elven David F. Murray

National Center ofBiosystematics University ofAlaska Museum ofthe North

Natural History Museum, University ofOslo 907 Yukon Drive

P.O.Box 1 1 72 Blindem, NO-03 18 Oslo, Norway Fairbanks, Alaska 99775-6960, U.S.A.

A Panarctic Flora (PAF) Checklist Project has been in progress since 1999 (see Nordal & Razzhivin 1999)

cooperatively among botanists with arctic interests in Canada, Iceland, Norway, Russia, and U.S.A. Its main

aim is to produce a checklist of all arctic vascular plants with critical notes on distribution, chromosome

numbers, and with proposals for accepted names based on consensus or compromises among participants.

To reach a consensus nomenclature means harmonizing the different names and combinations currently ap-

plied in Russia, North America, and northwestern Europe. Alignment has meant new combinations requiring

publication. The authors ofnew combinations are I. Alsos (Longyearbyen, Norway), R. Elven (Oslo, Norway),

A.A. Korobkov (St. Petersburg, Russia), D.F. Murray (Fairbanks, U.S.A.), V.V. Petrovsky (St. Petersburg, Rus-

sia), O. Rebristaya (St. Petersburg, Russia), P. Schonswetter (Vienna, Austria), H. Solstad (Oslo, Norway),

N.N. Tzvelev (St. Petersburg, Russia), and B.A. Yurtsev (St. Petersburg, Russia, deceased).

e (Wahlenb.) Schons

An arctic-alpine race of Equisetum arvense L. has in recent years been accepted as subsp. boreale (Bong.) A.

Love (e.g., by Ollgaard 2000). Schonswetter et al. (2001) argued that the name "boreale" is misapplied for

the race in question. It is based on a Bongard plant from Sitka in southeastern Alaska representing a morph

within subsp. arvense, differing from the arctic and high alpine plants in many morphological features. The

next available name is Wahlenberg's var. alpestre, and a combination as subspecies is proposed here.

;p. borealis (Raf.) Tzvelev & Elven, comb. nov. bason™ Potamogeton
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ten 1968a; Cody 1996, 2000) as subsp. or var. borealis, based on Rafinesque's Potamogeton borealis from the

St. Lawrence River region. Les and Haynes (1996) synonymized Potamogeton borealis with the Norwegian

Potamogeton marinus L. f. alpinus Blytt, Norges Fl. 1:370 (1861), described from southern Norway, and they

raised f. alpina to subspecific rank as the accepted name for the North American subspecies. Haynes et al.

(1998) transferred Potamogeton filijormis to the genus Stuckenia, which we accept. Haynes and Hellquist

(1998) reported subsp. alpina as restricted to North America and perhaps northeastern Asia, in spite of it

being described from Norway.

Blytt's f. alpinus has not been lectotypined. The syntypes (O!) from the six sites listed in the protologue

are all from southern Norwegian mountain valleys. They have not been studied by Les, Haynes or Hellquist.

Les and Haynes (1996: 390) stated, when they synonymized Norwegian 'alpina' and North American 'borealis',

with priority for the former, that they had not seen type material (P) of 'borealis'. Neither have we, but when

we compare the syntypes of Blytt's Norwegian f. alpinus with North American plants, we find them different.

We consider the Norwegian plants as montane-alpine modifications of European Stuckeniafiliformis and not

as an acceptable race (subspecies), whereas we consider the North American plant an acceptable race. We

therefore propose to retain the North American name u
borealis" for the northern North American plants. This

taxon is characterised by two differential characters as given by Haynes and Hellquist (for subsp. filiformis

vs. subsp. alpina, slightly modified here): leaves 0.2-0.4mm vs 0.5-0.8(-1.0) mm broad, and infrutescence

strongly interrupted and extending up to 4 cm vs more compact to somewhat interrupted and extending

only up to 2 cm.

Orchidaceae

In the Panarctic Flora Checklist we accept Limnorchis Rydb. and Lysiella Rydb. as genera different from Platan-

thera Rich. We know of no thorough phylogenetic study of the Platanthea group, but in a study of Orchidinae

and some Habenariinae, Bateman et al. (2003) found Platanthera (Limnorchis) hyperborea as peripheral to the

main group of Platanthera spp. Acceptance of Limnorchis necessitates two new combinations:

Limnorchis aquilonis (Sheviak) Rebrist. & Elven, COmb. nov. Basionym: Platanthera ^uilonis She\iak, Lindleyana 14:193.

Limnorchis huronensis (Nutt.) Rebrist. & Elven, comb. nov. Basionw. Gen. N. Amer. PL 1:288.

Calamagrostis purpurascens R. Br. subsp. laricina (Louis-Marie) Elven, comb, et si

Greene (1980, 1984) recognized two races in the very widespread Calamagrostis purpurascens: var. purpura-

scens from northern Siberia to northern Greenland (and recently found also on Svalbard) and var. laricina

restricted to northeastern Canada and southern and western Greenland. The latter race is characterized by

being short-rhizomatous and by having awns not distinctly exserted from the spikelet. Sorensen's descrip-

tion of C. poluninii in 1954 was made without reference to (and probably while unaware of) Louis-Marie's

earlier description of var. laricina in 1946. Greene seems to have been the first to compare the types and

recognize that the two names apply to the same plant.

The southern and western Greenland plants named C. poluninii are an extension of the northeastern

North American C. purpurascens var. laricina. As this is a major geographical race, the rank of subspecies is

preferable to variety, and a new combination is proposed.
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Puccinellia phryganodes (Trin.) Scribn. & Merr. subsp. neoarctica (A. Love & D. Love) Elven, o

Within the polymorphic, circumpolar Puccinellia phryganodes, Sorensen (1953) informally named four enti-

ties as "types": a fertile, tetraploid "Beringian type" (2n = 28) and three asexual types: a triploid "Greenland

type" also widespread in arctic North America (2n = 21), a tetraploid "Spitsbergen—Novaya Zemlya type"

restricted to these islands, and a "Siberian type" ranging from northeastern Norway (triploid) through arctic

Russia and Siberia to Chukotka (tetraploid). S0rensen (1953) demonstrated anatomical and morphological

differences in addition to the ploidy differences. We prefer to consider S0rensen's types major geographi-

cal races, i.e., subspecies, of a morphologically coherent species phryganodes. Subsp. neoarctica is a sterile

stoloniferous race that reproduces by detached shoots.

a (Hadac & A. Love) Elven, comb. nov. Ba-

Tzvelev (1964) made a mistake in the basionym, replacing "sibirica" with "asiatica" when publishing Puc-

cinellia phryganodes subsp. asiatica. At the rank of subspecies, the epithet "sibirica" (Hadac & Love in Love

& Love 1961) has priority over "asiatica" (Tzvelev 1964).

Vahlodea latifolia (Hook.) Hulten subsp. paramushirensis (Kudo) Elven, comb. nov. Basionym: Deschampsia

The small genus Vahlodea (a segregate of Deschampsia) is disjunct in three very distant regions: around

the North Atlantic, the northern Pacific, and in southernmost South America. From one to four species or

subspecies have been proposed. Tzvelev recognized, besides the South American V. magellanica (Hook, f.)

Tzvelev, three northern species: V. atropurpurea, V. latifolia and V.flexuosa. The amphi-Atlantic V. atropurpurea

s. str. is fully allopatric with the two Pacific entities and differs morphologically from both of them. The most

evident difference between the mainly northeastern Asian plant (V. flexuosa or V. paramushirensis) and the

northwestern North American one (V! latifolia) is that the Asian plant has hairy leaves and the North American

plant has glabrous leaves. They also differ in general habit, but there are many intermediates, especially in

southern Alaska. Soreng et al. (2003) recognized only one species with two subspecies: subsp. atropurpurea

(including both V. latifolia and the South American V. magellanica) and subsp. paramushirensis. The solution

chosen for the Panarctic Flora Checklist is two northern species: one amphi-Atlantic (V. atropurpurea) and

one amphi-Pacinc (V. latifolia), the latter with two subspecies (subsp. latifolia and subsp. paramushirensis)

inasmuch as the entities intergrade. This necessitates the new combination.
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The widespread Bistorta officinalis Delarbre s. lat. is disjunct montane and arctic. The northern montane and

arctic plants differ from non-arctic European Bistorta officinalis s. str. in several characters, and they should

be accepted as different race(s) or species. Freeman and Hinds (2005) accepted the northwestern North

American and northeastern Asian plant as B. plumosa (Small) Greene. Petrovsky (1966), treating the plants

for arctic Russia as races of Polygonum bistorta, assigned the plants from northeastern Europe and northern

Siberia (Taimyr) to subsp. bistorta (= subsp. officinalis) and those from northeastern Siberia (Anabar-Olenyok)

to the Chukchi Peninsula to subsp. ellipticum. He considered the North American subsp. plumosa as different

from both of these. We agree with this division of the arctic Russian material but not with the application of

the names. Tzvelev and Yurtsev (pers. comm.) assumed the "elliptica" name to belong to the western entity.

Polygonum ellipticum was described from non-arctic parts of the Lena River area. In the Arctic, the limit

between the western and the eastern entities runs through the Taimyr, but further south in Siberia and the

Russian Far East this otherwise western arctic entity occurs in the mountains all the way eastward to the

Okhotsk Sea. We therefore recombine Polygonum ellipticum within Bistorta and accept it as the name for the

northern Russian and northwest Siberian plant. We consider the northeast Siberian and northern Russian

Far East plants as indistinguishable from the North American Bistorta plumosa, in spite of a suggested dif-

ference in chromosome numbers.

Caryophyllaceae

Silene involucrata (Cham. & Schltdl.) Bocquet subsp. furcata (Raf.) VV Petrovsky & Elven, comb, et stat.

nov. Basionym: Silenefurcata Raf., Autik. Bot. 28. 1840. Type: CANADA: Hudson Bay-Labrador area: type not located. Melandrium

Hadac, Skr. Svalbard Nordishavet 87:34. 1944. [printed 04 May 1944]. Gastrolychnis jurcata (Raf.) Hulten, Acta Univ. Lund., n.s.,

sect.2,40,l:702. 1944. [comb, illegit].

Silene involucrata (Cham. & Schltdl.) Bocquet is a polymorphic species. We recognize it with three major

races, a northern European—northwestern Siberian subsp. tenella (Tolm.) Bocquet, a northeastern Siberian-

northwestern North American subsp. involucrata, and an arctic circumpolar subsp. jurcata. Bocquet (1967)

included both the boreal northern European and northwestern Siberian plants and the arctic circumpolar

plants within Silene involucrata subsp. involucrata, an approach followed by Kurtto (2001) and Morton (2005).

We find the races distinct at the level of subspecies. In three areas of co-occurrence (in the lower Lena River

area of northern Siberia, in eastern Chukotka, and in northern Alaska—northwestern Canada) they are

fully distinct in nature. Subspecies furcata then becomes the most widespread of the races. Silene furcata

Raf. is not typified, but this race is the only one present in the Hudson Bay—Labrador area from where it

was described. A subspecific combination based on this name is proposed. This was also the opinion of

Tzvelev (2000).

Silene soczavana (Schischk.) Bocquet var. macrosperma (A.E. Porsild) VV Petrovsky, D.E Murray & Elven,

Bocquet (1967) treated Porsild's Melandrium macrospermum as subsp. porsildii of the widespread Silene ura-

lensis, as a central Alaskan mountain endemic, whereas he accepted the northeastern Asian Silene soczavana

as a separate species. The tetraploid chromosome number, morphology, ecology, and geography support

inclusion of M. macrosperma within S. soczavana, not within 5. uralensis. According to the material we have

inspected, Silene soczavana var. macrosperma is a widespread taxon from eastern Chukotka and the north-

ern Bering Sea islands northeast to the Alaskan North Slope and south and southeast to Kodiak Island and

northern British Columbia.
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Silene villosula (TrautV.) VV Petrovsky & Elven, comb. nov. Basionym: Lychnis ajanensis Regel var. villosula Trautv., Acta

Horti Petrop. 10:498. 1887. Type: RUSSIA: northern Sakha (Yakutia), "ostia fl. Lena, Tonoldo [??]," Kol [Koelreuter?] 4711 (LE).

The evidence of Oxelman et al. (2001) strongly supports inclusion of the Lychnis sibirica L. group in Silene.

This group contains three named entities that reach the Arctic (and some more southern entities). Oxelman

et al. (2001) accepted two of them as species: Silene linnaeana Vorosch. and 5. samojedora (Sambuk) Oxel-

man. They did not consider the third entity, "villosula" in their analysis. Oxelman (pers. comm.) is open to

accepting "villosula" as a third species. Tzvelev (2001) had already treated the three entities as species, but

in the genus Sofianthe.

Silene violascens (Tolm.) VV Petrovsky & Elven, comb. nov. Basionym: Gastrolychnis violascens Tolm., Fl. Arct. URSS

1957, A. Lukitcheva (holotype: LE?).

Silene violascens is related to S. uralensis but differs in morphology, habitat, and range. It is mainly a Siberian

forest species. It is here recombined within Silene as the evidence of Oxelman et al. (2001) makes it very

difficult to retain the genus Gastrolychnis. We also consider the type of Gastrolychnis uniflora (Lychnis uniflora),

which Tzvelev (2000) considered a priority name for Gastrolychnis uralensis, a small plant of S. violascens.

Silene as there is an earlier 5. uniflora Roth 1794.

Ranunculaceae

Coptidium (Ranunculus) spitsbergense is a seed-sterile triploid hybrid Coptidium lapponicumxpallasii. On Sval-

bard, from where it was first described, it occurs fairly frequently in large stands and nearly always in the

hybridisation. Dispersal is assumed to be mainly or entirely by shoot fragments carried by birds. The iden-

tification with Ruprecht's var. minimus was made by Tolmachev (1971).

Hadac's Ranunculus spitsbergensis was not explicitly based on Nathorst's var. spetsbergensis and was given

with a separate type. Nathorst's name, spelling and type have priority for a variety, whereas Hadac's name,

spelling and type have priority for a species, see Jalas (1988). The combination Coptidium x spitsbergense

(Hadac) Hadac in A. Love & D. Love, North Atlantic Biota and their History 218 (1963), is illegitimate as

the genus Coptidium was not validly published until 1994.

Ranunculus subborealis Tzvelev subsp. pumilus (Wahlenb.) Elven, comb. nov. Basionym: Ranunculus acris L. var.

We accept Ranunculus subborealis Tzvelev (the name replacing R. borealis Turcz. in a northern context) as a

species separate from R. acris L.

There can be two different interpretations of the name "pumilus" and two different meanings derived

from them. The older meaning is Nordic and based on Ranunculus acris var. alpha Wahlenb. 1811, formal-

ized as R. acris var. pumilus Wahlenb. 1824. Nurmi's typification assigns this name to a Scandinavian alpine

subglabrous race more closely related to R. subborealis than to R. acris. Intermediates are frequent between

subsp. pumilus and other races of R. subborealis but not between subsp. pumilus and R. acris.
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The other meaning is Russian and based on R. acris var. pumilus "Wahlenb. ex" J. Fellm., Bull. Soc.

Naturalistes Moscou 8:271. 1835. If Fellmann really based his variety on Wahlenberg's var. alpha, then it

is homotypic and a superfluous combination antedated by Wahlenberg 1824. Thus the Nordic meaning as

established by the typification of Nurmi is also valid for Fellmann's variety. If not, var. pumilus sensu Fell-

mann is a later homonym. From the descriptions in several Russian floras, the application of the name var.

pumilus}. Fellm. in Russian areas is different from that of the name var. pumilus Wahlenb. in Nordic areas.

Ranunculus subborealis Tzvelev subsp. villosus (Drabble) Elven, comb, et stat. nov. Basionym: Ranunculus acris

This race connects morphologically with Ranunculus subborealis s. str. in northeastern Fennoscandia, with

transitions in the Norwegian provinces of Troms and Finnmark and in northern Sweden and Finland.

Transitions towards R. acris s. str. are rare. Subspecies villosus is the dominant entity of the R. acris group

in the Faeroes and Iceland and a major entity in western and northern Scandinavia.

Papaveraceae

Papaver iabradoricurn (Fedde) Solstad & Elven, comb, et stat. n

doricum Fedde in Engl., Pflanzenreich IV-104(40):377. 19C

occidental^ Gebiel : des Umanakfjords (70-71° N. Br.)," 9 Aug 1893, E. Vanhoffa

Nordh. subsp. labradoricum (Fedde) Knaben, Blyttia 16:78. 1958.

The eastern Canadian and Greenlandic Papaver labradoricum resembles P. lapponicum (Tolm.) Nordh. and P.

radicatum Rottb. and has been considered as a subspecies of either one of these (e.g., Fedde 1936; Knaben

1958, 1959a, 1959b). The assignment to P. radicatum has been justified by morphology (Kiger & Murray

1997), that to P. lapponicum by sharing the same octoploid chromosome number (2n = 56), whereas P. radi-

catum is decaploid. In an unpublished study by Solstad et al., based on Structure analysis of AFLP DNA
markers, P. labradoricum is a distinct entity (species) which joins comparatively closely with a Beringian

species (P. cf. detritophilum) but is distant from the Atlantic European P. radicatum and the amphi-Atlantic

P. lapponicum. Several morphological features are also shared with the Beringian species, but P. detritophilum

is hexaploid {In = 42) . A separation is further supported by the low fertility found by Knaben (1959b) in

crosses between P. labradoricum on one hand and P. lapponicum and P. radicatum on the other, at the level

of crosses between species according to Knaben. Papaver labradoricum is probably an allopolyploid with a

complicated parentage, as are P. lapponicum and P. radicatum.

Arabidopsis petraea (L.) VI. Doron. subsp. septentrionalis (N. Busch) Elven & D.F Murray, comb. nov.

O'Kane and Al-Shehbaz (1997) proposed Arabidopsis petraea s. lat. as one of three subspecies of Arabidopsis

lyrata (L.) O'Kane & Al-Shehbaz. Tolmachev (1975) considered the arctic Russian material as two subspecies

oiArabis petraea (L.) Lam. Doronkin in Malyschev and Peschkova (1994) accepted only a collective Cardamin-

opsis petraea (L.) Hiitonen. We have studied herbarium material of the three proposed entities ("petraea,"

"septentrionalis" and "umbrosa") and have also seen all three in the field in northern Europe, Siberia, and

Alaska-Yukon. They are allopatric to slightly parapatric, with "umbrosa" in northwestern North America

and northern-northeastern Asia (slightly overlapping with the next), "septentrionalis" in northern Asia and

northeastern Europe, and "petraea" in northwestern and central Europe. There are other, non-arctic entities

in the group. We are able to recognize the arctic entities on morphological criteria, and transitional forms

have not been documented. Arabidopsis petraea s. lat. also differs in some morphological characters from A.

lyrata-kamtschatica, without documented intermediates. The choice is between treating the arctic taxa as
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three species or as three subspecies of A. petraea. Pending a combined molecular and morphological im

tigation of the entire aggregate applying molecular markers more suitable to specific/subspecific variat

in recently evolved taxa, we propose to treat them as three subspecies.

Arabidopsis petraea (L.) VI. Dorof. subsp. umbrosa (Turcz. ex Steud.) Elven & D.E Murray, comb, r

(R3(3-4):11. 1922. Type: RUSSIA: e;

brosa are morphologically cl

Saxifragaceae

The phylogenetic analyses of Soltis et al. (1996, 2001) show that there are two major branches of genera

in Saxifragaceae, and that a large segregate of traditional Saxifraga L., i.e., Micranthes Haw. (s. lat.) together

with, e.g., Chrysosplenium L., belongs in a different branch from Saxifraga s. str. The molecular evidence

makes it difficult to retain Micranthes within Saxifraga, and (like Brouillet & Gornall 2007) we accept it as a

separate genus for the Checklist. Several combinations within Micranthes have been made in earlier times,

and Brouillet and Gornall (2007) made the combinations they needed for their treatment for Bora of North

America. This treatment does not cover the Asian taxa, and also for a few North American taxa we prefer

another rank than chosen by Brouillet and Gornall.

xWilld.)Hav

Saxifraga hieraciifolia Waldst. <5

Micranthes hieraciifolia is a polyploid to highly polyploid (2n = 56-120), circumpolar-alpine species where

Zhmylev in Elven et al. (2007) stated that: "This species shows considerable eco-morphological plasticity, not

correlated with the chromosome numbers". We do not agree. Large parts of the material from northeastern

Asia and Alaska, i.e., Beringia, deviate from the non-Beringian material in several features. We have surveyed

northwestern North American and some northeastern Asian material (ALA, O) and find that the characters

reported for subsp. longifolia vs subsp. hieraciifolia mostly hold, e.g.: leaves narrow, long-petiolate and acute

with little pubescence vs broader, more short-petiolate and subacute to subobtuse and more hairy; stems

with little pubescence vs distinctly pubescent; petals purple and as long as sepals vs pink and much shorter

and narrower than sepals; and sepals purple vs green with purple dots. The inflorescence of ssp. longifolia

is also more interrupted when fully grown, but there is overlap in this character. These characters largely

separate between two easily identifiable groups: subsp. longifolia as narrowly amphi-Beringian and subsp.

hieraciifolia as circumpolar and also common and co-occurring with subsp. longifolia in the amphi-Beringian

regions. Subsp. longifolia is thereby fully sympatric with subsp. hieraciifolia, at least in an arctic context.

There is also a suggested ploidal difference. All reports of comparatively low chromosome numbers (2n =

56 and 63) are from northeastern Yakutia and Chukotka where these numbers are reported together with

the prevalent much higher numbers everywhere else in northern and arctic regions (2n = 100-120). From

Alaska, only highly polypoidal counts are reported (2n = >100 and 112), but these reports are partly from

localities outside the range of subsp. longifolia as we have recorded it.
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On the American side, subsp. longijolia is common in western Alaska north and east to the western

Brooks Range (on the north coast as very rare east to Demarcation Point) and to the Kobuk and Yukon river

valleys. In southwestern and south-central Alaska it is the exclusive race, e.g., in the Goodnews Bay area,

Alaska Peninsula, and on Kodiak and smaller offlying islands.

Micranthes lyallii (Engl.) Small subsp. hultenii (Calder & Savile) Elven & D.E Murray, comb. nov. Basionym:

Saxijraga lyallii Engl. var. hultenii Calder & Savile, Canad. J. Bot. 38:418. 1960. Type: CANADA: British Columbia: Queen Charlotte

Islands, Moresby Island, 20 mi S of Moresby Camp, 29 Jul-2 Aug 1957, Calder, Savile & Taylor 23106 (holotype: DAO). Saxijraga

lyallii Engl, subsp. hultenii (Calder & Savile) Calder & R.L. Taylor, Canad. J. Bot. 43:1393. 1965.

Brouillet and Gornall (2007) did not include the proposed northen

tions. There is a gap in the range between the populations in the eastern Cordilleras (subsp. lyallii) and thos

in the western and northern Cordilleras (subsp. hultenii). We follow Calder and Savile (1960) and Calder an

Taylor (1965) in acceptance of two major geographical races, i.e., subspecies in the Checklist concept.

Micranthes merkii is a distinct Asian species, assigned by Zhmylev in Elven et al. (2007) to its own sect.

Merkianae.

Micranthes nelsoniana (D. Don) Small subsp. aestivalis (Fisch. & C.A. Mey.) Elven & D.E Murray, comb.

Fischer (lectotype: LE), see Siplivinsky (1976). Micranthes aestivalis (Fisch. & C.A. Mey.) Small, N. Amer. Fl. 22, 2: 145. 1905. Saxijraga

nelsoniana (D. Don) Small subsp. aestivalis (Fisch. & C.A. Mey.) D.A. Webb, Feddes Repert. 69:154. 1964. Micranthes neboniana (D.

Brouillet and Gornall (2007) recombined Micranthes nelsoniana var. aestivalis. This Asian plant is considered

by some Russian authors as a separate species (i.e., Rebristaya 1984), by others as a major geographical race,

i.e., a subspecies (Malyschev 1997; Zhmylev in Elven et al. 2007) due to occurrence of intermediate plants

in the zone of overlap. We accept the latter proposal and make the necessary combination.

Micranthes nelsoniana (D. Don) Small, subsp. insularis (Hulten) Elven & D.E Murray, comb. nov. Basionym:

Jul 1932, E. Hulten 6591 (holotype: S); Saxijraga nelsoniana D. Don subsp. insularis (Hulten) Hulten, Bot. Not. 126:494. 1973. Saxi-

Gomall & H. Ohba in Brouillet & Gornall, J. Bot. Res. Inst. Texas 1:1020. 2007.

Brouillet and Gornall (2007) recombined Hulten's Saxijraga punctata subsp. insularis (and Siplivinsky's Saxi-

jraga insularis) as Micranthes nelsoniana var. insularis. This is an amphi-Pacinc plant in very oceanic regions

from Sakhalin, the Kuriles, Kamtchatka, and the Aleutian Islands to the very tip of the Alaska Peninsula,

mostly well outside the range of M. nelsoniana s. str. (see Hulten 1968). Hulten (1968) reported intermediates

towards subsp. nelsoniana in the zone of overlap on the Alaska Peninsula, Kodiak Island, and the Seward

Peninsula. In our opinion, this is a case of subspecific variation, and we recombine accordingly.

Micranthes porsildiana (Calder & Savile) Elven & D.E Murray, comb. nov. Basionym: Saxijraga punctata L. subsp.

Micranthes porsildiana was treated by Hulten (1968) as a subspecies of Saxijraga punctata auct. (= Saxijraga

(Micranthes) nelsoniana), as was subsp. insularis. Brouillet and Gornall (2007) did not include or mention this

entity. Micranthes porsildiana has a large overlap in range with M. nelsoniana in Alaska and eastern Chukotka.
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Within these regions, we have several times in Alaska and Chukotka observed the two growing in close

proximity, sometimes nearly mixed in the stands, without any evidence of intermediates. Zhmylev (1995)

assigned M. nelsoniana and M. porsildiana (as Saxifragas) to different series, respectively series Aestivalis

Zhmylev and series Reniformes Zhmylev. Rank as two different species is merited.

Micranthes redofskyi (Adams) Elven & D.E Murray comb, nov Basionym: Saxifmga redofskyi Adams, Nouv. Mem. Soc.

Micranthes redofskyi is a diploid (2n = 20) belonging in sect. Micranthes together with at least three assumed

close relatives: the seed-reproducing, amphi-Atlantic M. stellaris (L.) Galasso, Banfi & Soldano (2n = 28), the

also seed-reproducing, Pacific North American M. ferruginea (Graham) Brouillet & Gornall (2n = 20), and

the bulbil-reproducing, arctic circumpolar M. foliolosa (R.Br.) Gornall In = 40-64). All four species are mor-

phologically distinct, but M. foliolosa has been assumed (Zhmylev in Elven et al. 2007) to be: "... a complex

of 2-3 entities formed as a result of polyploidy of pseudoviviparous races of Saxifraga stellaris, S. redofskyi

and S. ferruginea". The pseudovivipary (bulbils) could be the result of the polyploidization, and not a feature

inherited from the parental entities. Arctic plants of Micranthes foliolosa are morphologically much closer to

M. redofskyi than to M. stellaris or M. ferruginea. An unpublished investigation based on AFLP DNA mark-

ers and comparing these species (A. Tribsch, Salzburg) connects M. foliolosa sampled throughout the Arctic

closely to M. redofskyi (and not to M. stellaris). The more floriferous populations of M. foliolosa are found in

the Beringian regions, with lower chromosome numbers than the majority of the plants, overlapping in range

with M. redofskyi and close to the range of M. ferruginea. Micranthes redofskyi is restricted to northeastern Asia

from northern Yakutia eastwards to Chukotka.

Rosaceae
Dryas punctatajuz. subsp. hookerianaQuz.)Jurtzv

SSSR 28:32*5. 1929. Type: NORTH AMERICAL(west*>rn): "Rocky!

Dryas hookeriana is recombined as a Cordilleran subspecies of the Asian and Beringian D. punctata. They

share the adaxial leaf surface punctate glands, the abaxial leaf surface red, stipitate glands, and the absence

of feathery hairs of the D. octopetala type.

Potentilla anserina L. subsp. yukonensis (Hulten) Sojak ex Elven & D.E Murray, comb. nov. Basionym: Potentilla

NY). Type of Argentina subarctica Rydb., N. Amer. Fl. 22(4):354. 1908. Potentilla egedii Wormsk. subsp. yukonensis (Hulten) Hulten,

Potentilla anserina subsp. yukonensis is an interior northwestern North American regional race, differing from

the other races (subsp. anserina, egedii, pacified) to the same degree as these do among themselves. Treatment

at the same rank is appropriate, either as four species or as four subspecies. We have chosen the latter course

due to the frequent occurrence of intermediates in zones of contact. The name Potentilla yukonensis is a no-

men novum as the epithet "subarctica" is inapplicable at species level due to Potentilla subarctica Rydb., N.

Amer. Fl. 22(4):347. 1908. The combination P. anserina subsp. yukonensis has already been used as a nom.

nud. in a key by Sojak to section Pentaphylloides (Sojak 1994:70).

Fabaceae

Hedysarum boreale Nutt. subsp. dasycarpum (Turcz.) D.E Murray & Elven, comb, et stat. nov. Basionym:

We consider the northwestern North American Hedysarum mackenzii and the northeastern Asian H. dasy-

carpum as allopatric subspecies of a more widely circumscribed H. boreale. The former is already combined

as H. boreale Nutt. subsp. mackenzii (Richardson) S.L. Welsh.

Ericaceae

Rhododendron tomentosum (Stokes) Harmaja subsp. decumbens Elven & D.E Murray, comb. nov. Basionym:
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Rhododendron subarcrtcum Harmaj a, Ann. Bot. Fenn. 27:203. 1990. Norn. nov. for Ledum decumbent within Rhododendron. Rhododendron

Harmaja (1990) considered this entity a species and coined the name Rhododendron subarcticum, with Le-

dum palustre var. decumbens as its typonym, because a combination as Rhododendron decumbens would be a

homonym (due to Rhododendron decumbens D.Don ex G.Don, Gen. Hist. 3:846. 1834). Wallace (1992) con-

sidered it a subspecies, as we do, and recombined it as subsp. subarcticum, probably unaware that the epithet

decumbens, even if not available for a species, is available and has priority for a subspecies. We accordingly

make a recombination on the priority name.

Vaccinium uliginosum L. subsp. vulcanorum (Kom.) Alsos & Elven, comb, et stat. nov. Basionym: Vaccinium vuka-

circa lacus Kunotzkoje," 19 Aug 1909 and 02 Sep 1909, VL Komarov (LE). Vaccinium uliginosum L. subsp. microphyllum (Lange)

Tolm. var. vulcanorum (Kom.) jurtz., Byull. Moskovsk. Obshch. Isp. Prir., Otd. Biol. 85(6):105. 1980.

Vaccinium uliginosum L. is polymorphic as described by Young (1970). Komarov's Vaccinium vulcanorum

is, according to Tolmachev and Yurtsev (1980), a prostrate-pulvinate dwarf shrub with small, imbricate,

rotundate leaves persisting in winter, and globose berries. In a phylogenetic analysis by Alsos et al. (2005),

the "vulcanorum" entity is a central node from which both an amphi-Pacific and a circumpolar clade emerge.

Both phylogenetic and morphological evidence support the taxon vulcanorum as a race, preferrably as a

subspecies.

3Sp. raupii (A.E. Porsild) Elven, COmb. nov Basionym: Gentiana raupii A.E.

(A.E. Porsild) J.M. Gillett, Ann. Missouri Bot. Gard. 44:217. 1957.

The entities of the Gentianopsis detonsa-barbata group in northern North America are still insufficiently

studied, in spite of two revisions (Gillett 1957; litis 1965). They are rare taxa, restricted in their ranges and

often disjunct. The "raupii" entity has been considered a separate species or a subspecies of Gentianella I Gen-

tianopsis detonsa. Hulten (1968b) accepted Gentiana raupii as a separate species in northwestern Canada but

said that it is "similar to G. barbata, but with fewer stem leaves; calyx rounded at base; corolla tube broadly

obconic, the lobes broad, rounded". We support that view and hereby assign "raupii" to Gentianopsis barbara

as a regional race. It occurs mainly along the Mackenzie River, and the entire range is within the glaciated

areas. This is an entity that at some time (most probably postglacially) was able to differentiate in isolation

from the main body of Gentianopsis barbata.

Asteraceae

Achillea alpina L. subsp. multiflora (Hook.) D.E Murray & Elven, comb, et stat. nov. Basionym: Achillea multiflom

The North American representative of the Achillea alpina complex has been treated in most northwestern

North American works (e.g., Hulten 1968a; Cody 1996, 2000) as A. sibirica Ledeb. Both names, alpina and

sibirica, are based on Asian plants. Trock (2006) applied the name A. alpina without discussion for the

North American plant. Russian authors have mostly treated the entities of the A. alpina complex as several

species. Rank as largely allopatric subspecies of Achillea alpina is the better solution. The northwestern

North American plants differ from the northeastern Asian ones in some quantitative features: capitulae

more numerous, ligules smaller, and leaves slightly more dissected. We hereby recombine A. multiflora as

a subspecies of A. alpina.

The Achillea alpina complex has been considered part of the segregate genus Ptarmica (e.g., Yurtsev
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1987). Acceptance of Ptarmica as a separate genus is untenable according to
]

al. 2004).

Artemisia kruhsiana Besser subsp. alaskana (Rydb.) D.E Murray & Elve

Hulten (1968b) compared the northwestern North American Artemisia alaskana with the northeastern Asian

A. kruhsiana and considered them related but specifically distinct. Artemisia kruhsiana was described with

three allopatric to parapatric subspecies in northeastern Asia (Korobkov 1987). Korobkov (pers. comm.)

We consider A. alaskana to be close enough to A. kruhsiana to be best considered a subspecies of the latter

(see also Tkach et al. 2008 wherein A. kruhsiana and A. alaskana were very close in the phytogeny). In our

opinion, the closest relationship is found with the Chukotkan subsp. kruhsiana. There is, however, an ap-

preciable gap between the westernmost Alaskan occurrence of subsp. alaskana and the easternmost Asian

occurrence of subsp. kruhsiana, as the species is absent from all of Chukchi Peninsula. We therefore propose

subsp. alaskana as a fourth subspecies of A. kruhsiana.

xangelica (Jurtz., Korobkov&VV Petrovsky)

Transfer of Senecio hyperborealis to Packera necessitates the new combination. Packera hyperborealis s. str. is

diploid (Packer 1972, northwestern Canada, 2n = 46; Yurtsev & Zhukova 1972, northeastern Asia, 2n = 48).

Subspecies wrangelica, on the other hand, is hexaploid (Zhukova & Petrovsky 1987, Wrangel Island, 2n =

138). This high number is more in accordance with the wide range of numbers found in the closely related

P. heterophylla (Fisch.) E. Wiebe (= Senecio cymbalaria Pursh, Senecio resedifolius Less.).

Scorzoneroides autumnalis (L.) Moench subsp. pratensis (Hornem.) Elven, comb. nov. Basionym: Apargapmtmsis

The new combination is necessitated by the transfer ofLeontodon autumnalis L. to the genus Scorzoneroic

Moench (cf., Sell & Murrell 2006). The provenience and characters of Hornemann's Apargia pratensis is n

known to us, but the customary use of the name pratensis in northern Europe is for the plant consider

here. The Nordic plants currently assigned under var./subsp. pratensis include Linnaeus' Hieracium taraxc

and are different from the central European alpine plants.

Solidago multiradiata Aiton subsp. arctica (DC.) Korobkov & Elven, comb, et stat. nov. Basionym: Solid*

Solidago multiradiata Aiton is widespread and polymorphic. The plants around the Bering and Chukchi seas

in eastern Chukotka and western and southwestern Alaska constitute the westernmost extension of the

range for S. multiradiata and differ in several quantitative features. Hulten (1968a) accepted a variety, var.

arctica. Russian authors (e.g., Korobkov 1987) have instead treated it as a separate species, 5. compacta. We
prefer to see 5. compacta or var. arctica as a regional race, i.e., a subspecies. It might be uniformly tetraploid

(2n = 36), as indicated by Love and Love (1975), but both diploid and tetraploid counts are known from S.

multiradiata s. str.
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HEUCHERA W00DSIAPH1LA (SAXIFRAGACEAE), A NEW SPECIES

FROM THE CAPITAN MOUNTAINS OF NEW MEXICO
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ABSTRACT

RESUMEN

*e in the greater Sacramento Mountains complex, a

:s of south-central New Mexico which also includes

the highest point in the southern half of New Mexico, Sierra Blanca Peak at 3,649 m, and contain large

areas over 2,500 m elevation. There are no similar mountain ranges nearby. The nearest peak exceeding

3,000 m is South Baldy in the Magdalena Mountains, ca. 190 km to the west-northwest, while the nearest

peak equalling Sierra Blanca's height is Tesuque Peak in the Sangre de Christo Mountains ca. 320 km to

the north. Consequently, there is a well-developed high-elevation flora in the Sacramento Mountains com-

plex that is isolated from other areas with similar floras. This area contains some of the most southeastern

populations of typical members of the Rocky Mountain flora, such as Piceapungens Engelm. and Abies bijolia

A. Murr. and is home to 21 endemic plant taxa. Most botanical exploration in the area has been conducted

in the Sacramento Mountains proper and on Sierra Blanca. The Capitan Mountains and Carrizo Mountain,

both granite laccoliths on the northern end of the Sacramento Mountains complex, are comparatively dif-

ficult to access and distant from centers of botanical research. Their floras remain poorly known. It is thus

no coincidence that the Capitan Mountains yielded the most recently described of the endemics of the

Sacramento Mts. complex, Astragalus kerrii Knight & Cully (Knight & Cully 1991), as well as the presently

The endemic flora of the Sacramento Mountains complex has traditionally included a Heuchera, H.

wootonii Rydb. of section Parvijoliae (Small & Rydberg 1905; Calder & Savile 1959; Rosendahl et al. 1936).

(New Mexico Rare Plant Technical Council 1999; B. Shipes, personal communication). With the presently-

described H. woodsiaphila, the Sacramento Mountains complex gains an endemic Heuchera at the same time

that it risks losing one.
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Fig. 1 . Heuchera woodsiaphila, based on PI Alexander 390 and 5. Chaddie 1 35. A. Basal leaf. B. Habit. C. Stigma. D. Anther. E. Dissected flower. F. Flow

Heuchera woodsiaphila EJ. Alexander, sp. nov. (Figs. 1-3). Tw. U.S.A. New

boulders in stabilized, forested talus, 17 Jul 2006, EJ. Alexander 390. (holotype: NMC; isor

Herbs, perennial, acaulescent from an elongate, branching caudex; leaves with stipules lanceolate, 5-8

mm long, adnate to the petioles ± 2/3 their length, entire, glandular-puberulent, ciliate distally with whit-

ish, gland-tipped trichomes to 2 mm long; petioles of the larger leaves ascending, 4-8 cm long, glandular-

puberulent and sparsely villous with white, minutely gland-tipped, multicellular hairs to 5(-8) mm long;

blades green, sub-reniform to broadly ovate, the base cordate, the larger leaves 2.5-4 cm wide and 2-3.5

cm long, shallowly 5-lobed, with ± 25-30 broad teeth, these mucronate, the whitish mucros to 1 mm long,
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minutely gland-tipped, secondary teeth often reduced to mucros on the lateral margins of the primary teeth,

margins also with minute, translucent, gland-tipped projections, surfaces glandular-pulverulent, also spar-

ingly villous on the veins adaxially, with white, gland-tipped hairs to 2 mm long; flowering stems 8-20

cm high, subscapose, glandular-puberulent throughout, usually with 1-3 sterile bracts (or these absent),

the sterile bracts with green blades, resembling the basal leaves, 4-15 mm long by 4-15 mm wide, 3-5

lobed, lobes of the larger bracts crenate-dentate, the teeth acuminate to short-mucronate, surfaces glandular-

pulverulent; inflorescences 3-4 cm long, secund or subsecund, flowers born in small cymules of 1-4

flowers, peduncles mostly ± 1 mm, the lower often elongate to 7 mm, the pedicels 1-2 mm; bracts of the

inflorescence variable, the lowest resembling the leaf-like sterile bracts, the rest linear, 3-5 mm long, pale

green or whitish at anthesis, often becoming pinkish with age, glandular-puberulent, the stipules represented

by lateral aristate teeth or absent, margins entire or distally fimbriate, bractlets of the cymules becoming

progressively smaller; flowers apetalous, regular or nearly so, 5.25-6 mm long at anthesis, the hypanthium

1-1.5 mm long, widening gently from the inferior portion of the ovary; sepals 5, equal, greenish-white to

cream at anthesis, the tips sometimes becoming pinkish in fruit, oblong with obtuse tips, 2.75-3.75 mm
long, densely glandular-puberulent on both surfaces; stamens 5, arising from the hypanthium slightly below

the bases of the sepals, ± 2 mm long, gently incurved, persisting until after dehiscence of the capsule, the

filaments ± 1.5 mm long and the anthers ± 0.7 mm long, deeply cordate, orange, red or purplish at anthesis;

gynoecium of 2 carpels, at anthesis with the inferior portion of the ovary hemispheric, 2-2.5 mm wide and

± 1.25 mm long, the styles and beaks of the carpels separate for ± 2 mm, the last 1-1.5 mm of this com-

prising the true closed styles, styles included with capitate stigmas slightly wider than the styles; capsules

ovoid with a nearly hemispherical base, 5.5-6.5 mm long, the beaks of the carpels splitting longitudinally

on their interior surfaces, the styles slightly curved outwards, equaling the sepals or exserted to 1 mm, the

true closed styles 1-1.5 mm long above the beaks of the carpels; seeds dark brown, narrowly ellipsoid, ±

0.75 mm long by ± 0.3 mm wide, the surfaces echinulate.
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Fig. 3. Known distribution of Heuchera woodsiaphila. Map drawn based on the USGS 1:250,000 Roswel! quadrangle topographic map.

Etymology.—The specific epithet refers to the close association of this species with Woodsia plummerae

Lemmon, which is ubiquitous at populations of H. woodsiaphila and is often the most abundant vascular

plant in the immediate vicinity.

Phenology.—Specimens collected inJuly and August include both mature fruits and flowers at anthesis.

Geography and habitat.—Heuchera woodsiaphila is presently known only from Capitan Peak at the eastern

end of the Capitan Mountains in Lincoln County, New Mexico (Fig. 3), where it has been observed from

2,550 to 2,900 m in elevation along the Capitan Peak Trail, Lincoln National Forest Trail #64. It is found at

locally moist sites on north or northeast, stable, forested granitic talus, usually under cover of Pseudotsuga

menziesii (Mirb.) Franco or Abies concolor Lindl. & Gord. and in association with Woodsia plummerae. These

moist sites are many, but small and scattered. Much of the forest in this area has burned recently, and H.

woodsiaphila appears to be equally abundant in burned and unburned areas.

Distinctionfrom other Heuchera. Heuchera woodsiaphila is very similar to members of Heuchera section

Holochloa Nutt. subsection Cylindricae Rydb. Like other members of subsection Cylindricae, it has elongate

(5-8 mm in the subsection), white or whitish, actinomorphic or slightly zygomorphic, apetalous flowers

l in the subsection), erect sepals. Heuchera woodsiaphila is

tion, which are present in the northwestern United States

itions of H. cylindrica Dougl. are in northeastern Nevada

with campanulate hypanthia and long (2.5-6 rr

widely disjunct from other members of the subs<

and adjacent Canada. The nearest known populat:

more than 900 km to the northwest.

Taxonomy of subsection Cylindricae is uncertain. The <

specific ranks, all of these taxa apparently intergrading to a it (Calder & Savile 1959;
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Rosendahl et al. 1936). In comparatively recent floras of the northwestern United States and adjacent Canada,

subsection Cylindricae is generally treated as two species: H. chlorantha Piper and a highly polymorphic H.

cylindrica (e.g., Douglas et al. 1991; Hitchcock & Cronquist 1973). Based on the most recent monographic

treatment of subsection Cylindricae (Calder & Savile 1959), H. woodsiaphila is most similar to K saxicola E.

Nelson and H. cylindrica Dougl. vars. cylindrica and orbicularis (Rosend. et al.) Calder & Savile. It differs from

the former in lacking dense, viscid pubescence, in having leaves with cordate bases, and in having smaller

bracts within the inflorescence. Heuchera woodsiaphila differs from the above-mentioned varieties of H. cy-

lindrica in having shorter scapes (8-20 vs 22-70 cm) and usually having sterile bracts with well-developed

blades. Although Calder and Savile (1959) do not discuss characters of the androecium or gynoecium in

depth, these are described in detail by Rosendahl et al. (1936). Following the latter treatment, H. woodsiaphila

also differs from the known members of subsection Cylindricae in having shorter anthers (0.7 vs. 0.9-1.5

mm) and longer true closed styles (1-1.5 vs. < 0.5 mm). To aid in distinction of this species from others in

New Mexico, a key is provided below.

KEY TO THE HEUCHERA SPECIES OF NEW MEXICO

1. Flowers pinkish to red.

2. Stamens about equaling or slightly exceeding the hypanthium; petals much shorter than the sepals or

H.rubescensTorr.

3. Hypanthium 1.5 r s shortest point; styl es only s

H.pulchellaWoot.& Standi.

, cream, or greenish white.

Hypanth
;

a deep, campanulate; petals erect and shorter than t<

throughout.

5. Petals absent; sepals 2.5 mm or longer; scapes 8-20 cm

5. Petals present; sepals 2 mm or less; scapes 25 cm or more.

6. Sepals glandular-puberulent, the longest hairs < 0.2 mrr

d equalir

basally <and spreading apically or erect

H. woodsiaphila P.J. Alexander

osed styles present, > 0.5 mm
H.novomexicanaWheelock

6

fp^renllv

n

a

d

btnt

hirSUte
'^ '°n9eSt^ '3"°'6™ '°'ig;true<

H.alomerulata Rosend. etal.

Hypanthia shallow, saucer-shaped; petals spreading, usually longer than t

sepals green throughout, spreading.

7. Petioles hirsute; plants of Lincoln, Otero, and Catron Counties.

he sepals, rarely equaling them;

H.wootoniiRvdb.

7. Petioies merely puberulent; plants of north-central New Mexi CO H. parvifolia Nutt. exTorr. & A. Grav

Although production ofnew comprehensive keys for subsection Cylindricae best awaits revision of the group

and is thus beyond the scope of the present work, the key of Calder and Savile (1959) can be modified to

accommodate H. woodsiaphila by replacing the first half of couplet "2" with the following:

2. Well-developed bracts of panicle 4.0-1 5.0 mm long and 2.5-15.0 mm wide, excluding cilia, often greer and

2a. Leaf blades with many viscid hairs, especially above, retaining soil and plant particles; leaf bases truncate to

broadly cuneate, rarely slightly cordate H. saxicola E. Nelson

2b. Leaf blades glandular-pulverulent but not viscid, not retaining soil and plant particles; leaf bases strongly

cordate H. woodsiaphila PJ. Alexander

Other specimens.—Of the other major regional herbaria only UNM and UTEP have specimens of Heuchera

from the Sacramento Mountains complex. On viewing the collections of these herbaria no additional speci-

mens of H. woodsiaphila were found.

Discussion.—Although a conspicuous component of the flora at Capitan Peak, H woodsiaphila was still

unknown when I stumbled upon it while hiking the peak in 2006. Although I quickly found S. Chaddie's



1995 specimen (also from Capitan Peak but misidentified as H. novomexicand) and determined it was the same

as my new collection, I could not identify these plants. Discussion with other botanists in the state, notably

Robert Sivinski, quickly made it clear that this was not a species known from New Mexico but left open the

possibility that it was a species well-known elsewhere. In the comprehensive monograph of Heuchera by

Rosendahl et al. (1936), H. woodsiaphila clearly falls into Heuchera section Holochloa subsection Cylindricae.

Although H. woodsiaphila is readily distinct from taxa of subsection Cylindricae as they are described in the

monographic treatments of Rosendahl et al. (1936) and Calder and Savile (1959), the confused nature of this

subsection makes it difficult to ascertain the limits of the considerable variation found in both the named

taxa and their various hybrids. The proper status of H. woodsiaphila is thus difficult to determine at present.

Although it could be argued that H. woodsiaphila is better treated as a variety of H. cylindrica, hiding varia-

tion within species tends in practice to obscure it or give the impression that it is unimportant. Further,

this would not in any way reduce the taxonomic uncertainty in subsection Cylindricae, but would merely

maintain the same uncertainties at a different taxonomic level. Unfortunately an adequate resolution to this

problem must await a modern revision of the subsection.

Although H. woodsiaphila is very similar morphologically to members of subsection Cylindricae, the pos-

sibility that this species may result from hybridization among known New Mexican Heuchera and be only

convergent with members of subsection Cylindricae should not be excluded. Leaves of H. woodsiaphila are

identical in appearance to those of some specimens of the polymorphic H. rubescens, a member of section

Rhodoheuchera R. B. & L. subsection Rubescentes Rydb. and, although difficult to distinguish in technical

characters, seem subjectively rather different from those of subsection Cylindricae. Furthermore, most char-

acteristics in which this species differs from New Mexican members of section Holochloa, including the long

sepals, short scapes, and well-developed, leaf-like sterile bracts of the scape, can be found in H. rubescens.

Molecular phylogenetic analyses will probably be necessary to ascertain the affiliations of H. woodsiaphila

The highly restricted distribution of H. woodsiaphila is also noteworthy. The apparent limitation of this

species to high-elevation, forested talus may explain this limited distribution. On the Capitan Peak Trail,

H. wootonii occurs in similar habitat to H. woodsiaphila but at lower elevations (1,950 to 2,400 m). On trips

to the otherwise geologically and floristically similar mountains nearby, Sierra Blanca and Carrizo Moun-

tain, I could find neither high-elevation, forested talus nor H. woodsiaphila. Instead, on these mountains the

talus is either bare or has only low, tangled vegetation and H. wootonii occurs to at least 3,000 m. In these

mountains, H. wootonii is often found near Woodsia neomexicana Windham or W. phillipsii Windham. Here

W. plummerae, which is typically present with H. woodsiaphila, is conspicuously absent. Both the Capitan

Mountains and nearby Carrizo Mountain are poorly explored botanically, however, and H. woodsiaphila may

well have a broader geographic or ecological distribution than is presently known.
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ABSTRACT

RESUMO

The state of Tocantins was separated from the state of Goias in 1988, and since then the Brazilian government

encouraged its economic development through the creation ofnew cities and new roads, and by stimulating

immigration from other Brazilian states. For example, Palmas, the state capital and the newest city in Brazil,

in 2007 has already grown to more that 200,000 inhabitants, and many other new urban agglomerations

have been founded throughout the state during the last decade. As for the vegetation, the southern por-

tion of the state is located within the Brazilian Savannah (Cerrado Biome). Whereas, the central-northern

portion of the state is an area of transition between the Savannah and the Amazon Basin, with a floristic

composition from both biomes and species unique to this vegetation. This is particularly true for the floristic

composition of the gallery forests along water courses flowing northwards, which act as migratory routes

connected with the Amazon Basin. This region continues to be botanically little-known, and only recently

has received some attention through several botanical expeditions organized by local institutions. At the

same time, the entire state is under rampant anthropic pressure due to aggressive and extensive farming,

construction of new state roads leading to remote areas, and massive human migration that took place dur-

ing the last two decades. In addition, even the potentially protected areas are not safe from this ongoing

environmental destruction, as it is common to see large herds of cows grazing among the vegetation of the

state and national parks present in this state.

During the preparation of the Rubiaceae treatment for the Flora de Golds e Tocantins, three interesting

species of Ixora were encountered. All of them are understory shrubs collected in the forests of the central-

northern portion of the state of Tocantins. After consulting all the available literature dedicated to South
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American Ixora (Miiller Argoviensis 1875, 1881; Standley 1937; Steyermark 1967; Delprete 2003, 2007, sub-

mitted; Delprete & Cortes-B. 2007; Delprete et al. 2005; Taylor & Steyermark 2004), and comparison with

the specimens present in herbaria with large Brazilian collections (see acknowledgments), it was concluded

that they are, in fact, new to science. One species, Ixora congestiflora Delprete is known from two collections,

one from the Parque Estadual do Cantao, just north of the Ilha do Bananal, and the other from the state of

Maranhao, near the Tocantins River, in semideciduous and gallery forests with Amazonian influence. The

second species, Ixora araguaiensis Delprete is also known from two collections from northern Tocantins,

near the Araguaia River. The third species, Ixora irwinii Delprete, is known from a few collections from gal-

lery forests in northern Tocantins. With these three new species, described and illustrated below, and a few

unpublished synonymies (Delprete, submitted), the number of Neotropical species oilxora is approximately

45, which is the same number earlier estimated by Delprete (2003).

1. Ixora congestiflora Delprete, Sp. nOV. (Fig. 1). Type: BRAZIL: Tocantins: Mun. Caseara, Parque Estadual do Cantao,

transecto 11, floresta estacional semidecidua, 09°18'00"S, 50°01'57"W, 15 Jan 2000 (fl), P.E. Nogutira & M. Richter 692 (holotype:

Shrub to 2 m tall; branchlets glabrous. Stipules basally connate, 3.5-8 x 3-4 mm, base ovate, 1.5-4

mm long, arista 2-4 mm long, glabrous outside, densely sericeous-pubescent and intermixed with col-

leters inside. Leaves opposite, petiolate; petioles 5-15 mm long, glabrous; blades obovate to oblanceolate,

(3.5-)7.3-12.5 x (1.2-)3-4.5 cm, base acute or decurrent, apex obtuse to acute, or acuminate (acumen del-

toid, 5-7 mm long), subcoriaceous, glabrous throughout; secondary veins 12-18 each side, subsecondary

veins parallel, about the same number as the secondaries. Inflorescences terminal, subpedunculate, very

compact, reduced-trichotomous, glabrous throughout, 21-30-florous; the three branchlets 1-2 mm long,

ending with three 2-3(-4)-florous cymules; bracts subtending the cymules ovate-acuminate, 1.5-2 mm
long; bracteoles 1 or 2 each flower, ovate, 0.5-0.7 mm long, glabrous. Flower buds with tube narrowly-

cylindrical, and fusiform in upper part (lobed portion). Flowers sessile. Hypanthium obovoid, 0.5-0.7

mm long, glabrous. Calyx cupular; tube 0.5-1.4 mm long; lobes unequal, narrowly triangular, 0.5-1.2 mm
long, glabrous. Corolla hypocrateriform, 13-14.5 mm long, red externally, cream-white internally; tube

narrowly-cylindrical, 8-8.5 x 0.7-0.9 mm, glabrous throughout; lobes narrowly-lanceolate, 5-6.5 x 1.5-1.8

mm, apex acuminate. Stamens exserted, reflexed among the corolla lobes; anthers oblong, ca. 3 mm long.

Style exserted just above the mouth, 9.5-10 mm long; style branches narrowly oblong, 0.7-1 mm long (not

fully expanded). Fruits unknown.

Distribution and ecology.—Known only from two collections, as a shrub growing in semideciduous

seasonal forest in the Parque Estadual do Cantao, near the Araguaia River, in the municipality of Caseara,

and the other from the state of Maranhao, in gallery forest near the Tocantins River (on the other side of the

state of Tocantins, and an area soon to be submerged because of the construction of a dam).

Taxonomic observations.—This species is similar to Ixora bracteolaris Mull. Arg. (Miiller Argoviensis 1875,

1881; Delprete 2007), because of the fasciculate, pauciflorous inflorescence, but differs from it by the absence of

subtending bracts (vs. subtending bracts foliose, oblong-elliptic, 5-12 x 2-3 mm in J. bracteolaris), floral buds

fusiform in the upper part (vs. ovoid in the upper part), and corollas 13-14.5 mm long (vs. 7.5-8 mm long).

2. Ixora araguaiensis Delprete, sp. nov. (Fig. 2). t
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Fig. 1 . Ixora conges tiflora Delprete. A. Branchlet with terminal inflorescence. B. Flower bud. C. Open flower at anthesis. (from Nogueira & Richter692,
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Fig. 2. Ixora araguaiensis Delprete. A. Branchlet with terminal inflorescence. B. Node with petiole bases and bifid stipule. C. View of adaxial face of

stipule, showing pubescence and colleters. D. Flower bud. E. Flower at anthesis. F. Open flower at anthesis, with one anther removed. G. Style (from
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Shrub ca. 1 m tall; branchlets glabrous. Stipules basally connate, 3.5-8 x 3-4 mm, base ovate to triangu-

lar, 1.5-2.5 mm long, arista 1.5-2.5 mm long, papyraceous, glabrous outside, densely sericeous-pubescent

and intermixed with colleters inside. Leaves opposite, petiolate; petioles 7-15 mm long, glabrous; blades

oblong-elliptic to oblong-oblanceolate, 7.5-11 x 1.7-3 cm, base acute to decurrent, apex obtuse to acute,

or shortly acuminate (acumen, when present, deltoid, 3-5 mm long), subcoriaceous, glabrous throughout;

secondary veins 10-15 each side, subsecondary veins reticulate (rarely subparallel) and 2-4 for each sec-

ondary vein. Inflorescences terminal, pedunculate, corymbose, erect-pubescent, with 2-4 pairs of lateral

branches. 12-18-florous; branchlets 5-18mm long, ending with three 3(4)-florous cymules; bracts subtend-

ing the cymules oblong-acuminate, 1.5-3 mm long; bracteoles 1 or 2 each flower, narrowly oblong, 0.5-1.5

mm long, glabrous. Flower buds with tube cylindrical, and ellipsoid in upper part (lobed portion), pale

yellow. Flowers sessile or pedicellate; pedicels (when present) 1-3 mm long. Hypanthium obovoid, 1-1.3

mm long, glabrous or sparsely puberulent. Calyx cupular, 0.3-0.5 mm long, truncate or undulate, rarely

with shallowly triangular lobes, glabrous. Corolla hypocrateriform, 7,5-8 mm long, white; tube gradually

narrowing toward the middle, 3-3.5 mm long, 1-1.3 mm wide at base and at mouth (0.5-0.7 mm wide

1.7-2 mm, apex obtuse or round. Stamens exserted among the corolla lobes; anthers narrowly oblong,

1.8-2 mm long, acuminate. Style exserted well above the mouth, 6-7 mm long; style branches lanceolate,

Distribution and ecology.—Known only from the type material and an additional collection, near the

Araguaia River, as an understory shrub growing in sandy soil, in northern Tocantins.

Observations.—To my knowledge, Ixora araguaiensis is unique within the genus because of its bifid

stipules, as Ixora is traditionally characterized by stipules with one arista. In several other species, older

two aristae (sometimes basally connate) since very early stage (Fig. 2B-C). However, the consistency of this

character within the species remains to be confirmed, as it is currently known from only two collections.

Conservation.—A rare species collected in the Parque Nacional do Araguaia, in the municipality of

Pium. Although it was collected inside a national park, this species should be included in the category with

imminent threat of extinction, due to the presence of large herds of cows grazing on the vegetation of this

park, especially during the dry season (May-September).

Etymology.—The specific epithet of this taxon is dedicated to both the river and the national park where

Taxonomic observations.—This species is similar to Ixora brevifolia Benth. (Delprete 2003, 2007) because

of the terminal, corymbose to paniculate inflorescences, but differs by being a shrub ca. 1 m tall (vs. tree

to 20 m tall in I. brevifolia), with 12-18-florous inflorescences (vs. 45-150-florous), corolla tube gradually

narrowing toward the middle (vs. cylindrical) and leaf blades with 10-15 secondary veins each side (vs.

15-40 veins each side).

Shrub 0.8-1 m tall; branchlets glabrous. Stipules basally connate, 3.5-8 x 3-4 mm, base ovate, 2-3.5,

arista 1.5-2.5mm long, glabrous outside, densely sericeous-pubescent and intermixed with colleters inside.

Leaves opposite, petiolate; petioles 7-15 mm long, glabrous; blades elliptic, oblong-elliptic to obovate,

4.5-11.5 x 1.5-4.5 cm, base acute to decurrent, apex obtuse to acute, or acuminate (acumen deltoid to nar-

rowly triangular, 5-12 mm long), subcoriaceous, glabrous throughout; secondary veins 10-15 each side,



Journal of the Botanical Research Institute ofTexas 2(1)



Delprete, Three new species of Ixora from Brazil 461

subsecondary veins parallel and about the same number as the secondaries. Inflorescences terminal, sessile

or pedunculate, corymbose to short-paniculate, glabrous throughout, with 2-3 pairs of lateral branches,

(27-)30-75-florous; branchlets 7-18 mm long, ending with three 5-7-florous cymules; bracts subtending

the cymules ovate-acuminate, 2-3 mm long; bracteoles 1 or 2 each flower, ovate, 1.5-2.5 mm long, glabrous.

Flower buds with tube narrowly cylindrical, and fusiform in upper part (lobed portion). Flowers sessile

or subpedicellate; pedicels (when present) to 1 mm long. Hypanthium obovoid, ca. 1 mm long, glabrous.

Calyx cupular; tube ca. 1 mm long; lobes 4, unequal, linear to acicular, 0.5-1.5 mm long, glabrous. Corolla

hypocrateriform, 9-10 mm long, red externally, cream-white internally; tube narrowly-cylindrical, 4-4.5 x

0.5-0.7 mm, glabrous throughout; lobes narrowly-lanceolate, 4.5-5 x 1.7-2 mm, apex acuminate. Stamens

exserted and reflexed among the corolla lobes; anthers oblong, 2.8-3 mm long. Style exserted just above

the mouth, 5.5-6 mm long; style branches narrowly oblong, 0.5-0.7 mm long (not fully expanded). Fruits

subglobose to oblong-ellipsoid, subdidymous, 6.5-7 x 5-5.5 mm, glabrous, passing from red to vinaceous

to almost black at maturity.

Distribution and ecology.—Known only from a few collections as an undestory shrub growing in gallery

forests of northern Tocantins.

Conservation.—A rare species in need of urgent protection because the few collections known are from

areas without formal protection or from farm land.

Etymology.—The specific epithet of this taxon is dedicated to Howard Irwin, indefatigable collector

who worked for the New York Botanical Garden, organized and carried out the project Flora of the Brazilian

Planalto during 1964-1975, and is the first collector of this species.

Additional specimens examined: BRAZIL. Tocantins: Faz. Neto, Rio Agua Boa, 8°12'52"S, 48°09'57»W, 12 Jan 2001 (fl), S.F. Lolis et al.

213 (HTO, UFG); Nam. Tanqueira, floresta de galeria, 8°11'49"S, 48°08'48"W, 16 Dec 2001 (fl), S.F Lolis et al 357 (HTO, UFG); Mun.

Paraiso do Tocantins, Fazenda Uberaba, 10°09'36»S, 48°55'32"W, 14 Dec 1999 (fl), Neves et al s.n. (HTO 7405).

Taxonomic observations: This species is similar to Ixora pubescens Willd. ex Schult. & Schult. f. in Roem. &
Schult. because of the terminal, paniculate inflorescences and flower buds fusiform in the upper part (lobed

portion), but differs by having glabrous vegetative branchlets (vs. puberulent in I pubescens), leaf blades

4.5-11.5 cm long (vs. 18-30 cm long) with 10-15 secondary veins each side (vs. 20-25 secondary veins

each side), glabrous rachis (vs. densely hirsute), and corollas 9-10 mm long (vs. 15-17 mm long).
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INTRODUCTION

Amber is well known for its preservative qualities of both animal and plant remains (Poinar 1992, Poinar

& Poinar 1999). Amber flowers, maintained in three-dimensional form, are often preserved with such

detail that they can be assigned to extant genera (Spahr 1993). Such fossils can be useful in paleontological

reconstructions (Poinar & Poinar 1999).

The majority of described amber flowers originate from Baltic deposits (Spahr 1993); however legume

(Dilcher et al. 1992; Poinar 1991) and palm (Poinar 2002a, 2002b) flowers have been described from Do-

minican amber, and there are also descriptions of Early Cretaceous flowers in Burmese amber (Poinar &
Chambers 2005; Poinar et al. 2007).

During an ongoing investigation of floral remains in Dominican amber, 6 flowers in 5 separate pieces of

amber were discovered, which could be linked through the possession of an identical cup-shaped, puberulent

hypanthium with deltate-ovate, spreading-recurved sepals. One flower, with petals present, is probably at

a pre-anthesis stage; 3 flowers, with petals absent, are at or near anthesis; and 2 flowers show early fruit

development, with the stipe of the pod still held in the hypanthium. The exceptional preservation of the

flowers and clarity of the amber allow description and photographic documentation of their unique features.

These flowers, which are described below as a new genus, possess a combination of characters that favors

an assignment to Fabaceae subfamily Caesalpinioideae.
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MATERIALS AND METHODS

All 5 pieces of amber containing the fossil flowers originated from mines in the northern mountain range

(Cordillera Septentrional) of the Dominican Republic, between the cities of Puerto Plata and Santiago. Dating

of Dominican amber is controversial, with the youngest proposed age of 20-15 mya based on foraminifera

(Iturralde-Vincent & MacPhee 1996) and the oldest as 45-30 mya based on coccoliths (Cepek in Schlee

1999). Most of the amber is secondarily deposited in turbiditic sandstones of the Upper Eocene to Lower

Miocene Mamey Group (Draper et al. 1994).

The 6 flowers are similar in the morphology of their floral cup (hypanthium) and are assumed to have

originated from the same plant species. The amber piece containing the flower assigned to catalogue number

Sd-9-154A (Holotype) is circular in outline, measures 13 mm in diameter, 9 mm in greatest thickness and

weighs 6 grams. The amber piece containing specimen Sd-9-154B is roughly triangular in shape, measures

12 mm along the sides, 7 mm at the base, is 3 mm thick and weighs 3 grams. The third amber piece (Sd-9-

154C) is rectangular, measures 8 mm by 7 mm along the sides, 2 mm in thickness and weighs 2 grams. The

fourth amber piece (Sd-9-154D), which contains the specimen with the petals, is semicircular in outline,

measures 17 mm in greatest length, 9 mm in greatest width, 7 mm in greatest thickness and weighs 1 gram.

The fifth amber piece (Sd-9-154E), which contains the specimen with the fruits, is trapezoidal in outline,

measures 17 mm in greatest length, 12 mm in greatest width, 8 mm in greatest thickness and weighs 1

gram. All specimens are deposited in the Poinar amber collection maintained at Oregon State University.

;>inar, Chambers &

Flowers small, bilaterally symmetrical, perfect (bisexual), with a cup-shaped hypanthium; calyx isosepalous,

sepals 5, deltate-ovate, free, imbricate or valvate; corolla isopetalous, petals 5, free, early-deciduous; stamens 3,

arising from rim ofhypanthium opposite 3 adjacent sepals, filaments short, linear, strongly incurved, anthers

bilocular, dorsifixed, introrse; ovary superior, sessile at base of hypanthial cup; style single, barely exceeding

stamens, positioned excentrically opposite the stamens and between the two sepals that lack stamens; stigma

simple, not enlarged; fruit (immature) obovoid, tapered to a short, thick stipe, style deciduous.

Flowers 3.6-3.7 mm in diameter, bilateral, pedicel none; hypanthium cup-shaped, densely tomentulose

externally, pubescent within, 1.7-2.1 mm long, the opening 1.4-2.2 mm wide, bearing a distinct rim to

which stamens and petals are attached; disc none; sepals deltate-ovate, densely tomentulose on both surfaces,

spreading with reflexed tip, 0.9-1.6 mm long, 1.0-1.6 mm at widest point; petals erect, early-deciduous,

1.3-1.9 mm long, 0.8-1.1 mm wide, oblanceolate, bluntly rounded at tip, thick-textured, margins ciliate;

stamens short, incurved, slightly exserted from hypanthium, the filaments attached to hypanthial rim, linear,

thickened at point of insertion, glabrous, the anthers positioned horizontally over the mouth ofhypanthium,

bilocular, slightly dorsifixed, ovate, blunt-tipped, cordate at base, 0.4-0.7 mm long, glabrous, dehiscence

introrse by lengthwise slits; ovary sessile in hypanthial cup, lightly pubescent, style linear, 0.6-1.0 mm
long, pubescent proximally, stigma terminal, undivided, not enlarged; fruit (immature) obovoid, probably

1-few-seeded, 4.8-4.9 mm long, 3.7-3.9 mm wide, the short, thick stipe mostly enclosed in the hypanthium,

surface thick-textured and rugose (as preserved), style not persistent.

Etymology.—Genus name from the Greek "lasios," woolly, and "ambix," cup, referring to the tomentulose

hypanthium that unifies the 6 specimens. Species name derived from the Dominican Republic, the country

where the fossils were found.
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Figs. 1-3. Lasiambix dominicensis gen. and sp. nov. 1. Top view of holotype (accession # Sd-9-154A); arrow points to style. Scale bar = 0.82 mm. 2.

Oblique view of holotype (accession # Sd-9-154A); arrow points to style. Scale bar = 0.82 mm. 3. Top view of specimen Sd-9-154C; arrow points to
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Figs. 4-7. Lasiambixdominicensis gen. and sp. nov. 4. Side view of holotype (accession # Sd-9-1 54A). Scale bar = 0.84 mm. 5. D<

men Sd-9-154C; arrow points to style. Scale bar = 0.28 mm. 6. Side view of specimen Sd-9-154D; arrow points to loose petal. Scale bar = 0.77 mm. 7.

Side view of specimen Sd-9-154E showing developing fruit; note stamens at base (arrows). Scale bar = 0.57 mm.

The floral features that we believe unite these 6 specimens into a single taxon are evident in the photographic

illustrations (Figs. 1-7). Although at different stages of development, the flowers have a remarkably similar

hypanthium, with respect to shape, calyx lobes, and pubescence. All have a truncate base where they broke

off of their inflorescences. One specimen with an immature fruit (Fig. 7) retains a pair of stamens attached
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opposite the calyx lobes. The specimen in early flower (Sd-9-154D, Fig. 6) has all 5 petals visible, and one

is detached at the base, illustrative of what we term an early-deciduous corolla. The petals are clearly seen

when the specimen is viewed from the top as well as the sides. The center of this flower is unsuitable for

study due to an accumulation there of apparent insect remains and frass. The sharp hypanthial rim on the

3 flowers at or near anthesis shows where the petals presumably were attached, alternate with the sepals. It

remains ambiguous whether the sepal lobes were imbricate or valvate in the bud, perhaps because of differ-

ent degrees of spreading and separation in the samples at hand. Because no slits or pores are evident on the

back, sides, or tips of the anthers, we suggest an introrse dehiscence, which is supported by observations of

the adaxial side of one strongly inflexed stamen. The nature of the mature fruit is uncertain, although from

the shape and thick-textured exocarp of the 2 specimens here (Fig. 7), a non-compressed, 1- or few-seeded

drupaceous fruit is suggested. Although atypical for members of the Fabaceae, several extant genera of the

Cassieae have similar indehiscent, drupaceous fruits. Dialium si is characterized by small fruits consisting

of one seed surrounded by a soft, but somewhat dry, edible aril (Gentry 1993). Few-seeded, ovoid, fleshy-

or thick-walled fruits are not unusual in Fabaceae subfamily Caesalpinioideae (e.g. Lewis et al. 2005). This

fruit-type, together with a well-developed hypanthium, a superior simple pistil, regular corolla, reduced

stamen number, and a zygomorphy of androecium and pistil, are what lead us to suggest assigning the fossil

to this family and subfamily.

The caesalpinioid legumes are extremely diverse in floral characteristics, including numbers of stamens,

presence or absence of a hypanthium, numbers and form of petals, length of filaments, form of anthers and

stigmas, shape and structure of fruits, floral symmetry, modification to unisexuality, etc. The compendium

by Polhill and Raven (1981), with its taxonomic treatments of the relevant tribes (Cowan & Polhill 1981;

Irwin& Barneby 1981 ; Polhill& Vidal 1981), was consulted in a search for modern genera with the particular

combination of features seen in the fossils. Illustrations and descriptions of genera were examined in Taubert

(1894), Hutchinson (1964), and Lewis et al. (2005). No examples have been found that correspond in all

respects with Lasiambix, but its described traits are present separately in numerous caesalpinioid genera.

A cup-shaped, externally puberulent hypanthium occurs frequently in the subfamily. Bilateral sym-

metry (zygomorphy) is also common, and this accompanies a reduction to three stamens in such genera as

Tamarindus, Macrolobium, Gilbertiodendron, Elizabetha, Apuleia, Dialium, etc. As discussed by Tucker (1998,

2002) there are parallel evolutionary trends towards reduction of stamen number in groups of related genera

in separate tribes (her examples were Detarieae-Amherstieae and Dialiinae). From the basic number 10,

stamens may be reduced to as few as 1 (some Dialium spp.), and during development, some of the stamen

primordia that form early may cease their growth and become rudimentary or staminodial (e.g. Gilbertio-

dendron, Macrolobium; Tucker 2002). Except for Dialium and Apuleia, the 3-stamen genera mentioned fall

into the Amherstieae (including Macrolobieae) clade, as defined by analysis of the chloroplast trnL intron

(Bruneau et al. 2001). This group is also recognizable in the rbcL analyses by Doyle et al. (1997) and Kajita

et al. (2001). However, the corolla evolution in these particular genera leading to loss of all but one petal

to form an adaxial vexillum (e.g. Cowan 1953) , the 2-many-seeded, mostly dehiscent pods, plus the usual

absence of a hypanthium, argue against a relationship to Lasiambix. Cynometra, also in this clade, is discussed

below.

Dialium and Apuleia, of subtribe Dialiinae, show some resemblance to Lasiambix in their zygomorphic,

few-stamened flowers and their few-seeded, indehiscent fruits. According to Irwin and Barneby (1981, p.

101) Dialium "can be defined accurately and rigorously by its pod, a sort of indehiscent, 1- or 2-seeded nut,

sometimes strongly, sometimes scarcely compressed laterally, consisting of a crustaceous exocarp and a

pulpy, when ripe mealy endocarp enveloping the seeds." In their key (p. 100) the fruit is termed "drupa-

ceous." The flowers of Dialium, a pantropical genus, are hypogynous and have only 1 or 2 petals and usually

2 stamens. The related Apuleia, of South America, possesses a hypanthium and 3 stamens, but its pistil is

exserted, not sessile, its perianth is 3-merous, and its pod is compressed and coriaceous, not ovoid. Despite
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their few-seeded, indehiscent pods, neither of these few-stamen genera of Dialiinae suggests a close affinity

Other possible relationships of the fossils are with genera having regular flowers and more numerous

stamens but with a similar type of few-seeded fleshy fruit. One such example is Vouacapoua of tribe Caesal-

pinieae (Lewis et al. 2005). This genus possesses regular flowers with 10 short stamens, but its hypanthium,

sepals, and short petals much resemble Lasiambix, and its fruits are round, thick-walled, 1-seeded, and

dehisce by a single furrow (Lewis et al. 2005, p. 161; Polhill & Vidal 1981, p. 89). The genus is presumed to

have affinity to the Peltophorum group of tribe Caesalpinieae (Bruneau et al. 2001; Haston et al. 2003), but

as yet the DNA support for this connection is weak.

A similar type of fruit occurs in the large genus Cynometra of tribe Detarieae (Lewis et al. 2005, p.

89). Its pod is described as thick, turgid, rugose to verrucose (rarely smooth), 1-seeded, and regularly in-

dehiscent with a spongy pericarp (Hutchinson 1964, p. 235; Dwyer 1958); it lacks a floral disc, its ovary is

usually hairy, and its style may be eccentric in the hypanthium (Dwyer 1958, p. 322). However, it has 10

long-exserted stamens, a shorter hypanthium, and a usually showier perianth than in Lasiambix (Dwyer

1958). Other differences, besides these, are that its sepals are glabrous adaxially (except C. cubensis Rich.)

and its filaments are united very briefly at the base. Modern-day Arcoa, of Hispaniola, has turgid, 1-seeded,

indehiscent fruits (Lewis et al. 2005, p. 132), but its flowers differ considerably from Lasiambix in being

unisexual, bearing ca. 12 stamens, and having an exserted pistil with capitate stigma (Herendeen et al.

2003). Another Caribbean genus, Stahlia (tribe Caesalpinieae), has fleshy, 2-seeded, indehiscent fruits, regular

5-merous perianth, imbricate sepals, and well-developed, dorsally puberulent petals (Hutchinson 1964, p.

235; Lewis et al. 2005, p. 145). It differs from Lasiambix principally in having 10 erect, connivent stamens

with filaments densely woolly in the lower half. Placement of Stahlia near the large genus Caesalpinia and its

segregates was established by the molecular and morphological studies of Simpson et al. (2003).

The examples mentioned, falling into several distinct clades within the subfamily, illustrate the paral-

lelisms in floral and fruit morphology that make it difficult to suggest a specific, definitive placement of

Lasiambix. A large amount of recent phylogenetic research, both morphological and molecular, was reviewed

by Lavin et al. (2005), to estimate the time frame of early diversification of this and other subfamilies of

Leguminosae. Earlier estimates of a Late Cretaceous origin of the family and a "basal" position for Caesal-

pinioideae (e.g. Polhill et al. 1981; Herendeen et al. 1992), are no longer accepted as "conventional wisdom."

Rather, the fossil record supports an origination in the Paleocene, allowing some 60 my for diversification

within the family (Lavin et al. 2005). In molecular phylogenetic studies, with best resolution provided by

the matK chloroplast gene, divergence of 6 early-formed lineages of caesalpinioids was found, along with

the similarly old crown nodes of many papilionoid and mimosoid clades. Caesalpinioids are viewed as a

paraphyletic grade from which stem the mimosoids and papilionoids, but because of the very early, rapid

branching of the ancestors of modern clades, the caesalpinioid grade "harbor(s) neither the oldest diversi-

fication nor some other quality of legume antiquity" (Lavin et al. 2005).

If our suggested placement of Lasiambix is correct, it offers a well-preserved example of several special-

ized floral characteristics of Tertiary-age caesalpinioid legumes. These include the loss of all but 3 stamens

and accompanying bilateral symmetry of the flowers, an absence of petals at anthesis, and presence of few-

seeded, fleshy, probably indehiscent fruits. What pollination syndrome is represented by flowers with short,

incurved stamens and no apparent nectar disc, is difficult to say. Perhaps nectar was produced at the base

of the ovary, which was not visible to us. In this case small bees might have been able to enter the flowers

and remove pollen from the arched, introrse anthers. The ecology of the plants is likewise unknown, other

than that they grew in proximity to Hymenaea in moist tropical forests such as those described by Poinar

and Poinar (1999). Such habitats are typical for many genera of modern-day Caesalpinioideae.

Note: In the illustrations, because the orientation of the flowers is unknown, we have not tried to suggest

a placement of the stamens as either abaxial, as in Macrolobium et al. (Cowan 1953) or adaxial as in Dialium

et al. (Tucker 1998).
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KRUSCHKE NAMES IN NORTH AMERICAN CRATAEGUS (ROSACEAE):

A CORRECTION AND CLARIFICATIONS
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In a recent paper (Phipps 2007) I inadvertently stated an incorrect collection date for the holotype of Cra-

taegus pisifera Sarg. It should be 28 September 1901 rather than 26 July 1901 as recorded in Phipps (2007).

The remainder of the commentary on C. pisijera in that paper stands, however.

With respect to the same paper, communication with the nomenclature specialist at Harvard University,

Kanchi Gandhi, indicated to me that I was in error in designating two lectotypes, as the names with which

I was dealing had never been validly published. Since 1 January 1958, in order to be validly published,

names must have a type indicated and a type must be a single specimen (see Vienna Code Art. 37.1, 8.1 and

8.2). However, the two names below were designated with a "type" representing specimens from different

gatherings. Thus, in order to validate Kruschke's names, holotypes rather than lectotypes should have been

designated. Accordingly, the two names are validly published below with appropriate holotypes designated.

It may also be noted that were I to have ascribed the names to myself the citations of the relevant names

would have been J.B. Phipps' but I retain 'Kruschke,' also permissible, therefore accepting Kruschke as the

author since he provided the validating Latin diagnoses (Art. 46.2).

1. Crataegus mollis (Torr. & A. Gray) Scheele var. incisifolia Kruschke, var. nov. Type: U.S.A.: Wisconsin: Rock

2. Crataegus schuettei Ashe var. gigantea Kruschke, var. nov. Type: U.S.A. Wisconsin: City of Milwaukee, north side
:
1
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THOMAS WALTER TYPIFICATION PROJECT, V: NEOTYPES AND EPITYPES

FOR 63 WALTER NAMES OF GENERA D THROUGH Z

This number of the Thomas Walter Typification Project is a cc

(Ward 2007c). Here, an additional 63 of Walter's species are i

neotypes or epitypes.

Although the number of Walter neotypes, as treated in this and previous reports of the Project,

have been many, even now not all Walter names have been examined. No effort has been made to typify

most of the numerous Walter names that are now remembered only in synonymy. And those names not

represented by suitable materials in the herbarium of the present participating institution (GH) will be

This report and its immediate predecessor (Ward 2007c) select types for 106 Walter names. Within

this number, 101 were selected as neotypes, and 5 as epitypes. The largest proportion, or 98, were ofSouth

Carolina collections, 22 of them from Berkeley County; 4 were from Georgia, and 2 each from North

Carolina and Florida. A third, or 37, bore a total of 43 annotations confirming the label identifications.

The typifications are presented here in the format used previously (Ward 2007a, 2007b, 2007c), in

alphabetical sequence, using the names given them by Thomas Walter.

Walter's name: Daucus divaricatus Walter (p. 114)

Modern name: Spermolepis divaricata (Walt.) Raf.

Common in eastern SC. Identified (from Walter's diagnosis) by Mathias & Constance (1944: 72). Spm.

40-C, a wispy fragment, was labeled "Daucus" by Fraser, and annotated as "divaricatus Walt." by A. Gray,

though one wonders what he saw that was recognizable. Boufford & Wood 23862, 27 May 1988 - GH, from

Wadmalaw Island, s. of Charleston, Charleston County, South Carolina, is here selected as neotype for

Daucus divaricatus Walt., basionym of Spermolepis divaricata (Walt.) Raf. Known isoneotypes: MO, NY.

Walter's name: Delphinium carolinianum Walter (p. 155)

Modern name: Delphinium carolinianum Walt.

Almost unknown in SC (a single county), frequent in central GA. Fraser/Walter 40-B [1787] - BM, a now-

unidentifiable fragment labeled "Delphinium" by Walter and "Carolinianum" by Fraser, was cited byWarnock

(1981: 48), as "Type: South Carolina, within fifty miles of Berkeley Co, T. Walter s.n. (BM)." The cited

specimen is worthless for identification purposes. Radford 22407, 11 May 1957 - GH (annot. Michael J.
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Warnock 1979), from 4

epitype for Delphinium c

FLAS, GA, NCU, NY.

Walter's name: Dianthera ovata Walter (p. 63)

Modern name: Justicia ovata (Walt.) Lindau

Frequent on the SC coastal plain. There is no specimen. Godfrey & Tryon 545, 1

Martha Meagher 1972), from Andrews, Georgetown County, South Carolina, is he

Dianthera ovata Walt., basionym ofJusticia ovata (Walt.) Lindau. Known isoneoti

Walter's name: Diodia teres Walter (p. 87)

Modern name: Diodia teres Walt.

Common throughout. There is no spe

Georgetown County, South Carolina,

NY, US.

Walter's name: Doronicum acaule Walter (p. 205)

Modern name: Arnica acaulis (Walt.) BSP.

Common in eastern SC. No specimen. Hunnewell 12681, 30 Mar 1933 - GH (annot. Bassett Maguire 1944),

from near Goose Creek, Berkeley County, South Carolina, is here selected as neotype for Doronicum acaule

Walt., basionym of Arnica acaulis (Walt.) BSP.

Walter's name: Eriocaulon anceps Walter (p. 83)

Modern name: Lachnocaulon anceps (Walt.) Morong

Common on SC coastal plain. Walter's description was identified by Krai (1966: 319). There is no speci-

men. Godfrey & Tryon 1210,7 Aug 1939 - GH, from 6 mi S of Columbia, Lexington County, South Carolina,

is here selected as neotype for Eriocaulon anceps Walt., basionym of Lachnocaulon anceps (Walt.) Morong.

Known isoneotypes: NY, US.

Walter's name: Ervum erectum Walter (p. 187)

Modern name: Galactia erecta (Walt.) Vail

Frequent in eastern SC. No specimen has been identified. Godfrey 147, 10 Sep 1939 - GH, from 5 mi S

of Andrews, Georgetown County, South Carolina, is here selected as neotype for Ervum erectum Walt.,

basionym of Galactia erecta (Walt.) Vail. Known isoneotypes: BH, DUKE, F, MO, NY, US.

Walter's name: Eryngium integrifolium Walter (p. 112)

Modern name: Eryngium integrifolium Walt

Frequent on the SC coastal plain. Sp. 42-D was numbered "716" by Fraser, then labeled "Eryngium nov" by

Walter, with "Integrifolium" added by Fraser. The specimen is of inadequate, scarcely identifiable quality.

Wilbur& Webster 2861, 31 Aug 1950 - GH, from 6 mi E of Summerville, Berkeley County, South Carolina,

is here selected as neotype for Eryngium integrifolium Walt. Known isoneotypes: MICH, NY, US.

Walter's name: Erysimum pinnatum Walter (p. 174)

Modern name: Descurainia pinnata (Walt.) Britt.

Infrequent on SC coastal plain, unknown inland. The label of spm. 43-A bears "Erysimum" in Walter's

hand, and "Pinnatum" in Fraser's; it also carries Fraser's 3-digit number. Although Walter saw this speci-

men, better material would have been available to him in the field. Godfrey 3515, 17 Apr 1938 - GH, from

Brookgreen Gardens, Georgetown County, South Carolina, is here selected as neotype for Erysimum pin-

natum Walt., basionym of Descurainia pinnata (Walt.) Britt. Known isoneotypes: US.
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Walter's name: Ethulia uniflora Walter (p. 195)

Modern name: Sclerolepis uniflora (Walt.) BSP.

Frequent in eastern SC. Spm. 15-F appears to be this (even though it atypically bears 2 heads). The label

("Ethulia Uniflora") is in Fraser's hand. Since there is no evidence Walter saw or used this specimen, Ahles

53495, 25 May 1960 - GH, from 3 mi SW of Moncks Corner, Berkeley County, South Carolina, is here

selected as neotype for Ethulia uniflora Walt., basionym of Sclerolepis uniflora (Walt.) BSP. Known isoneotypes:

CA, FLAS, GA, MICH, NCU, NY, US, USCH.

Walter's name: Eupatorium incarnatum Walter (p. 200)

Modern name: Fleischmannia incarnata (Walt.) King & H. Robins. [= Eupatorium incarnatum Walt.]

Rare in SC (but incl. Berkeley Co.). Spm. 46-D was identified as Eupatorium incarnatum by Fernald &
Schubert (1948: 227), but not called type. The specimen is poor, and bears only the label "Eupatorium"

in Fraser's hand. Without indication the Fraser specimen was seen or used by Walter, Ahles 34320, 18

Sep 1957 - GH, from along Broad River, Cherokee County, South Carolina, is here selected as neotype

for Eupatorium incarnatum Walt., basionym of Fleishmannia incarnata (Walt.) King & Robins. Known
isoneotypes: GA, NCU, NY.

Walter's name: Eupatorium linearifolium Walter (p. 199)

Modern name: Eupatorium hyssopifolium L. [= E. hyssopifolium var. calcaratum Fern & Schub.]

Frequent throughout. Walter's description ("fokis linearibus integris subverticillatis...") exactly matches

the linear entire mostly verticillate leaves of E. hyssopifolium. Spm. 44-B is the lanceolate serrate mostly

opposite-leaved variant of E. hyssopifolium, or E. torreyanum Short. But Fernald and Schubert (1948:

226-227) mistakenly assumed the specimen to be the type ofEupatorium linearifolium, which they treated

as specifically distinct from E. hyssopifolium. The specimen bears the label "Eupatorium" in Walter's hand,

but presents no evidence it had been used by him. A specimen that matches Walter's description, Godfrey

& Tryon 1614, 10 Aug 1939 - GH (annot. Robert K. Godfrey 1973), from 3 mi W of Bonneau, Berkeley

County, South Carolina, is here selected as neotype for Eupatorium linearifolium Walt. [= Eupatorium hys-

sopifolium LJ.

Walter's name: Eestuca octoflora Walter (p. 81)

Modern name: Festuca octoflora Walt. [= Vulpia octoflora (Walt.) Rydb.]

Common throughout. There is no specimen. Boufford 12781, 13 Apr 1974 - GH, from Columbia, Richland

County, South Carolina, is here selected as neotype for Festuca octoflora Walt.

Walter's name: Galega spicata Walter (p. 188)

Modern name: Tephrosia spicata (Walt.) Torr. & A. Gray

Common throughout. Spm. 49-B may be the specimen referred to by Wood (1949: 292) as the type of

Galega spicata ("GH - photograph of Type in Herb. Walt."). But since Wood cited only the herbarium,

not a specific specimen, leaving uncertainty which specimen was intended, unambiguous typification

is justified. Godfrey & Tryon 1310, 7 Aug 1939 - GH, from 14 mi S of Columbia, Lexington County, South

Carolina, is here selected as neotype for Galega spicata Walt., basionym of Tephrosia spicata (Walt.) Torr.

& A. Gray. Known isoneotypes: CA ("1311"), NY, US.

Walter's name: Hibiscus aculeatus Walter (p. 177)
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Walter's name: Hibiscus coccineus Walter (p. 177)

Modern name: Hibiscus coccineus Walt.

Not presentlyknown in NC, SC, or GA (reported from GA by Small 1933), apparently unknown n. ofDuval

Co., FL. An old (undated) specimen has been seen from Charleston, SC (GH), perhaps from cultivation.

Spm. 58-E is clearly this; it bears Fraser's number "674" (an indication of mid-season collection, thus it

could not have been obtained on Fraser's spring trip into southern Georgia). It was labeled "Hibiscus" by

Walter, with "Coccineus" added by Fraser. Though spm. 58-E could be claimed a lectotype, the possibil-

ity that Walter may have had seen it near Charleston, his market town, and his failure to note Fraser's

specimen as a species of his own making, makes that status unlikely. Blanchard 173, 14 Jul 1968 - GH,

from Fla. 16, 0.4 mi E of St. Johns River, between Orangedale and Green Cove Springs, St. Johns County,

Florida, is here selected as neotype of Hibiscus coccineus Walt. Known isoneotypes: CAS.

Walter's name: Hydrastis caroliniensis Walter (p. 156)

Modern name: Trautvetteria caroliniensis (Walt.) Vail

Nearly absent from SC, but common in western NC; probably a Fraser discovery. Spm. 1-E is of poor

quality, and was mislabeled "Actea racemosa?" by Walter. Although Walter may have known this species

only by way of Fraser's collections, his failure to recognize spm. 1-E as a species he himself had named

makes unlikely his having used it in his writing. Thus, rather than designating spm. 1-E as lectotype,

Curtiss 30, Jul [1892?] - GH, from grassy "balds" of Roan Mtn., Mitchell County, North Carolina, is here

selected as neotype for Hydrastis caroliniensis Walt., basionym of Trautvetteria caroliniensis (Walt.) Vail.

Known isoneotypes: BH, F, GA, NY, PH, US.

Walter's name: Hyoseris bijlora Walter (p. 194)

Modern name: Krigia biflora (Walt.) Blake

Absent from SC, frequent in western NC. Identified by Blake (1915: 135). No specimen in the herbarium.

Cronquist 4349, 27 Apr 1947 - GH, from near Flint River, 4 mi SE of Woodbury, Upson County, Georgia,

is here selected as neotype for Hyoseris bijlora Walt., basionym of Krigia bijlora (Walt.) Blake. Known iso-

neotypes: FLAS, GA, MO, NY, US.

Walter's name: Hypericum denticulatum Walter (p. 190)

Modern name: Hypericum denticulatum Walt.

Common in eastern SC. No specimen. Wiegand & A

Berkeley County, South Carolina, is here selected

Walter's name: Hypericum petiolatum (p. 191)

Modern name: Triadenum walteri (Gmel.) Gleason [= Hypericum walteri Gmel.; = Triadenum petiolatun

(Walt.) Britt.]

Frequent throughout. Not Hypericum petiolatum L.; Walter's Hypericum petiolatum was a later homonyn

(1763 vs. 1788) and thus illegitimate. But Gmelin's replacement (1791) was based on Walter's name anc

description. No specimen has been identified. Duncan 13239, 20 Sep 1951 - GH, from 4.2 mi E of Lafay

ette, Walker County, Georgia, is here selected as neotype for Hypericum walteri Gmel [= Triadenum waiter

(Gmel.) Gleason]. Known isoneotypes: BH, FLAS, GA, US.

Walter's name: Ilex decidua Walter (p. 241)

Modern name: Ilex decidua Walt.

Frequent throughout. Spms. 61a-H and 61a-J appear to be this, the first labeled "Ilex decid" by Walter

the second "Ilex Decidua" by Fraser. Both are of poor quality. Godfrey & Tryon 652, 17 Jul 1939 - GH, fron

the Santee River floodplain, 3 mi NE of Pineville, Berkeley County, South Carolina, is here selected a<

neotype of Ilex decidua Walt. Known isoneotypes: BH, CA, CAS, DUKE, F, MO, NY, PH, US.
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Walter's name: Ilex myrtijolia Walter (p. 241)

Modern name: Ilex myrtifolia Walt. [= Ilex cassine L. var. myrtijolia (Walt.) Sarg.]

Common in eastern SC. Spm. 61a-D was labeled "Ilex Myrtifolia" by Fraser and has been annotated as

"type" (byJ.E. Dandy?), but is a small twig of poor quality Spms. 61a-E, 61a-G, and 61a-I appear to be

the same species, and are even poorer. Since spm. 61a-D appears not to have been published as type,

Bozeman 11368, 27 Aug 1967 - GH (annot. Ross C. Clark 1994), from Francis Marion National Forest, 1.6

mi N of Honey Hill, Berkeley County, South Carolina, is here selected as neotype of Hex myrtifolia Walt,

s: MICH, NCU, NY.

Walter's name: Iris tripetala Walter (p. 66)

Modern name: Iris tridentata Pursh

Frequent on SC coastal plain. Not Iris tripetala L.f. (1782). There is no specimen. Though Walter's name

is usually treated as a synonym of Iris tridentata, Leonard & Radford 1599, 2 Jun 1968 - GH, from George-

town County, South Carolina, is here selected as neotype for Iris tripetala Walt. Known isoneotypes: CA,

FLAS, GA, NCU, NY.

Walter's name: Ischaemum secundatum Walter (p. 249)

Modern name: Stenotaphrum secundatum (Walt.) Kuntze

Infrequent in eastern SC. Identified by Hitchcock (1905: 55) from Walter's description. There is no

specimen. The species in the Southeast consists of two variants ("demes"), one native, one introduced

(Sauer 1972). Ahks 15602, 27 Jun 1956 - GH (annot. J.D. Sauer 1971), from roadbank, U.S. 21, Beaufort,

Beaufort County, South Carolina, is here selected as neotype for Ischaemum secundatum Walt., basionym

of Stenotaphrum secundatum (Walt.) Kuntze. Known isoneotypes: GA, NCU, NY.

Walter's name: Kalmia hirsuta Walter (p. 138)

Modern name: Kalmia hirsuta Walt.

Rare in SC (5 counties). Spm. 62b-C, a nearly bare twig, was labeled "Kalmia Hirsuta Nova
1
' by Fraser.

Southall & Hardin (1974) referred to a specimen on page 62 as the "type." Their typification has been

corrected (Ward 2007a) to lectotype. The specimen, however, is unidentifiable without the label and

serves no useful purpose as a type. Bell 3956, 29 Jun 1956 - GH (annot. J.E. Ebinger 1972), from S.C. 631,

1 mi SE of Hampton County line, Jasper County, South Carolina, is here selected as epitype, in support

of Southall & Hardin's typification of Kalmia Ursula Walt, (as corrected).

Walter's name: Leontodon carolinianum Walter (p. 192)

Modern name: Pyrrhopappus carolinianus (Walt.) DC.

Frequent throughout. This may be spm. 64-F, which was labeled "Leontodon novum" by Walter, and

"Carolinianum" by Fraser. It is very poor. A specimen with cauline leaves, Wiegand & Manning 3518, 11 Jul

1927 - GH, from 4 mi S of Kingstree, Williamsburg County, South Carolina, is here selected as neotype for

Leontodon carolinianum Walt., basionym of Pyrrhopappus carolinianus (Walt.) DC. Known isoneotypes: BH.

Walter's name: Lilium Catesbaei Walter (p. 123)

Modern name: Lilium catesbaei Walt.

Infrequent on SC coastal plain, but a striking plant and likely known to Walter. Spm. 64-E is this, al-

though labeled "Lilium philadelphicum" by Walter. Since the specimen is of poor quality, and appears not

to have been recognized by Walter, Godfrey & Tryon 1046, 2 Aug 1939 - GH, from 11 mi N of Georgetown,

Georgetown County, South Carolina, is here selected as neotype for Lilium catesbaei Walt. Known isoneo-

types: BH, CA, CAS, DUKE, F, MO, NY.
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Walter's name: Linum striatum Walter (p. 118)

Modern name: Linum striatum Walt.

Infrequent throughout. No specimen. Godfrey & Tryon 637, 17 Jul 1939 - GH (annot. C. M. Rogers 1960),

from Santee Canal, 5 miW of Pineville, Berkeley County, South Carolina, is here selected as neotype for

Linum striatum Walt. Known isoneotypes: CA, NY, US.

Walter's name: Ludwigia arcuata Walter (p. 89)

Modern name: Ludwigia arcuata Walt.

Very rare in SC (3 counties, but one is Charleston, Walter's market town). No specimen appears to be

this species. But Peng et al. (2005: 345) cited spm. 66-D as "holotype" of Ludwigia arcuata, apparently in

gross error! (The cited specimen appears to be L. pilosa, and was so labeled by Walter.) With the expec-

tation that the error will be acknowledged and effort undertaken to correct the erroneous typification

via conservation, Radford 11411, 8 Sep 1967 - GH, from Millettville, Allendale County, South Carolina,

is here selected as neotype for Ludwigia arcuata Walt. Known isoneotypes: CA, CAS, FLAS, GA, MICH,

NCU, NY, USCH.

Walter's name: Ludwigia glandulosa Walter (p. 88)

Modern name: Ludwigia glandulosa Walt.

Frequent in eastern SC. No specimen has been identified. Wilbur 74177, 15 Aug 2001 - GH, from Red

Bluff, Horry County, South Carolina, is here selected as neotype for Ludwigia glandulosa Walt. Known

s: DUKE.

Walter's name: Ludwigia suffruticosa Walter (p. 90)

Modern name: Ludwigia suffruticosa Walt.

Frequent in eastern SC. No specimen has been identified. Wiegand & Manning 2200, 10 Jul 1927 - GH (an-

not. P.A. Munz 1942; C-I Peng 1981), from 6 mi N of Kingstree, Williamsburg County, South Carolina,

is here selected as neotype for Ludwigia suffruticosa Walt. Known isoneotypes: BH.

Walter's name: Lycium carolinianum Walter (p. 84)

Modern name: Lycium carolinianum Walt.

There is no specimen. A coastal plant, at times reported for SC, but only on the basis of Walter's listing,

and a note in Elliott. Presently unknown in SC; almost unknown in GA (Camden Co., the southeastern

corner). Undoubtedly a discovery of Fraser's, but it is difficult to understand how he could havejourneyed

that far south. Perhaps since his time the range of this cold-sensitive plant has contracted southward.

This possibility is supported by Elliott (1816: 1: 200): "I have never seen this plant in its native state,

where it is said to be ofvery humble growth. Found by Mr. Wm. Bartram, in the saline rushy marshes of

Carolina." Curtiss 6543, 10 Oct 1899 - GH (annot. C.L. Hitchcock 1930), from mouth of St. Johns River,

[Duval County], Florida, is here selected as neotype for Lycium carolinianum Walt. Known isoneotypes: BH,

CA, CAS, DS, G, MO, NY, UC, US. This collection was noted by C.L. Hitchcock (1932: 239) as: "no type

designated, but Curtiss's number 6543 is taken as typically representing this species."

Walter's name: Melanthium Muscaetoxicum Walter (p. 125)

Modern name: Zigadenus muscaetoxicum (Walt.) Regel [= Amianthium muscaetoxicum (Walt.) A. Gray]

Frequent throughout. Spm. 58-C was labeled "Helonias bullata?" by Walter, in reference to H. bullata L., a

northern species that reaches NC (two counties) but is unknown in SC. Walter did not include H. bullata

in his Flora. Though he knew Zigadenus muscaetoxicum, which he included as "Melanthium Muscaetoxicum"

he apparently did not recognize the immature plant collected by Fraser. Weatherby & Griscom 1 6486, 1 May

1932 - GH, from Myrtle Beach, Horry County, South Carolina, is here selected as neotype for Melanthium

muscaetoxicum Walt., basionym of Zigadenus muscaetoxicum (Walt.) Regel. Known isoneotypes: NY.
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Walter's name: Melica mutica Walter (p. 78)

Modern name: Melica mutica Walt.

Frequent throughout. There is no specimen. Griscom 511, 11 Apr 1932 - GH (annot. WS. Boyle 1943),

from Myrtle Beach, Horry County, South Carolina, is here selected as neotype for Melica mutica Walt.

5: BH, CA, CAS, DUKE, F, GA, MICH, MO, NCU, NY, PH.

Walter's name: Mespilus aestivalis Walter (p. 148)

Modern name: Crataegus aestivalis (Walt.) Torr. & A. Gray

Rare in SC (3 counties, incl. Berkeley). No specimen. Harbison s.n., 15 Mar& 21 May 1916 - GH, from along

Combahee River, E of Yemassee, [Colleton Co.], South Carolina, is here selected as neotype for Nespilus

aestivalis Walt., basionym for Crataegus aestivalis (Walt.) Torr. & A. Gray. Known isoneotypes: NCU.

Walter's name: Nyssa biflora Walter (p. 253)

Modern name: Nyssa biflora Walt. [= Nyssa sylvatica Marsh, var. biflora (Walt.) Sarg.]

Frequent in eastern SC. Spms. 75-A, 75-B, or 75-C may be this, but are poor. (The first was labeled

"Nyssa;' the second "Nyssa Multiflora" both by Fraser, and the third "Nyssa" by Walter.) Little 14304, 15

Jun 1951 - GH, from Hell Hole Bay, S ofJamestown, Berkeley County, South Carolina, is here selected

as neotype for Nyssa biflora Walt.

Walter's name: Obolaria caroliniana Walter (p. 166)

Modern name: Bacopa caroliniana (Walt.) Robins.

Common in eastern SC. Pennell (1920: 243) stated: "Description sufficiently distinctive." Pennell (1946)

again recognized Walter's description as this species and used this name, but designated no type. No
corresponding specimen is apparent. Godfrey & Tryon 948, 26 Jul 1939 - GH (annot. H.S. Wooden 1979),

from 1 mi S of Sandinia, Clarendon County, South Carolina, is here selected as neotype for Obolaria

caroliniana Walt., basionym for Bacopa caroliniana (Walt.) Robins. Known isoneotypes: NY, US.

Walter's name: Paspalum praecox Walter (p. 75)

Modern name: Paspalum praecox Walt.

Hitchcock (1905: 42) noted Walter's name now to be "generally acepted by American botanists." Plants

of this name are infrequent on the SC coastal plain. There is no specimen. For stability, Godfrey & Tryon

84, 23 Jun 1939 - GH, from Georgetown, Georgetown County, South Carolina, is here selected as neotype

for Paspalum praecox Walt. Known isoneotypes: BH, CAS, DUKE, MICH, NY, PH, US.

Walter's name: Pinus glabra Walter (p. 237)

Modern name: Pinus glabra Walt.

Frequent in southeastern SC. Dayton (1952) and Ward (1962) confirmed Walter's description; Dayton

identified spms. 83-D and 83-H as this species. Dayton proposed that these two specimens "perhaps

should be considered the type material" of Pinus glabra, but made no designation. Though spm. 83-H

was labeled "Pinus" by Walter (and spm. 83-H by Fraser), there is no evidence Walter used it in forming

his description. Palmer 35395, 16 May 1929 - GH, from Seneca, Oconee County, South Carolina, is here

selected as neotype for Pinus glabra Walt. Known isoneotypes: MO, NY, US.

Walter's name: Pinus squarrosa Walter (p. 237)

Modern name: Pinus echinata Mill.

Common throughout. Dayton (1952) and Ward (1962) confirmed Walter's description; Dayton identified

spms. 83-1 (labeled "Pinus" by Walter) and 83-J (unlabeled) as this species. Dayton (1952: 71) suggested,

"it is possible that this [spm. 83-1] may be the type of Walter's P. squarrosa." However he stopped short

of designating the specimen as type. A better specimen, with cones, Godfrey & Tryon 1453, 10 Aug 1939
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Walter's name: Polygala cymosa Walter (p. 179)

Modern name: Polygala cymosa Walt.

Common in eastern SC. Smith & Ward (1976) referred to a "holotype," but noted "not seen and presum-

ably no longer extant." Spm. 84-B, labeled "Polygala" by Fraser, has since been identified as P. cymosa. It

is of poor quality, consisting solely of an upper inflorescence. In the absence of evidence that spm. 84-B

was seen or used by Walter, Godfrey & Tryon 67, 24 Jun 1939 - GH (annot. Foard 1959), from 15 mi N of

Georgetown, Georgetown County, South Carolina, is here selected as neotype of Polygala cymosa Walt.

Known isoneotypes: BH, CA, CAS, DUKE, F, MO, NY, US.

Walter's name: Polygala grandiflora Walter (p. 179)

Modern name: Polygala grandiflora Walt.

Frequent in eastern SC. There is no specimen. Rodriguez (2003) stated the "Holotipo" to be "Carolina,

Walter (BM)," with a symbol indicating the specimen had been lost or destroyed. Since no specimen

could be designated, no typification took place. Batchelder 4905, 30 Apr 1917 - GH, from Ladies Island,

Beaufort, Carteret County, North Carolina, is here selected as neotype of Polygala grandiflora Walt. Known

isoneotypes: MO.

Walter's name: Polygala polygama Walter (p. 179)

Modern name: Polygala polygama Walt.

Frequent throughout. No specimen has been identified. Palmer 42407, 19 May 1934 - GH, from Columbia,

Richland County, South Carolina, is here selected as neotype of Polygala polygama Walt.

Walter's name: Polygonum hirsutum Walter (p. 132)

Modern name: Polygonum hirsutum Walt.

Rare in SC (4 counties, though one is Charleston, Walter's market town). No specimen has been identi-

fied. Ahles 15868, 20 Jun 1956 - GH, from Barton, Allendale County, South Carolina, is here selected as

neotype for Polygonum hirsutum Walt. Known isoneotypes: NY.

Walter's name: Quercus laevis Walter (p. 234)

Common in eastern SC. No specimen. Hill 18860, 21 Sep 1987 - GH, from Bluefield Road, Lexington

County, South Carolina, is here selected as neotype for Quercus laevis Walt. Known isoneotypes: MO,

NCU, NY, USCH.

Walter's name: Quercus lyrata Walter (p. 235)

Modern name: Quercus lyrata Walt.

Common in eastern SC. No specimen. Spongberg 17209, 14 Sep 1982 - GH, from Perrysburg Landing,

WNW of Hardeeville, Jasper County, South Carolina, is here selected as neotype of Quercus lyrata Walt.

Walter's name: Quercus pumila Walter (p. 234)

Modern name: Quercus pumila Walt. [= Quercus elliottii Wilbur]

Common in eastern SC. Spm. 90-E is poor, and though it was seen (and labeled, as "Quercus pumila") by

Walter, there is no suggestion that it was used by him. Godfrey & Tryon 1420, 11 Aug 1939 - GH, from 8

mi S of Moncks Corner, Berkeley County, South Carolina, is here selected as neotype for Quercus pumila

Walt. Known isoneotypes: NY, US. Wilbur (2002: 138-140) has argued that Walter's description was de-

fective, and that the small shrub should be renamed Quercus elliottii Wilbur. In light of the near-certainty

that Walter knew his Quercus pumila (as seen within stone-throw of his grave - D.B.W obs., Jun 1990),

the new name is superfluous.
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Walter's name: Rhexia petiolata Walter (p. 130)

Modern name: Rhexia petiolata Walt.

Frequent in eastern SC. James (1956: 216) tentatively designated a specimen, Fraser/Walter 91-D [1787] -

BM, marked "Rhexia 723" as "type" ofRhexia petiolata Walt. (The "Rhexia" is in Walter's hand, the "723" in

Fraser's.) James' typification has been corrected (Ward 2007a) to neotype for Rhexia petiolata Walt. James

noted, "Positive identification has not been possible because of the fragmentary condition of the speci-

men..." The specimen (91-D) isabarestem, quite lacking in identifiable features. Wiegand& Manning 21 26,

8 Jun 1927 - GH, from 4 mi S of Florence, Florence County, South Carolina, is here selected as epitype, in

support ofJames' typification of Rhexia petiolata Walt, (as corrected). Known isoneotypes: BH.

Walter's name: Salsola caroliniana Walter (p. Ill)

Modern name: Salsola kali L. var. caroliniana (Walt.) Nutt.

Infrequent along SC coast. Spm. 93-F was labeled "Salsola Kalf by Walter, then the epithet was struck

and "Caroliniana" added by Fraser. Though only a varietal name is at issue, Godfrey & Tryon 1571, 17 Aug

1939 - GH (annot. H.D. Wilson 1981; S. Mosyakin 1994), from South Island, Georgetown County, South

Carolina, is here selected as neotype for Salsola caroliniana Walt., basioym of Salsola kali L. var. caroliniana

(Walt.) Nutt. Known isoneotypes: BH, CA, DUKE, MO, NY, PH, US.

Walter's name: Silene caroliniana Walter (p. 142)

Modern name: Silene caroliniana Walt.

Frequent throughout SC. Spm. 98-G was labeled "Silene an virginicaT by Walter. Wilbur (1970) referred to

comments ofJ.K. Small and CA. Weatherby—neither ofwho personally saw the Walter herbarium—to

conclude the specimen was unclear as to its subspecies, and that "Walter's description is unmistakable

and would take precedence over any specimen in the Walter herbarium." Thus Weatherby 6114, 27 Apr

1932 - GH (annot. R.T. Clausen 1938; Bassett Maguire 1941; R.L. Wilbur 1968 & 1996), from outskirts

of Columbia, Lexington County, South Carolina, is here selected as neotype of Silene caroliniana Walt.

>: DUKE, NY, PH.

Walter's name: Smilax auriculata Walter (p. 245)

Modern name: Smilax auriculata Walt.

Frequent along SC coast. No specimen is present. Godfrey & Tryon 1169,5 Aug 1939 - GH, from Myrtle

Beach, Horry County, South Carolina, is here selected as neotype for Smilax auriculata Walt. Known
isoneotypes: BH, CA, CAS, DUKE, PH.

Walter's name: Smilax glauca Walter (p. 245)

Modern name: Smilax glauca Walt.

Infrequent on SC coastal plain, common inland. No specimen was found in the Fraser/Walter herbarium by

Blake (1918). Blake did find a Fraser specimen with "leaves densely puberulent beneath" in the DeCandolle

herbarium, Geneva. He noted however, that the Fraser specimen was not "in any sense a type of Walter's

S. glaucar A specimen with leaves smooth beneath, Bell 7168, 12 May 1957 - GH, from Beaver Creek, NNE
of Blair, Fairfield County, South Carolina, is here selected as neotype for Smilax glauca Walt.

Walter's name: Smilax pumila Walter (p. 244)

Modern name: Smilax pumila Walt.

Frequent in eastern SC. No specimen is present in the herbarium. Ahles 20939, 11 Oct 1956 - GH, from

county road, 0.4 mi E of U.S. 21, Beaufort County, South Carolina, is here selected as neotype for Smilax

pumila Walt. Known isoneotypes: GA.
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Walter's name: Staehelina elegans Walter (p. 202)

Modern name: Liatris elegans (Walt.) Michx.

Common in southeastern SC. Spm. 101-A, a reasonably complete inflorescence, bears the label "Staehelina"

in Walter's hand; Fraser added "Elegans" Since Walter would have known the plant near his home, he

need not have used this specimen in forming his description. Boujford & Shi 30292, 25 Sep 2000 - GH,

from Halfway Creek road, Francis Marion National Forest, WNW of McClellanville, Berkeley County,

South Carolina, is here selected as neotype for Staehelina elegans Walt., basionym of Liatris elegans (Walt.)

Michx.

Walter's name: Syntherisma serotina Walter (p. 76)

Modern name: Digitaria serotina (Walt.) Michx.

Hitchcock (1905: 44) found Walter's diagnoses separating this and the preceding to be unsatisfactory, but

made the identification on the basis of these being the only creeping Digitaria "found commonly" in the

Carolinas. But, far from common, D. serotina is very rare in SC (2 counties), suggesting Walter's second

species may also have been the abundant and somewhat variable D. sanguinalis. There is no specimen.

To stabilize the meaning of D. serotina (which is well distinguished elsewhere), Hitchcock 1557, 15 Aug

1905 - GH, from "open low ground," South Carolina, is here selected as neotype for Syntherisma serotina

Walt., basionym of Digitaria serotina (Walt.) Michx. Known isoneotypes: CA, MO, NY.

Walter's name: Syntherisma villosa Walter (p. 77)

Modern name: Digitaria filiformis (L.) Koel. var. villosa (Walt.) Fern.

Frequent throughout. Hitchcock (1905: 44) accepted spm. 116-C as corresponding to Walter's diagnosis.

The specimen is labeled in Walter's hand. But it is poor and unlikely to have been used by Walter in

forming his description. Andersen 1408, 1897 - GH (annot. M.L. Fernald 1920), from Oconee County,

South Carolina, is here selected as neotype for Syntherisma villosa Walt., basionym of Digitaria villosa

(Walt.) Pers.

Walter's name: Utricularia purpurea Walter (p. 64)

Modern name: Utricularia purpurea Walt.

Infrequent on the SC coastal plain. There is no specimen. Taylor (1989: 689) stated: "lecto. Barnhart

1916;" but Barnhart's action (1916: 62) was a typification of the segregate genus VesicuUna Raf., not a

typifkation of the species U. purpurea. Godfrey & Tryon 1097, 4 Aug 1939 - GH, from 6 mi NW of McClel-

lanville, Charleston, South Carolina, is here selected as neotype for Utricularia purpurea Walt. Known

isoneotypes: BH, CA, CAS, DUKE, F, MO, US.

Walter's name: Viburnum obovatum Walter (p. 116)

Modern name: Viburnum obovatum Walt.

Frequent in eastern SC. The only possible specimen (spm. 108-H) is a fragment, bearing only Fraser's

label, "Viburnum." Godfrey & Tryon 8215, 24 Jul 1939 - GH (annot. Thomas H.Jones 1978), from 10 mi NE

of Moncks Corner, Berkeley County, South Carolina, is here selected as neotype for Viburnum obovatum

Walt. Known isoneotypes: CA, CAS, DUKE, F, MO, NY, PH, US.

Walter's name: Vicia caroliniana Walter (p. 182)

Modern name: Vicia caroliniana Walt.

Frequent in eastern SC, more common westward. Spm. 106-D appears to be this species. But since Walter

labeled it only as "Vicia nova" it is unlikely it was used in preparing his description. Hunnewell 8163, 23

Mar 1922 - GH (annot. Robert Dirig 1990), from Goose Creek, Berkeley County, South Carolina, is here

selected as neotype for Vicia caroliniana Walt.
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Walter's name: Vincetoxicum gonocarpos Walter (p. 104)

Modern name: Matelea gonocarpa (Walt.) Shinners

Infrequent in SC, nearly absent from the coastal plain. Thus likely a Fraser discovery. Spm. 109-A,

marked "Vincetoxicum" by Walter, was identified as Matelea gonocarpa by Drapalik (1970: 76, from photo).

But it is sterile, which makes it unlikely to have been of use to Walter, who described the plant in detail

(incl. flowers and fruits). A specimen of better quality, Wiegand& Manning 2629, 16Jul 1927 - GH (annot.

Donald J. Drapalik 1974), from Meggett, Charleston County, South Carolina, is here selected as neotype

for Vincetoxicum gonocarpos Walt., basionym of Matelea gonocarpa (Walt.) Shinners.

Walter's name: Viola canina sensu Walter (p. 219) non Viola canina Linnaeus, Sp. PI. 935. 1753; misap-

Modern name: Viola walteri House

Infrequent throughout. Not Viola canina L., nor V. conspersa Rchb. When House (1906) realized Walter

had misidentified the Carolina plant he assigned it a new name, V walteri, but based the new name on

Walter's diagnosis and presumed type. There is no specimen. Hunnewell 12638, 30 Mar 1933 - GH (annot.

Harvey E. Ballard 1991), from near Goose Creek, Berkeley County, South Carolina, is here selected as

neotype for Viola canina sensu Walter (basis for Viola walteri House).

Walter's name: Viola villosa Walter (p. 219)

Modern name: Viola villosa Walt.

Frequent throughout. Spms. 108-D and 108-1 may be this species. Both bear Walter's hand, but only to

"Viola" and a descriptive phrase; both are of poor quality. Brainerd (1907) has argued convincingly that

Walter's plant was this species (and not V hirsutula Brainerd, found only inland). Brainerd s.n., 25 Mar

1907 - GH (annot. Landon E. McKinney 1986), from Summerville, Dorchester County, South Carolina,

is here selected as neotype for Viola villosa Walt.

Walter's name: Waltheria caroliniana Walter (p. 175)

Modern name: Piriqueta caroliniana (Walt.) Urban

Frequent in southeastern SC. No specimen has been identified. Ahles 18262, 9 Sep 1956 - GH, from SC

20, 2.7 mi S ofjet. with SC 39, Hampton County, South Carolina, is here selected as neotype for Waltheria

caroliniana Walt., basionym of Piriqueta caroliniana (Walt.) Urban. Known isoneotypes: NCU.
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CHROMOSOME NUMBERS FOR SOUTHWESTERN NORTH AMERICAN
SPECIES OY ANTENNARIA (ASTERACEAE: GNAPHALIEAE)

Jerry G. Chmielewski

Department ofBiology

Slippery Rock University

Chromosome counts here supplement previous counts for North American Antennaria. Cultivation of plants

and preparation of somatic material for chromosome number determinations followed the procedures of

Chinnappa (1986). Voucher specimens remain in my possession and duplicates are deposited in SLRO. I

collected all specimens; staminate specimens are marked with an asterisk (*).

ASTERACEAE

Antennaria parvifolia Nutt. 2n = 84. ARIZONA: Coconino Co.: US 180, vicinity of Forest Road 760, N
of Snowbowl, CH3154; N of Fort Valley Ranch Road, approx. milepost 222, CH3155. Rio Grande Co.: US
160, E of South Fork, vicinity of South Fork Rest Area, CH3183; 2n = 112. ARIZONA: Coconino Co.: Kai-

bab Plateau, AZ 67, just S ofJacob Lake, Ch3157. COLORADO: SanJuan Co.: US 550, Red Mountain Pass

at Red Mountain Creek, CK3168 (white form), Ch3169 (red form); alpine meadow S of Red Mountain Pass,

0x3174 (white form), Ch3175 (red form); Molas Divide, Ch3176 (white form), Ch3178 (pink form). Mineral

Co.: US 160, Wolf Creek Pass, Ch3181, CH3182*. Custer Co.: CO 165, NW of San Isabel, NW of Beulah

Road, Ch3194 (red form), CH3195 (white form); Bigelow Divide, vicinity of milepost 8, Cr\3197\ Ch3198.

Antennaria rosea Greene. 2n = 56. COLORADO: Coconino Co.: Kaibab Plateau, US 67, S ofJacob Lake,

vicinity of Kaibab Lodge, Ch3160 (red form), Ch3161 (white form); S of Kaibab Lodge, Ch3163. San Juan
Co.: US 550, Red Mountain Pass, Red Mountain Creek, Ch3170; S of Red Mountain Pass, Oi3l72\ Molas

Divide, Ch3179. Pueblo Co.: CO 165, between mileposts 22 and 23, Ch3192. Custer Co.: CO 165, NW of

San Isabel, NW of Beulah Road, CH3196; Bigelow Divide, vicinity of milepost 8, Ch3199.
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CHROMOSOME NUMBER OF THEVETIA AHOUAl

(APOCYNACEAE: RAUVOLFOIDAE: PLUMERIEAE) WITH DISCUSSION

ON THE GENERIC BOUNDARIES OF THEVETIA

Justin K. Williams and Julia K. Stutzman 1

Department ofBiological Sciences

Thevetia L. belongs to the Apocynaceae subfamily Rauvolfioideae tribe Plumerieae and comprises eight species

of shrubs occurring from Central Mexico to northern South America (Gensel 1969; Williams 1996; Allorge

1998; Endress et al. 2007). According to various specialists in the Apocynaceae, the generic boundaries of

Thevetia vary. In the concept of Thevetia sensu K. Schum. (Schumann 1895; Gensel 1969; Williams 1996;

Allorge 1998; Alvarado-Cardenas 2004), eight species are sub-divided between two sections: sect. Ahouai

K. Schum. with three species—T. ahouai (L.) A. DC, T amazonica Ducke, and T. bicornuta Mull. Arg.—and

sect. Thevetia K. Schum. with five species—T. gaumeri Hemsl., T ovata (Cav.) A. DC, I peruviana (Pers.) K.

Schum., T. pinifolia (Standi. & Steyerm.) J.K. Williams, and T. thevetiodes (H.B.K.) K. Schum. In the concept

of Thevetia sensu Lippold (Lippold 1980; Alvarado-Cardenas & Ochoterena 2007) the three species of

sect. Ahouai are retained in Thevetia; the other five species of sect. Thevetia are segregated into the genus

Cascablea Raf. Although Lippold (1980) and Alvarado-Cardenas and Ochoterena (2007) segregate Thevetia

sensu K. Schum. into the two genera Thevetia and Cascablea, at no point do they argue against the genera's

"close morphological relationship" (Alvarado-Cardenas & Ochoterena 2007). In fact, a recent morphological

cladistic analysis (Fig. 1, Alvarado-Cardenas & Ochoterena 2007) nests all eight species of Thevetia sensu K.

Schum. in a clade supported by six synapomorphies. In short, Thevetia sensu K. Schum. is clearly shown to be

monophyletic. Nevertheless, Alvarado-Cardenas and Ochoterena (2007) argue for its paraphyly and choose

instead to recognize the two sub-clades of the clade (Fig. 1) as distinct genera: Thevetia and Cascabela.

Chromosome numbers have proven useful in resolving generic relationships in the Apocynaceae (Van

der Laan& Arends 1985; Williams 2007). To date, 73 of the 179 genera of the Apocynaceae s.str. (subfamilies

Rauvolfioideae and Apocynoidoideae) have been counted (Van der Laan & Arends 1985; Goldblatt&Johnson

2003; Williams 2007). Although previous chromosome counts for sect. Thevetia (T. peruviana] In = 20) exist,

none have been reported for sect. Ahouai. The present paper provides the first reported chromosome count

for a species of sect. Ahouai and discusses the utility of chromosome numbers in interpreting the systematic

relationship of Thevetia and Cascabela.
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Roots tips and voucher specimens were collected from a greenhouse specimen of Thevetia ahouai housed

at the greenhouse of the Department of Biological Sciences, Sam Houston State University (Table 1). The

root tips were fixed and analyzed for chromosome number using standard procedures (Raffauf 1964; Van

der Laan & Arends 1985). A voucher specimen of the greenhouse plant was made and is preserved in the

Warner Herbarium (SHST).

The format used for reporting chromosome numbers in this article follows that established by Strother and

Nesom (1997). A mitotic chromosome number of 2n = 20 was recorded for Thevetia ahouai Van der Laan

and Arends (1985) reported chromosome lengths in the Apocynaceae to be between 0.5-4.0 urn, with the

average chromosome length between 1-2 urn. The length of the chromosomes in T. ahouai varied between

1-3 urn, consistent with most other chromosomes in the Apocynaceae. The base chromosome number (x =

10) for Thevetia ahouai is consis

1977; Ugborogho 1983; Van dt

Van der Laan and Arends (1985) postulated a base chromosome number of x = 11 for the Apocynaceae s.

str. based on its prevalence in the family and on the observation that many of the plesiomorphic taxa pos-

sess a base number of x = 11. A base chromosome number of x = 10 is found in four genera representing

three of the 11 tribes recognized in the Rauvolfioideae (Endress et al. 2007): Hunterieae (Gonioma E. Mey.),

Plumerieae (Cerbera L., Thevetia), and Vinceae (Ochrosia Juss.). Based on tribal circumscription (Endress

et al. 2007) along with molecular evidence (Simoes et al. 2007), x = 10 is reconstructed as having evolved

independently at least three times in the Rauvolfioideae.

A cursory review of chromosome counts for the Apocynaceae (Van der Laan & Arends 1985; Goldblatt

&Johnson 2003) reveals that at present the only chromosome counts for genera in the Plumerieae, and thus

relatives to Thevetia (2n = 20), are for Allamanda L. (n = 9; 2n = 18), Cerbera {In = 40), Himatanthus Willd. ex

Schult. (2n = 18), Mortoniella Woodson (2n = 32), and Plumeria L. (2n = 36). At present there are no chromo-

some counts for the remaining four genera in the Plumerieae: Anechites Griseb., Cameraria L., Cerberiopsis

Vieill. ex Pancher & Sebert, and Skytanthus Meyen., and it is suggested here that effort be made to obtain

count of these taxa. Figures 1 and 2 present cladograms of the Plumerieae constructed from morphological

(Alvarado-Cardenas & Ochoterena 2007) and molecular evidence (Simoes et al. 2007), respectively. Diploid

counts for the respective genera included in the phylogenies are presented for both Figures 1 and 2.

Alvarado-Cardenas and Ochoterena (2007) presented six synapomorphies that described the Thevetia

sensu K. Schum. clade (Fig. 1, branch a). The diploid count of 2n = 20 presented here adds a seventh syna-

pomorphy. When interpreting their data Alvarado-Cardenas and Ochoterena (2007) state that "(t)here is

still no consensus regarding the question of whether one should recognize one genus with two (sections)

or two distinct genera (Lippold 1980), given that Cascabela and Thevetia are sister taxa." We would argue

that the consensus in evolutionary systematics is to assign generic boundaries that reflect both monophyly

and shared ancestry. The decision to divide a well supported clade into two separate genera may support

monophyly; however, it excludes shared ancestry. Without prior knowledge, most botanists would be un-

aware that Thevetia and Cascabela are sister taxa that share seven synapomorphies. Instead, an evolutionarily

more meaningful interpretation of the clade would be that Thevetia sensu K. Schum. is monophyletic and

support is provided for the recognition of two sections as defined by Schumann (1895). In order to maintain

systematic consistency as pertains to current trends in phylogenetic nomenclature we recognize Thevetia

sensu K. Schum. and regard Cascabela and all taxa pertaining to the genus as synonyms of Thevetia.
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INTRODUCClON

El Eje Volcanico Transversal es un sistema montanoso que cruza transversalmente Mexico, en su mayor

parte entre los paralelos 19° y 20° N. Esta area se situa a lo largo de unos 950 km desde la region del Volcan

Ceboruco al poniente hasta el Pico de Orizaba al Oriente (Rzedowski 1978). En Mexico, el Eje Volcanico

Transversal incluye las prominencias topograficas de mayor altitud que, en sus partes altas albergan man-

chones de vegetacion alpina y subalpina y el area total ocupada por esta vegetacion es reducida y esta sujeta

Entre 3500 y 4500 m de altitud se observan comunidades de gramineas amacolladas, denominadas

pastizales o zacatonales alpinos y subalpinos. Los pastizales alpinos se localizan por encima del limite de

la vegetacion arborea. El limite superior de este pastizal se situa alrededor de 4300 m de altitud, aunque

algunas especies de plantas crecen mas alia de 4500 m. Los pastizales subalpinos se ubican en claros situados

en medio de bosques de Pinus L., Quercus L. y Abies Mill, y la cota aproximada de 4000 m senate la altitud

maxima que alcanza el bosque (Rzedowski 1975 y 1978; McDonald 1998).

Las regiones alpinas de Mexico representan uno de los centros mas ricos, por unidad de area, de especies

endemicas estrictas, muchas de las cuales fueron conocidas para la ciencia hace apenas unos anos y, salvo

sus distribuciones, no existe conocimiento adicional de estas especies raras. Los habitats de estas regiones
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son los mas fragiles dada la corta duration de la estacion de crecimiento y la lentitud de los procesos de

regeneration que siguen a la perturbation (McDonald 1998).

temperaturas bajas, disponibilidad de agua, intensidad y duration de luz solar y nutrientes, entre otros. De

manera artificial, estan condicionados por la tala inmoderada y los incendios, estos ultimos usados para

provocar el brote de retonos que sirven de alimento para el ganado. La vegetation alpina-subalpina del Eje

Volcanico Transversal es unica en su tipo y de alto interes biologico, muestra una composition floristica

notoriamente distinta a la de otras regiones alpinas del pais (McDonald 1998) y, es de esperarse que, las

especies de estos ambientes posean rasgos anatomicos distintivos y propios de su habitat.

Los estudios en gramineas alpinas y subalpinas son pocos y en su mayoria han tenido, principalmente,

un enfoque taxonomico donde la anatomia se considera parcialmente. Asi, se han abordado revisiones

taxonomicas y descripciones de nuevas especies de los generos Festuca L., Sporobolus R. Br., Triniochloa

Hitchc, Trisetum Pers., Muhlenbergia Schreb., entre otros (Gonzalez-Ledesma 1991; Gonzalez y Koch 1994;

Gonzalez-Ledesma et al. 1995, 1998; Hernandez y Engleman 1995; Peterson y Herrera-Arrieta 2001; Reyes

2004; Cruz Diaz 2005). Algunos estudios que detallan la anatomia foliar han permitido separar generos

(Valdes-Reyna y Hatch 1995) como Erioneuron Nash y Dasyochloa Willd. ex Rydb., establecer grupos y sub-

grupos de las especies mexicanas de Eragrostis Wolf (Gomez-Sanchez y Koch 1998), proponer la separation

de Swallenia alexandrae (Swallen) Soderstr. & H.F. Decker de la subtribu Monanthochloinae Pilg. ex Potzal

(Gomez-Sanchez et al. 2001), delimitar algunas especies de Trisetum (Hernandez y Engleman 1995) y de

Muhlenbergia (Peterson y Herrera-Arrieta 2001), entre otros.

Este estudio describe y analiza la anatomia de la lamina foliar de algunas gramineas que habitan en

zonas alpinas y subalpinas provenientes de los principales picos montafiosos del Eje Volcanico Transversal,

en Mexico. Asimismo, los patrones de los gradientes ecologico y geografico se comparan con las caracteris-

ticas anatomicofoliares de los diferentes taxa.

VlATERIALES Y METODGS

Muestras de especimenes de 21 especies se obtuvieron de los Herbarios CHAPA, ENCB, IEB y QMEX,

acronimos segun Holmgren et al. (1990). De cada especie, se estudiaron 1-16 especimenes segun la di-

sponibilidad de material. Hojas basales maduras se rehidrataron con agua caliente durante 1-5 minutos.

De la parte media de la lamina foliar se hicieron cortes transversales a mano libre con navaja de afeitar para

observar la estructura interna. Los cortes se trataron con hipoclorito de sodio al 6% (cloro de uso domestico)

para aclarar y suavizar los tejidos y posteriormente se lavaron con agua corriente. La epidermis abaxial se

aislo mediante la tecnica de raspado directo y las muestras permanentes se montaron con jalea glicerinada,

sin tincion (Gomez-Sanchez y Koch 1998). La epidermis adaxial no se aislo debido a la presencia de surcos

fuertemente profundos.

Los caracteres y estados de caracter se seleccionaron por observation directa al microscopio para definir

anatomicos entre especies y estos se compararon con el habitat. La anatomia foliar se definio con la termi-

nologia y description de acuerdo a Ellis (1976, 1979) con algunas modificaciones segun Gomez-Sanchez y

Koch (1998). Las figuras de la anatomia foliar de las especies se elaboraron con ayuda de un microproyector

o por observation directa al microscopio. En el caso de la epidermis, estan orientadas de tal manera que el

eje longitudinal de la lamina foliar aparece en position horizontal en la ilustracion y el apice de la lamina

se ubica a la derecha.

RESULTADOS Y DISCUSION

La anatomia foliar se estudio en 21 especies de gramineas, seleccionadas por su presencia destacada en los

principales picos montafiosos del Eje Volcanico Transversal, de las cuales 13 son alpinas y ocho subalpinas

(Cuadro 1). La lamina foliar mostro 17 caracteres diferenciales en la estructura interna y nueve en la epidermis
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Festuca hephaestophila

Muhlenbergia nigra

Alpina

abaxial. Con base e ; anatomicos Pooide y Cloridoide. Las es-

pecies se arreglaron en dos grupos: Alpino y Subalpino. En el grupo Alpino se identificaron los dos tipos

anatomicos, que corresponden a las rutas metabolicas C
3 y C4

. El grupo Subalpino posee especies con tipo

aatomico Pooide y metabolismo C
3
(Brown 1958; Ellis 1977).

Las plantas C
3
tienen anatomia no-Kranz y las plantas C

4
tienen anatomia Kranz o de corona (Brown

1977; Ellis 1977). Las especies no-Kranz (C
3
) fijan el C0

2
fotosintetico mediante la enzima ribulosa 1,5-di-

fosfato carboxilasa y el primer producto es el acido 3-fosfoglicerico (3-PGA), proceso que sucede en las celulas

clorenquimatosas del mesofilo (Brown 1975 y 1977, Ellis 1977, Gould y Shaw 1983). Anatomicamente estas

plantas muestran una vaina interna de paredes gruesas que rodea todos los haces vasculares, o por lo menos

los primarios. Al exterior de esta vaina se situa otra vaina parenquimatosa que carece de cloroplastos o tiene

pocos y de menor tamano que los cloroplastos del mesofilo. El mesofilo esta dispuesto irregularmente (Ellis

1977). Las especies Kranz (C
4)

fijan el C0
2 , durante las horas de luz, en las celulas del mesofilo mediante

la enzima fosfoenolpiruvato carboxilasa y el primer producto de la fotosintesis es el acido oxalacetico, acido

malico o acido aspartico. Estos productos son transferidos a las celulas de la vaina Kranz donde sucede la

descarboxilacion y luego la fijacion (Brown 1975 y 1977; Ellis 1977; Hattersley y Watson 1976). La anatomia

(Kranz) alrededor de los haces vasculares separandolos de las predominantes celulas del mesofilo. Esta vaina

tiene sus celulas grandes y con paredes mas gruesas y tienen cloroplastos en mayor cantidad y tamano que

aquellos del mesofilo. El mesofilo es regular y se dispone radialmente alrededor de los haces vasculares (Ellis

1977; Johnson y Brown 1973) y con frecuencia es atravesado por columnas de celulas incoloras.

Anatomiafoliar de Gramineas Alpinas.—La mayoria de las especies alpinas habitan principalmente

por encima de 3500-4500 m de altitud, aunque llegan a crecer en zonas boscosas y en niveles altitudinales

inferiores. Estas plantas son herbaceas, perennes, rizomatosas, desarrollan macollas robustas y fuertes y

alcanzan de 30-70 cm de altura. Su presencia es notoria en claros de bosques de Pinus, en lugares pertur-

bados, a la orilia de caminos y en pastizales alpinos. Este grupo de especies posee rasgos a]

lamina foliar que lo protegen contra las adversidades del clima propias de los pastizales alpinos
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donde la insolation es alta, la disponibilidad de agua es baja, las sequias y temperaturas son extremas, oca-

sionalmente hay heladas y los vientos son fuertes. En estas zonas, al igual que en las areas secas o deserticas,

ocurre el fenomeno llamado "verano de dia, invierno de noche", ya que durante las horas de insolation se

alcanzan temperaturas bastante altas y, al llegar la noche, la temperatura desciende tanto que generalmente

el suelo se congela y las plantas no pueden disponer de agua. Esto permite que las plantas muestren rasgos

morfologicos que tambien son propios de aquellas que crecen en ambientes secos y deserticos (Smith y

Young 1987). En las zonas subalpinas es comun encontrar representantes arboreos de los generos Juniperus,

Pinus y Abies (Starker 1950) por lo que en estas areas los vientos no son tan fuertes. A mayor altitud, mas

desarrollados son los rasgos anatomicos que proporcionan protection contra la evapotranspiracion, los da-

fios mecanicos y la insolation, tales como los estomas protegidos, desarrollo de aguijones grandes, micro y

macropelos, desarrollo conspicuo de fibras y dispuestas en trabas y celulas buliformes en abanico y grandes

que intervienen en la involution de la lamina, entre otras.

Las especies alpinas exhiben un patron anatomico distintivo. La lamina foliar muestra cuerpos de silice

y ganchos numerosos, las puas son largas y de base ancha sobre el margen, el esclerenquima esta dispuesto

en trabas o en hebras de tres celulas de ancho y 6-8 celulas de alto, el clorenquima es reducido y las celulas

buliformes son grandes que se disponen en formas diversas, y las celulas incoloras son conspicuas. Las es-

pecies alpinas son de fisiologia C
3 , excepto las tres especies de Muhlenbergia que son C

4
. Este metabolismo

les confiere rasgos anatomicos adicionales que les aseguran su desarrollo en estas zonas.

Epidermis abaxial.—Los caracteres anatomicos diferenciales de las especies alpinas se muestran en

el Cuadro 2. Todas las especies alpinas desarrollan ganchos en las regiones costal e intercostal y son de

tamano mediano y base ancha (Figs. 1 y 2). Puas mas grandes (Figs. 2, 3 y 4) y de base mas ancha que los

estomas y se desarrollan sobre el margen. Esta presencia de aguijones (ganchos o puas) refleja la continua

condition de sequia a la que las especies estan expuestas (Ellis 1979; Gonzalez-Ledesma et al. 1995; Gomez-

Sanchez et al. 2001; Mejia-Saules y Gomez-Sanchez 2001) y, a mayor estres hidrico, mayor es la cantidad

y el tamano de los aguijones y el grosor de sus paredes. El estres hidrico es habitual en las zonas alpinas,

pues la disponibilidad de agua se reduce por la congelation y la alta evaporation producida por la intensa

radiation solar. Asi entonces, la presencia de aguijones, en las especies alpinas, proporciona un mecanismo

de protection contra el dafio provocado por la insolation proyectando sombra sobre la lamina y reduciendo

el calentamiento y la excesiva perdida de agua. A mayor tamano y frecuencia de los aguijones, mayor es la

sombra que proyectan y se reduce la exposition a la sequia a la que estas especies estan expuestas. En Poa

orizabensis Hitchc. (Fig. 4), Triniochloa stipoides (Kunth) Hitchc. (Fig. 13), Calamagrostis orizabae (Rupr. ex

E. Fourn.) Beal (Fig. 10), Calamagrostis tolucensis (Kunth) Trin. ex Steud. (Figs. 2 y 21), Muhlenbergia nigra

Hitchc. (Fig. 6) y Muhlenbergia quadridentata (Kunth) Trin. (Fig. 8) los aguijones son mas abundantes y de

mayor tamano que en el resto de las especies alpinas. Esto explica que dichas especies predominen en los

zacatonales alpinos (Rzedowski 1978) y se desarrollan en los habitats de mayor altitud. Triniochloa stipoides

(Fig. 13) es la unica especie con macropelos en su epidermis. Estos resultados sugieren que en el resto de las

especies alpinas los micropelos y los macropelos no son necesarios 6 bien son remplazados por aguijones.

Las especies alpinas muestran en la epidermis abaxial, una cuticula mas gruesa que aquella que se

observa en el grupo subalpino, sin embargo, en ambos grupos esa cuticula contribuye a regular la perdida

de agua por evapotranspiracion.

Los estomas, en algunas especies, no son visibles (Figs. 2, 5, 8-12) probablemente porque estan trasla-

pados y ocultos por los aguijones (Gomez-Sanchez y Koch 1998), porque estan embebidos en el mesofilo

(Salisbury y Rose 1994) y fueron eliminados durante la preparation de la muestra, o bien, porque los estomas

estan confinados a los surcos adaxiales de la lamina (Gomez-Sanchez et al. 2001). En cualquiera de estos

microambientes la temperatura es menor y los estomas estan protegidos, por lo que tambien se reduce la

perdida de agua por transpiration.

Los cuerpos de silice son numerosos y mas abundantes en las especies alpinas que en las subalpinas y

toman formas de higado (Fig. 5), de pesa (Fig. 8), son redondos (Fig. 6), cuadrados (Fig.l), altos y estrechos
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Figs. 1-6. Epidermis abaxial de la lamina foliar de especies alpinas. 1. Bromus exaltatus {Diazy Perez 5963, IEB). 2. i

Ha (Rzedowski360 12, ENCB). 4. Poa orizabensis (Rzedowski38363, ENCB). 5. Deschampsia iiebmanniana (Koch 76260,

ENCB). 6. Muhlenbergia nigra (Koch 280, ENCB). cc = celula corta, cl = celula larga, cs = cuerpo de sflke, e = estoma, g = gancho, mi = micropelo, p

= pua, re = region costal, ri = region intercostal.

(Figs. 2 y 4), o alargados (Fig. 10). Este incremento en el numero de celulas de silice sugiere que la lamina de

las especies alpinas esta expuesta a una transpiration mas alta, pues la presencia y acumulacion de silice es un

mecanismo que contribuye con soporte y regula la temperatura de la lamina foliar (Kaufman et al. 1985).

Las paredes anticlinales de las celulas largas y cortas son lisas (Figs. 1, 7, 9 y 10), moderada (Figs. 8

y 12) o profundamente sinuosas (Figs. 6, 11 y 13). Las paredes anticlinales sinuosas de las celulas largas y

los cuerpos de silice numerosos brindan rigidez a la lamina (Ellis 1979) y la protegen tambien contra danos

mecanicos provocados por el viento o los animales. Muhlenbergia orophila Swallen (Fig. 3), M. nigra (Fig. 6),

M. quadridentata (Fig. 8) y Festuca hephaestophila Nees ex Steud. (Fig. 1 1) muestran celulas largas con paredes
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Figs. 7-13. Epidermis abaxial de la lamina foliar deespecies alpinas. 7.Bromusanomalus [Rzedowski29299, ENCB). S.Muhlenbergiaquadridentata (Cortes

1914, ENCB). 9. Peyritschiakoelerioides [Rzedowski41933, ENCB). 1 0. Calamagrostis orizabae [Ventura 1824, IEB). 1 1 . Festuca hephaestophila [Gonzdlezy

Garcia 90, IEB). 12. f. rosei [Perez Cdlix26, IEB). 13. Triniochloastipoides (Rzedowski 42438, IEB). cc = celula corta, cl = celula larga, cs = cuerpo de silice,

ma = macropelo, re = region costal, ri = region intercostal
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anticlinales moderada o profundamente sinuosas que brindan rigidez a la lamina lo que sugiere que son

especies que resisten facilmente danos mecanicos provocados por el viento (Ellis 1979).

Estructura interna.— Los caracteres anatomicos diferenciales de la estructura interna que distinguen

a las especies alpinas se muestran en el Cuadro 3. El esclerenquima es copioso y forma hebras (Fig. 22) o

trabas (Figs. 14, 16, 23 y 25) orientadas adaxial o abaxialmente como una extension de la vaina de los haces

vasculares. Algunas veces, el esclerenquima se desarrolla en bandas (Fig. 18 y 26) que recorren la anchura

de la lamina. Su presencia sugiere una baja disponibilidad de agua, que es un elemento importante de sos-

ten, y que evita la apertura total de la lamina impidiendo que est

solar (Ellis 1976). Las trabas hacen las veces de varillas proporcic

danos mecanicos provocados por los fuertes vientos, pues las fibras ofrecen a la lamina resistencia mecanica

y evitan su colapso. Por el contrario, un desarrollo escaso de fibras explica la presencia de culmos laxos y

hojas delicadas y fragiles, en gramineas que habitan ambientes humedos o menos adversos (Gomez-Sanchez

y Koch 1998; Nava-Rojo et al. 2002).

Una quilla conspicua provista de grandes y fuertes trabas o hebras de esclerenquima es evidente

en.Bromus exaltatus Bernh. (Fig. 14), Triniochloa stipoides (Kunth) Hitchc. (Fig. 17), Poa orizabensis (Fig. 19),

Deschampsia liebmanniana (E. Fourn.) Hitchc. (Fig. 22) y Festuca hephaestophila Nees ex Steud. (Fig. 24).

Esta quilla proporciona sosten y esta asociada al control de la perdida de agua por lo que sugiere que estas

especies estan expuestas a una excesiva insolacion. La lamina foliar de estas especies, a traves de la quilla,

manifiesta una apertura parcial mostrando una involucion en forma de "V." En el resto de las especies alpinas

la lamina tiene una involucion en forma de "U" o es convoluta, lo cual evita tambien que la lamina se exponga

completamente a la insolacion (Ellis 1976; Gomez-Sanchez y Koch 1998; Mejia-Saules y Gomez-Sanchez

2001) y asi regula la perdida de agua.

Las celulas buliformes se restringen a los surcos adaxiales, son conspicuas, en forma de abanico (Figs.

14, 16, 23) o son redondas (Figs. 18, 22 y 24). Las trece especies alpinas, estudiadas aqui, muestran celulas

buliformes. Estas celulas responden a cambios de turgencia provocando la involucion de la lamina, mecan-

ismo que regula el paso de luz hacia el mesofilo y la evapotranspiracion (Ellis 1979). Estas celulas no solo

intervienen en la apertura y cierre de la lamina, sino tambien en la absorcion y retencion de agua (Tschirch

1882, citado por Ellis 1976). Asi entonces, cuando las celulas buliformes disminuyen su turgencia provocan

en la lamina un enrollamiento gradual evitando asi que la lamina tenga una excesiva exposicion a la luz solar

(Ellis 1976, Gomez-Sanchez y Koch 1998). De esta manera, las especies alpinas son beneficiadas porque las

celulas buliformes permiten la involucion de la lamina y absorben y retienen agua favoreciendo su super-

vivencia en los zacatonales alpinos, mismos que estan expuestos a una intensa y prolongada insolacion y a

Celulas incoloras conspicuas dispuestas en columnas que atraviesan el mesofilo se observan en Muhlen-

bergia nigra, M. orophila y M. quadridentata (Figs. 16, 25 y 26). Estas celulas incoloras, que frecuentemente estan

asociadas a las buliformes, funcionan como canales facilitando y regulando el paso de luz hasta las celulas

de clorenquima (Ellis 1976) o las de la vaina Kranz. Esta regulacion, ademas de incidir en un metabolismo

eficiente, evita alteraciones al material genetico de los cloroplastos, mismas que pudieran ser provocadas

si la lamina tuviese una prolongada exposicion a los rayos ultravioleta (Ellis 1976; Salisbury y Ross 1994;

Gomez-Sanchez y Koch 1998).

Las tres especies de Muhlenbergia (Figs. 25 y 26) estudiadas aqui, manifiestan una anatomia Kranz

y metabolismo C
4

. Estas especies muestran el mesofilo reducido, regularmente dispuesto alrededor de los

haces vasculares, estos ultimos, estan protegidos por una vaina a manera de corona (vaina del haz) de celulas

grandes donde esta contenida la mayor parte de los cloroplastos y la presencia de celulas buliformes e incol-

oras es importante (Ellis 1976). Estos rasgos permiten que las plantas toleren con exito las altas temperaturas

por una insolacion excesiva (Salisbury y Ross 1994). Esta estrategia es comun en ambientes como el de los

pastizales alpinos o las zonas secas o deserticas, donde la radiacion solar es alta y prolongada.

Todas las especies alpinas, excepto Bromus anomalus Rupr. ex E. Fourn. y B. exaltatus Bernh., tienen
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Gomez and Tellez, Anatomia foliar de algunas gramineas

Figs.14-20. Estructura interna de la lamina foliar de especies alpinas. 14. Bromus exaltatus {Diaz Perez5963, IEB). 15. Festuca rosei (Gonzalez etal. 26,

>ides (Rzedowski42438, IEB). 18. Calamagrostisorizabae (Ventura 1824, IEB). 19.

Xoch 75519, ENCB). 20. Bromus anomaius (Rzedowski29299, ENCB). cb = celula scoloras, cr = dorenquima

regular (radial), ere = dorenquima irregular (no radial), eb = esderenquima en banda, et = esderenquima en traba; hvp = haz vascular primario;

hojas mas estrechas y delgadas que las subalpinas. Esto sugiere que hay una relation estrecha entre la

anchura y el grosor de la lamina y la exposition continua a ambientes secos, aspecto que coincide con Red-

man (1985, citado por Gomez-Sanchez y Koch 1998) quien determino que la anchura y el grosor de la hoja

estan asociados a la resistencia a sequia.

Bromus anomaius y B. exaltatus (Figs. 14 y 20), como las demas especies alpinas, desarrollan un es-

derenquima copioso que forma trabas abajo y arriba de los haces vasculares, tienen laminas estrechas,

celulas buliformes dispuestas en forma de abanico y poseen aguijones de paredes grue
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Figs. 21-26. Estructura interna de la lamina foliar de especies alpinas. 21 . Calamagrostis tolucensis {Sanchez85, IEB). 22. Deschampsialiebmanniana (Koch

96269, ENCB). 23. PeyritscM H933, IEB). 24. Festucahephaestophila (Gonzdlezy Garcia 151, IEB). 25.M

(Miranda etal. 894, IEB). 26. Muhlenbergia nigra (Lopez-Campos 755, IEB). cb = celulas buliformes, ci = celulas incoloras, cri

(no radial), ck = corona Kranz, eh = esclerenquima en hebra, eb = esclerenquima en banda, et = esclerenquima en traba.

en su estructura interna. No obstante, su epidermis abaxial (Figs. 1 y 7) es semejante a la que se observa

en las especies subalpinas. Estos rasgos anatomicofoliares sugieren que, aunque estas especies predominan

en lugares altos, cuentan con adaptaciones que les permite sobrevivir a las adversidades del tiempo de las

regiones intermedias de los bosques y los pastizales.

Anatomiafoliardegramineas subalpinas.—Estas especies habitan principalmente en claros ubicados

en los bosques de Pinus, Pinus-Quercus y Quercus, desde 1500 hasta 3000 m de altitud, aunque tambien es

posible localizarlas en sitios mas altos. Estas plantas son hierbas perennes que forman macollas de aproxima-

damente 10-40 cm de altura, no obstante, algunos individuos llegan a medir hasta 90 cm 6 mas. La lamina
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foliar de estas especies no desarrollan los mismos mecanismos de protection que las especies alpinas. Sobre

la epidermis, los ganchos tienen su base mediana 6 mas ancha que los estomas y las puas son cortas. En el

margen, los ganchos son cortos y de base angosta 6 estan ausentes tn Agrostis bourgeaei E. Fourn. y Phleum

alpinum L. En su estructura interna se identifica el esclerenquima escaso y dispuesto en hebras, a veces se

observan pequenas trabas de 2 a 4 celulas de ancho abajo de los haces vasculares primarios, el clorenquima

es abundante con arreglo irregular y las celulas buliformes estan dispuestas en abanicos pero son pequenas,

a veces son redondas. Todas las especies subalpinas, aqui estudiadas, carecen de celulas incoloras y de la

Epidermis abaxial—Los rasgos anatomicos observados en la epidermis abaxial de las especies sub-

alpinas se describen en el Cuadro 4. El grupo de especies subalpinas, tratadas aqui, contrasta fuertemente

con el grupo alpino en la mayoria de sus rasgos anatomicos. En la epidermis de estas especies subalpinas

los ganchos son escasos y de tamano menor (Fig. 27). Agrostis tolucensis Kunth y Festuca tolucensis Kunth

(Figs. 28 y 29) poseen pequenos aguijones de tamano medio en la region costal. Poa annua L. (Fig. 31) exhibe

escasos aguijones en el margen de la lamina y, en otras especies los aguijones estan ausentes Asimismo, las

especies subalpinas carecen de micropelos bicelulares y macropelos. Estos rasgos sugieren que las especies

subalpinas no estan expuestas a fuertes vientos o heladas frecuentes, como ocurre con las alpinas, por lo

que no requieren de una fuerte protection.

El tamano pequeno de los ganchos y la ausencia de micropelos y macropelos hace suponer que estas

especies no requieren evitar la perdida de agua pues los arboles de los bosques les proveen de sombra, tem-

peratura y humedad estables (Rzedowski 1978) por lo que la evapotranspiracion, a traves de los estomas, es

baja (Salisbury y Ross 1994). La ausencia de aguijones (en la mayoria de las especies), micropelos y macro-

pelos sugiere que estas especies no estan expuestas a sequia (Gomez-Sanchez y Koch 1998; Nava-Rqjo et

al. 2002), o al menos no a condiciones tan adversas como sucede con las especies alpinas. Esta condition

contrasta con la presencia de aguijones, micro y macropelos en especies alpinas y tambien en aquellas de

Los estomas estan dispuestos en una o varias hileras (Figs. 30 y 31). En ocasiones, los estomas no estan

visibles, probablemente porque estan cubiertos por los escasos aguijones, estan inmersos en el mesofilo y

este se elimino durante el proceso de aislamiento de la epidermis, o bien estan confinados a los surcos de

la lamina.

En la mayoria de las especies subalpinas, los cuerpos de silice son escasos y/o pequenos y se observan

en forma de higado (Fig. 33), alargados (Figs. 27, 28 y 32) y redondos o cuadrados (Fig. 34). Este caracter esta

asociado a las paredes anticlinales de las celulas largas lisas (Figs. 27, 31 y 32) y ambos rasgos, permiten que

las laminas sean laxas y menos rigidas que aquellas de las especies alpinas, lo que coincide con la opinion

de Ellis (1979).

Estructura interna.—Los caracteres anatomicofoliares internos de las especies subalpinas se describen

en el Cuadro 5. El esclerenquima es escaso y se desarrolla en hebras, pequenas trabas de apenas 2-3 celulas

de alto (Figs. 36 y 37) o en banda (Fig. 37). Este desarrollo y disposition del esclerenquima contrasta con el

esclerenquima copioso de las especies alpinas. Esto sugiere que las especies subalpinas no necesitan extrema

protection contra dafios mecanicos.

Las especies subalpinas exhiben clorenquima abundante dispuesto de manera irregular y sus celulas

generalmente son grandes (Figs. 38-40). Las celulas del mesofilo grandes sugieren que estas especies tienen

una buena absorcion, retention y disponibilidad de agua.

De acuerdo con el criterio de Ellis (1976), la ausencia de costillas y surcos en la lamina de especies

como Dissanthelium californicum (Nutt.) Benth. (Fig. 41) o Poa annua L. (Fig. 42), o costillas y surcos leve-

mente pronunciadas como en Festuca tolucensis Kunth (Fig. 37), se asocian con la apertura completa de la

lamina lo que sugiere que estas especies no estan expuestas a la radiation solar por periodos prolongados

o la intensidad de la luz solar no es extrema. Festuca livida (Kunth) Willd. ex Spreng. (Fig. 35) y las tres

especies de Agrostis (Figs. 38, 39 y 40) muestran surcos y costillas pronunciadas, no obstante, la cantidad
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Figs. 27-34. Epidermis abaxial de la lamina foliar de especies subalpinas. 27. Agrostis bourgeael [Rzedowski37853, IEB). 1Z. Agrostis tolucensis {Rzedowski

23315, ENCB). 29. Festt 6, IEB). 30. Phleum alpinum (Rzedowski25407, ENCB). 31. Poa annua (Rivasy Campos 41, IEB).

32. Agrostis subpate (Rz micum [Rzedowski 20174, ENCB). 34. Festuca livida (Gonzalezy Hernandez 104,

IEB). cs = cuerpo de silice, g = gancho.
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Figs. 35-42. Estructura interna de la lamina foliar de especies subalpinas. 35. Festuca livida [Mendez Ibarra 188, IEB). 36. Phleum alpinum [Reeder&

/?ee<fer5i74,ENCB).37.fesft/cafo/u^^^

36013, IEB). 40. Agrostis tolucensis [Rzedowski 41921 , ENCB) cum (Rzedowski 22848, ENCB). 42. Poa annua [Morones 052,

IEB). cb = celulas buliformes, ere = clorenquima irregular (no radial), eb = esclerenquima en banda, eh = esclerenquima en hebra, et= esclerenquima

de mesofilo es abundante, las celulas epidermicas son grandes y el esclerenquima e:

que las especies disponen de buena condii

Agrostis subpatens Hitchc, Dissanthelu

sin embargo, en la primera especie la qui

segunda el esclerenquima esta ausente y,

celulas de esclerenquima. En los tres caso:

proporciona un ligero sosten (Ellis 1976).

, lo qu<

ma (Figs. 39, 41 y 42) tienen una quilla,

pequena hebra de esclerenquima, en la

i la tercera, la quilla tiene solamente un pequefio cumulo de

la quilla solamente es un elemento que da forma a la lamina y
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Phleum alpinum (Fig. 36) y Poa annua (Fig. 42) muestran celulas buliformes dispuestas en abanico y

ocupan la mitad o mas de la mitad del grosor de la lamina. No obstante, las celulas buliformes en la mayoria

de las especies subalpinas son de menor tamano que aquellas de las especies alpinas, lo cual sugiere que la

involucion de la lamina ocurre en menor grado que en las especies alpinas, puesto que no estan expuestas

a una perdida excesiva de agua.

En contraste con el grupo alpino, las especies subalpinas estudiadas carecen de celulas incoloras y

tienen anatomia no-Kranz y metabolismo Cy Esta condition tambien es tipica en especies que crecen en

climas templados y presume que las especies subalpinas reciben luz en cantidad e intensidad adecuadas

(Ellis 1976; Hattersley y Watson 1975; Nava-Rojo et al. 2002).

Dissanthelium californicum (Fig. 33), Festuca livida (Fig. 34), F. tolucensis (Fig. 29) y Phleum alpinum (Fig.

30) tienen, en su epidermis, celulas largas con paredes anticlinales profundamente sinuosas y numerosos

cuerpos de silice como el grupo de especies alpinas. No obstante y como el resto de las especies subalpinas,

carecen de aguijones o cuando existen son cortos y de paredes delgadas poco lignificadas, en su estructura

interna el esclerenquima es escaso y el mesofilo es conspicuo, mismo que se dispone de manera irregular

y sus celulas son grandes, aumentando asi el grosor de la lamina lo que sugiere una presencia de humedad

estable (Ellis 1976).

Festuca tolucensis muestra una combinacion de caracteres tanto de especies alpinas como de las sub-

alpinas. Esta especie exhibe, en su estructura interna, pequenas trabas abaxiales de esclerenquima que

conectan a los haces vasculares primarios, el clorenquima esta ampliamente desarrollado y sus celulas son

grandes dispuestas irregularmente, la involucion de la lamina tiene forma de "U" y, las puas y ganchos sobre

las caras adaxial y abaxial son grandes y de paredes delgadas (Fig. 37). Sin embargo, el esclerenquima es

escaso y ausente de la superficie adaxial de la lamina, los aguijones tienen paredes con escasa lignificacion

y son cortos como en las especies subalpinas que habitan lugares estables. Esta combinacion de caracteres

anatomicofoliares sugiere que F. tolucensis esta adaptada a ambos ambientes lo cual explica su abundancia en

los pastizales alpinos y su presencia en claros de bosques de pino-encino (Rzedowski 1978). Situation similar

ocurre con Phleum alpinum, especie con algunos caracteres de las especies alpinas como el esclerenquima

en trabas abaxiales y adaxiales que conectan a los haces vasculares con la epidermis, celulas buliformes

en abanico y paredes anticlinales de las celulas largas de leve a fuertemente sinuosas (Figs. 30 y 36). No

obstante y como las especies subalpinas, carece de cuerpos de silice o son escasos, los aguijones son cortos

y de paredes delgadas, el esclerenquima es escaso, los surcos y costillas adaxiales son apenas notorias y la

lamina esta expuesta y tiene mayor anchura y grosor.

Existen diferencias anatomicas importantes entre las especies que prosperan en los pastizales alpinos y

las que habitan en el interior de los bosques. Las primeras desarrollan mecanismos que las protegen contra

diversos danos y se reflejan con claridad en su anatomia foliar. Nuestros resultados sugieren que conforme se

avanza en altitud, las condiciones atmosfericas son mas agresivas para las especies de gramineas que habitan

las altas montanas, de manera que estas desarrollan caracteres anatomicos que les permiten permanecer

con exito en esas altitudes y condiciones ecologicas. A partir de un bosque de encino y hacia el pico de una

montana, a mayor altitud mayor es la agresion ambiental y el desarrollo de fibras del esclerenquima se in-

crementa, el tamano de las celulas buliformes es mayor, las celulas incoloras son conspicuas, la anchura y el

grosor de la lamina es menor, el clorenquima y la cantidad de estomas se reducen, y los aguijones aumentan

su tamano y el grosor de sus paredes. Especies, como Muhlenbergia nigra, M. orophila y M. quadridentata tienen

anatomia Kranz y una fisiologia alterna, la C
4
Estos rasgos les permiten tolerar las distintas condiciones

extremas (Ellis 1977 y Salisbury y Ross 1994) que prosperan en estos ambientes de alta montana. Dadas

las condiciones tan especiales que imperan en los ambientes de alta montana, es posible que otras especies

alpinas y subalpinas tengan distintos patrones anatomicos a los descritos aqui, lo cual podria confirmarse

estudiando un numero mas amplio de especies.
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Agrostis bourgeaei E. Fourn. MEXICO. Ixtapaluca: estacion experimental de investigacion y ensenanza de Zoquiapan, 8 km a!

sur de Rio Frio, S. D. Koch 75328 (ENCB). Ixtapaluca: estacion experimental de investigacion y ensenanza de Zoquiapan, 8 km

al sur de no Frio, Vega 186 (ENCB). Tlalmanalco: La Cienega, region de Penas Cuatas, 5. Acosta 961 (ENCB). Ayucan: 3 km al

NWde San Luis AyucaMcosfa 35955 (IEB). Iturbide: alrededores de la presa \turb\de, Rzedowski3802 1 (\EB). Agrostis subpatens

Hitchc. MEXICO, alrededores de la Joya de Alcalican, Rzedowski 3601 3 (IEB). Agro: EXICO. Amecameca:

la Joya de Alcalican, Castellanos s.n. (IEB). Tlacotepec: CerroTeotepec, Rzedowski 18147 (ENCB). DISTRITO FEDERAL. Deleg.

Cuajimalpa: Puerto de las Cruces, Herrera288 (IEB). MICHOACAN. Huiramba: parte alta del Cerro del Burro, Rzedowski 41 921

(IEB). Angangueo: camino al vivero Sierra de Chincua, Macaria Mejfa s.n. (IEB). Bromi

Zempoala: Sierra de los Pitos, Ben(tez277 (ENCB), 5 km al N de Atizapan, Rzedows.

MEXICO. Ixtapaluca: Estacion de investigacion y ensenanza Zoquiapan, carretera Mexico-Puebla, 8 km, al S de no Frio, camino

5, Vega 288 (ENCB). HIDALGO. El Chico: cerro de Las Ventanas (sierra de Pachuca), Vera 777 (ENCB). Calamagrostisoriabae (Rupr.

ex E. Fourn) Beal. Ventura 1824 (IEB) (sin registro de lugar de colecta). Calamagrostis toiucensis (Kunth) Trin. ex Steud. Mexico.

Ixtapaluca: cerro Tlaloc, Flores288 (IEB). San Mateo: a 2.4 km de la desviacion al Nevado deToluca, Manriqueetal.271 (IEB).

Tlalmanalco: la Cienega, region de la cabeza del Ixtaccihuatl, Rzedowski 37689 (ENCB). Santa Ana Xilotzingo: alrededores

del Llano de la Horca, Rzedowski 31668 (ENCB). PUEBLA: 2.3 km a Rio Frio, barranca entre supercarretera y carretera libre

Mexico-Puebla, Weber54 1 (ENCB). DISTRITO FEDERAL: ladera E del Cerro Pelado, serranfa del Ajusco, Rzedowski 12626a (ENCB).

i. Fourn.) Hitchc. MEXICO. Tlalmanalco: alrededores del Llano Grande, arriba de san Rafael, Rze-

dowski 38266 (ENCB). La Cienega: region de Penas Cuatas, cerca de la cabeza del Ixtaccihuatl, Rzedowski37189 (IEB). Vertiente

SW del Ixtaccihuatl, 4 km al N de la estacion retransmisora, Rzedowski201 63 (ENCB. MICHOACAN. Santa Clara del Cobre: La

Laguna, cerca de San Gregorio, Santos 1014 (ENCB). Tancitaro: above apo on cerro Tancitaro, Geredu585 (ENCB). DISTRITO

FEDERAL: alrededores de la estacion La Cima, serrania del Ajusco, Rzedowski 12597 (ENCB). Dissanthelium caiifornicum (Nutt.)

Benth. MEXICO. Texcoco: Cerro Tlaloc. Sierra Nevada: zona alpina, pradera alpina con C toiucensis y Festuca toiucensis. Wendt

yAtkinson 3950 (ENCB). Festuca hephaestophila Nees ex Steud. MEXICO. Ixtapaluca: estacion experimental de investigacion

y ensenanza de Zoquiapan, 8 km al S de Rio Frio, Gonzalez et al. 99 (IEB). Festuca livida (Kunth) Willd. ex Spreng. Gonzalez

y

Hernandez 104 (IEB), Mendez 188 (IEB). Sin registro de colecta. Festuca rosei Piper. MICHOACAN. Santa Clara del Cobre: cerro

Perez 690 (IEB). Festuca toiucensis Kunth. MICHOACAN. Zinapecuaro: parte alta del cerro San

Andres, Zamudio 5586 (IEB). MEXICO. Amecameca: la Joya de Alcalican, Cruz 14 (IEB). Muhlenbergia nigra Hitchc. MEXICO.

Amecameca: 10 km al E de Amecameca, sobre el camino a Tlamacas, Rzedowski s.n. (ENCB). MICHOACAN. Quiroga: cerro

delTzirate, Lopez 755 (IEB). Muhlenbergia orophila Swollen. DISTRITO FEDERAL. Cuajimalpa: Puerto de las Cruces, Herrera325

(IEB). Muhlenbergia quadridentata (Kunth)J^- PUEBLA: Ladera E del Popocatepetl, 10 km al Wde Santiago Sa I ici nta, tferrera

y Cortes 917 (IEB). MEXICO: Parque Nacional La Marqueza, 1 km al S de la Marqueza, Herrera y Cortes 929 (IEB). MEXICO: a 7.2

km de la desviacion al Nevado de Toluca, carretera Toluca-Temascaltepec, Manrique etal. 260 (IEB). MEXICO. Amecameca,

La Joya de Alcalican, Magallon 8.1319 (IEB). MICHOACAN. Quiroga: cerro del Tzirate, Lopez 1 176 (IEB). MEXICO. Ixtapaluca:

estacion experimen ianza de Zoquiapan. 8 km al S de Rio Frio, Vega 135 (ENCB). DISTRITO FEDERAL

Milpa Alta: cerro Tilcoayo, Miranda et al. 894 (IEB). Peyritschia koelerioides (Peyr.) E. Fourn. MICHOACAN. Huiramba: parte

alta del Cerro del Burro, Rzedowski 41 933 (IEB). Phleum alpinum L VERACRUZ. Perote: Cofre de Perote, lado N en la base del

macizo de roca que se encuentra en la cima del Cofre de Perote, Gonzalez etal. 136 (ENCB). Poa annuo L MEXICO. La Joya

de Alcalican: parte SW del Ixtaccih (IEB). Amecameca: 1 km al E de Amecameca, Jimenez 76 (IEB).

Ixtapaluca: Est. Exp. de Inv. de Zoquiapan, 8 km al S de Rio Frio, Koch 75519 (ENCB). HIDALGO. Epazoyucan: 3 km al SE de

Real del Monte, Medina-Cota 1466 (IEB). DISTRITO FEDERAL: claros cercanos al 4° dinamo de c/treras, Rzedowski 20381 (IEB),

Tlalpan: Cerro del Ajusco, Bojorquez s.n. (IEB). VERACRUZ. Calcahualco: 8 km al O de Calcahualco, Mejfa-Saulez 1 151 (IEB).

MICHOACAN. Patzcuaro: Joya de Las Navas, Escobedo669 (IEB). JALISCO. Mazamitla: a 6 km de Mazamitla por brecha a

microondas El Montoso, Morones G. 052 (IEB). Poa orizabensis Hitchc. MEXICO. Ixtapaluca: Estacion Experimental de Inves-

tigacion y Ensenanza de Zoquiapan , 8 km al S de Rio Frio, Koch 75519 (ENCB). Triniochloa stipoides (Kunth) Hitchc. PUEBLA.

Zacapoaxtla: 8 km despues de Zaragoza rumbo a Zacapoaxtla, Nunez etal. 369 (COCA). MICHOACAN: cerca de Pontezuela, 25

km al E de Morelia, sobre la carretera a Mil Cumbres, Rzedowski42438 (IEB). MICHOACAN. Patzcuaro: cerro Los Lobos, sobre

carretera Patzcuaro-M V1ICHOACAN. Patzcuaro: Joya de Las Navas, Escobedo661 (IEB). GUANAJUATO.

Jenecuaro: terrenos pertenecientes a El Tejocote, Rzedowski 50574 (IEB). MICHOACAN. Nahuatzen: Cerros Pelon y Cheran

de la Mojonera, Martinez 402 (IEB). Nahuatzen y Tingambato: cerro La Bandera, cerca de Comachuen, Martinez 752 (IEB).

Michoacan: 1 9 km al E de Queretaro, sobre la carretera a Maravatio, Rzedowski 40993 (IEB). GUANAJUATO. Guanajuato: 3

km al NE de Santa. Rosa. Rzedowski 42044 (IEB). QUERETARO. Pinal de Amoles: al W de la cuesta de Huazmazantla, carranza

2926 (IEB). Pinal de amoles: al S de los Pinos, Carranza 2912 (IEB). VERACRUZ: Las Vigas, Los Hermanos, Ventura4306 (ENCB).

OAXACA. Sola de Vega: carretera Puerto Escondido, 1 3 km al S de Sola de Vega, Koch et al 79559 (CHAPA). GUERRERO:

Heidoro, 68 km de filo de caballo por terraceria a El Paraiso, Gonzdlez-Ledesma etal. 487 (CHAPA). NUEVO LEON. Zaragoza:

9 km de Zaragoza pc la, Gonzdlez-Ledesma y Garcia 683 (CHAPA).
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A NOVEL DESIGN FOR A LIGHT WEIGHT AND DURABLE FIELD PRESS

Charles T. Bryson Richard Carter

USDA-ARS Herbarium

As long as Botanists have collected plants, new and innovative methods have been developed to dry and

preserve specimens that retain as much of the natural integrity of the living plant as possible (cf. Smith et

al. 1886). Results of the progress in pressing, drying, and preserving methods are readily apparent upon

viewing a series of herbarium specimens covering several generations of botanical collectors. The standard

methodology employing newsprint, blotters, corrugated cardboard, and heat has been used for several de-

cades to dry specimens, and details about composition, construction, and procedures for drying specimens

are provided by a number of authors (e.g., Fosberg & Sachet 1965; Simpson 2006; Carter et al. 2007).

Various materials and methods including metal tubes or cans (vascula), cloth sacks, Styrofoam ice

chests, and paper and plastic bags have been used to transport specimens from the field to drying presses,

Alternatively, heavy and cumbersome drying presses may be taken directly to the field; however, their use is

often prohibited by terrain, distances traversed, and adverse weather conditions. Several field press (portfolio)

designs have been used over the years, including that of Fosberg and Sachet (1965). Haynes (2006) described

a field press made from several pieces of cardboard corrugate cinched with a press strap. In the early 1990s,

Dr. Anton A. Reznicek, curator of vascular plants at the University of Michigan, constructed a field press of

cardboard and duct tape and secured with a cord, which was light weight and easy to use under most field

conditions. During a field trip to central Arkansas in 1993 with Dr. Reznicek, Dr. Paul Rothrock, and Philip

Hyatt, Dr. Reznicek was observed using a cardboard and rope press. Immediately after this field trip, the

senior author constructed a prototype of the press described herein out of heavy cloth and rope. Over the

years this cloth press has been modified to increase the ease of use and to perfect the overall dimensions.

The second author has successfully improvised a variation on Dr. Reznicek's field press by cutting down

corners of a cardboard carton and using the sides and top flaps, still attached, to hold specimens enfolded

in newsprint.

MATERIALS AND METHODS

Instructions and materials for making the Bryson Field Press (Fig. 1)

1. Cut out two pieces of cotton canvas or similar weight cotton cloth, one piece 1 to 1.5 m long and 0.35 m
wide and one piece 0.9 to 1.0 m long and 0.5 m wide.

2. Place cloth right side down.

3. To create hem, turn edges over 1.5 cm and fold over again, then pin hems to hold in place (Fig. 1, hem

insert.

rs with double folds and pin (Fig.
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Fig. 1. Diagram ofthe Bryson Field Press.

i the inside the outside edge and tie thread

ize opposing flaps.mth hem side up an

8. Pin the two pieces together.

9. Sew the two pieces together by stitching over previous hen

ends. One side can be left open to create a pocket for

board, plywood, or other field supplies.

10. Pin Velcro to the cloth using care to align corresponding pieces on each side. Note that Velcro strips

attached to opposite sides of the cloth on opposing flaps.

11. Stitch around the edge of each piece of Velcro twice and tie thread ends. Strips of Velcro at least 5 cmw

12. K

* field press c

i and the field

DISCUSSION

he field press described herein (Fig. 1) is the result of over 15 years of field testing by the authors and

Kcept for its size and more permanent materials is based on Dr. Reznicek's initial concept. Durable, light

reight, and washable, it is easy to use in a variety of field situations (Fig. 2). The press can be carried under

le arm or attached to a back pack, an all terrain vehicle (ATV), or a saddle. It is also convenient for press-
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first set of flaps; C, dosing the second set of flaps; and D,

ing and transporting plants in a boat or canoe where a conventional press is too heavy or bulky. It is useful

for pressing large numbers of specimens rapidly and for pressing plants that wilt rapidly or lose floral parts

upon harvesting. The capacity of the press varies depending on the length of the press flaps and thickness

of plant specimens and materials used to divide the specimens; however, we have stacked more than 100

specimens in a single field press. The porous cotton fabric allows the press to "breathe" and the drying process

to begin. Whereas other materials, such as treated canvas, plastic lined cloth, or heavy plastic were tried in

several prototypes, these materials proved to be unacceptable, because they prevented drying and increased

condensation, promoted mold and mildew growth, and caused discoloration of specimens. However, heavy

weight polyester or other synthetic fabric may be substituted for cotton to make the field press suitable for

field work in tropical areas or environments with constant moisture. Although extra cardboard corrugates,

plywood, or felt blotters add weight and bulk, they can be used in the field press. Three heavy pieces of

corrugated cardboard (one on top, one on bottom, and one between newsprint and the pressed specimens)

provide the lightest weight, while allowing for adequate handling of specimens. Additional corrugates can

be used to separate specimens from different collection sites or to separate pre-numbered and unnumbered

newsprint. We developed a system of pressing the first specimen in pre-numbered newsprint and the du-

plicates in unnumbered newsprint. When these are placed into a conventional drying press from the top to

bottom of each stack from the field press, the numbered newsprint is removed first from the conventional

drying press. Thus, the duplicates can be easily tucked into the folded numbered sheet. Unknown to us,

Dr. John Thieret and his students used a similar numbering technique (Haynes 2006).



520 Journal of the Botanical Research Institute ofTexas 2(1)

md sew a field press in about two hours. The major

>ric and Velcro. Blemished and seconds fabric can be

purchased to save in the overall cost. Also, we have noted that lighter colored fabrics absorb less heat from

sunlight than darker colored fabrics. Although wider Velcro strips are substantially more expensive, Velcro

strips at least 5 cm wide provide better closure than narrower strips. The estimated cost of fabric, Velcro,

and thread is $20.00 to $35.00 per press, but may vary depending on the price and weight of the fabric

and amount and width of Velcro. The first author experimented with addition of expandable pockets for

temporarily storing woody stems and fruit and straps or handles for carrying the press in the field similar to

commercially available presses. Each of these modifications may provide better utility for specific situations,

but add cost and bulk to the simple design described herewith.

Specimens are pressed between newsprint and stacked on top of one another with one piece of cor-

rugated cardboard on the top and another piece on the bottom of the stack. The press is closed and secured

by pressing the Velcro strips on the first set of flaps against those on the opposing set. Next the second set

of opposing flaps is closed and secured. Two sets of opposing flaps allow for greater pressure on the stacked

specimens, hold specimens in place within the newsprint, and provide pressure on plant parts that were

folded over in fitting the specimen to newsprint sheets. With this field press, unlike vascula, cloth sacks,

Styrofoam ice chests, and paper or plastic bags, specimens are in the exact order in which they were col-

lected, facilitating correlation with field notes. When field work is completed, the newsprint folds containing

specimens are removed and placed into a standard drying press. While placing the specimens in the drying

press, they can easily be repositioned as needed, e.g. refolding leaves or other plant parts to expose flowers,

fruits or other structures. Precautions should be taken to keep loaded field presses as cool as possible and

out of direct sunlight. For optimal results, plants should be taken from the field press and placed in drying

presses as soon as possible, e.g. at the end of each day. However, the time in the field press can be extended

depending upon environmental conditions and the kinds of plants being pressed. Plants such as grasses

and sedges may remain in the field press longer than plants that are subject to discoloration or contain high

water content, and specimens may be kept in the field press under refrigeration overnight with no discern-

able ill effects. Although not recommended, in unusual circumstances of exigency, we have kept specimens
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INTRODUCTION

Kaieteur National Park (Fig. 1). the only national park in Guyana, is located approximately 230 km southwest

(5° 10' 42" N; 59° 29' 44" W) of Georgetown, the nation's capital. The park is situated on an upland region

of Guyana known as the Potaro Plateau of the Pakaraima Mountains. This plateau is an eastern extension

of the largely Venezuelan Roraima sandstone formation that forms the flat table-top mountains known

as tepuis. The Potaro River flowing over this plateau has cut a 20 km gorge in the easternmost portion of

the Roraima formation. The river eventually plunges 226 meters via a single drop into the gorge. Kaieteur

Falls is one of the most spectacular cataracts in the world and is the main geological feature of the national
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park. The park was established in 1929 and encompassed 44 km2
to protect the area around the falls, the

Potaro gorge, and the surrounding Potaro Plateau. Today the park has been expanded to 627 km2
to protect

a greater representation of the vegetation around the falls and a larger expanse of the savannas and forests

of the plateau. In 1998, the park was incorporated into the National Protected Areas System (NPAS) that

is currently being developed as part of Guyana's ecotourism business. With this NPAS Project, Guyana

urgently needs information on the biodiversity of the area before any conservation or management policy

can be implemented. Botanical exploration of the mid- to lower portions of the drainage has been limited

to the area around the falls and along the Potaro gorge; such exploration has resulted in a checklist of the

vascular plants of the area (Kelloff & Funk 1998), but there have been virtually no ecological studies in an

attempt to quantify species diversity.

In general, tropical forests have been characterized as having a high diversity of trees, with some inven-

tories recording over 300 species with a diameter at breast height (DBH) > 10 cm per hectare (Gentry 1988;

Hubbell & Foster 1986; Valencia et al. 1994). Several hypotheses offer explanations regarding the mainte-

nance of high diversity. Huston's (1979, 1994) "dynamic equilibrium hypothesis" suggests that diversity in

populations is reached by low rate of competitive displacements or by periodic reductions in species (Huston

1979). If the population has a high number or high frequency of disturbances, slow-growing species will

disappear and be replaced by the faster-growing pioneer species over time thus reducing diversity. In order

to overcome this species must have some minimum growth rate to recover from population reductions. In

other words, an increase in growth rates during periods of high frequencies of population reduction can

actually increase diversity (Huston 1979). Another hypothesis is an ecological response to environmental

conditions such as low and high light conditions. By changing the availability of resources, disturbances

such as canopy gaps may influence succession. Those species efficient in recruitment quickly move in, and

the site becomes covered with pioneer species (Bazzaz & Picket 1979). The ability to survive under low light

conditions and the ability to achieve high growth under high light conditions is the most significant differ-

ence between species diversity (Bazzaz & Picket 1979; Hubbell 1995). It's the survival of the fittest that can

utilize the disturbance, increasing the diversity of species. In Guyana, Dicymbe Spruce ex Benth., which is

locally known as clump wallaba, produces coppices (suckers) on the healthy parent tree. When the parent

trees die, these young trees can take advantage of the mature root system of the parent, as well as the light

gap, and thus can out-compete other species in the area (Henkel 2003; ter Steege et al. 1993).

Not all tropical forests show a high alpha tree diversity, however. Productivity and disturbance vary in

the tropics (Richards 1952; Connell & Lowman 1989), and this is evident in the mixed forests of central

Guyana where there is a tendency for some species to dominate the vegetation (Davis & Richards 1934;

Fanshawe 1952;Johnston & Gillman 1995; ter Steege 1993). Several examples of this type of forest in Guyana

are the wallaba (Eperua Aubl.), mora (Mora Benth.), or clump wallaba (Dicymbe) forests (Davis & Richards

1934; Fanshawe 1954; Henkel 2003; ter Steege 2000b). These forests have a few species that represent a

high percentage of the stems and/or basal area.

The tropical forest of Guyana contains a wide array of forest types, e.g., mangrove, moist and dry ever-

green, montane, seasonal, swamp, and Greenheart forests. In swamp and mangrove forests, edaphic factors

such as flooding and soil clearly explain these forest types (Fanshawe 1952). However, in the mixed forests

of Guyana, the relationship between soil, hydrology, and forest types is not clear (ter Steege et al. 1993).

Generally, classification of forest types has largely been based on climate, soil, and physiognomy (Ducke &
Black 1954; Prance 1987), which reference species compositions or have generalized tropical floras at the

genus or family level (Forero & Gentry 1988; Maguire 1970; ter Steege et al. 2000a). Recent studies used

plots to examine patterns of plant diversity, e.g., how species richness (Gentry 1988) or habitat diversity

contributes to species diversity (ter Steege 1993; Sabatier et al. 1997; Tuomisto & Ruokolainen 1997). Plot

studies produce data at the species level and can provide long-term information on growth, mortality, re-

Sampling riparian trees of the plateau using a grid system of collecting allows us to (1) describe the
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Fig. 1 . Kaieteur Falls, located along the Potaro River in Guyana, has a single drop of 226 m into the splash basin below.
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relative abundance and distribution of the trees, (2) provide a framework by which the forest structure of

Kaieteur can be compared to other known study sites, (3) help fill in the missing tree taxa in the checklist,

and (4) provide a standard by which forest structure and composition can be measured.

This paper presents the results of the two, one-hectare (ha) inventories carried out on the Potaro

Plateau within Kaieteur National Park. Tree data from two other plot studies were used as a comparison of

the tree diversity at Kaieteur. Data from two one ha plots were borrowed from a lowland forest in Guyana

near the town of Kwakwani (a Guiana Shield community) and two one ha portions of a 50 ha plot at Barro

Colorado Island, Panama (non-Guiana Shield community). In general, plot data from the Guiana Shield

and particularly the Potaro Plateau are scarce (ter Steege et al. 2000a). One ha plots allow for us to quantify

the relationship between tree species as well as among tree species and add to the knowledge of the tree

diversity of Potaro Plateau in Guyana. The ultimate goal of this project was to document the species diversity

and tree composition of the Wallaba (Eperud)-mixed forests of the Potaro Plateau and to compare the tree

species diversity of Kaieteur National Park to those of other plots.

The study site.—Kaieteur National Park is a mosaic ofhabitats consisting ofexposed sandstone, grass savanna,

scrub, and riparian forests. The average air temperature for the year is 26.5°C (USDA 1974). The average

rainfall for the northeast face of the Pakaraima escarpment is approximately 3750 mm per year (Fanshawe

1953). Two 1 ha plots were established in the Wallaba (Eperua)-mixed forest of the Potaro Plateau. The study

was conducted between 1995 and 1998 with sites selected based on the surrounding vegetation. In both

1 ha plots, some level of previous human disturbance was found (e.g. several large trees were removed for

the building of the guesthouse). The first plot (Fig. 2a) is located at the headwaters of the Korume Creek

(5
o10'42"N, 59°29'44"W). The lower portion of the first plot is seasonally inundated and includes a portion

of the creek in which grew a few patches of Thurnia sphaerocephala (Rudge) Hook.f. Along the western side

of the plot, the land gradually rises up the ravine towards Muri-Muri savanna. The second plot (Fig. 2b) was

established in the upland forest of the plateau between the Korume Creek and Potaro River gorge (5°HT6"N,

59°28'52 ,IW). The terrain is rocky with a slight downward slope towards the northeastern part of the trail.

There is no evidence of seasonal flooding as in the first plot.

The soils from these two sites were not analyzed, but it was generally observed that they consisted of a

course white sand of quartzite with very little peat. These shallow white sand areas of the Pakaraima Plateau

(Fanshawe 1954) are associated with the peneplain of the interior of Guyana.

The plots in the lowland area of Guyana used for comparison are located near the town of Kwakwani at

the Aroaima (bauxite) mining site on the Berbice River, 238 km up the Canje River from New Amsterdam

(5°30'N, 58°W). Data for these plots were kindly provided byJames Comiskey (Smithsonian Institution Man

in the BioSphere Program). The average rainfall recorded for this area is 2400 mm per year. The land is low

lying with swampy areas near the river. The sites for the plots were selected within the area designated as

"south mine," a proposed area for future bauxite mining. In this area, the shallow layer of topsoil (averaging

1.5 meters in depth) covers ca. nine meters of bauxite that overlays 60 meters of volcanic rock. Both plots

were irregular in shape, and the vegetation is classified as non-flooded tropical mixed forest (Comiskey et

al. 1994). It was noted that the soil was composed of a mixture of sand and clay with high porosity and high

drainage. The soils were not sampled (Comiskey et al. 1993).

The second set of plots were part of a 50 ha study site at Barro Colorado Island (BCI) located near the

Panama Canal at the Smithsonian Tropical Research Institution's station (9°9T7"N, 79
o50'53"W). This for-

est is classified as a rich, old growth tropical forest dominated by Bombacaceae and Leguminosae (Condit

et al. 1996). The terrain on the island's summit is relatively level with a variance of 28 meters in elevation.

The average rainfall for this area is about 2500 mm per year (Condit et al. 1996) with a mean annual tem-

perature of 27°C. The soil at BCI is a clay-rich tropical soil with an organic matter content (Yavitt 2000).

Data from two of the 50 1 ha plots (designated as Hec21 & Hec37) were selected and kindly provided by

Richard Condit for this study.
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Established on the central plateau of BCI, the 50 ha permanent plot has a 70 year history of the flora

and fauna and over 1500 scientific papers written on various topics (Hubbell & Foster 1992). For more

information on Barro Colorado Island, selected readings are: Hubbell and Foster 1992 and Hubbell et al.

1995.

Census methods.—The method adapted for inventorying the woody vegetation of Kaieteur followed Dallmeier

(1992). The terrain at both sites was uneven, and corrections were made to adjust for slope (Durr et al. 1988).

The two 1 ha plots at Kaieteur were subdivided into 25 contiguous 20 x 20m quadrats, and all stems with a

minimum DBH of 10 cm were measured. Spatial location of the trees within each quadrat was recorded for

mapping purposes. Field vouchers were obtained, where possible, for each species encountered. Information

was recorded to aid in identifications of the sterile vouchers, e.g.,features of the wood, bark, and sap (Polak

1992; Rosayro 1953). Romeo William, tree spotter and guide, assisted in the identifications of trees in the

field. Local or vernacular names for trees (Fanshawe 1947, 1953, 1954) helped to identify morphologically

similar trees. Most vouchers were sterile and thus required extensive time in the herbarium for identification.

Trees were identified to the species level when possible, but were otherwise assigned to morphospecies.

Taxonomic nomenclature followed the "Checklist of the Plants of the Guianas: Guyana, Surinam,

French Guiana" (Boggan et al. 1997). Voucher specimens were deposited in the Guyana National Herbarium,

University of Guyana (BRG) and at the U.S. National Herbarium, Washington, DC (US).

Density, frequency, and dominance were calculated to describe how individual species are spatially

distributed within the plot and how these distributions contribute to the community (Barbour et al. 1987).

Stem basal area (a) and density of each tree were calculated using a = 0.7854 x (DBH) 2, where a = basal

area of each tree in m2 (Anderson & Ingram 1989). This measurement is useful in estimating canopy cover

of trees because it assumes to take trunk diameter at breast height (DBH) into account. We also calcu-

lated species basal area (BA), defined as the sum of all stem basal areas (a) of a given species. Density is

defined as the number of trees per hectare, and relative density is the percentage of one species in relation

to the total plant diversity. Relative frequency is expressed as a percentage of the number of quadrats that

contain a given species. Dominance is an important ecological measurement. A species that contributes the

most cover or basal area to the community is considered the dominant species. Dominance is calculated

Finally, the relative contribution that a species provides to the community is called its importance value

(Balslev et al. 1987). The importance value index (IVI) can be calculated by the addition of the relative

density, frequency, and dominance for each species and for all trees at each site. High IVI values indicate

that a species has a high basal area, frequency, and density at a site or when one or two of these parameters

are much higher than other species (Felfili & da Silva 1993). The sum of relative parameters places species

in a hierarchical order in the community and is useful for comparisons between different sites (Curtis &
Mcintosh 1951; Felfili & da Silva 1993). The IVI values can range from to 300, with 300 representing a

pure stand of one species (Balslev et al. 1987).

Statistical analyses.—Spatial and temporal variations in tropical tree communities can complicate the process

of describing forest structure (Dutilleul 1993; Hall et al. 1998), and raw species data from plots can be too

large and cumbersome to yield any meaningful intrinsic patterns. Ordination can reduce species abundance

data into a space with fewer dimensions that can reflect sample configurations in ecological space (Gauch

& Whittaker 1981). In community ecology, such ordinations can describe some of the strongest patterns

in species composition (McCune & Mefford 1999; McCune & Grace 2002). Ecologists have applied metric

ordination, which includes principal components analysis (PCA), to analyze vegetation data (Proctor 1967;

Debinski & Brussard 1994; Tuomisto et al. 2003). This type of ordination assumes a linear relationship

able obscurity in data interpretations (Goodall 1953). Non-metric ordination methods are considered more

powerful for analyzing vegetation data because this method assumes a non-linear relationship between the
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variables and the use of ranked distances tends to linearize the relationship between the distances measured

in environmental space and species space (McCune & Mefford 1999).

Species data per plot were summarized into data matrices (taxon vs. quadrat) and imported into PC-Ord

(McCune & Grace 2002), a multivariant statistical program. Because the data represent quantitative scores

per taxon, the original values were log transformed using b.. = log(x.. + 1), where the value of one is added

to each species score to define zero values in the data. Log transformation reduces any dominant effects and

normalizes the relative importance of common or rare species (Digby & Kempton 1987; McCune & Grace

2002). To visualize multivariate patterns among the quadrats, non-metric multidimensional scaling (NMS)

was conducted using S0rensen (Bray-Curtis) distances for each plot and on each plot pair. NMS in PC-Ord

is based on Mather's (1976) program and the algorithm of Kruskal (1964).

For each dataset in this study, the "autopilot" mode in PC-Ord was used. This mode provided a random

starting configuration for each run. The program calculates each solution by running 40 runs with the real

data and 50 runs with the randomized data, with a maximum number of 400 iterations for six axes. The

program selected the best solution at each dimensionality where p < 0.05 for the Monte Carlo test and where

that value of the "stress" parameter was the smallest number. Clarke's (1993) "rules of thumb" were used to

interpret the final stress. Clarke found that most ecological community data will have values with a final

stress between 10 and 20.

NMS provides an optimal ordination technique to analyze patterns in tree species composition for each

of the studies. The final result in each analysis was an ordination in two-dimensional space. The two axes

show the relationship between species abundance and the axis score.

Kaieteur National Park, Guyana.—There were 1724 total number of stems >10 cm DBH at Kaieteur in the

two study plots. These stems covered a total basal area of 66.34 m2/ha. Plot KF1 at Kaieteur contained 757

stems per hectare, with most taxa represented by a single stem. Dicymbe pharangophila R.S. Cowan (swamp

wallaba, Leguminosae-Caesal.) produced coppice shoots from the base of the trunk that resulted in 65 stems

being measured and tagged from a total of 28 trees. This habit of producing multiple stems from the base

was also noted by Whitton (1962) and Henkel (2003) of Dicymbe corymbosa Spruce ex Bentham, another

"swamp wallaba" found on the Potaro Plateau. The largest diameter tree recorded for the site was Ocotea sp.

(Lauraceae), with a DBH of 89 cm. Other species with a DBH > 60 cm were Pouteria cf. cuspidata (A. DC.)

Baehni (Sapotaceae) and Swartziaschomburgkii Bentham (Leguminosae-Fab.). Sixty-four percent of the stems

were under 20 cm in diameter, and only one percent of the trees reached over 60 cm DBH. The two species

that had the highest Important Value Index (IVI) were Chamaecrista adiantifolia (Spruce ex Bentham) H.S.

Irwin& Barneby var. pteridophylla (Sandwith) H.S. Irwin & Barneby (Caesal.; IVI=20.052) and Eperuafalcata

Aublet, (Caesal.; IVI=15.427). These two species were found throughout the plot and accounted for 13.4%

of the stems. Dicymbe pharangophila (IVI=14.679), Ormosia coutinnoi Ducke (Fab.; IVI=10.109), Dicymbe sp.

(IVI=10.027) and Pouteria cuspidata (IVI=10.442) ranked next in importance. These species accounted for

32% of total stems recorded for KF1.

The understory species were not recorded, but it was noted that two species of Marantaceae (Ishnosiphon

sp. and Monotagma spicatum (Aublet) J.F. Macbride) dominated the lower wet areas of the plot. One species

of Bromeliaceae (Ananas parguazensis L.A. Canargo & L.B. Smith) dominated the dryer soils of the plot.

Thurnia spherocephala (Ridge) Hooker f. (Thurniaceae) was quite abundant and grew in the flowing waters

of the creek.

The second plot (KF2) at Kaieteur had more stems (967) than the first plot. Dicymbe pharangophila was

nearly absent from this plot. Chamaecrista adiantifolia var. pteridophylla (95 cm DBH) and Swartzia schom-

burgkii Bentham (Fab.; 92 cm DBH) were the largest trees recorded for the site, followed by Elizabetha sp.

(Caesal; 66 cm DBH) and Pouteria cuspitata (64 cm DBH). Stems 20 cm DBH or less accounted for 69.5%,

whereas only 1.0% of the stems exceeded 60 cm in diameter. Several species ranked high in IVI: Eperua
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falcata (IVI=20.048), Chamaecrista adiantijolia var. pteridophylla (19.486), Ocotea spp. (IVI=18.253), and

Swartzia schomburgkii (IVI=17.404). When Catostemma commune Sandw. (Bombaceae; IVI =15.082), Ormosia

coutinnoi (IVI=12.328), and Eperua spp. (IVI=15.702) are added, these species account for 40.3% of the total

stems recorded for plot KF2. The understory species were not surveyed, but it was noted that Ishnosiphon

sp. and Monotagma spicatum were somewhat evenly distributed in the plot. Vriesea splendens (Brongn.) Lem.

(Bromeliaceae) was seen along with the spiny bromeliad (Ananas parguazensis) from the first plot but was

not as abundant. A broad-leaf aroid grew on tree trunks, and a Rapateaceae (Stegolepis ferruginea Baker f.)

dominated the understory at quadrat 14.

In both plots at Kaieteur, the Leguminosae had the highest number of individuals per site (815 stems

or 47.3% of the plots) most of which were from the subfamily Caesalpiniodeae (607). In plot 1 Bombacaceae

ranked as the second most abundant family across all quadrats with 64 stems. Bombaceae, in plot 2, had

77 stems but ranked third after Lauraceae (136 stems).

Kwakwani, Guyana.—There were a total of 995 stems > 10 cm DBH at Kwakwani in the two plots, these

with a total basal area of 52.13 m2/ha. Five hundred and seven stems were recorded from first plot (AR1)

at Kwakwani. Only four trees had a second stem measuring over 10 cm DBH. The largest tree on the site

was Trymatococcus amazonicus Poepp. & Endl. (Moraceae) at 91 cm DBH. Eschweilera pedicellata (Rich.) S.A.

Mori (Lechythidaceae) represented 23% of the total stems (115 stems) in this plot and had an IVI of 33.425.

The taxon with the next highest IVI (6.751) was Aspidosperma excelsum Benth. (Apocynaceae) followed by

Bocageopsis multiflora (Mart.) R.E. Fr. (Annonaceae; 6.733), Unonopsis rujescens (Baill.) R.E. Fr. (Annonaceae;

6.190), Swartzia schomburgkii (Fab.; 5.116), Prunus sp. (Rosaceae; 3.857), and finally Cordia sagotti I.M. Johnst.

(Boraginaceae; 3.795). These taxa represented 163 stems or 21% of the stems counted in the site. Sixty three

percent of the stems were under 20 cm DBH and only 2% were over 60 cm DBH: Eschweilera pedicellata

(Lecythidaceae; 88.2 cm), Aspidosperma excelsum (Apocynaceae; 85.9 cm), Alteia niopoides (Spruce ex Benth.)

Burkart (Leguminosae-Mimos.; 83.5 cm), Inga pezizijera Benth. (Mimos.; 76 cm), and Bocageopsis multiflora

(Mart.) R.E. Fr. (Annonaceae; 72.8 cm).

The second plot (AR2) at Kwakwani had only 491 trees of single recordable stems. Aspidosperma excel-

sum was the largest tree (91 cm) and Eschweilera pedicellata had the highest IVI value of 63.671 (138 stems,

28% of the total stems). Two other taxa significant were Mora gonggrijpii (Kleinhoonte) Sandw. (Caesal.;

IVI=36.486) and Aspidosperma excelsum (IVI=15.600). Inga acrocephala Steud. (Mimos.), Mora gonggrijpiU

Swartzia polyphylla DC. (Fab.), Eschweilera pedicellata, Chrysophyllum sparciflorum Klotzsch ex Miq. (Sapota-

ceae), and Aspidosperma excelsum represented the 3% of the total stems over 60 cm DBH. Fifty-six percent

of the total stems were under 20 cm.

Lecythidaceae was the most abundant family at Kwakwani, with 254 stems documented for the two

plots. Leguminosae was the second most abundant with 184 stems (107 of these were Caesalpinioids in site

2). Next in rank were the Annonaceae with 55 stems over all quadrats in AR1 and Boraginaceae (34 stems).

In site 2 these families represented only 19 and 2 stems. Apocynaceae had more stems (26) in AR2 and

ranked third in abundance across the plot. All other families had less stems.

Barro Colorado Island, Panama.—In the two 1 ha plots selected from the Barro Colorado Island (BCI) 50

ha plot, the total basal area of trees > 10 cm was 57.153 rnVha. Information provided for this study includes

only data for the main stem on each plot. No data were available for multiple stems and thus these were

excluded from this study. The first plot (designated as Hec21 at BCI) had 418 trees. The tree that had the

largest diameter on the site was Hura crepitans L. (Euphorbiaceae; 102.1 cm DBH). Seventy-five percent of

the trees had < 20 cm DBH. Two percent of trees had a DBH > 60 cm: Brosimum alicastrum Sw. (Moraceae;

88.5 cm); Chrysophyllum cainito L. (Sapotaceae; 88. 5)Jacaranda copaia (Aubl.) D. Don (82 cm) and Tabebuia

guayacan (Seem.) Hemsl. (Bignoniaceae; 82 cm); Prioria copaifera, (Caesal.; 82 cm); and Luehea seemannii

Triana & Planch. (Tiliaceae: 76.8 cm). The dominant species for Hec21 were Faramea occidentalis (L.) A.

Rich. (Rubiaceae; IVI = 18.644), Trichilia tuberculata (Triana & Planch.) CDC. (Meliaceae; IVI = 23.870),
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Prioria copaifera, (Caesal.; IVI = 17.581), and Alseis blackiana Hemsl. (Rubiaceae; IVI = 10.344). These taxa

accounted for 139 trees or one-third of the entire tree census.

The second plot (designated as Hec37 at BCI) contained 447 recordable trees, 62.6% ofwhich were < 20

cm DBH. Ceibapentandra (L.) Gaertn. (Bombacaceae) was the largest tree in the plot with a diameter of 209.5

cm DBH. Other species over 60 cm DBH were Ficus costaricana (Liebm.) Miq. (Moraceae; 138 cm), Tachigali

versicolor Standi. & L.O. Williams (Caesal.; 109.1 cm), Hum crepitans (Euphorbiaceae; 99.4 cm), Aspidosperma

cruenta Woodson (Apocynaceae; 89.0 cm), Dendropanax arboreus (L.) Decne. & Planch. (Araliaceae; 83.0

cm), Brosimum alicastrum Sw. (Moraceae; 75.3 cm), and Cecropia insignis Liebm. (Cecropiaceae; 66.0 cm);

Guapira standleyana Woodson (Nyctaginaceae; 75.3 cm); Quararibea asterolepis Pittier (Bombacaceae; 69.8

cm); and Guatteria dumetorum R.E. Fr. (Annonaceae; 63.5 cm). The dominant species on the site were Faramea

occidentalis (IVI = 23.340) and Trichilia tuberculata (IVI=27.239); together, these two accounted for almost

31% of the total countable stems. Other species with high IVI values were two Bombacaceae: Quararibea

asterolepis (IVI=14.721) and Ceiba pentandra (IVI=12.455).

From the two plots examined at Barro Colorado Island, Rubiaceae ranked the highest for individual

stems (217). Meliaceae, with 122 trees, ranked second in the "tree per family" category. The Leguminosae

contained only 67 stems, 47 of which were Caesalpinioids.

A comparative summary of the most abundant tree species from the six study sites can be found in

Table 1.

Statistical analyses.—Non-metric multidimensional scaling (NMS) was used to reduce the datasets at each

of the three study sites. In each plot there were several species that exhibited a strong relationship with

the ordination scores. These species were displayed on the ordination as a joint plot. The radiating lines

of the joint plot reflect the direction and strength of that species that is influencing the separation of the

quadrats in the plot. Plot KF1 at Kaieteur had 103 species in the analyses. The final stress was 15.68692

for the 3-D solution with 99 iterations. The Monte Carlo test for this solution was p < 0.0196. The first two

axes accounted for 56.8% of the variance; the first three accounted for 74.1%. Three patterns are seen in

the grouping of quadrats based on species assemblages (Fig. 3A). Dicymbe spp., Chamaecrista adiantifolia

var. pteridophylla, Pachira flaviflora (Pulle) Fern. Alnso. (Bombacaceae) form one group, and Chamaecrista

apoucouita (Aubl.) H.S. Irwin & Barneby (Caesal.) and Pterocarpus rohrii Vahl (Fab.) form a second group;

these two groups have a stronger influence in some of the quadrats whereas a third group composed of

Hevea guianensis Aubl (Euphorbiaceae), Inga gracilifolia Ducke (Mimos.) and species in Meliaceae have a

stronger influence on others.

Kaieteur plot KF2 had the fewest species (71) in the dataset. The best result for the dataset is the 3-D

ordination from NMS with a stress value of 13.30984 with 162 iterations (Monte Carlo p < 0.0196). The

variance for the first two axes accounted for 66.4% of the variance; if the third axis is included, 82.5% of

the variance is accounted for. Quadrats in the plot are separated into species assemblages influenced by two

groups: the Licania alba (Bernoulli) Cuatrec. (Chrysobalanaceae), Bombacaceae spp., Clathrotropis macrocarpa

Ducke (Fab.), Eschweilara spp., Ocotea spp., and Macrolobium suaveolens Spruce ex Benth. (Caesal.) group;

and the Henrettea ramiflora (Sw.) DC. (Melastomataceae), Sextonia rubra (Mez) van der Werff (Lauraceae),

Inga sp.3, and Catostemma commune Sandw. (Bombacaceae) in the other (Fig. 3B).

Combining the data from the two plots at Kaieteur, the best result from multiple NMS runs was a 3-D

solution (stress = 18.09208, p < 0.0195) with a variance for the first two axes accounting for 54.6% or 75.0%

including the third. The first two axes were chosen for the ordination to best represent the data (Fig. 3C).

Axis 1 represents the area of collection and showed little separation between the locations of the plots. Axis

2 represents a clear separation between the species and their assemblages at plots KF1 and KF2. Species that

contributed to the discrimination in KF1 were Dicymbe pharangophila, Eperua rubiginosa Miq. (Caesal.), and

Catostemmajragrans Benth. (Bombacaceae). Species contributing to discrimination in KF2 were Eperua spp.,

Sextonia rubra, Henriettea ramiflora, and Ocotea spp. There was no overlap in species composition between

quadrats of these two plots.
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Fig. 3. Non-metric multidimensional scaling (NMS) ordination analyses of (A) Kaieteur, KF1 , resulted in some degree ofseparation between three groups

based on species assemblai liavar.pteridophylla [Cad],Pachiraflaviflora [Pfl] in one group,

Chamaecrista apoucouita [Cap] and Pterocarpus rohrii [Pro] in the second and Hevea guianensis [Hgu] and Inga gracilifolia [Igr] in the third; (B) the

eur, KF2, separate into two groups with species assemblages of Licania alba [Lai], Bombacaceae spp. [Bsp], Clathrotropis macrocarpa

Macrolobiumsuaveolens [Msu] in one group and Henrettea ramiflora [Hra], Sextonia rubra [Sru],

Inga sp.3 [Is3], and Catostemma commune [Ceo] in the other group; (C) combined species data from both plots [KF1 & KF2] at Kaieteur indicate little

to no overlap in species assemblages between the quadrats; (D) ordination of tree species at Kwakwani, AR1, with quadrats separating into three

groups based on analyses; these groups were dominated by: Unonopsis rufescens [Uru], Cordia sagotil [Csa], Tapirira sp.2 [Ts2] in one group, Miconia

bypoleuca [MhyL Bocageop mlerapedicellata [Epe] as the only species in the third; (E) at the second plot at

chweilerapedicellata and Mora gonggrijpii significantly outweighed the other species and were removed from f

s that influenced the groupings were Miconia hypoleuca [MhyL Ingapezizifer hbrocardium rodiaei [Cro],

the combined species data from both plots [AR1 & AR2] at Kwakwani had an overlap of approx.

50% of the quadrats between the study sites.
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Fig. 4. Non-metric multidir lination analyses for (A) Barro Colorado Island plot, HEC21, resulted in separation between three

groups based on species assemblages dci Ttu] and Allophyluspsifospermus [Aps] in the first group, Protiumpanamense

[Ppa], Jacarandacopaia [Jco], Tetragastrispanamensis [Tpa], and Oenocarpus mapora [Oma] in the second, and Faramea occidentalis [Foe] in the third;

(B) the quaddrats of Barro Colorado Island HEC37, separated into three groups with species assemblages dominated by: Trichilia tuberculata [Ttu] and

Virolasebifera [Vse] in the first group, Cecropiainsignis [Cm], Aspidosperma cruenta [Acr], and Alseis blackiana [Abl] in the second, and finally, Brosimum

alicastrum [Bal] and Guapira standleyana [i on of the 114 species in the combined datasetfor Barro Colorado Island plots

[Hec21 7 Hec37] indicates a similarity of species composition between the two sites.
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Ordination was used to reduce the datasets at the Kwakwani study site. Site AR1 had 84 species with

a final analysis in a 3-D solution of 15.71292 (stress) over 82 iterations (p < 0.0196). The overall patterns

between the quadrats indicate some differences in species composition between the plots. The quadrats

separated into several groups (Fig. 3D). These assemblages were defined by Unonopsis rufescens (Baill.) R.E.

Fr. (Annonaceae), Cordia sagotii I.M. Johnst. (Boraginaceae), Eschweilera pedicellata, Miconia hypoleuca (Benth.)

Triana (Melastomataceae), Bocageopsis multiflora (Mart.) R.E. Fr. (Annonaceae) and Tapirira sp.2 (Anacar-

diaceae). The first two axes accounted for 53.0% of the variance. Including the third, 72.9%of the variance

was accounted for.

At site AR2, there were 58 species in the matrix. Eschweikrapedicellata and Mora gonggrijpii were abun-

dant throughout the plot. Since their higher weight contributed more than the other species, NMS failed to

find a useful ordination. Eschweikrapedicellata and Mora gonggrijpii were deleted for remaining calculations.

The result was a 4-D solution (stress = 13.80266; p < 0.0392) for this plot (Fig. 3E). The first two axes ac-

counted for 18.7%, and the third added only 34.6% of the variance. These assemblages were defined by the

following species in the plot: Miconia hypoleuca (Benth.) Triana (Melastomataceae), Inga pezizijera Benth.

(Mimos.), Prunus sp. (Rosaceae), Chlorocardium rodiei (R.H. Schomb.) Rohwer, H.G. Richt. & van der Werff

(Lauraceae), Ocotea spp., and Margaritaria nohilis L.f. (Euphorbiaceae). Combining the datasets for both plots

at Kwakwani resulted in 93 species in the analysis. NMS ordination yielded a 3-D solution with a stress of

19.64717 (p < 0.0196) over 326 iterations. The first two axes accounted for 44.1% of the variance (65.7% with

all three). Fifty percent of the quadrats from both plots had species compositions that were similar. Swartzia

schombergkii, Prunus sp., Mora gonggrijpii, Couepia guianensis Aubl. (Chrysobalanaceae), and Aspidosperma

excelsum were the species that define the assemblages in the BCI plots. Eschweilerapedicelliata was abundant

in both plots (Fig. 3F).

At the Barro Colorado Island (BCI) Hec21 plot, a total of 92 species was observed. The final stress

for the 3-D solution was 15.82730 (p < 0.0196) in 88 iterations. The first two axes accounted for 49.2% of

the variance (73.8% with all three). Figure 4A shows the result of the non-metric scaling. The angle and

length of the radiating lines in the joint plot indicate the direction and strength that each species has with

the ordination score. Radiating vectors indicated that Trichilia tuberculata, Allophylus psilospermus Radlk.

(Sapindaceae), Protium panamense (Rose) I.M. Johnst. (Burseraceae), Faramea occidentalisjacaranda copaia,

Tetragastris panamensis Kuntze (Burseraceae), and Oenocarpus mapora Karst. (Arecaceae) had the strongest

relationship with the ordination scores.

The BCI plot Hec37 had 82 species; the ordination had a final stress of 17.47696 over 131 iterations

(p < 0.0392). The first two axes accounted for 30.5% of the variance and the first three, 61.1% of variance.

The species that contributed to discrimination in this plot were Trichilia tuberculata, Virola sebifera Aubl.

(Myristicaceae), Cecropia insignis, Aspidosperma cruenta, Alseis blackiana, Brosimum alicastrum, and Guapira

standleyana (Fig. 4B).

A total of 114 species in the two BCI plots was observed. The resulting ordination of the combined

plots produced a 3-dimensional solution with a stress of 21.77097 (p < 0.0392) in 400 iterations. The vari-

ance explained by the first two axes was 33.6% and 58.1% including the third. The quadrats of the two

plots overlapped significantly, indicating a similarity of species composition within each plot (Fig. 4C). The

species with the strongest relationship in this ordination were Trichilia tuberculata, Adelia triloba Hemsl.

(Euphorbiaceae), Oenocarpus mapora and ]acaranda copaia.

DISCUSSION

Establishing two permanent biodiversity monitoring plots at Kaieteur National Park has provided Guy-

ana with the scientific data required for the prioritization of conservation initiatives. This study provides

baseline data on tropical woody plant communities to aid in measuring ecological change over time and to

help distinguis between natural and human impact. Measuring relative density, relative frequency, rela-

tive dominance, and importance index values of individual species provides information on how species



536 Journal of the Botanical Research Institute of Texas 2(1)

are distributed within the forest and how they contribute to the community in which they live. Using a

standardized methodology for surveying all trees > 10 cm DBH ensures comparability with other study sites

and provides a framework for studying the dynamics of tropical forests. This survey at Kaieteur resulted

in 133 taxa representing 1586 trees (1,725 stems > 10 cm in DBH) almost twice the number of trees from

the Kwakwani, Guyana or Barro Colorado Island, Panama. The density of trees at Kaieteur were similar to

a caatinga forest on white sand at Pico da Neblina in Brazil where 1569 trees were measured in two one-

hectare plots (Boubli 2002). The number of stems recorded in each plot at Kaieteur bordered on the upper

range of stems per hectare (965 stems ha' 1
) found on similar plot studies. This high number of stems were

found by Davis and Richards (1933, 1934) in five plots at Moraballi Creek, Guyana (460 to 919 trees per

122 x 122 m plot) where as those of similar studies in the Neotropics for trees > 10 cm DBH have not been.

Sabatier and Prevost (1990), Poncy et al. (1998), and Bordenave et al. (1998) found densities of 473 to 570

stems per hectare at Les Nouragues, French Guiana, and up to 882 stems per hectare in one particular

transect (Sabatier & Prevost 1990). Johnston and Gillman (1995) recorded 357 to 742 trees per hectare at

the four one-hectare study plots at Kurupukari, Guyana. At the El Caura Forest Reserve, South Venezuela,

mean densities ranged from 563-573 trees ha" 1 (Castellanos 1998). In Manaus, Brazil mean densities were

550 stems ha" 1 (Ferreira & Rankhvde-Merona 1998).

Davis and Richards (1934) noted that the forest at Moraballi Creek dominated by Eperua falcata had

an extraordinary large number of trees ha"
1 and that Leguminosae was the most abundant family (Whitton

1962). This was also noted by Boubli (2002) at Neblina where Eperua kucantha Benth. accounted for a large

percentage of the stems. Guyana's rain forests can be dominated by one to several species, these often in

the same family (Davis & Richards 1933; Fanshawe 1952; Whitton 1962; Henkel 2003). Kwakwani's plots

were dominated by Lecythidaceae (30.9%) and Kaieteur's (47%) were dominated by Leguminosae. This is

not unique to Guyana as a Lecythidaceae or Leguminosae dominance can be found in many other tropical

forests, e.g., Richards 1952; Whitton 1962; ter Steege 1993; Nascimento & Proctor 1994; Henkel 2003.

class size) in order to facilitate comparisons between the study sites (Table 2). The distribution of tree per

class size in the six plots shows a characteristic inverse J-shape (Fig. 5) typical of forests that have been

relatively undisturbed in the recent past (Lindeman & Mori 1989), with over 56% of the trees equal to or

less than 20 cm DBH. Overall, the stem class size distributions from 20.1 cm to 60 cm DBH at Kaieteur were

comparatively similar to Kwakwani and BCI in this paper. Total percentage of stems below the 40.1 cm DBH

class in each of the three study sites ranged from a low of 86.7% at BCI to 95.9% at Kaieteur plot KF2. Boubli

(2002) commented that 46% of trees at Neblina were small in girth while Whitton (1962) commented that

in the Wallaba forests of Guyana, very few trees exceed 70 cm in diameter. At Kaieteur only ca. 2% reached

the larger diameters with only three species, these all Caesalpinioid legumes, reaching over 30 cm DBH:

Eperuafalcata, Chamaecrista adiantifolia var. pteridophylla and Swartzia schomburgkil

The total calculated basal area/ha from the three sites in this study ranged from 52 to 66 m2
/ ha.

Kwakwani and BCI were similar to the 53 m2/ha found by Whitton (1962) and Mori and Boom (1987) at

Saul, French Guiana, but higher than those found in the forest plots (27-34 m2/ha) of Central Amazonia

(Rankin-de-Merona et al. 1992). Kaieteur's total basal area (66 m2/ha) was similar to that of Neblina (Boubli

2002, 73 m2
/ha).

In order to understand the importance value index (IVI) of each species and how it contributes to the

community one has to look at its relative parameters. Of all the Caesalpiniodeae legumes at Kaieteur two

species, Eperuafalcata and Chamaecrista adiantifolia var. pteridophylla, yielded a total IVI value of 75.0. These

species were widely spread throughout the plots, had a more stems than other species. In the lowland area of

Kwakwani, the highest IVI values (119.5) for both sites came from one species of Lecythidaceae, Eschweilera

pedicellata. This species dominated the plots and was higher than the Lecythidaceae at La Fumee Mountain,

French Guiana (Mori & Boom 1987). Such high IVI values have only been recorded elsewhere by Gibbs

et al. (1980) for Cyclolobium vecchii A. Samp, ex Hoehne (Leguminosae; IVI=82) and Sebastiania klotschiana
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Barro Colorado Island

Stem Class Size Distribution
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(Muell. Arg.) Muell. Arg. (Euphorbiaceae; IVI=1 19) from his survey in Mugi-Guigu, Brazil. At Barro Colorado

Island to species in different families scored high, TricMia tuberculata (Meliaceae, IVI=51.1) and Faramea

occidentalis (Rubiaceae, IV1=41.9).

When the plot data were examined at the family level, there were 33 families at Kaieteur and 36 at

Kwakwani. The number of families in the Guyana plots was lower than the number of families recorded

by Balslev et al. (1987) for the floodplain (44) and non-flooded forests (53) of Anangu, Ecuador. It was also

lower than the 42 families at BCL Thirty-three percent of the families were found in all three study sites, with
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Fig. 7. Average diameter at breast height (DBH) of the major tree families at Kaieteur and Kwakwani, Guyana and Barro Colorado Island, Panama. Key

to the abbreviations: KF1=Kaieteur, plot 1; KF2=Kaieteur, plot 2; AR1=Kwakwani, site 1; AR2=Kwakwani/ site2; Hec21=Barro Colorado Island, plot

1; Hec37=Barro Colorado Island, plot 2.

When the average diameter at breast height of major tree families at Kaieteur, Kwakwani, and BCI were

compared (Fig. 7), the DBH ranged from 10.2 cm (Melastomataceae) to 47.7 cm (Bombacaceae). The largest

tree recorded among the research sites was an individual of Ceiba pentandra, Bombacaceae, from Hec37 at

Barro Colorado Island, with a DBH of 209.5 cm.

From the 325 taxa recorded for the three study sites, only 3% (10 species) of all species were shared

between the plots. Apeiba aspera, Brosimum alicastrum, and Virola surinamensis were shared between Barro

Colorado Island and Kwakwani. Catostemmafragrans, Licania alba, Swartzia schomburgkii, and Tapiriragui-

anensis were shared by Kwakwani and Kaieteur. BCI and Kaieteur shared only Pterocarpus rohrii. The only

species shared by all three sites was Jacaranda copaia. Thus, there is a substantial lack of overlap in species

composition among these tropical tree communities. Comparing genera among sites, only 6% were shared

among Kaieteur, Kwakwani and Barro Colorado Island. These were Aspidosperma, Inga, Jacaranda, Licania,

Ocotea, Pouteria, Protium, and Swartzia. When pair-wise comparisons were made between the sites, BCI and

Kwakwani shared 8.1% of their genera. Kwakwani and Kaieteur Falls shared 6.3% and 5.0% was shared

between BCI and Kaieteur. Based on a phytogeographical study of the taxa at Kaieteur, the flora of this area

has its strongest affinity (42%) with the Guiana Shield area of South America with only about 15% of the

taxa having a widespread distribution across the Neotropics (Kelloff& Funk 2004).

Statistically, non-metric (NMS) ordination on ecological data derived from PC-ORD has helped to

describe the vegetation data from the plots at Kaieteur National Park and Kwakwani, Guyana and Barro



540 Journal of the Botanical Research Institute ofTexas 2(1)

Colorado Island, Panama. In all six plots, the first two axes describe the relationship or dissimilarity between

the quadrats (in ordinary space) and represent this variation in ordination space (McCune & Grace 2002).

The quadrats with floristic similarities tend to form loose clusters. In the joint plots these similarities sug-

gest trends that can be indicators of microhabitats induced by substrate characteristics, hydrology and/or

other edaphic effects in the site. The Janzen-Connell model for tropical tree diversity proposes that seeds

and seedlings in proximity of conspecific adults are have a higher mortality rate resulting in recruitments

some distance from the parent tree leaving space for colonization by other species (Schupp 1992). Other

factors to consider are the ability of the species to disperse its seeds, the competition for light or nutrients,

pollinators.

Ordination of tree species at Kaieteur separated the 20 x 20 m quadrats in each plot primarily by spe-

cies composition. The quadrats were strongly correlated with some of the less dominant tree species such

as Eperua rubiginosa, Inga gracilifolia, Bombax flaviflora, Dicymbe sp., Hevea guianensis in KF1 and Pouteria

cuspidata, Clusia sp., Tapirira sp., Licania canella and Byrsonima incarnata in KF2. Some species such as Hevea

guianensis that grows along more inundated soils and Bombaxflaviflora of the dryer soils may help explain

the variation in the plots. Although the soils of the Potaro Plateau are largely composed of porous white

sand with very little nutrients, slope, accumulation of leaf litter, and hydrology can change over relatively

short distances (C. Kelloff, pers. obs.). Although dominated by Eperuafalcata and Chamaecrista adiantijolia

var. pteridophylla, the two plots at Kaieteur indicate differences in the forest community over very short dis-

tances (Fig. 5). This was not the case at Kwakwani or BCI where analyses indicated some overlap in species

composition between the quadrats of the plot pairs at each study site.

Although a forest type may be designated based on the dominant species, the forest is not without an

array of subdominant or even rare species that have an overall large effect on the floristic composition of

the forest. Such changes can occur over distance and time with changes in light (tree falls), seed dispersal,

soil composition or by turn-over (David & Richards 1934). An example of one such change is in the Kaburi

district of Guyana where the Eperuafalcata forests were replaced over time by Dicymbe corymbosa Spruce ex

Benth. which expanded its dominance by self-pollarding, thus replacing mature trees with large clumps of

slender stems (Davis & Richards 1934) and eventually crowding out the other species. The forest at Kaieteur

could not be considered a monodominant stand nor could it be considered strictly a Wallaba (Eperua) forest.

As seen in plot 2 Chamaecrista adiantijolia var. pteridophylla became the dominate species in that area of the

forest. The main family that dominated the forest was the Caesalpiniodeae of the Leguminosae with over

300 stems. The subdominant families range from Lauraceae, Bombacaceae, Clusiaceae, and Fabiodeae.

CONCLUSION

Plots can be a powerful tool for providing long-term information on forest composition, diversity and struc-

tural change. They can then be used to assess changes in the forest over time, and the information gathered

from plots can be used to understand how other physical parameters may influence species composition

and distribution (Dallmeier & Comiskey 1998).

The two plots established at Kaieteur National Park were only a small sampling of the riparian forests

of the Potaro Plateau. The information gathered on the tree composition ofjust one area on the plateau dem-

onstrates the diversity and turnover in this forest. The Wallaba (Eperua)-mixed forest plot study at Kaieteur

had a larger number of trees per unit area over 10 cm DBH and represented almost twice the stems surveyed

in the Mora forests at Kwakwani, Guyana or in the lowlands of Barro Colorado Island, Panama. The plots at

Kaieteur were similar to the white sand forest studies by Whitton (1962) at Amatuk, Guyana and by Boubli

(2002) at Neblina, Brazil, with their large number of trees and dominance of the family Leguminosae. One

hypothesis presented by Torti and Coley (1999) suggested that legumes may be more successful in this

region because they have ectomycorrhizal fungi that are good scavengers for nutrients in the otherwise

nutrient poor soils and that these fungi suppress saprophytic fungi that are potentially detrimental to this

symbiosis. A study by ter Steege and Hammond (2001) suggested hat seedlings were compensating for low



Kelloff, Kaieteur National Park, Guyana 541

light conditions by providing an internal energy source in the form of large cotyledons. Bulky endosperms

sustained larger seedlings and supported juvenile plants when light were insufficient. Although designated

as a Wallaba-mixed forest, Kaieteur did not have a single dominant species such as Eschweilera pedicellata

that was dominant in the lowland forest of Kwakwani. Studies have shown that Kaieteur has a strong affinity

to the Guiana Shield flora (Kelloff & Funk 2004) with an upland element of the Roraima formation. This

was noted from this study with via a similarity of Kaieteur to Pico da Neblina in Brazil.

Non-metric multidimensional scaling (NMS) methods for examining vegetation data from ecological

communities are valuable tools for researchers. NMS examines the relationship between floristic dissimilari-

ties of vegetation and subsequent ecological inference. Statistical analyses of the plots at Kaieteur National

Park revealed dissimilarities in the species composition between the plot pairs. This suggests subtle changes

in microhabitats and species dynamics of the subdominant tree taxa on the Potaro Plateau.

This study has shown that two 1 ha plots can adequately demonstrate how diverse tree species are in

one section of the forest; furthermore, it indicates that sampling was probably too small to capture all of the

different habitats represented at Kaieteur National Park. It still remains to be understood why the Caesal-

piniodeae and in particular the Eperua and Chamaecrista dominated the forest. Does this indicate favorable

ecological condition, the Janzen-Connell effects or can the Caesalpiniodeae legumes with its root nodules

thrive better is the nutrient poor soil of the Potaro Plateau? To answer these questions more studies need to

be done on the soils of the plateau.

Forests on white sand generally have a lower alpha-diversity than those on terra firme (ter Steege et

al. 2000a) but noted for their monodominance and high abundance of several tree families, such as the

Caesalpiniaceae. These forests also have trees that are locally abundant but globally restricted such as the

Greenheart, Chlorocardium rodiei (Rob. Schomb.) Rohwer, Richter, & van der Werff (Lauraceae), in central

Guyana. Development or poorly designed logging and mining practices can quickly lead to irreversible

damages to the forests and habitats, with eventual species loss or extinction. Analysis of the diversity and

the composition on the scale of plots can provide some of the best information needed define protected

areas in Guyana (ter Steege et al. 2000b; Kelloff 2003). It is on this scale that we can best understand plant

spatial distributions and how radically these can change over a relatively small geographic area.

The information collected in the plot study at Kaieteur National Park can be useful for monitoring

with the "Checklist of the Plant of Kaieteur National Park, Guyana" provides data on the plant taxa found

on the Potaro Plateau in the vicinity of Kaieteur National Park. In addition to minimizing habitat damage

due to industrial development, these data can be used to provide the framework for conservation efforts in

the park as well as for the development of ecotourism.
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From 1931 to 1941, famed plant collector George B. Hinton (1882-1943) conducted extensive botanical

exploration, primarily in the southern Mexican states of Guerrero, Mexico, and Michoacan. During this

time he made over 16,000 collections, and his specimens have served as the types of more than 360 spe-

cies (Hinton & Rzedowski 1975). On July 11, 1939 Hinton secured specimens in the Sierra de Coalcoman,

in southwest Michoacan, of what is undoubtedly the most striking of all species of four-o'clocks (Mirabilis

L.). Despite the distinctiveness and showiness of the species, and the several duplicate specimens that were

distributed to major herbaria, the species remained "undiscovered" by taxonomists until Le Due (1992)

described Mirabilis hintoniorum Le Due over 50 years later. In the course of monographic work on Mirabi-

lis section Mirabilis, Le Due came across four duplicates of Hinton's collection, housed in herbaria at the

University of Texas (TEX), Conservatory and Botanical Garden of Geneva (G), Missouri Botanical Garden

(MO), and University of California, Berkeley (UC). When she published her monograph in 1995, Le Due

had not encountered additional collections ofM. hintoniorum (Le Due 1995). In this note, we provide a fuller

description and photographs of this remarkable species that had apparently not been recollected until we,

too, encountered plants in the Sierra de Coalcoman.

Although unremarkable in vegetative morphology, M. hintoniorum is unrivaled among the nearly 60

species in the genus by virtue of the form and color of the flowers. Le Due distinguished M. hintoniorum from

similar species on the basis of glabrous, few-flowered inflorescences and the exceedingly shallow lobes and

orange color of the perianth. However, her observations, based only upon examination of few herbarium

specimens and Hinton's economical observations on the specimen labels, are not entirely accurate and fail

to convey the spectacular impression of the living plants. In particular, the inflorescences are hardly few-

flowered and the perianth scarcely orange.

OnJune 28, 2003 we collected Mirabilis hintoniorum for apparently the first time since Hinton encoun-

tered the species 64 years earlier. Had we been familiar with Hinton's collection or Le Due's description of

the species, we would have been wholly unprepared for the appearance of this seeming botanical fireworks

display (Figs. 1-3). The flowers, described by Hinton as simply "orange", are in actuality pendent flames—
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$ hintoniorum Le Due photographed in the Sierra de Coalcoman, Michoacan, Me

the perianth tube is bright red, grading into a vibrant yellow with red venation in the limb. However, these

features are lost with drying, and the flowers on both Hinton's and our herbarium collections are nearly

colorless. In contrast to the "few-flowered" inflorescences (Le Due 1992, 1995) of Hinton's specimens, those

on the plants that we encountered comprise a many-flowered, pyrotechnic cascade. To Le Due's otherwise

accurate description we can add that the plants are erect, bushy, perennial herbs reaching 1 m in height

with red stems. In addition to the aforementioned characteristics of the flowers, the stigmas are pink and

the anthers red.

Like Hinton, we encountered M. hintoniorum only in the Sierra de Coalcoman. Whereas the type local-

ity of Villa Victoria is along the Pacific Slope, our initial encounter took place approximately 55 kilometers

(airline) away, at the opposite (northeastern) end of the range within the Balsas Depression. We were brought

to an abrupt stop by the sight of M. hintoniorum while traveling along the unpaved road from Aguililla at the

foot of the mountains to the high-mountain logging town of Dos Aguas. As we approached the unknown

marvel, we were dumbstruck with the realization that we were gazing at a Mrabilis dramatically unlike any

that either of us had ever seen, the myriad cultivars ofM.jalapa L. not excepted. Only a small patch of these

robust plants was found at this site, which we documented with several specimens (Fishbein and Steinmann

51131 Later the same day, we observed another small patch on the southwestern side of the range, between

Dos Aguas and Coalcoman along the road to Villa Victoria, from which no collections were made. We did

not observe the species anywhere else.

It is paradoxical that M. hintoniorum, arguably the showiest species in the genus, should have remained

so obscure, notwithstanding being a narrow endemic to the Sierra de Coalcoman. Two populations were
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found along a moderately traveled, albeit rugged, road that has been traversed periodically by plant col-

lectors, including Rogers McVaugh. In fact, we made our collection at the type locality of Ipomoeafissifolia

(McPherson) Eckenw. It seems likely that the species is indeed endemic to the Sierra de Coalcoman and it

is quite likely rare. Furthermore, it possibly has a very brief flowering span in the early part of the rainy

season, and these factors may help to explain not only the few encounters by plant collectors but also the

absence of the "firecracker four-o'clock" from our gardens.
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ABSTRACT

nally Dry Tropical F

Seasonally Dry Tropical Forests (SDTF) are one of the v

(2006) observed that ca. 97% of these dry forest remnant;

of different anthropogenic threats, such as habitat fragmentation, climatic change, fire, or conversion into

cultivated areas. However, SDTF have received relatively little attention from conservationists and ecologists

in comparison to humid forests (Pennington et al. 2006b).

Little is presently known about the floristic diversity of neotropical SDTF although in recent years

there has been an increasing interest in this vegetation type (Gentry 1995; Giulietti et al. 2006; Pennington

et al. 2006a). However, the growing knowledge of the SDTF flora has stimulated the formulation of various

hypotheses concerning the historical biogeography of this vegetation (Prado & Gibbs 1993; Pennington et

al. 2000, 2004; Prado 2000; Lavin et al. 2004; Queiroz 2006a) and the geographical distribution of its com-

ponent species, and studies have indicated that SDTF are independent phytogeographical units distributed

disjunctly through South and Central America (Pennington et al 2000; Prado 2000).

According to the definition elaborated by Pennington et al. (2000), the neotropical SDTF comprehend

different physiognomies, and can include both forests as well as more open vegetation types where shrubs

predominate. Terrestrial bromeliads and succulent plants belonging to Cactaceae and Euphorbiaceae are
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common in SDTF areas, as well as an ephemeral herbaceous component apparent only during the short rainy

season. Another important aspect characterizing SDTF is their markedly seasonal phenology of flowering

and fruiting, with many species demonstrating synchronous flowering at the transition between the dry

and the rainy seasons (Machado et al. 1997).

The Caatinga domain constitutes the largest and most isolated nucleus of the SDTF (Queiroz 2006a).

It occupies ca. 800,000 Km2 in the northeastern section of Brazil (Ab'Saber 1974) with a semi-arid climate

mainly in the low altitude areas between extensive plateaus and/or mountain ranges (Prado 2003; Queiroz

2006a). Andrade-Lima (1981) noted that the vegetation of the Caatinga domain comprised different physi-

ognomies, including areas of open vegetation dominated by shrubs or areas with relatively tall forests. These

seasonally dry forests are commonly referred to as arboreal caatinga, dry forests, or deciduous forests, and

occur as highly fragmented areas throughout the semi-arid region of northeastern Brazil, principally from

Bahia State through northern Minas Gerais State. In spite of the fact that these dry tall forest areas are situ-

ated within the Caatinga domain (Rizzini 1979; Andrade-Lima 1981), different workers have indicated that

they may in fact be phytogeographically more related to the dry vegetation of the Atlantic Forest domain

(Oliveira-Filho & Fontes 2000; Amorim et al 2005; Oliveira-Filho et al. 2005, 2006), or may represent dis-

junct areas of SDTF without any relationship to the humid areas of the Atlantic Coastal Forests (Pennington

et al. 2000; Prado 2000). The deciduous and semi-deciduous forests of southern and southeastern Brazil,

for example, have been demonstrated to have a strong floristic relationship with the moister sites ofAtlantic

Coastal Forest and therefore should not be treated as a type of dry tall forest included in the Caatinga domain

(Oliveira-Filho & Fontes 2000; Oliveira-Filho et al. 2005). However, Oliveira-Filho et al. (2006) have more

recently proposed a wider definition for SDTF that would treat these same deciduous and semi-deciduous

forests of the Atlantic Forest domain as another nuclei of SDTF.

As such, it is clear that there are still problems to be resolved concerning the nature of SDTF in eastern

South America. The delimitation of SDTF is complicated by the fact that Penington et al. (2000) and Prado

(2000) did not include humid forests in their analyses, while Oliveira-Filho et al. (2006), on the other hand,

included only a very limited sampling of Caatinga areas. Additionally, the knowledge concerning the floristic

composition of many areas of SDTF in northeastern Brazil is still very incipient.

As such, the present study undertook a floristic survey of several fragments of seasonal dry forests in

the Serra do Orobo Mountains in central Bahia State. The floristic relationships of these dry forests will be

discussed here in terms of the present understanding of the phytogeography of SDTF. Specifically, we intend

to demonstrate that the dry forest framents of the Serra do Orobo Mountains are floristically related to the

SDTF floras. To account this goal, we will treat the SDTF as a broader definition (sensu Oliveira-Filho et al.

2006) that encompasses the dry sites of the Atlantic Forest domain as a distinct nuclei from the Caatinga

domain and discuss the relationships of the Serra do Orobo mountain range with these former nuclei.

Study Area

The Serra do Orobo mountain range is located within the municipalities of Ruy Barbosa and Itaberaba in

central Bahia State, Brazil (12°15' - 12°25'S and 40°19' - 40°30'W) (Fig. 1). The range occupies an area of

approximately 7,300 ha and has a maximum elevation of 1,014 m (BAHIA 2002). The region has a semi-

arid climate (SEI 1998), and although there are no systematic rainfall records for this area, estimates of

precipitation in the region place the average annual rainfall at approximately 800 mm (SEI 1998). The aver-

age annual temperature is 26 °C, with an absolute maximum of 33 °C, and an absolute minimum of 18 °C

(SEI 1998). The forest fragments examined have shallow soils that are sometimes covered by a significant

layer of leaf litter. These soils are classified in the main group "luvisoil" and present moderate to high pH

and nutrient levels (IBGE/EMBRAPA 2001). In addition, they are comparatively more fertile than those of

the nearby savannas.

The Serra do Orobo mountain range is located within the Caatinga domain of northeastern Brazil

(Velloso et al. 2002), and several vegetation types can be found there (Fig. 2) according to general altitudi-

nal gradients. A shrubby caatinga with palm trees is most common at lower altitudes, while forests occur
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Fig. 1 . The localization ofthe Serra do Orobo Mountains, near the Chapada Diama 1a, central Bahia State, Brazil.

at higher altitudes (between 450 and 850 meters). Dry forest fragments and riparian forests are found on

the slopes at elevations between 450 and 700 meters. There is a more humid area near the summit on the

southern slope (between 700 and 850 meters) harboring a submontane humid forest. Above the forest zone,

and surrounding the mountain peaks up to the 900 meters, is a savanna-like vegetation with large popula-

tions of Velloziajurcata L.B.Sm. & Ayensu (Velloziaceae). Near the summit, the rock outcrops harbor campo

rupestre (rocky field) vegetation.

Although the Serra do Orobo has suffered strong anthropogenic alterations in 400 years of European

colonization, some forest fragments are still relatively well-preserved. These fragments have extremely high

conservation value as they represent some of the last intact fragments of dry forest in northeastern Brazil.

Additionally, many new species belonging to different groups, such as the fungi (Neojhonstonia minima,

Gusmao & Grandi 2001), psychodid flies (Psychoda serraorobonensis, Bravo et al. 2006) have been described

from this area. Besides, some new species of plants from the campo rupestre vegetation were identified and

are in process of publication (Calliandra, Fabaceae-E.R.Souza & L.P.de Queiroz, pers. comm.; two new
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Fig. 2. Different forest physiognomies found in the Serra do Orobo Mountains, Bahia State, Brazil. A. A fragment of semideciduous forest; B. Riparian

forest extending almost to the top of the mountain, with Eriotheca cf. globosa in bloom; C. A fragment of humid forest covered by fog; D. Interior of

the humid forest, showing many epiphytes.

In 2002, the forest remnants as

range were assigned the status of si

conservation and to biodiversity rese

METHODS

A floristic survey was carried out from August 2004 to June 2006 in the best preserved sites of semidecidu-

ous, riparian, and submontane humid forest fragments. The vegetation classification used here for each for-

est fragment follows Veloso et al. (1991) and stresses the distinct physiognomies and ecological conditions

observed in each. It was studied 8 fragments of semideciduous forests (2.85 km2
), 6 of riparian forests (0.37

km2
) and one of submontane humid forest (0.07 km2

).

During the course of the present study a total of 15 field trips were carried out, each lasting from three

to four days. Of all the 15 studied fragments, the submontane humid forest one was the unique where our

collect effort was lower due to its difficult access and because it was discovered only recently. All fertile

material of vascular plants was collected according to the standard methods described by Filgueiras et al.
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(1994). In some cases, sterile collections were made for species never encountered with flowers or fruits. A

total of 1 ,385 voucher collections were made and subsequently stored at the Feira de Santana State University

Herbarium (HUEFS). In some cases, species that were very difficult to collect were included in the checklist

if they could be positively identified in the field; these are indicated as "Not collected" in Appendix 1.

All specimens were identified by the authors with the aid of identified collections stored at the HUEFS

and/or by using specific bibliographies. Specimens identified only to genus or family, are clearly labeled in

the Appendix. Duplicates were sent to specialists in order to provide or to confirm identifications.

Angiosperm families are organized according to APG II (2003) in the floristic list, and the pteridophytes

: abbreviated according to Brummit and Powell

RESULTS

The vascular flora of the forest vegetation of the Serra do Orobo mountain range comprises 615 species

belonging to 378 genera and 106 families (Appendix 1). Angiosperms are represented by 597 species in 365

genera and 96 families. The pteridophytes included 18 species belonging to 13 genera and 10 families. A

total of 561 taxa were identified to species rank (91.2%). However, in some groups (especially the Myrtaceae),

many taxa were identified only to the genera (51 specimens, or 8.3% of the total collection) or family rank

(3 specimens, 0.5%) due to their taxonomic difficulty.

The semideciduous forests demonstrated the greatest species richness (465 spp.), while 141 and 87

species were sampled in the riparian and in the submontane humid forests, respectively. Considering all

forest fragments together, the commonest life form was trees (182 species), followed by vines (138), herbs

(111), shrubs (104), subshrubs (45), and epiphytes (35). The most diverse families were Fabaceae (95 spe-

cies), Euphorbiaceae (38), Apocynaceae (24), Orchidaceae (24), Rubiaceae (24), Asteraceae (22), Bignoniaceae

(19), Myrtaceae (18), Malvaceae (17), and Rutaceae (15), which together comprised 48% of the total number

of species surveyed in the Serra do Orobo mountain range. Thirty-five families were represented by only a

single species. The most species-rich genera were Croton (11 species), Passiflora (8), Senna (8), Eugenia (7),

Myrcia (7), Solanum (7), Uiconia (6), Bauhinia (5), and Senegalia (5).

Several species were identified by different specialists as being new taxa (Fig. 3). These included:

Dorstenia caatingae (Moraceae; Castro & Rapini 2006), Phanera trichosepala (Fabaceae, Queiroz 2006b), and

undescribed species belonging to the genera Cratylia (Fabaceae-L.P.de Queiroz, pers. comm.), Conchocarpus

(Rutaceae-j.R.Pirani, pers. comm.), Dichorisandra (Commelinaceae-L.Aona, pers. comm.), Eugenia (Myrt-

aceae-M.Sobral, pers. comm.), Sinningia (Gesneriaceae-A.Chautems, pers. comm.), Solanum (Solanaceae-

L.P.de Queiroz & D.Cardoso, pers. comm..), Standleya (Rubiaceae-J.GJardim, pers. comm.), and Spermacoce

(Rubiaceae-E.B.Souza and E.L.Cabral, pers. comm.). Additionally, of the total number of species collected,

12 were considered to be endemic to the dry forest fragments of Serra do Orobo or to the adjacent dry forest

areas. These species are marked by an asterisk in the Appendix 1.

In addition to these new species, other taxa were collected for the first time in Bahia State, including

Bulbophyllumsanderianum (Orchidaceae), Croton warmingii (Euphorbiaceae), and Oxalis roselata (Oxalidaceae)

(Fig. 3). Other interesting collections included Cordia blanchetii (Boraginaceae), Heteranthia decipiens (Solan-

aceae), and Passiflora bahiensis (Passifloraceae), which were only previously known from their type material

collected in Bahia; as well as Pogoniopsis schenckii and Wullschlaegelia calcarata, both very uncommon sapro-

phytic orchids (Fig. 3).

The forest fragments were composed of different plant strata. In general there was a continuous canopy

ca. 20 meters high, composed oiAspidospermaparvijoiium (Apocynaceae), Cariniana estrellensis (Lecythidaceae),

Centrolobium tomentosum (Fabaceae), Cnidoscolus oligandrus (Euphorbiaceae), Ficus pulchella (Moraceae), lis-

teria blanchetiana (Olacaceae), Hirtellaglandulosa (Chrysobalanaceae), Nectandra cf. membranacea (Lauraceae),

Myrsine ferruginta (Myrsinaceae), Peltogyne conjertiflora (Fabaceae), Piptadenia paniculata (Fabaceae), and

Vantanea compacta (Humiriaceae). Emergent trees could reach up to 30-45 meters, and included Eriotheca
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cf. globosa (Malvaceae), Caesalpinia leiostachya (Fabaceae), Cavanillesia arborea (Malvaceae), Ficus cyclophylla, F
gomelleira (Moraceae), Goniorrhachis marginata (Fabaceae), Vochysia sp. (Vochysiaceae), and Uanilkara rufula

(Sapotaceae). Several vine species, mostly belonging to the families Apocynaceae, Bignoniaceae, Fabaceae,

Passifloraceae, and Sapindaceae, occur in the canopy, within treefall gaps, or along the edges of the forest

fragments. The subcanopy was dominated by species of Euphorbiaceae, Fabaceae, Myrtaceae, Melastoma-

taceae, Rubiaceae, and Rutaceae.

The submontane humid forest fragment was the richest area for epiphytes, including Anthurium

pentaphyllum, A. scandens (Araceae), Nematanthus albus (Gesneriaceae), Oncidium cUiatum, O.flexuosum (Or-

chidaceae), Peperomia sp. (Piperaceae), Tillandsia stricta (Bromeliaceae), and Vriesea simplex (Bromeliaceae).

This submontane humid forest fragment also had a dense herbaceous stratum composed of sciophilous

herbs such as Paepalanthus spatulathus (Eriocaulaceae), Sinningia barbata (Gesneriaceae), Begonia petasitifolia

(Begoniaceae), Dichaea congniauxiana (Orchidaceae), Sobralia sessilis (Orchidaceae), Gibasis geniculata (Com-

melinaceae), Ichnanthus grandifolius (Poaceae), and Ruellia affinis (Acanthaceae).
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The commonest species found at forest edges and in disturbed sites were the trees Albizia polycephala

(Fabaceae) and Madura tinctoria (Moraceae), the shrubs Diospyros inconstant (Ebenaceae), Lantana camara

(Verbenaceae), and Senna aversiflora (Fabaceae), the vines Arrabidaea cinerea (Bignoniaceae), Chaetocalyx

scandens (Fabaceae), Dicella bracteosa (Malpighiaceae), Macroptilium erythroloma Fabaceae), and Periandra coc-

cinea (Fabaceae), and the herbs Chaptalia integerrima, Emiliajosbergii (Asteraceae), Pavonia martii (Malvaceae),

Hyptis pectinata, and H. suaveolens (Lamiaceae).

Some tree species present in the best preserved forest fragments, such as Galksia integrijolia ("pau-d'alho",

Phytolaccaceae) and Caesalpinia leiostachya ("pau-ferro"), are used locally as folk medicines. Additionally,

we found evidence of fully grown trees being harvested for their wood, including Copaifera langsdorffii

("pau-d'oleo", Fabaceae), Brosimum guianense ("oiticica", Moraceae), Ocotea glomerata ("loro", Lauraceae), and

Hymenaea courbaril ("jatoba," Fabaceae).

DISCUSSION

Floristic diversity

The forest fragments of Serra do Orobo mountain range demonstrated a relatively higher number of spe-

cies in comparison to other Brazilian semideciduous forests, even comparing the arboreal component only

(Meira-Neto et al. 1989; Oliveira-Filho & Machado 1993; Soares-Filho 2000; Werneck et al. 2000; Jarenkow

& Waechter 2001; Moura & Sampaio 2001; Cielo-Filho & Santin 2002; Paula et al. 2002; Silva & Soares

2002; Nunes et al. 2003; Souza et al. 2003; Andrade & Rodal 2004; Toniato & Oliveira-Filho 2004; Rodal &
Nascimento 2006; Macedo 2007), or shrubby caatinga (Rodal et al 1998; Lemos & Rodal 2002; Pereira et al.

2002; Alcoforado-Filho et al. 2003; Nascimento et al. 2003; Andrade et al. 2004; Rocha et al. 2004), riparian

forests (Vilela et al. 1995; Funch 1997; Passos-Junior 1999; Stradmann 2000; Ribeiro-Filho 2002; Lacerda

et al. 2005), or enclaves of humid forests within the caatinga (locally known as "brejo de altitude") (Tavares

et al. 2000; Rodal & Nascimento 2002; Melo & Rodal 2003; Agra et al. 2004; Barbosa et al. 2004).

The species richness encountered in the submontane humid forest (87 spp.) was surprisingly lower

than would normally be expected in this forest physiognomy in comparison with other studies (Mori 1989;

Lombardi & Goncalves 2000; Tavares et al. 2000; Carvalho-Sobrinho & Queiroz 2005; Amorim et al. 2005;

Neves 2005; Martini et al. 2007), and lower also that observed in the dry and riparian forest fragments of

the same mountain range. This may be due to the reduced size of the fragment examined, and/or to the

relatively low sampling effort in this area. As such, more field trips to the area may reveal the presence of

other species not yet recorded.

With minor variations, the ten most species-rich families in this survey were the same families identi-

fied as important in other SDTF sites, irrespective of the general aspects of the local climate, soil, and forest

physiognomy. Similarly, several of these families (usually Fabaceae, Euphorbiaceae, Apocynaceae, Bignoni-

aceae, Myrtaceae, and Rubiaceae) were important in sand dune areas of the middle Sao Francisco river in

northeastern Brazil (Nascimento et al. 2003; Rocha et al. 2004), in caatinga areas on sandy soils (Araujo

et al. 1998; Rodal et al. 1998; Andrade et al. 2004), shrub caatinga areas on crystalline basement rocks

(Pereira et al. 2002; Alcoforado-Filho et al. 2003), semideciduous forests in southeastern and southern Brazil

(Jarenkow & Waechter 2001; Cielo-Filho & Santin 2002; Paula et al. 2002; Silva & Soares 2002; Toniato &
Oliveira-Filho 2004), riparian forests in the Chapada Diamantina of Bahia State (Funch 1997; Passos-Junior

1999; Stradmann 2000; Ribeiro-Filho 2002), as well as in several neotropical SDTF (Pennington et al. 2000;

Bridgewater et al. 2003; Linares-Palomino et al. 2003). Fabaceae was the most species-rich family in the

Serra do Orobo mountain range as well as in the other sites referred to above. Schrire et al. (2005) presented

historical and biogeographical evidence supporting the hypothesis of a long term association between le-

gumes and dry forests. Amongst the vines, the families with the greatest numbers of species in the Serra

do Orobo (Apocynaceae, Bignoniaceae, Malpighiaceae, Fabaceae, and Sapindaceae) were also encountered

in other semideciduous forest fragments (Hora & Soares 2002; Udulutsch et al. 2004). These too similar

species richness at the family level encountered throughtout different physiognomies of dry vegetation in
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Brazil as well as in the Central and northern South America may also be concerned for justifying that the

Serra do Orobo mountain range should be included into a broad definition of SDTF.

On the other hand, a more restrict evaluation comparing the most species-rich genera may be sugges-

tive to stress that within the different physiognomies of SDTF in eastern Brazil, the dry forest fragments of

the Serra do Orobo Mountains should be floristically related to the semideciduous forests of the Atlantic

Forest domain rather than to the dry shrub-arboreal vegetation of the Caatinga domain. For example, most

of the genera comprising the largest numbers of species identified in this survey, such as Croton, Passiflora,

Miconia, Myrcia, Eugenia, Solatium, and Bauhinia are better represented in several areas of semideciduous

forests (e.g. Soares-Filho 2000; Paula et al. 2002; Silva & Soares 2002; Nunes et al 2003; Andrade & Rodal

2004; Amorim et al. 2005; Macedo 2007) than in shrub-arboreal caatinga areas (Araujo et al. 1998; Rodal

et al 1998; Lemos & Rodal 2002; Pereira et al. 2002; Alcoforado-Filho et al 2003; Cardoso & Queiroz,

unpublished data). Moreover, the paucity of Cactaceae species in the Serra do Orobo Mountains is another

evidence for lack of closer relationship with the Caatinga domain, where this family is usually abundant

(see for example Taylor & Zappi 2002; Rocha et al 2004; Gomes et al. 2006).

Endemism

Among the 152 arboreal species surveyed in the dry forest fragments in the Serra do Orobo Mountains,

16 (see Appendix 1) are conspicuous representatives of the SDTF flora (Prado & Gibbs 1993). Besides, the

genera Apuleia (Fabaceae), Brasiliopuntia (Cactaceae), and Pterogyne (Leguminosae) surveyed here are endemic

to the SDTF as a whole (Prado 2000). In addition, another 14 species considered endemic to the caatinga

domain occur in the dry forest fragments of the Serra do Orobo Mountains or in other nearby areas, such

as Anemopaegma laeve (Bignoniaceae), Apodanthera glaziovii (Cucurbitaceae), Averrhoidium gardnerianum

(Sapindaceae), Capparis jacobinae (Brassicaceae), Heteranthia decipiens (Solanaceae), and Senna acuruensis

var. caatingae (Fabaceae) (Giulietti et al. 2002). This highlights that the Serra do Orobo Mountains may be

indeed related to the other remmants of seasonlly dry forests of the neotropics.

The presence of a considerable number of new species (ten) in the dry forest fragments in the Serra

do Orobo Mountains may be explained in term of the processes of metacommunities, a model recently put

forward for explaining the maintenance of diversity within SDTF (Lavin et al. 2004; Schrire et al. 2005).

These authors propose that the biogeography of the succulent biome (which includes neotropical SDTF)

can be better understood on a global scale by postulating metacommunities than by proposing historical

processes of speciation due to climatic changes or tectonic movements. According to this model, SDTF

cur in isolated areas (i.e. much like islands isolated within the continental area), with each area function

like a local community that is linked to other areas through species exchange based on random dispersal

events. The more extreme environmental conditions in SDTF restrict colonization by species orig:

in most other vegetation formations (Lavin et al. 2004), limiting the rate of immigration into a give

community and resulting in floras that are locally endemic. These processes also result in genera with very

few species in local SDTF communities, in contrast with those observed in humid forests (Lavin 2006).

For example, the most diverse genera in SDTF (e.g. Senegalia, Croton, Machaerium, Mimosa, Senna, and Zan-

thoxylum) usually do not comprise more than ten species in any given forest area (see Werneck et al. 2000;

Nascimento et al. 2003; Rodal & Nascimento 2002; Bridgewater et al. 2003; Linares-Palomino et al. 2003;

Melo & Rodal 2003; Rodrigues et al. 2003; Santos & Kinoshita 2003; Andrade & Rodal 2004; Lemos 2004;

Rocha et al. 2004; and this study), while the most diverse genera in humid forests (e.g. Eugenia, Inga, Miconia,

Myrcia, Pouteria, Psychotria, and Solanum) can have from 15 to even 27 species of the same genus occurring

in the same locality (see Amorim et al. 2005; Neves 2005; Moreno et al. 2003; Lombard! & Goncalves 2000;

Oliveira & Amaral 2004; Martini et al. 2007).

The dry forests of Brazil are distributed in a fragmented and isolated fashion (very much like islands),

which has led to the appearance of a significant number of endemic species. For example, 12 species en-

countered in this study had distributions limited to the forest fragments of the Serra do Orobo Mountains

and adjacent areas. As such, we suggest that the endemism observed in these forests can be explained (on
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a regional level) by the processes of metacommunities, in much the same way as species exchange has been

proposed on a continent scale (Lavin et al. 2004; Lavin 2006; Schrire et al. 2005). In that context, the forest

vegetation of the Serra do Orobo Mountains as a whole could be viewed as a local community that is isolated

from other dry forest fragments found in eastern Brazil. Additionally, the recognition that this set of dry

forest fragments (together with the Serra do Orobo Mountains) is a regional metacommunity is supported

by the presence of disjunct species among the different areas—a pattern that has been similarly observed

at a continental scale among the different nuclei of SDTF (Pennington et al. 2006b; Lavin et al. 2004).

Cordia blanchetii, for example, has only been observed in the Serra do Orobo Mountains and in another dry

forest fragment in Jequie, Bahia State; Passiflora bahiensis has been recorded only in a few collections from

an urban forest fragment in Salvador, Bahia; Croton warmingii demonstrates a disjunct distribution within

other semi-deciduous forest fragments in southeastern Brazil; Dimorphandra jorgei and Senna acutisepala

(Fabaceae) are known in Bahia only from a few semideciduous forest fragments in the southern part of that

state; and Margaritopsis carrascoana (Rubiaceae) occurs in isolated areas of dry vegetation from Ceara State

to northeastern Bahia.

Floristic relationships

Riparian forests.—These forests are closely associated with rivers and are widely distributed throughout

Brazil, principally in the central region of the country (Oliveira-Filho & Ratter 1995), although local abiotic

conditions may not always be adequate for the establishment of typical riparian forests (Rodrigues 2000).

The riverside forests of the Serra do Orobo Mountains grow in steep and relatively narrow valleys. As such,

their contact with the neighboring semideciduous forests is very great, and frequently results in intercalation

with species commonly found in those forests, such as Cupania rigida (Sapindaceae), Dictyoloma vandellianum

(Rutaceae), Machaerium acutijolium (Fabaceae), Pera glabrata (Euphorbiaceae), Piper arboreum (Piperaceae),

Shoepfia brasiliensis (Olacaceae), and Vitex aff. klugii (Lamiaceae). However, a majority of the arboreal species

encountered in the riparian forests occur only in this vegetation type. Many of the species occurring in the

Serra do Orobo Mountains have been reported from riparian forests in the Chapada Diamantina in central

Bahia (Funch 1997; Passos-Junior 1999; Stradmann 2000; Ribeiro-Filho 2002) as, for example, Bowdichia vir-

gilioides (Fabaceae), Byrsonima sericea (Malpighiaceae), Clusia nemorosa (Clusiaceae), Ficuspulchella (Moraceae),

Inga thibaudiana (Fabaceae), Pouteria ramiflora (Sapotaceae), Sloanea guianensis (Elaeocarpaceae), Simarouba

amara (Simaroubaceae), Richeria grandis (Euphorbiaceae), Roupala montana (Proteaceae), and Vantanea com-

pacta. However, some species observed in the riparian forests of the Serra do Orobo Mountains are widely

distributed within the riparian forests of central Brazil, such as Copaijera langsdorffiU Hirtella glandulosa, Ta-

pirira guianensis, and the tree-fern Cyathea delgadii (Cyatheaceae) as noted by Oliveira-Filho & Ratter (1995).

These same authors postulated that these riparian forests could act as ecological corridors linking the two

principal nuclei ofhumid forests in South America (the Atlantic Coastal Forest and the Amazon Forest) due

to their dendritic distribution throughout all of the Cerrado Biome in central Brazil.

Semideciduous and humidforestfragments.—The classification of the seasonal dry forests of northeastern

Brazil is still a controversial subject. Andrade-Lima (1981) considered these forests as being related to arboreal

caatinga, and thus part of the Caatinga domain. Prado (2000) and Pennington et al. (2000), based principally

on the patterns of distribution of the arboreal species, adopted a similar circumscription, but considered

the caatinga and the seasonal dry forests of eastern Brazil as part of a greater phytogeographical unit of the

neotropics—the so common referred seasonally dry tropical forests (SDTF)—as distinct from the Atlantic

Coastal Forest. This phytogeographical unit would comprise a large variety of vegetation formations, from

tall forests in more humid areas to cactus scrub in the driest regions. This controversy can be clearly seen

in the great variety of names applied to these different physiognomies, such as: tropical and subtropical dry

forests, caatinga, mesotrophic, mesophilous or mesophytic forest, semideciduous or deciduous forest, bosque

caducifolio, and thorn woodland (Pennington et al. 2000).

On the other hand, Oliveira-Filho et al. (2006) performed similarity analyses with areas of seasonal

dry forests, shrub-arboreal caatinga, and humid Atlantic Coastal Forest areas, and identified greater floristic
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affinity between seasonal dry forests and Atlantic Coastal Forest areas than with shrub-arboreal caatinga

vegetation. As such, Oliveira-Filho et al. (2006) proposed a wider definition ofSDTF of eastern South America

that would include the three major floristic nuclei of dry vegetation formations: the Caatinga, the Chaco,

and the seasonal forests of the Atlantic Forest domain, sensu latissimo.

An analysis of arboreal and shrub species distributions from semideciduous and humid forest frag-

ments in the Serra do Orobo Mountains demonstrated that 106 species (46.5%) also occur in areas of the

Atlantic Forest domain (sensu Oliveira-Filho et al. 2006), including Chrysophyllum gonocarpum (Sapotaceae),

Esenbeckia leiocarpa (Rutaceae), Lonchocarpus cultratus (Fabaceae), Myrcia rostrata (Myrtaceae), Swartzia apetala

(Fabaceae), and TricMia hirta (Meliaceae). A total of 56 species (24%) were common to areas sampled in the

Caatinga domain, and included Aspidosperma pyrifolium (Apocynaceae), Mimosa tenuiflora, Poeppigiaprocera,

Senna spectabilis (Fabaceae), andZiziphusjoazeiro (Rhamnaceae) (Giulietti et al. 2006). Of these species, only

nine of were considered as endemic to the Caatinga domain (Giulietti et al. 2002). Additionally, if consider-

ing all the 318 endemic species to the Caatinga domain cited by Giulietti et al. (2002), another eight non

arboreal or shrub species occur in dry forest fragments of the Serra do Orobo Mountains or in other nearby

areas. However, these 17 species make up only 4.5% of the total endemic flora of the Caatinga domain,

suggesting that the dry forests of the Serra do Orobo Mountains might not be phytogeographically related

to the Caatinga domain, but rather are of Atlantic Forest vegetation. Therefore, these numbers reinforce the

hypothesis of Oliveira-Filho et al. (2006) that the semideciduous forests of eastern Brazil are floristically

more closely related to the Atlantic Forest domain than to the Caatinga domain.

These suggestions are further strengthened by comparisons made between the flora of the Serra do

Orobo Mountains and the Serra do Teimoso Reserve (a fragment ofAtlantic Coastal Forest in southern Bahia

State). The Serra do Teimoso Mountains, like the Serra do Orobo Mountains, have dry vegetation at their

lower altitudes but more humid conditions exist at greater elevations, and the flora there is more closely

related to the Atlantic Forest domain than to the SDTF sensu Pennington et al. (2000) (Amorim et al. 2005).

Among the 252 arboreal species that occur in the Serra do Teimoso Mountains, 52 can also be found in the

Serra do Orobo Mountains, including Andira fraxinijolia (Fabaceae), Brasiliopuntia brasiliensis (Cactaceae),

Brosimum guianense (Moraceae), Cavanillesia arborea (Malvaceae), Caesalpinia pluviosa, Centrolobium tomen-

tosum, Goniorrhachis marginata (Fabaceae), Guapira opposita (Nyctaginaceae), Urera caracasana (Urticaceae),

and Zanthoxylum rhoifolium (Rutaceae). Examples of shrubs and herbaceous species held in common include:

Costus spiralis (Costaceae), Sinningia barbata (Gesneriaceae), Coccoloba dedinata (Polygonaceae), Faramea

hyacinthina (Rubiaceae), and Conchocarpus macrophyllus (Rutaceae). Additionally, species such as Croton

warmingii (Euphorbiaceae), Dimorphandra jorgei (Fabaceae), and Heteropterys macrostachya (Malpighiaceae)

demonstrate a disjunct distribution pattern between the Serra do Orobo Mountains and the semideciduous

forests within the Atlantic Forest domain.

Thus, while there exists significant data demonstrating a close phytogeographical relationship between

the Serra do Orobo Mountains and the SDTF nuclei of seasonal dry forests within the Atlantic Forest do-

main, additional studies involving a larger number of areas also from the Caatinga domain would be useful

in confirming some of the conclusions presented here.

APPENDIX 1

Species list of re plants found in semideciduous, riparian, and submontane humid forests of the Serra do

Orobo Mountains, Bahia State, Brazil. The asterisk before the species names highlights the endemics from

Serra do Orobo mountain range and/or adjacent dry forest areas and a circle refers to the representative arbo-

real species ofSDTF according to Prado & Gibbs (2002). Abbreviations for vegetation types: SF: semidecidu-

ous, RF: riparian, and ShF: submontane humid forests; abbreviations for collectors are: LP=L.P.de Queiroz;

^.B.Costa;
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ANGIOSPERMS

Acanthaceae

Anisacanthus brasiliensis Lindau - L? 9383; Sub, SF

Justicia sp. -LP 9981; Herb, 5F

Lepidagathis sp. - C 387; Sub, SF

Lindau - LP 1 0771 ; C 296; Vine, ShF

Rueliia bohiensis (Nees) Morong - C 381; Sub, SF

Agavaceae

Herreria saisaparilha Mart. - LP 1 2022; Vine, SF

Amaranthaceae

Alternanthera brasiliana (L.) Kuntze - LP 9538; Herb, RF

Gomphrena demissa Mart. - LP 9801 ; Herb, SF

Amaryllidaceae

Hippeastrum stylosum Herb. - C 835;

Anacardiaceae

Anacardium occidentale L. - LP 9392, 9434; Tree, SF

Spondias venulosa (Engl.) Engl. - LP 9470, 1 2028; Tree, SF

Tapirira guianensis Aubl. - LP 9778, 9802; C 343; Tree, RF, SF

Annonaceae

Oxandra reticulata Maas - LP 9788; Tree, SF

Rollinia emarginata Schltdl. - LP 9840; Tree, SF

Roliinia sylvatica (A.St.-Hil.) Mart. - LP 9967, 10663; C 232;

Tree,SF

Apocynaceae

Asdepias curassavica L - LP 9551 ; Sub, SF

Aspidosperma discolor A.DC. - C 1 274, Tree, ShF

Aspidosperma parvifolium A.DC. - LP 981 6, 1 2230; Tree, SF

° Aspidosperma pyrifolium Mart. - LP 9785; Tree, SF

Blepharodon nitidum (Veil.) J.F.Macbr. - LP 9876; C 356;

RF,SF

e, RF, SFDitassa oxyphyl'laTurcz. - LP 9;

Forsteronia sp. - LP 1 0830; Vine, SF

Forsteronia glabrescens Mull.Arg. - C 1 288; Vine, SF

Forsteronia pubescens ADC - LP 9944; Vine, SF

Qonolobus cordatus Malme - LP 1 0837; Vine, SF

Macroditassa adnata (E.Fourn.) Malme - LP 9264; Vine, RF

Mandevilla funiformis (Veil.) K.Schum. - C 270; Vine, SF

Mandevilia scabra (Hoffmanns, ex Roem. & Schult.) K.Schum.

-C 324; Vine, RF

Matelea maritima (Jacq.) Woodson - LP 1 0643; Vine, SF

Oxypetalum erostre E.Fourn. - LP 1 0763; C 1 289; Vine, SF

Oxypetalum pedicellatum subsp. harleyi Fontella & Goyder - LP

9851; C 767; Vine, SF

Peltastes peltatus (Veil.) Woodson - LP 12084; C 828; Vine,

ShF, SF

Prestonia bahiensis Mull.Arg. - LP 9836; C 1 293; Vine, SF

Prestonia coalita (Veil.) Woodson - LP 1 0689; C 378; Vine, SF

Rauvolfia bahiensis A.DC. - LP 1 0804, 1 2247; Tree, ShF

Schubertia multiflora Mart. - LP 1 0692; Vine, SF

Secondatia floribunda A.DC. - LP 9896; Vine, SF

Tabernaemontana solanifolia A.DC. - LP 9300, 981 2; Tree, SF

Temnadenia violacea (Veil.) Miers - LP 9867; C 347; Vine, RF

Anthurium scandens (Aubl.) Engl. - C 1 275, Epi, ShF

Monstera adansonii var. klotzschiana (Schott) Madison

12090, Epi, ShF

Geonoma pauciflora Mart. - LP 951 3; Shrub, RF

Geonoma pohliana Mart. - LP 12254; Shrub, ShF

Syagrus coronata (Mart.) Becc. - LP 9846; Tree, SF

Aristolochiaceae

Aristolochia eriantha Mart. & Zucc. - LP 9447; C 798; Vine, SF

Aristolochia gigantea Mart. & Zucc. - H 53484; LP 10668; C

376; Vine, SF

Asteraceae sp. - LP 9940; Shrub, SF

Acanthospermum australe (Loefl.) Kuntze - C 792; Herb, SF

Achyroclinesatureoides (Lam.) DC. - LP 1 0752; Sub, SF

Acritopappus confertus (Gardner) R.M.King & H.Rob. - LP

12249; Tree, ShF

Baccharis calvescens DC. - H 55454; Shrub, SF

tegerrima (Veil.) Burkart - LP 9857; C 358;

SF

Chromolaena cf. laevigata (L ig & H.Rob. - LP

10770; Shrub, SF

455; P 389; Shrub,

53480; LP 10709;

Shrub, SF

Delilia biflora (L.) Kuntze - LP 1 0737; Herb, SF

Elephantopus sp. - LP 9543; Herb, RF

Emilia fosbergii Nicolson - C 1 284; Herb, SF

Erechtites hieracifolia Raf. ex DC. - LP 1 2239, Sub, SF

Eremanthus capitatus (Spreng.) MacLeish - LP 12248;

Lepidaploa cc ix Spreng.) H.Rob. LP 9^

mania cordifolia (L.f.) Willd. - LP 1 081 6; Vine, ShF

mania elliptica DC. - LP 9508; Vine, RF

mania obovata DC. - C 1 278; Vine, ShF

'erbesina macrophylla (Cass.) S.F.Blake - LP 9294; Sub, SF

Sana (L) H.Rob. - LP 9554; C 805; Shrul

RF, SF

iq (Schrank) Kuntze - LP 1 2278; H

Begoniajairi Brade - LP 9403, 1 0787; Herb, ShF, SF

Begonia lobata Schott - LP 9925; C 247; Shrub, RF

Begonia petasitifolia Brade - LP 9768, 1 075 1 ; Sub, RF, ShF

Schott -LP 10790; Shrub, ShF

Bignoniaceae

Adenocalymma sp. - LP 1 2024; Vine, SF

Anemopaegma laeve DC. - LP 1 0832; Vine, SF

Arrabidaea craterophora (DC.) Bureau - LP 1 0677; Vine, SF

Arrabidaea cinerea Poepp. - LP 9253; C 278; Vine, RF, SF

Arrabidaea triplinervia (Mart, ex DC.) Baill. ex Bureau C 1 241

;
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Cybistaxantisyphilitica (Mart.) Mart. - LP 9475; Tree, SF

Fridericia speciosa Mart. - C 277; CO 1 7; Vine, SF

Handroanthus heptaphyllus (Veil.) Mattos - 1 2038; Tret

Cactaceae

Brasiliopuntia brasiliensis (Willd.) Haw. - LP 9469; Tt

Epiphylium phyllanthus (L) Haw. - C 332; Epi, SF

Lundia cordata (Veil.) A.DC. - LP 1 0773; C 81 2; Vine, ShF, SF

Memora vallda K.Schum. - LP 9784; B 1 236; Vine, SF

diacorymbosa (Vent) Bureau ex K.Schum. -C 268

276, 1282; Vine, SF

Piriadacus erubescens (DC.) Pichon - LP 9931 ; C 284; Vine, SF

Proterantha gionduloso A.H.Gentry [New undescribed genus]

-LP 9799, 9901 ; Vine, SF

Tynanthus sp. - LP1 068 1 ; C 357; Vine, SF

Tynanthus labiatus (Cham.) Miers -LP 10661; Vine, SF

Boraginaceae

Cordia curassavica Oacq.) Rot

Shrub, SF

Canna glauca L. - C 814; Herb, RF

Celastraceae

Hippocratea voiubilis L. - LP 9556; V

Tontelea nectandrifolia (A.C.Sm.) A.C.Sm. - LP 9890, 1:

C 234; Vine, SF

Chrysobalanaceae

Hirteila gianduiosa Spreng. - LP 9539, 9776; Tree, RF, SF

Hirtella racemosa Lam. - LP 9544; C 31 5; Shrub, RF, SF

H 53485; LP 9939; Clusiaceae

jc? G.Mey. - LP 9868; C 808, 827; Tree, RF, ShF

a (Vahl) Eichler - LP 9\

Heliotropium procumbens Mill. - LP 1 2280; Sub, SF RFShF '

Heiiotropium transalpinum Veil. -C 367; Sub, SF

Tournefortia rubicunda Salzm. ex DC. - LP 9978; Shrub, SF

Capparis brasiiiana DC. - LP 9843, 1 2079; Shrub, SF

° Capparis fiexuosa (L.) L. - LP 9930; C 302; Vine, SF

Commelinaceae

Commelina benghalensis L. - C 348; Herb, RF

* Dichorisandra sp. nov. - LP 1 21 1 5; C 305; Herb, SF

Qibasis geniculata (Jacq.) Rohweder - LP 1 0797; Herb, ShF

Capparisjacobinae Moric. ex Eichler - LP 9968; Shrub, SF

Capparis lineata Pers. - H 53483; LP 9934; C 271 ; Vine, SF

Crataeva tapia L. - LP 1 2056; Tree, SF

Connaraceae

Connarus detersus Planch. - C 298; Tree, ShF

Rourea sp. -LP 12004; Shrub, RF

Rourea doniana Baker - LP 1 21 09; C 291 ; Shrub, SF

Aechmea aquiiega (Salisb.) Griseb. - LP 1 2055; Herb, SF

Aechmea bromeiiifolia (Rudge) Baker - C 295; Herb, ShF

Aechmea nudicauiis (L.) Griseb. - C 327; Epi, RF

Billbergia porteana Brongn. ex Beer - LP 9790; Epi, SF

Rourea martiana Baker - LP 9894; C 242; Vine, SF

Convolvulaceae

Evolvulusglomeratus Nees & Mart. - LP 9910; C 286; SF

Evolvulus latifoiius Ker Gawl. - N 1 027; C 331 , 1 21 8; Sub, SF

Ipomoea sp. - LP 1 0740; C 766; Vine, SF

siliflora (Ruiz & Pav.) Mez - LP 10820; C 829; Epi,

ShF

Ipomoea hederifolia L - LP 1 0736; Vine, SF

Ipomoea wrightii A.Gray - LP 1 2283; Vine, SF

Cryptanthus bahianus LB.Sm. - LP 9793; Herb, SF

Tillandsia polystachia (L.) L. - LP 1 0848; Epi, SF

Tillandsia stricta Sol. ex Sims - LP 1 0774, 1 0793; Epi, ShF

Tillandsia usneoides (L.) L. - Not collected, Epi, SF

Vriesea procera (Mart, ex Schult.f.) Wittm. - LP 12251, He

ShF

Vriesea simplex (Veil.) Beer - C 288, Epi, ShF

Burmanniaceae

Apteria aphylla (Nutt.) Barnhart ex Small - LP 10616; C 3'

f.-C9483; SF

teisn.- LP 9985; C 389; Vine, SF

itia montana (Moric.) Meisn. - C 31 9; Vine, RF

Hallier f - LP 1 0639; C 3 1 6; Vine, SF

Cucurbitaceae

Anisosperma sp. - LP 1 21 1 1 ; Vine, SF

Apodanthera sp.-C 380; Vine, SF

Apodantheraglaziovii Cogn. - LP 1 2064; Vine

Cayaponia cf. petiolulata Cog n . LP 1 2069; Vi
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-LP 12 e,SF

Psiguria triphylla (Miq.) CJeffrey - LP 1 0700; Vine, S

Cunoniaceae

Lamanonia ternata Veil. - LP 9270, 1 2092; Tree, RF
;

:

Cyperaceae

Cyperus cf. compressus L - C 1 255; Herb, SF

Cyperus laxus Lam. - C 372; Herb, SF

Rhynchosporo cephalotes (L) Vahl - LP 9430, 102

RF,SF

Rhynchosporo cf. exaitata Kunth - LP 9428; Herb, Rl

Scieria bracteata Cav. - H 55452; Herb, RF

Scleria lotifolia Sw. - H 55451; LP 9242; Herb, RF

Dilleniaceae

Doliocorpus sp. - LP 9537; Vine, RF

Dioscoreaceae

-LP 9958; Vine, SF

ssima Lam. -LP 12088; Vine, SF

iecaneura Veil. - LP 1 071 1 , 1 2279; Vine, SF

Lam. -C 1222; Sub, SF

iaill. -LP 9271; Shrub, RF

Mull.Arg.-LP 10005;Shr

s/tfens/s Lam. -LP 9986; Vi

Dalechampia cf. pentaphylla Lam. - LP 9402; Vine, SF

Daiechampia scandens Veil. - LP 9903; Vine, SF

Dalechampia sylvatica S.Moore - LP 1 0674; C 802; Vine, SF

Euphorbia comosa Veil. - LP 1 0806; C 1 267; Herb, ShF, SF

Euphorbia hyssopifolia L. - LP 971 7 , Herb, SF

Euphorbia insulana Veil. - LP 1 0796; C 1 285; Herb, ShF, SF

faUle -LP 9933; Shrub, SF

P 9761,5

Manihotsp.-- C 310; Tree, SF

Manihotcf.anomala Pohl - LP 9904; C 385, 782; Tr<

Manihot cf.e,pruinosa Pax & K. Hoffm. - LP 9387; Tn

Pachystromci iongifolium (Nees) I.M. Johnst. - I

Tree,SF

Pera glabrata (Schott) Poepp. ex Baill. - LP 1 2243; C

ens/s Klotzsch - L 259; Tree, SF

Richeriagrand/sVahl- LP 1 0028; Tree, RF

-LP 9941, 12097, 12792;

Eriocaulaceae

Paepalanthus spathul

tills kubl- LP 10754;

-LP 9504, 9782; Tr

LP 10768; Herb, S\

Erythroxylum polygonok

Viart. - LP 9830, 9902, 2005; Tn

?*Mart. -LP 9936, 10720;C 3!

Euphorbiaceae

Acalypha amblyodonta (Mull.Arg.) MulLArg., Shrub, SF

Acaiypha brasitiensis Mull.Arg. - LP 10006, 10683, 10799;

Shrub, ShF, SF

Actinostemon concolor (Spreng.) MulLArg.- LP 9952;

SF

Cnidoscolus oiigat

Cnidosc

Croton*

IQll.Arg.- LP 12047; C 1215;

I.) Pax -LP 9451, 9408; Tree,

s(L) Arthur -LP 9995; Shrub, SF

-MulLArg. -LP 9265; Shrub, RF

s Baill.- LP 1 2041 ;C 262; Shrub, SF

MulLArg. -LP 9961; Shrub, SF

?r.-C 1256; Sub, SF

-LP 9926; C 801; Shrub, RF, SF

s Mart, ex Mull.Arg. - LP 9895; Shrub, SF

is Baill. - LP 9295, 1 0662; Shrub, RF, SF

.am.-C363;Sub,SF

-LP 10002; Vine, SF

-LP 981

7

jb,SF

Bauhinia sp.2 - LP 1 2043; Vine, SF

Bauhinia forficata Link - LP 981 5; Tree, SF

igifoiia (Bong.) Steud. - LP 1 0753; C 364; Tree, SF

Bauhinia maximilianii Benth. - C 787; Vine, SF

Caesaipinia aff. echinata Lam. - LP 9405; Tree, SF

Caesalpinia ieiostachya (Benth.) Ducke - C 1 250; Tree, SF

Caesaipinia piuviosa DC. - LP 1 2264; Tree, SF

ginea (Schrad.) Schrad. ex DC. var. ferruginea - C

301;Tree,SF

Chamaecristanictitans var. pilosa (Benth.) H.S.Irwin & Barneby

-LP 9278; Sub, RF

Chan

Barneby - LP 9833; C 236; Shrub, SF

Copaifera cearensis Huber ex Ducke - LP 9586; Tree, SF

Copaifera tangsdorffii Desf. - LP 1 0625, 1 0756; Tree, RF, SF

Dimorphandrajorgei M.F.Silva - C 834; Tree, ShF

iymenaeacourbiirii L-C 768; Tree, SF

la Schott -LP 10836; Tree, SF

Itogyne conferti;flora (Hayne) Benth. - LP 10779, 10831;

Tree, ShF, SF

Itogyne aff. recitensis Ducke -LP 1201 3; Tree, SF

ium (Spreng.) Taub. var. dubium - LP 9258;

C306,243;Treb,RF,SF

jala LRQueiroz - LP 941 3; C 281 ; Vine, SF

'oeppigia procera var. conferta Benth. - LP 9914; C 257;
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ilobium tomentosum Guill. ex Benth. - H 53496; LP

ensis var. catingae (Harms) H.S.Irwin & Barneby - LP

524; Shrub, SF

isepala (Benth.) H.S.Irwin & Barneby - C 1270;

Senna aversiflora (Herb neby - 0739,

Senna hirsuta (L) H.S.Irwin & Barneby - LP 10672, 10695;

Shrub, SF

Senna macronthera var. micans (Nees) H.S.Irwin & Barneby -

LP 9292; Tree, SF

Senna multijuga var. verrucosa (Voge!) H.SJrwin & Barneby - LP

9555; Tree, SF

Senna penduta (Willd.) H.S.Irwin & Barneby- LP 9453, 9980;

Shrub, SF

Senna spectabilis var. excelsa (Schrad.) H.S.Irwin & Barneby

-C 360; Tree, SF

Fabaceae-Mimosoideae

Albizia poiycephala (Benth.) Killip ex Record - C 274; Tree, SF

Blanchetiodendron blanchetii (Benth.) Barneby & J.W.Grimes

-LP 98 13, 9984; Tree, SF

Inga eduiis Mart. - LP 9302; C 374; Tree, SF

Inga aff. laurina Desv. - LP 9990; C 807; Tree, SF

inga subnuda Salzm. ex Benth. subsp. subnuda - C 289;

Tree, SF

Inga thibaudiana DC. subsp. thibaudiana - LP 10029; C 252;

Tree, RF

Mimosa invisa Mart ex Colla - LP 9277; Shrub, RF

Mimosa tenuiflora (Wild.) Poir. - LP 1 2242; Tree, SF

Piptadenia sp. - LP 9255, 1 2007; Vine, SF

Piptadenia adiantoides (Spreng.) Macbr. - LP 9825, 0713;

Pseudopiptadenia contorta (DC.) G.P.Lewis & M.RLima - LP

1 2032; Tree, SF

Samanea inopinata (Harms) Barneby & J.G.Grimes - LP 9473;

Tree,SF

Senegaiia spA -LP 12068; Tree, SF

Senegaiia sp.2 - LP 10657; Vine, SF

artiusiana (Steud.) Seigier & Ebinger - LP 0729;

C 390; Shrub, SF

Senegaiia riparia (Kunth) Britton & Killip - C 351 ; Tree, SF

Senegaiia velutina (DC) Seigier & Ebinger - C 382; Shrub, SF

Fabaceae-Papilionoideae

Aeschynomene eiegans Schul. & Cham. var. elegans - LP

10688; Sub, SF

Aeschynomene histrix var. densiflora (Benth.) Rudd - LP 9293;

Sub,SF

Andira fraxinifolia Benth. - LP 9284; Tree, RF

Bionia coriacea (Ness & Mart.) Benth. - LP 9272; Shrub, RF

3;Tree,SF

Centrosemasagittatum (Humb. & Bonpl. ex Willd.) Brandegee

- LP 9441, 1001 3; Vine, SF

Centrosema virginianum (L.) Benth. - LP 9974; Vine, SF

scandens var. pubescens (DC.) Rudd. - LP 9454;

Vine,SF

Clitoria falcata Lam. - LP 9463; Vine, SF

nfolia Poir. -LP 10631; Sub, RF

)V.-LP10656;CO15;Vine,SF

olosericea Nees & Mart. - LP 9426; C 322; Sub, SF

Crotalaria micans Link. - LP 1 0651 ; Sub, SF

laris Rizz. & Mattos - LP 1 2029; Tree, SF

Desmodium barbatum (L.) Benth. - C 800; Herb, SF

Desmodium incanum (Sw.) DC. - LP 1 0645; Herb, SF

i tortuosum (Sw.) DC. - LP 1 0644; Herb, SF

i uncinatum (Jacq.) DC. - C 1 248, 1271; Herb, SF

Dioclea violacea Mart, ex Benth. - C 352; Vine, RF

Galactia striata (Jacq.) Urb. - LP 1 0687; C 359; Vine, SF

Indigofera suffruticosa Mill. - LP 9983; Sub, SF

Lonchocarpuscultratus (Veil.) A.M.CAzevedo & H.C.Lima - LP

n Vogel -LP 9433, 10000; C 2 1

idle Benth. -LP 12020; Tree, SF

Machaerium hirtum (Veil.) Stellfeld - C 287; Tree, SF

n erythroloma (Mart, ex Benth.) Urb. - LP 10640;

C371;Vine,SF

Myrocarpus fastigiatus Allemao - LP 1 201 7; C 1 230; Tree, SF

)93; C 249; Vine,

s) Klitgaa

0;C1251;Tree,SF

Platypodium elegans Vogel - LP 1 001 7, 1 0667; Tree, SF

Poiretia punctata Desv. - LP 1 0650; C 778; Vine, SF

Rhynchosia eduiis Griseb. - LP 1 0641 ; Vine, SF

Rhynchosia melanocarpa Grear -LP 10671; Vine, SF

Rhynchosia phaseoloides (Sw.) DC. - LP 9924; Vine, RF

Rhynchosia reticulata var. kuntzei (Harms ex Kuntze) Grear - (

81 5; Vine, SF

Stylosanthesscabra Vogel - LP 1 0647; Herb, SF

Swartzia acutifolia Vogel - LP 941 4, 9948; Tree, SF

Swartzia apetala Raddi var. apetala - LP 1 001 5, 1 2073; Tree

Vigna Candida (Veil.) Marechal, Mascherpa & Stainier - LP

12272; Vine, SF

Zollemia ilicifolia (Brongn.) Vogel - LP 1 2030; Tree, SF

Irlbachiapurpurascens (Aubl.) Maas - LP 1 0634; Sub, RF

Voyria aphylla (Jacq.) Pers. - LP 1 061 8; C 345; Herb, RF

-LP 9:

Canavalia parviflora Benth. - 1 ;

Nematanthus albus Chautems - LP 1 0782, Epi, ShF

iov. - LP 1 2277, DC 2066, Herb, SF

Sinningia barbata (Nees & Mart.) G.Nicholson - LP
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Heliconiaceae

Tetrapterys sp.1 - LP 9947; Vine, SF

Tetrapterys sp.2 - CO 1 6; Vine, SF

Thryallis longifolia Mart. - C 235; Vine, SF

Trimezio spothata subsp

Juncus microcephalus H.B.K. - LP 1 0757; Herb, SF

Lamiaceae

Hyptis pectinata (L.) Poit. - LP 1 0765; Herb, SF

(L'Herit.) Briq. -LP 10003; Sub, SF

Hyptis suaveoiens (L) Poit. - LP 1 0638; C 362; Herb, SF

Ocimum campechianum Mill. - H 28446; LP 9997; Herb, SF

-H 53497; LP 10792; Sub, ShF, SF

gii Moldenke - LP 9946, 1 201 5; C 283, 326; Tree,

RF,ShF,SF

Onnamomum sp. - LP 10023; Tree, SF

Nectandra sp. - LP 1 2233; Tree, SF

Nectandra cf. membranacea (Sw.) Griseb. - H 53500; 1 0684;

C 365; Tree, RF, SF

Ocotea glomerata (Nees) Mez - LP 1 2059; C 795; Tree, SF

Ocotea velutina (Ness) Rohwer - LP 10635; C 1292, 1290;

-LP1C

la (Casar.) A.Robyns

Tree,ShF,SF

Cavanillesiaarborea (Willd.) K.Schum. -C 2295; Tree, SF

Corchorus hirtus L - LP 1 0646; Sub, SF

Eriotheca cf. globosa A. Robyns - LP 10030, 10776; Tree, RF,

ShF

Eriotheca macrophylia (K.Schum.) A.Robyns - C 1237; Tree,

SF

Guazuma ulmifolia Lam. - LP 9467; C 265; Tree, SF

Helicteres macropetala A.St.-Hil. - LP 1 0665; Shrub, SF

Luehea candicans Mart. - LP 9458, 9290; Tree, SF

Melochia betonicifolia A.St.-Hil. - LP 9938; C 366; Shrub, SF

Melochia tomentosa L. - LP 9450; Sub, SF

Pavonia malacophylla (Link & Otto) Garcke - LP 9509; Shrub,

RF

Pavonia martii Colla - LP 9853; C 1 286; Sub, SF

Sidastrum micranthum (A.St.-Hil.) Fryxell - LP 1 0642; Sub, SF

Waltheria Mica L. - LP 9245; Sub, RF

Wissadula amplissima (L.) R.E.Fr. - LP 9443; C 771; Sub, SF

Wissaduia contracta (Link) R.E.Fr. - LP 1 2238; Sub, SF

Marantaceae

Loganiaceae

Spigelia anthelmia L. - LP 9774; Herb, RF

Spigelia scabra Cham. & Schltdl. - LP 10750, 12081

ShF, SF

5F Calathea sp. - LP 9929; Herb, RF

Maranta bicoior Ker Gawl. - LP 1 0698; Herb, SF

Maranta divaricata Roscoe - LP 9557; B 1 260; Herb, RF, SF

Marcgraviaceae

Schwartzia brasiliensis (Choisy) Giraldo-Canas - LP 12053;

Strychnos sp. - LP 9965; C 388; Vine, SF

Strychnos brasiliensis Mart. - LP 9841 ; C 361 ; Vine, SF

Vine, SF

Melastomataceae

Loranthaceae Oidemia hirta (L) D.Don - LP 1 061 9; Shrub, RF

Struthanthus polyrrhizus Mart. - LP 10685; Epi, SF

Lythraceae

Cuphea circaeoides Sm. ex Sims - LP 1 2282; Herb, SF

Cuphea impatientifolia A.St.-Hil. - LP 1 2226; Herb, SF

Cuphea racemosa (L.f.) Spreng. - LP 9560; C 81 3; Herb

Pleurophoraanomala(ASt-H\\.) Koehne -LP 12281;

S

,
RF, SF

ub,SF

Henriettea succosa (Aubl.) DC - C 300; Tree, RF

Leandra aurea (Cham.) Cogn. - LP 1 2093; Shrub, ShF

Miconia sp. - LP 9766; Shrub, RF

ns (Sw.) Triana - LP 9866; Shrub, RF

i/geraDC-LP9536;Tree,

Miconia ciliata (Rich.) DC - LP 9866; Shrub, RF

Miconia mirabilis (Aubl.) L.O.Williams - LP 10628; C 246;

•nchosia fluminensis Griseb. - LP 991 2, 1 2049; Shrub, SF

rsonima sericea DC. - LP 9257, 9994/ 9385; Tree, RF, SF

cella bracteosa (AJuss.) Griseb. - LP 9977; C 273; Vine, SF

teropterys aff. fluminensis (Griseb.) W.R.Anderson - LP 9942;

leteropterys macroshachya AJuss. -LP 10780;

-leteropterys perplexa W.R.Anderson-C336;Vi

1;Vine,SF

LP9390;Vin

eb. -LP 10655: Vine, SF

4ascagniasepium(AJuss.) Griseb. -LP 9823; \

itingae R.M. Castro LP 10701;



Ficus citrifblia Mill. - LP 9468, 1 081 3; C 349; Tree, RF, ShF, 5F

Ficus cyclophylla (Miq.) Miq. - LP 1 2071 ; C 308; Tree, SF

ieira Kunth & CD.Bouche - LP 1 2078; C 354; Tree

RF,5hF

Ficus pulcheila Schott ex Spreng. - LP 12058; C 978; Tree

RF,SF

.
'..- <

Myrsinaceae

Cybionthus sp. - C 1 276; Tree, ShF

Myrsine ferruginea (Ruiz & Pav.) Spreng. - LP 10759; C 1246;

Tree, ShF, SF

Myrsine guianensis (Aubl.) Kuntze - LP 9286; C 350; Tree, RF

Myrsine venosa A.DC. - LP 1 0764, 1 2245; Tree, ShF

Eugenia spA C 772, 777; Shrub, SF

Eugenia sp.2- 9991; Shrub, SF

Eugenia sp3- LP 1 2045; Tree, SF

* Eugenia sp. nov. - LP 1 0727; C 393, 1487; Tree, SF

Eugenia cf. candolleana DC. - LP 1 0723; Tree, SF

Eugenia florida DC - C 2041 ; Tree, SF

Eugenia punicifolia (Kunth) DC. - LP 9283, 9796; Shrub, RF,.

SF

Myrcia spA -C245,391;Tree,SF

Myrcia sp.2 -C 341; Shrub, SF

Myrcia sp.3 - LP 9949; Shrub, SF

Myrcia blanchetiana (O.Berg.) Mattes - LP 1 21 04; Tree, ShF

Myrcia guianensis (Aubl.) DC. - LP 9959, 1 2006; Tree, RF, SF

Myrcia rostrata DC. - LP 9762; Tree, RF

Myrcia spiendens (Sw.) DC. - LP 1 2009, 1 2074; Shrub, RF, ShF

mbunda (H.West ex Willd.) O.Berg - LP 10703; C

774; Tree, SF

Psidium sp. - LP 1 2026; Shrub, SF

Bougainviliea spectabilisW\\\d. - C 263; Vine, SF

Guapira hirsuta (Choisy) Lundell - LP 9972; Tree, SF

Guapira opposita (Veil.) Reitz - LP 10009, 12080; C i 279;
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Eltropiectris catcarata (Sw.) Garay & H.R.Sweet - LP 9424;

Galeandra beyrichii Rchb. f. - H 53499; LP 9506; Herb, RF, SF

C 1297; Epi, SF

Notyiia hemitricha Barb. Rodr. - LP 9464; Epi, SF

Oeceodades maculata (Lindl.) Lindl. - LP 9438; Herb, RF

Oncidium ciiiatum Lindl. - LP 1 0798; Epi, ShF

Oncidium flexuosum (Kunth) Lindl. - LP 1 0785, Epi, ShF

Pogoniopsis schenkii Cogn. - LP 1 2255, Herb, ShF

Poiystachya estreilensis Rchb.f. - LP 1 0808; Epi, ShF

Prescottia oligantha Lindl. - LP 9534; Herb, RF

Prosthechea aemula (Lindl.) W.E.Higgins - C 1 295; Epi, SF

odestus Barb. Rodr. - LP 9507; Herb, RF

/taun/e/tasp.-S674;Epi,ShF

Scaphygtottis modesta Schltr. - LP 1 081 8; Epi, ShF

indl.-H 55461; 10791; Herb, ShF

5te//5 sp. - LP 1 081 2; Epi, ShF

Wullschlaegeliacalcarata Benth. - LP 10767; Herb, ShF

Oxalidaceae

Oxalis barrelieri L - H 53498; LP 1 2225; Sub, SF

dii Zucc. - LP 9988; C 1 262; Herb, SF

Herb,SF

Passifloraceae

Passifiora alata Dryander - LP 1 0622; Vine, RF

Passifiora bahiensis Klotzsch - LP 1 0675, 1 2235; Vine, SF

Passifiora cincinnata Mast. - C 31 4, 1 268; Vine, SF

jlis Sims -LP 9875; Vine, SF

Passifiora galbana Mast. - LP 9305, 10623; C 1281; Vine, R

ShF,SF

Passifiora organensis Gardner - LP 9288; Vine, SF

acea DC. - LP 1 001 1 , 9907; Vine, SF

uberosa L-C 1244; Vine, SF

Phyllarithaceae

asia jacobinensMMGII .Arg.) G.L.Webster C

;,SF

Phylianifiussp.-LP121 d,SF

Phyitanthusniruri L-C erb, SF

Phytolaccaceae

Gailesia integrifolia (Spr<=ng.) Ha ;rms-C1 257; Tree, SF

Microteil particulate Moq.-LP' 1 2083; He rb, ShF, SF

um///s L- LP 1 0648; Shr ub, SF

S*cu'en a floribunda Berrth. - LP ine,SF

metallina (Barb. Rodr.) Schltr. - LP 1 0630; H

pluriflora (Barb. Rodr.) Schltr. - LP 12256; H<

i cogniauxiana Schltr. - C 1 269; Herb, ShF

-LP 9241, 9466; C 793;
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Poaceae Margaritopsis carrascoana (Delprete & E.B.Souza) C.M.Taylor

Poaceae sp. - LP 9243; Herb, RF &E.B.Souza -LP 9953; Shrub, SF

Ichnanthus bambusiflorus (Trin.) Doll - H 55450; Herb, SF Psychotria carthagenensis Jacq. - LP 9246, 10614; Shrub, RF

!)Zuloaga&Soderstr.-H53510; Psychotria chaenotricha DC. - LP 12034; C 264, 261; Shrub,

SF

Psychotria hoffmannseggiana (Willd. ex Roem. & Schult.) Mull.Ichnanthus pollens (Sw.) Munro ex Benth. - LP 9783; Herb,

Arg.- LP 10633; Shrub, RF

Olyra latifolia L - LP 1 223 1 ; Herb, SF Randia armata (Sw.) DC. - LP 1 0704; Tree, SF

• 9429, * Spermacoce sp. nov. - LP 1 0828; C 1 294; Herb, SF

9927; Herb, RF * Standleya sp. nov. - LP 1 0835; C 764; Herb, SF

Raddia portoi Kuhlm. - DC 2063; Herb, SF
Rutaceae

Streptostachys asperifolia Desv. - LP 1 201 9; Herb, SF
Almeidea rubra A. St.-Hil. - LP 10706; C 303; B 1261; Shrub,

SF

Bredemeyera martiano A.W.Benn. - LP 1 0844; Vine, SF Angostura bracteata (Nees & Mart.) Kallunki - LP 9844, 1 0653;

f/'s Kunth -LP 9540; Herb, RF Shrub, SF

Polygala paniculata L - H 55457; Herb, SF * Conchocarpus sp. nov. - LP 9845, 1 0845; C 392, Shrub, SF

Polygala urban! Chodat - LP 9279, 9975; Sub, RF, SF

Polygala violacea Aubl. - LP 9897; Sub, SF

Securidaca diversifolla (L.) S.F.Blake - LP 9842, 9893;

Securidaca lanceolata A.St-Hil. & Moq. - LP 9870; Vi

Polygonaceae

Coccoloba alnifolia Casar. - LP 1 071 ; C 1 260; Tree, SI

Conchocarpus heterophyllus (A.St-Hil.) Kallunki & Pirani

28448; LP 9908; C 769; Shrub, SF

Conchocarpus macrophyllus J.C.Mikan -C 786; Shrub, SF

Dictyoloma vandellianum AJuss. - LP 9547; Tree, RF, SF

flora Mart, subsp. grandiflora - C 785; T

SF

Esenbeckia leiocarpa Engl. - C 780; Tree, SF

Heliettaglaziovii (Engl) Pirani - LP 12052; Tree, SF

Pilocarpus riedelianus Engl. - LP 9791 , 1 2067; Shrub, SF

Proteaceae

Roupala montana Aubl. - LP 9514, 9923;Tree, RF, ShF

Pilostyles blanchetii (Gardner) R.Br. - H 53495; Epi, SF

Rubiaceae

°Alseis floribunda Schott - LP 9905; Tree, SF

Amaioua guianensis Aubl. - C 323, 1 1 64; Shrub, RF, SF

Borreria latifolia (Aubl.) K.Schum. - LP 1 0744; Herb, SF

Chiococca alba (L) Hitchc. - H 53493; LP 1 2087; Shrub, SF

Chomelia sp. - LP 1 2 1 1 4; Tree, SF

Coccocypselum sp. - LP 1 0629; C 251 ; Herb, RF
Q
Coutarea hexandra (Jacq.) K.Schum. - LP 10817; C 65;

Tree, ShF, SF

Declieuxia fruticosa (Willd. ex Roem. & Schult.) Kuntze - LP

9260,1 0834; C 248; Herb, RF,SF

Diodella apiculata (Willd. ex Roem. & Schult.) Bacigalupo &

ELCabral- LP 10741; Sub, SF

Emmeorhiza umbellata (Spreng.) K.Schum. - LP 10846; Vine,

SF

Faramea hyacinthina Mart. - LP 9955; Shrub, SF

Hamelia patens Jacq. - LP 1 0021 ; C 373; Shrub, SF

Manettia cordifolia Mart. - LP 1 0676; Vine, SF

Mitracarpus frigidus K.Schum. - LP 1 0761 ; Sub, SF

urtus (L) DC. - LP 1 0742; Herb, SF

c?Turcz.-LF9;

oSchltdl. -LP 9!

ti (Sw.) Sw. - C 267, 783; Tree, SF

yiart-C 1233; Tree, SF

.am. - LP 1 0624; Tree, RF

w (Rich.) Urb.-H 53489; Tree

isis Kunth -LP 9891 ;C 334; SI

Y\s Sw. - LP 1 21 10;C 776; Tret

ilophylus cf. laevigatus I

Allophylus se is (Caml

-LP 12050; C 307, 1 234;

)dlk. - H 53488; LP 12070,

Averrhoidium gardnerianum Bail!. - LP 9809; Tree, SF

Cardiospermum corindum var. elongatum (Radlk.) F.A.Barkl<

-LP 10020; Vine, SF

Cupania rigida Radlk. - LP 9455, 9835, 10841; Tree, RF, SF

s Cambess.- LP 10670; Vine, SF

Paullinia racemosa Wawra - LP 1 0842; Vine, SF

Paullinia revoluta Radlk. - C 773; Vine, SF

Serjania sp. - LP 9386; C 386; Vine, SF

Serjania fuscifolia Radlk. - LP 9384, 1 071 9; Vine, SF

Serjania pernambucensis Radlk. - LP 9249, 12190; Vine, SF

- LP 9439; C 1245; Vine, SF

s Radlk. -LP 9449; Vine, SF

Urviilea ulmacea Kunth - LP 9259, 9388; Vine, RF, SF

Chrysophyllum gonocarpum (Mart & Eichler ex Miq.) Engl. -

1

9298; C 788; Tree, SF



Chrysophyllum rufum Mart. - LP 1 2048; Tree, SF

Manilkara rufula (Miq.) HJ.Lam - LP 1 2054; Tree, ShF, SF

Pouteria sp.1 - LP 9452; Tree, SF

Pouteria sp.2 - LP 9407, 1211 2; Tree, SF

Pouteria ramiflora (Mart.) Radlk. - LP 9772; C 233, 775;

Simarouba amara Aubl. - LP 9303; Tree

Smilacaceae

Smilax sp.-C 370; Vine, SF
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Hybanthus atropurpureus CA.St.-Hil.) Taub. - H 53479; Shrub,

SF

Hybanthus calceolaria (L) Schulze-Menz - C 379; Herb, SF

Phoradendron crassifolium (Pohl ex DC.) Eichler - C 293; Epi,

SF

Phoradendron mucronatum (DC.) Krug & Urb. - LP 10847; C

329; Epi, SF

Phoradendron perrottetii (DC.) Eichler LP 9550; C 328;

° Brunfelsia uniflora (Pohl) D.Don - 53494; Tree, SF

Cestrum gardneri Sendtn. - LP 1 0702; Tree, SF

Cestrum laevigatum Schltdl. - LP 1 0024; Shrub, SF

Dyssochroma viridiflora Miers - LP 1 0777; Vine, ShF

Cissusalbida Can

Solanum caavurana'Veil. - C 377; Shrub, SF

Solanum crinitum Lam. - LP 9549; Shrub, SF

Solanum depauperatum Dunal - LP 1 0801 ; Shrub, ShF

Solanum jabrense Agra & M.Nee - LP 9432, 10014, 10838;

Shrub, RF,SF

Solanum palinacanthum Dunal - LP 12236; Sub, SF

PTERIDOPHYTES

7) Pohl -LP 3541 ;C 335; Shru

tsplen

Cyathea delgadii Stern b. LP 9263; Tree, F

Dennstaedtiaceae

Lindsaea lancea (L) Bedd. - LP 951 2; Herb

Undsaeastricta (Sw.) Dryand. - LP 9545; h

Trigoniaceae Dryopteridaceae

Trigonia bahiensis Miguel & Fontella - LP 9937, Ctenitis submarginalis (Langsd. & Fisch.) Ching - C127

1 0660; C304; Vine, SF Herb, ShF

Trigonia eriosperma (Lam.) Fromm &E.Santos-C 781; Shrub,
Lycopodiaceae

Lycopodiella cernua (L.) Pic. Serm. - C 804; Sub, SF
ivea- LP 9957; C 282; Vine, SF

(Cambess.) Lleras - LP 9252, Polypod iaceae

9798, 9874; Vine, SF

Turneraceae

Niphidium crassifolium (L) Lellinger - LP 1 0805; Herb, ShF

MicrogrammageminataiSdnrad.) PresJ - LP 9792, Epi, SF

Microgramma squamulosa (Kaulf.) de la Sota - LP 1081
Turneracearensis Urb.- 534'91 ; LP 9922; C 1220; Shrub, SF

Epi, ShF

Urticaceae Polypodium catharinae Langsd. & Fisch. - C 831; Epi, ShF

Cecropia pachystachya Trecul -LP 9770; RC 1031; Tree, RF, Polypodium triseriale Sw. - LP 1 081 5; Herb, ShF

SF
Pteridaceae

Urera caracasana (Jacq.) Gatjdich. ex Griseb. - LP 12076;
Doryopteris lomariacea Kl. - LP 9398; Herb, SF

Urera nitida (Veil.) Brack - LP 9465; Shrub, SF

Verbenaceae

Aloysia virgata (Ruiz & Pav.) Juss. - LP 9834; Shrub,

Lantana camara L - LP 9859; C 1 21 2; Shrub, SF

Lantana canescens Kunth - LP 1 2240; Shrub, SF

Lantana fucata Lindl. - LP 1 0726; Sub, SF

Anemia cf. fiiiformis Sw. - LP 1 2267; Herb, SF

Anemia hirsuta (L.) Sw. - LP 9289; Herb, SF

Schizaea elegans (Vahl) Sm. - LP 9266; Herb, RF

Selagineilaceae

Selaginella muscosa Spring - LP 1 0809; Herb, ShF

& Schltdl. -C 279; Shrub, SF
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INTRODUCTION

Coastal forests are an important component of the Atlantic Coastal Forest biome. These forests are distributed

along most of the eastern coast of Brazil. However, they have been subject to intense degradation within

this range, due mainly to their proximity to large urban centers.

Detailed information concerning the coastal vegetation of Rio de Janeiro State is relatively limited.

This study examines the coastal vegetation of the Morro Alto Mourao region, including components of the

humid coastal forest and the near-shore (restinga) vegetation. The Morro Alto Mourao is one of the highest

points in the Serra da Tiririca Range (369 m). It is located in southeastern Rio de Janeiro State between the

municipalities of Niteroi and Marica. It still retains significant fragments of one of the most highly threatened

biomes in the world—the Atlantic Coastal Forest.
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The Serra da Tiririca Range is oriented almost perpendicular to the Atlantic coastline, which results

in contrasting climatic conditions on its two flanks. The western slopes are generally exposed to the humid

ocean winds. Intense rainfall is also common, principally due to cold fronts arriving from the southern

polar region. On the other hand the more sheltered eastern slopes lie in the rain shadow and receive less

and lighter rainfall.

The first historical references to the area date from the end of the 16th century when the Portuguese

crown awarded a large land title (sesmaria) to Duarte Martins Mourao. This title granted formal control of

the coastal lands between the Lagoa de Piratininga and Pedra de Inoa, in the current municipality of Marica.

Human use and occupation of this region is very intense. It was cultived with large numbers of small sugar

cane, coffee, and banana plantations, as well as citrus orchards up until the start of the 20th century (Grael

et al. 1995).

Even though this region was highly disturbed (and is located near large urban centers as Niteroi and

Marica cities) the vegetation on the Morro Alto Mourao is experiencing a gradual but natural regeneration.

Currently, plants with ornamental, medicinal, timber value and species of great scientific importance (rare

or endemic to the State of Rio de Janeiro and/or the Atlantic Coastal Forest) that are often little known to

botanists have been discovered.

Preliminary data from this study have been presented at scientific meetings and helped transform the

Serra da Tiririca Environmental Protection Area into the more highly protected Serra da Tiririca State Park

(Rio de Janeiro State Law No.1901, of November 29, 1991).

This study presents the results of a floristic inventory undertaken in the area around the Morro Alto

Mourao. This inventory examined the diversity and composition of the vascular plants within an area of

coastal forest. It is intended to be used to support conservation and degraded areas restoration efforts along

Rio de Janeiro State coast.

MATERIALS AND METHODS

The Morro Alto Mourao is located in the Serra da Tiririca Range, which covers a approximately 2700 hectares

near Pontas de Itaipuacu and Itacoatiara (22° 58' 04" S x 43° 01' 17" W) (Fig. 1). The Morro Alto Mourao is

part of a pre-Cambrian age crystalline massif (Niteroi Massif) located along the eastern shore of the Guanabara

Bay. The peak has one of the highest elevations (369 m) in the Tiririca mountains, together with Morro do

Elefante (or Falso Pao-de-Agucar) (412 m) and Morro do Telegrafo (250 m) (Pontes 1987).

The ground is generally covered by leaf litter although there are also exposed rock areas. The sandy-

clay soil has a medium texture, is highly acidic (pH = 4.7-4.8) and has mid-range quantities of calcium

(3.5 me/100 mg), phosphorous (12 ppm) and magnesium (1.6 me/100 mg). The aluminum concentration is

high (1.0 me/100 mg), and the potassium concentration very high (> 135 ppm). The high acidity and large

quantities of aluminum and potassium found in the soils are probably the result of leaching and frequent

The western slopes of the Tiririca Range have a sub-humid climate (C2), with an A megathermic

temperature regime. The average annual temperature is 23.2° C, annual rainfall 1305 mm, annual evapo-

transpiration potential 1271 mm, real annual evapo-transpiration 1207 mm, annual water-deficit 64 mm
and annual excess 98 mm (Fig. 2). On the other hand, the eastern slopes have a sub-humid humid climate

(C2) and a B4 meso-thermic temperature regime.

The average annual temperature there is 23.2° C, annual rainfall 1207 mm, annual evapo-transpiration

potential 1223 mm, real annual evapo-transpiration 1163 mm, annual water-deficit 60 mm and annual

excess 62 mm (Fig. 3). The greater rainfall and humidity encountered on the western slopes are due to the

direct influence of humid on-shore ocean winds.

itic monthly excursions to the area between 1980-85 and 1989-90.
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Fig. 2. Diagram of the water balance of Niteroi (1958-67). Water Balance according to Thornthwaite & Mather ( 1955). Latitude: 22° 54S- Longitude:

43° 07'W. Annual Precipit ration potential: 1271 mm = EP. True Annual Evapo-transpiration: 1207 mm
= ER. Annual Water deficit: 64 mm. Annual Water Excess: 98 mm.

RESULTS AND DISCUSSION

Taxonomic diversity

A total of 369 taxa were sampled within the study area. Seven of those were Pteridophytes (3 families), 295

were Dicotyledoneae (63 families) and 67 Monocotyledoneae (18 families) (Appendix 1).

Leguminosae (40 taxa), Euphorbiaceae (23), Rubiaceae (20), Myrtaceae (15), Solanaceae (16), Brome-

liaceae (12), Orchidaceae (12), Araceae (11) and Sapindaceae (11) represented the greatest taxa richness.

These totaled 43% of the Angiosperms encountered.

Solarium (10 taxa), Rhipsalis (6), Machaerium, PModendron, Anthurium and TricMia (5 taxa each) were

thei : repre

Classifying these plants by habit, the largest diversity was observed among the herbs and sub-shrubs,

which were regionally represented by 115 taxa. The trees comprised 96 taxa, followed by the shrubs, climb-

ers and epiphytes, with 92, 52, and 18 taxa, respectively (Appendix 1).

Comparisons of the plant species richness of Morro do Alto Mourao with other forest areas within the

Serra do Mar Range in Rio de Janeiro State are shown in Table 1. A tendency towards reduced species rich-

ness can be seen within coastal forest areas near the city of Rio de Janeiro (Morro do Alto Mourao, Horto/

JBRJ, and Morro das Andorinhas) in relation to humid forests in the Serra do Mar Range (Macae de Cima,

Cairucu, and Tingua). However, the high degree of local endemism of the coastal forests is very notable,

with 20 species restricted to only Rio de Janeiro State (Appendix 1). This same pattern of endemism was

reported by Lima (2000) and Sa (2006) who noted that most of the endemic species occurred in seasonal
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81 mm. Climatictype: Effective Humidity Index: sub-humid humid C2. Thermal efficiency: B'4 mesothermic.

The floristic diversity of the Morro Alto Mourao flora was high in comparison with these other areas

of the Atlantic Coastal Forest (Horto/JBRJ and Morro das Andorinhas), even when allowing for the differ-

ent methodologies and sample sizes used in the different surveys. The significant floristic diversity of this

coastal mountainous region within the Serra do Mar Range is probably due to numerous factors, the most

important likely being significant local climatic diversity (due to the unique geographic position of the Serra

da Tiririca Range).

Physiognomic-floristic analysis

The vegetation on the Morro Alto Mourao is typical of the Serra do Mar Range. It can be classified as low-

montane rain forest (Rizzini 1979). In regions where the eastern border of the Serra do Mar Range approach

the coastline, the forest becomes smaller in stature (principally due to limiting edaphic conditions and slope)

and acquires many elements of the near-shore (restingd) vegetation. There are also areas of shrubs/small trees

and herbaceous vegetation near the rock outcrops. The different physiognomies observed on the Morro do

Alto Mourao are illustrated in Figure 4.

In addition to the secondary forest formations in the study area (resulting from human intervention
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during the last three centuries) there are also small primary forest fragments. According to Pontes (1987), the

Atlantic Coastal Forest once occupied the entire region around the Serra da Tiririca, but was subsequently

subjected to extreme fragmentation through logging and clearing. Only isolated sections of the original forest

remained in relatively inaccessible areas, such as Morro do Telegrafo and Morro Alto Mourao.

Edaphic and climatic factors must have played important roles in the establishment of plant communi-

ties or large populations in the area, resulting in the mosaic of successional stages found there today.

Despite the often imprecise limits of distinction between them, three principal physiognomic forma-

tions are recognized in this study: arboreal, shrub-arboreal, and herbaceous.

Arboreal formation

Arboreal formations dominate the study area and they presumably occupied an even greater proportion of

the slopes in this region in earlier times. The topography is generally gentle and allows the accumulation

of organic and inorganic material (the latter formed by the gradual breakdown of the rock substrate) that

is necessary for soil formation and forest establishment. These arboreal formations now occupy the slopes

and depressions, resulting in the formation of deep and fertile soils.

There are two forest layers—the upper and lower canopies, determined principally by the height of the

component individuals (Fig. 5).

The upper canopy is closed and is composed of individuals that are generally between 12 and 25 m
tall (remnants of the original forest). Some emergents are to be found, with average heights between 25 and

30 m, such as Cariniana legalis, Anadenanthera colubrina, Pterogyne nitens, Schinus terebenthifolius, Galksia

The lower canopy is composed of individuals that are between 5 and 12 m tall. This layer is more open,

and the tree crowns being more widely spaced. Some representative species are: Piptadenia gonoacantha,
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1 - Pseudopiptadenia contorta 2- Metternichla princ

m 5- Piptadenia paniculata

8- Randia calycina

7- Didymopanax sp

11, 13, 15, 16, 17, 21- Syagrus romanzoffiana

18- Aspidosperma parvifolium

Fig. 5. Schematic profile ofthe arboreal formation ofthe Morro Alto Mourao, Rio de Janeiro State, Brazil.

Eryihroxylumpulchrum, E.frangulijolium, Metternichiaprincipisvdiprincipis, Pseudobombax grandiflorum, Guapira

opposita, and Casearia sylvestris var. sylvestris.

The shrub-arboreal formation

A shrub-arboreal vegetation predominates on the ocean-facing mountain slopes. This vegetation is very

dense, with a xeromorphic aspect. However, it has a small number of emergent species (Fig. 6). Species

common to the sandy near-shore (restingd) vegetation, such as Clusiafluminensis and Brasiliopuntia brasiliensis

This formation has reasonably large populations of plants that stand out physiognomically in the veg-

etation, such as Marlierea racemosa, Eugenia uniflora, Myrcia insularis, M. richardiana, and Psidium cattleyanum

(all of the Myrtaceae family) that vary in height from 5-7 m. Pachystroma longifolium can reach up to 10

m. There are also smaller populations of Esenbeckia febrifuga growing together with the palm tree Syagrus

romanzoffiana (that can reach 10-15 m).

Clavija spinosa, Jacaranda jasminoides, Inga congesta, Brunfelsia uniflora, Norantea brasiliensis, Cupania

racemosa, Tibouchina corymbosa, and Faramea stipulacea are well represented among the shrubs.

This same shrub-arboreal vegetation harbors numerous herbaceous and sub-shrub species (t.g.Justicia

beyrichii, Sinningia aggregata, Eupatorium organense, Julocroton triqueter, Capparidastrum brasilianum, Cyperus

dijfusus, Calathea truncata, Selaginella sulcata, Alstroemeria caryophyllea, and Neomarica sp.). These cannot be

considered a distinct formation in themselves as they are very thinly distributed within the area. On the

other hand, there are dense populations of Schaueria calycotricha in shaded areas at the forest edge, near

rock outcrops with many weedy plants such as Petiveria alliacea, Sida rhombifolia, Oxalis barrelieri, Solanum

altemopinnatum, and Stachytarphetapolyura, as well as epiphytes and vines.

Epiphytes and hemi-epiphytes are relatively uncommon in the area. They include Anthurium pentaphyl-

lum, A. scandens subsp. scandens, Monstera adansonii var. klotzschiana, Philodendron bipennifolium, P. cordatum,

Aechmea nudicaulis var. nudicaulis, Neoregelia ampullacea, Billbergiapyramidalis var. pyramidalis, Rhipsalis teres f.

capilliformis, R. mesembryanthemoides, R. neves-armondii, and R. pachyptera, among other taxa of Gesneriaceae,

Orchidaceae, Piperaceae, and Pteridophytes.

Some epiphytes are encountered in the area with other life forms, such as Anthurium scandens subsp.
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ig. 6. Schematic profile of the shrub-arboreal formation ofthe Morro Alto Mourao, Rio d

scandens, as rupicolous, and terrestrial individuals of Philodendron cordatum. Also Oncidium and Pleurothallis

species are encountered both as epiphitic and rupicolous.

Both woody and non-woody vines are found on the Morro Alto Mourao, especially species belonging

to the genera Adenocalymma, Anemopaegma, Bauhinia, Chaetocalyx, Centrosema, Serjania, Paullinia, Urvillea,

Heteropterys, Tetrapterys, Chondrodendron, Hyperbaena, Passiflora, Ipomoeajacquemontia, Reissekia, Dioscorea,

Smilax, and Herreria.

A single species of the hemi-parasite Struthanthus marginatum was encountered.

The herbaceous formation

This vegetation type is typically found on rock outcrops where plants grow directly on the rock surface

(rupicolous) or within thin sandy strips of soil near the rock outcrops (saxicolous). The plants at these sites

are exposed to extreme environmental conditions due to their proximity to the ocean, including high levels

of solar radiation, strong, constant winds and high salinity (Fig. 7).

Tillandsia dura, Aechmea ramosa var. ramosa, Neoregelia ampullacea, Peperomia incana, P. corcovadensis,

Cyrtopodium polyphyllum, Anthurium coriaceum, A. olfersianum, Philodendron speciosum, Coleocephalocereus

fluminensis, Rhipsalis cereoides, and Hylocereus setaceus art among the most frequent Angiosperm pioneer

There are also small clumps of plants found in deeper soils areas, including individuals of Tibouchina

corymbosa, Tabebuia chrysotricha, and Stillingia dichotoma, in addition to the pioneer species.

Other communities are found on flat rocky surfaces in natural clearings within the forest (240-260 m
altitude) on very humid soils and include Sebastiania brasiliensis, Cnidoscolus urens, Furcraeagigantea, Galactia

striata, and Stylosanthes scabra, as well as plants considered invader species, such as Cleome dendroides subsp.

dendroides, Manihot palmata, Dichorisandra thyrsiflora, and Tradescantia zebrina.

This area is significant because it contains a large number of species (20) endemic to the State of Rio de

Janeiro, some of which are limited to the the Serra do Mar forests (Appendix 1). Among the most interest-

ing of these are Picramnia grandifolia and Philodendron speciosum, both of which were considered practically

extinct and are known from only two previous collections in Atlantic Coastal Forest areas (Pirani 1990; Mayo

1991). Wilbrandia glaziovii (Cucurbitaceae) had not been found growing in the wild since the 19th century
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(Klein 1990). Also relevant is the finding of species that are considered either rare and/or threatened, such

as Pterogyne nitens, Pouteria subsessilijolia (IUCN 2004) and Astronium glaziovii. The latter species has only

a few collections registered in all of the Brazilian herbaria (Santin 1989). Among the plants encountered

that are threatened with extinction in the municipality of Rio de Janeiro are Inga congesta, Inga cordistipula,

and Lonchocarpus virgilioides (Lima 2000a). Additionally, Ficus enormis and Coleocephalocereus fluminensis

are considered to be threatened due to destruction of their habitat in the State of Rio de Janeiro (Duarte et

al. 2003; Calvente et al. 2005). Other rare species are Gomidesia sonderiana, which has rarely been found in

the Atlantic Coastal Forest (Nic Lughadha, pers. comm.); Alstroemeria caryophyllaea, which had only previ-

ously been encountered growing in the wild humid and shady areas in the States of Minas Gerais and Rio

de Janeiro (Assis 2004); Pleurothallis pardipes, recollected recently in Parque Municipal da Prainha, Rio de

Janeiro State (Pinheiro 1999).

The occurrence of these rare and/or threatened species, together with numerous cases of endemism,

illustrates the importance of conserving the Morro Alto Mourao area. These (and other) species could po-

tentially be utilized as germplasm sources for seedlings production used to replant other fragments with a

similar floristic compositions in the Rio de Janeiro Atlantic Coastal Forest.

It is important to note that the Morro Alto Mourao area contains a considerable number of species useful
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to humans or with significant direct economic potential (see Lopes 1992), including those with medicinal

(Lopes & Andreata 1989, 1990, 1991, 1992) and ornamental (Lopes et al. 2004) uses.

The economic potential of these plants, together with the proximity of the Morro Alto Mourao area to

a large urban centre, complicates its preservation. Barros and Seone (1999) have proposed strategies for the

conservation of areas within the Serra da Tiririca State Park including monitoring to combat plant resources

extraction and fires, as well as controlling tourism.

CONCLUSIONS

The best represented plant families observed in the Morro Alto Mourao area followed the same patterns

seen in other floristic inventories undertaken in the State of Rio de Janeiro (Marquete et al. 1992; Araujo &
Vilaga 1981; Lima & Guedes-Bruni 1997; Marques 1997; PMA/JBRJ 2002).

The phyto-physiognomic analysis of this area revealed a significant vegetation cover (predominantly

arboreal) in spite of both the historical and recent environmental aggression.

The eastern portion of the Guanabara Bay in the municipality of Niteroi has only a few small forest

fragments remaining, including the Serra da Tiririca (FEEMA 1977). This fact and the other data presented

in this work reinforce the fundamental importance of preserving the biodiversity present within the Atlantic

Coastal Forest in the State of Rio de Janeiro.

List of the vascular plants of the Morro Alto Mot

the families, citing the specialists consulted, Lati

name (*endemic), (**introduced).

PTERIDOPHYTES (P. Windisch & C. Mynssen)

Alternanthera sp. - herb, fl (Jan), R. Andreata 405

Doryopteris coiiina (Raddi) J. Sm. - herb, R. Andreata 330 ^^-heSS- 72, ^ (MOq -)KUntZe

Doryopteris lomariacaea Klotzsch - herb, R. Andreata 898

Doryopteris patula (Fee) Fee - herb, V. Ferreira 2107 Anacardiaceae (F. Gil)

Doryopteris varians (Raddi) J. Sm. - herb, R. Andreata 34, 530 Astronium giaziovii Mattick - tree, 359,

Schizaeaceae

369,719,721,969
Anemia phyllitidis Sw. - herb, R. Andreata 35, 443

Selaginellaceae Schinus terebinthifolius Raddi - tree, R. Andreata 349

Selaginella sulcata (Desv. ex Poir.) Spring ex Mart, herb, V. Spondias mombin L. - tree, fl (Sep), fr (Jan), R. Andreata 357,

Ferreira 2106 504,915

Selaginella sellowii Hieron. - herb, R. Andreata 51, 879 Spondias venulosa Mart, ex Engl. - tree, R. Andreata 915;

G.Lewis 3988; D.Santin s.n.

DICOTYLEDONS
Annonaceae (C.G.P. Quinet)

Rolliniopsisparviflora (A. St.-Hil.) Saff., small tree, fl (Nov), fr (Jan),

Aphelandra tongiflora (Lindl.) Profice - shrub, fl (Nov), fr (Nov),
R. Andreata 403, 615; C Farney 363

R. Andreata 602

Chamaeranthemum beyrichii Nees - herb, fl (Apr), R. Andreata Apocynaceae

426 Aspidosperma sp. - tree, fl (Jan), V. Ferreira 2094

Justicia beyrichii Nees - herb, fl (May, Sep, Nov), R. Andreata Aspidosperma parvifolium A.DC. - tree, fl (sterile), R. Andreata

520, 523, 560, 607

Justicia sp. - sub-shrub, fl (Apr-May), R. Andreata 415, S.
Aspidosperma tomentosum Mart. - tree, fl (Sep), fr (Sep), R.

Profice 577 Andreata 922

Ruellia solitaria Veil. - herb, fl (Aug), R. Andreata 92 Mandevilla funiformis (Veil.) K. Schum. - climbing, fl (Jul), fr

nk. & Otto) Nees - shrub, fl (Jul,
(Jul), R. Andreata 476

Oct-Dec), fr (Jul-Sep, Oct-Nov), R. Andreata 47, 91 , 1 31,

335,479
dreata 60; C. Farney 368

Andreata 24,453 Prestonia cf. calycina Mull. Arg. - climbing, sterile, R. Andreata
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Prestonia coaiita (Veil.) Woodson - climbing, R. Andreata Quararib

Boraginaceae

rile), R. An- Cordia ochnacea DC. - shrub, fl (Nov), fr (Apr-May), R. Andn

344,587,589,610,667

eata

Cordia trichotoma (Veil.) Arrab. ex Steud. - tree, fl (Apr-fVlay),

, fl (Sep), R.
R. Andreata 549, 663, 910, 912

*Tournefortia salicifolia A. DC. - sub-shrub, fl (Sep, Nov0,R

ilimbing,
Andreata 334, 546

Cactaceae ( L Scheinvar and A.M. Calvente)

ng, fl (Oct- Brasiliopuntia brasiliensis (Willd.) A. Berger - tree, fl (Ocit),fr

Howardio cymbifera (Mart. & Zucc.;

(sterile), R. Andreata 487

*Howardia raja (Mart. & Zucc.) Klot2

Dec), fr (Sep), R. Andreata 37, 1 47, 1 93, 51

3

(Oct), R. Andreata 1 30

Asclepiadaceae (N. Marquete F. Silva) ^^^^f"™^^^^ "^ ^^
Oxypetaumans,,^ sp. an si,-am ing,

Hy/ocereu5Sefaceu5(Sa |m _Dyckex DC) Ra |f Bauer-epiphytic,
fl (Jul, Sep), R. Andreata 96, 544

fl^ r^^^
Asteraceae (R. Esteves) Rhipsalis cereoides (Backeb. & Voll.) Backeb. - epiphytic, fl

CentratherumpunctatumCass.vaLpunctatum- herb, fl (Dec),
(Apr), fr (Sep), R. Andreata 326, 545, 650, 886; T. Plow-

R. Andreata 19 man 13935

Cyrtocymura scorpioides (Lam.) H. Rob. - sub-shrub, fl (Apr, Rhipsalis dissimiiis K. Schum. - epiphytic, V. Ferreira 2115

Aug, Dec), R. Andreata 33, 87, 674 *Rhipsalismesembryanthemoides Haw.-epip
Eupatorium organense Gardner - sub-shrub, fl (Nov-Dec), R. Andreata 301 ; G. Martinelli 81 54

Andreata 57, 314 Rhipsalis neves-armondii K. Schum. - epiphytic, fl (May), fr

Eupatorium vitalbae DC. - herb, fl (Aug), R. Andreata 1 05
(May), R. Andreata 303, 592

Rhipsalis pachyptera Pfeiff. - epiphytic, fl (sterile), R. Andreata

123,127 Rhipsalis teres Steud. f. capiiliformis

Begoniaceae Taylor -epiphytic,! ata 327

Begonia sp. - herb, fl (Nov-Dec), R. Andreata 46, 1 94 Capparaceae

Bignoniaceae Capparidastrum brasilianum (DC.) F

Adenocalymma paulistarum Bureau - climbing, fl (Jan, Dec), fr (Jul), R. Andreata 467, 61 1,9f

R. Andreata 48, 354 Cleome dendroides Schult. subsp

Anemopaegma chamberlaynii (Sim) Bureau & K. Schum - Andreata 42, 106, 185

climbing, fr (May), R. Andreata 552 Celastraceae(A.Joffily)

Arrabidaea off. rego (Veil.) DC. - tree, fl (Apr), fr (Apr), R. An-

dreata 669 dreata425,973

-ub, fr (Aug), f

482

Jacarandajasminoides (Thunb.) Sandwith - shrub, fl (Aug,
Clusiaceae

Clusia fluminensis Planch. &Triana -
Oct-Dec), fr (Jul, Oct-Nov), R. Andreata 55, 89, 122, 165,

- tree, fl (Nov),

Pithecoctenium crucigerum (L) A.H. Gentry - climbing, fr (May),

R.Andreata163;CFarney740
Garciniagardneriana (Planch. &Triana)Zappi-shi

Sparattosperma vernicosum Bureau & K. Schum. - tree, fl ^ "-™ IUftdLd^
(sterile) R Andreata 372

Kielmeyera membranacea Casar. - tree, fl (Jan-Feb), fr (Jan-

Tabebuiasp. - tree, fl (sterile), R. Andreata 988 'f'T'^'
*^^^^^^^^

Tabebuia chrysotricha (Mart, ex DC.) Standi. - tree, fl (Aug), fr
] 3929

(Aug), R. Andreata 1 04 Convolvulaceae

Bombacaceae
Argyreia baronii Deroin - climbing, fl (Sep), R. Andreata 538

Bombacopsis glabra (Pasq.) A. Robyns - tree, fl (Sep), fr (Jan- *P°n™>^ff^ er) °'Donel1 " dimbin^ fl (Jan)
<

Feb, Apr), R. Andreata 346, 496, 665; T. Plowman 1 2858
tr Uanj

'

K Andreata ->b/

Ceiba insignis (Kunth) RE Gibbs & Semir - tree, fl (Apr), R.
^quemontia mart,, Choisy - climbing, fl (Apr, Dec), R.

Andreata 376, 897
Andreata 41

1

Pseudobombaxgrandiflorum (Cav.) A. Robyns -tree, fl (Jul), R. Cucurbitaceae (V.L.G. Klein)

Andreata 455, 713, 985 *Wilbrandia glaziovii Cogn. - climbing, fl (Oct), fr (Sep), R.

Andreata 129,924
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Flacourtiaceae (R. Marquete)

Casearia leutzelburgii Sleumer - tree, fr (Aug), R. Andreata

94, 722, 727

Erythroxylaceae (T. Plowman)

Erythroxylum frangulifolium A. St.-Hil. - tree, fl (Feb, Jul, Aug-

Sep, Nov), fr (Feb, Jul, Sep-Nov), R. Andreata 70, 1 69, 501

,

641; C. Farney 362; T. Plowman 12860, 13922, 13926;

V.Fereira 2239

Erythroxylum gaudichaudii Peyr. - shrub, fl (Jan-Feb), fr (Jan-

Feb), R. Andreata 400; T. Plowman 1 3929, 1 3930

Erythroxylum pulchrum A. St.-Hil. - tree, fl (sterile), R. Andreata

350,375,970,984

Euphorbiaceae {L.S. Vale and A. Sousa)

Acalypha brasiliens "nsis - sub-shrub, fl

(Aug, Dec), R. Andreata 21, 73, 919, 979

Arg. - shrub, fl (Aug), fr (Aug-Sep), R. Andreata 77, 79,

686, 689, 966, 979, 982

Actinostemon concoior (Spreng.) Mull. Arg. var. obovatus

Mul. Arg. - shrub, fl (Aug, Oct-Nov), fr (Jul, Sep-Nov), R.

Paliovana prasinata (Ker Gawl.) Benth. - sub-shrub, fl (May,

Jul), fr (Aug), R. Andreata 90, 584; C. Farney 736

Sinningia aggregate! (Ker Gawl.) Wiehler - herb, fl (Sep), fr (Sep),

R. Andreata 62, 542; G. Martinelli 8520

Ocotea brachybotra (Meisn.) f

Phyllostemonodaphne gemitii

Cnidoscolus urens (L) Arthur - herb, fl (Dec), R. Andreata 43
Lecythidaceae

Cariniana legalis (Mart.) Kuntze - tree, (steril

56, 378

Croton kiotzschii (Diedr.) Mull. , Arg. - sub-shrub, fl (Dec), R.

381

Andreata 58 Leguminosae (Caesalpinioideae)

/fb//tvs Lam. -sub-< Bauhinia radiata Veil- climbing, fl (sterile), R..

Dalechampia atata Mull. Arg ig, fl (Dec-Jan), R.
Bauhinia microstachya (Raddi) J.F. Macbr. - dim

Andreata 61, 362 R. Andreata 164,575

Chameacrista fascicuiata (Michx.) Greene - sub

R. Andreata 28, 112

Euphorbia comosaVeW. - sub-shrub, fl (Oct, Dec), fr (Oct), R.
Chamaecrista glandulosa (L) Greene var. bras

Andreata37, 182

I. Arg. - sub-shrub, fl (Dec), fr
Andreata 651, 670; H.C. Lima 2069

(Jan), R. Andreata 22 Copaifera trapezifoila Hayne - tree, R. Andreat;

fl (sterile), R. Andreata 992 Pterogyne nitens Tul. - tree, fl (Apr), fr (Apr), R.

Manihot patmata (V .:•
i, Dec), R.

irtita (Spreng.) Mull. Arg. subsp. humili

Roger - shrub, fl (Nov), fr (Nov), R. Andreata 61

4

Pachystromalongifolium (Nees) I.MJohnst. - tree,fl (Feb, Nov),

fr (Feb, Aug), R. Andreata 463, 957; T. Plowman 1 3927

Phyilanthussubemarginatus Mull. Arg. - sub-shrub, fl (Sep), fr

(Sep), R. Andreata 541

Plukenetiaserrata (Veil.) L.J. Gillespie - climbing, v.v.

iss.) RadcL-Sm. - climbing, fl (Apr),

fr(Apr),

132,178

Stiliingia dichotoma Mull. Arg. - shn

Andreata 339, 675, 885

Tragia volubilis L climbing, fl (Jan)

;l.) Morong - tree, fl (sterile), R. An-

Spreng. - shrub, fr (Apr), R. Andreata

fl(Apr,Nov),fr(Apr),R.

-a2117

? macranthera (DC. ex Colladon) H.S. irwin & Barneby -

=?e, fl (May), fr (May), C. Farney 729

luifolia (Vogel) H.S. Irwin & Barneby - shrub, fl (Apr),

R.Andre. a 3714

Leguminosae (Papilionoideae)

Acosmium lentiscifolium Schott ex Spreng. - shrub, fl (sterile),

R. Andreata 931; H.C. Lima 3734

Centrosema sagittatum (Willd.) Ridley - climbing, fl (May), fr

(May), H.C. Lima 2592, 2600

Chaetocalyxscandens (L.) var. pubescens (DC.) Rudd - climbing,

fl (Oct-Dec), fr (Oct, Dec), R. Andreata 36, 1 28, 1 75

Dalbergia frutescens (Veil.) Britt, smalf tree, H.C Lima 371

5

Desmodium affine Schltdl. - herb, fl (Apr), R. Andreata 447

Desmodium incanum (Sw.) DC. - herb, fl (Dec), fr (Dec), R.

:a25
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5 virgilioides (Vogel) Benth. - tree, fl (Sep), r(Sep), **Bunchosia glandulifera (Jacq.) H.B.&K. - shrub, fr (Apr),

ata 141,529,724,726,904,916 Andreata 664

firmum (Veil.) Benth. -tree, fl (sterile), R. A Bunchosia maritime We\\.) J F.M cbr.- shrub, fl (Oct-Dec)

681,685 (May), R. Andreata 41,1 56, 558, 890

hirtum (Veil.) C. Stellfeld - tree, fl (ste Heteropterys bicolorA. J uss. bing,fr(Jan),V.Ferreira210

893

oblongifolium Vogel - climbing, fl (ste ile), R. Heteropterys pauciflora (A. uss.) A. Juss. - shrub, fl (Sep),

dreata 390

>teropterys ternstroemiifolia A. Juss. - climbing, fr (Jul), R.

Styiosanthes scabra Vogel - herb, fl (Oct), R

Vigna sp. - sub-shrub, fl (May), C. Farney 71

Zornia latifolia Sm. - sub-shrub, fl (sterile), I

Legun le (Mim

Acacia plumosa Lowe - shrub, fl (Nov), fr (Feb, Apr, Nov), R.

Andreata 600, 884, 964; H.C Lima 3732

Acacia mikaniiSer

) Killip- tree, fl (Jan), fr (Jan, May),

R. Andreata 363, 550

Inga bullata Benth. - tree, IARodrigues s.n.

Inga congesta-T.D. Penn.- shrub, fl (Ju!-Aug),fr (Jul-Oct), H.C.

Lima 2603A, 3991; R. Andreata 87, 125, 449, 451, 509

Inga cordistipula Mart. - tree, fl (Jan-Feb), fr (May), R. Andreata

397,583,639,1003

Mimosa arenosa (Willd.) Poir.- sub-shrub, fl (Apr), R. Andreata

Mimosa bimucronata (DC) Kuntze - shrub, fl (Apr), fr (Aprjun),

R. Andreata 409, 452, 902

Mimosa extensa Benth.- climbing, fl (Nov), H.C. Lima 3733

Mimosa velloziana Mart. - shrub, fl (Apr), fr (Apr, Jul), R. An-

dreata 485, 660

Piptadenia gonoacantha (Mart.) J.F. Macbr. - tree, fl (Feb), fr

(May), R. Andreata 586; H.C. Lima 3738

Piptadenia panicuiata Benth. - tree, fl (Feb), fr (May), R. An-

dreata 353, 393, 547, 680; H.C. Lima 3714

Pseudopiptadeniacontorta (DC.) G.P. Lewis & M.P.M. Lima -tree,

fr (May), R. Andreata 585, 676

Strychnos acuta Progel - sub-shrub, fl (Sep), fr (Apr), R. An-

Strychnos trinervis (Veil.) Mart. - shrub, fr (Jan), R. Andreata

383

Loranthaceae

Struthanthusmarginatus (Desr.) Blume, hemi-parasite,fl (Oct),

fr (Oct), R. Andreata 115
;
117

Malvaceae (M.G.Bovini)

Abutilon bedfordianum (Hook.) A. St.-Hil. & Naudin - shrub, fr

(May), R. Andreata 524, 590

Pavonia sepium A. St.-Hil. - sub-shrub, fl (Apr), fr (Apr), R.

Andreata 431

Sida rhombifolia L. - sub-shrub, fl (Dec), R. Andreata 1

5

Melastomataceae

Clidemia hirta (L) D. Don - shrub, fl (Nov), fr (Jul, Sep),

Andreata 188,492

Miconia cinerascens Miq. - shrub, fl (Apr-May, Sep, Nov),

(May, Sep, Nov), R. Andreata 138, 184, 414, 493, 933; <

Farney 730

Miconia staminea (Desr.) DC. - shrub, fl (Nov), fr (Nov),

Ossaea marginata (Desr.) Triana - shrub, fl (Sep-Nov), i

Andreata 144,187,515

Tibouchinacorymbosa (Raddi) Cogn. - shrub, fl (Nov-Jan), I

Guarea guidonia (L.) Sleumer, (Nov), R. Andreata 89; V.

Ferreira 2093

Trichilia alternans DC. - tree, fl (Oct-Nov), R. Andreata 1 43, 1 70

Trichilia casaretii DC. - tree, fr (Apr, Jul), R. Andreata 423, 450

ul),R. Andreata 308, 482

idostipularis (A. Juss.) DC. - shrub, fl (Jan, Nov), fr

(May), R. Andreata 402, 594

itica DC - shrub, fl (Nov), fr (Aug), R. Andreata

107,935



Coussapoo curranii

,

Dorstenia arifoiia La

395,646;V.Ferrt

h. & C.A

ira 2102

Andreata438;V.Ferreira211l

Ficus arpazuso Casar. - tree, fr (Nov), R. Andreata 61

2

Jul), R. Andreata 478, 593; C. Farney 738

tree, fl (Apr-May), fr (May), R. An

dreata 436, 555, 571; V. Ferreira 21 12

Myrtaceae (G.M. Barroso, M.C. Souza and M. Sobral)

Eugeniajurujubensis Kiaersk. - shrub, fl (Oct-Nov), fr (Apr, Ji

Oct), R. Andreata 1 48, 1 49, 1 90, 324, 332, 340, 434, 483

Eugenia unifiora L - tree, fr (Apr), R. Andreata 81, 495, 967,

*Gomidesia gestasiana (Cambess.) Legrand - shrub, fl (Nov),

fr (Jul). R. Andreata 434

0. Berg - shrub, fl (Nov), R. Andreata
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Oxalis sepium A. St.-Hil. - sub-shrub, fl (Nov), R. Andreata

305

Passifloraceae

*Passiflora racemosa Brot. - climbing, fl (May, Jul-Aug, Oct-

Jan), fr (May, Jul), R. Andreata 31, 121, 198,459, 588, 921

integrifolia (Spreng.) Harms - tree, fi (sterile), R.

ta473

' r: ; Jb, fl (Jan), R,

(O. Berg) Kiaersk. - tree, fl

a (O. Berg) Kiaersk. - tree, fl (Nov), fr

da (H. West ex Willd.)Q Berg -shrub,fr

Andn :a392

ra 2094

Picramniaceae (J.R. Pirani)

*Picramnia grandifolia Engl. - shrub, fl (Jul), R. Andreata 458

Piperaceae (E.F. Guimaraes and D.M. Ferreira)

Peperomia corcovadensis Gardner - epiphytic, fl (Oct), R.

Andreata 157

Peperomia incana (Haw.) Hook. - herb, fi (Sep, Nov), fr (Feb), R.

Andreata 31 5, 649; T. Plowman 1 3934; G. Martinelli 8528

Peperomia tetraphylla (Forst.) Hook. & Am. - epiphytic, fl (Nov),

R. Andreata 201

Piperamalago Lvar.medium (Jacq.)Yuncker- shrub, fl (Dec),

R. Andreata 168,923

Piper amplum Kunth - shrub, fl (Feb), fr (Feb), Plowman

b, (Sep),R.

e, fi (Sep), R

Triplarisscandens (Casar.) Coc

erb, fl (Nov), R. Andre;

b, fl (Oct-Nov

hapira opposita (Veil.) Reitz - shrub, fl (Jul-Sep), fr (May, Sep),

R. Andreata 75, 80, 1 08, 486, 540, 559, 688, 698, 700, 950,

975, 989, 990; V. Ferreira 2240

)uratea parviflora (DC.) Baill. - shrub, fl (Sep), fr (Sep), R.

Andreata 521

Hacaceae

listeria perianthomega (Veil.) Sleumer - tree, fl (sterile), R.

Andreata 720

balls barreiieri (L) Small. - herb, fl (Aug, Dec), R. Andreata

Reissekia smilacina Endl. - climbing, fl (Nov

Rubiaceae ( M. Gomes)

ree, fl (Sep), fr (Jan-Sep), R. fi

e,fl (Sep), fr(Jan-Sep, R.Andre;

.
- shrub, fl (Feb), fr (Feb), R. fi

ta 428, 640; T. Plowman

asp.- shrub, fl (sterile), ta972
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Coutareo hexandro (Jacq.) K. Schum. var. fluminensis K. Schum. Serjania fusci

- tree, fl (Apr), fr (Apr-May), R. Andreata 661 , 691 , 697 Andreata

Farameasitpulacea (Cham.&Schltdl.) DC. - shrub, fl (May, Sep), Urvillea stiph

fr (May-Jul), R. Andreata 469,491, 557; C Farney 737 Andreata

*Faramea sp. - tree, fl (Dec), R. Andreata 54; V. Ferreira 2110
Sapotaceae

Mitracarpus thotzkyanus Cham. - herb, fl (Nov), R. Andreata
rhrvsonhvllui

b,fr(Jan),R.A :a384

*Psychotria stenocalyx Mu\\. Arg. - shrub, fl (Oct-Nov), fr (Apr,

Sep, Nov), R. Andreata 1 53, 41 8, 604; C. Farney 369

Randia armata (Sw.) DC. - shrub, fr (Apr), R. Andreata 441

ilia Radlk. - climbing, fl (Apr-May), fr (Apr), R.

417,548

668

i flexuosum Mart. - tree, fl (Jan, Apr), fr (Apr), R.

424; V. Ferreira 2105

ssilifolia Cronquist - tree, fl (Aug, Oct), fr (Oct),

:a133

ophita (Mart.) Radlk. - tree, fl (Oct), R. Andreata

027

Rudgea minor (Cham.) Standi, subsp. calycina (Bent

- shrub, fr (Mar), H.C. Lima and F.C

Rudgea froncavillana Mull. Arg. - shn

Andreata 491, 507

*Rudgea interrupta Benth. - shrub, fl (Jan, Sep, Nov), fr (Jan,

Apr-May, Jul), R. Andreata 396, 420, 471, 474, 512, 572,

951; C. Farney 61; V. Ferreira 2103

Rudgea subcordata Mull. Arg. - shrub, fl (Oct), fr (Apr), R.

Andreata 118

Simira sampaiona (Standly) Steyerm. - tree, fl (Oct), R. An-

dreata 124,683, 723

bra (Allemao & Saldanha) Steyerm.- tree, fr (May,

Jul, Nov), R. Andreata 1 95, 460, 574

Rutaceae (M. Emmerich and J.R. Pirani)

Almeidea rubra A. St.-Hil. - shrub, fl (May, Jul, Nov-Dec), fr (May,

Aug, Nov), R. Andreata 53, 1 01 , 467, 596; C. Farney 370

Conchocarpus ovatus A. St.-Hil. - shrub, fl (Nov), C Farney

371

*Cusparia ovata (A. St.-Hil.)Tul., small tree, fl (Nov-Dec), fr (Apr),

R. Andreata 197,442,158

Esenbeckia febrifuga (A. St.-Hil.) A. Juss. ex Mart. - tree, fr (Jul),

R. Andreata 484

(A. St-Hil.) Engl. - shrub, fl (Apr), fr (Apr),

iputia alba (Nees & Mart.) Emmerich - tree, fr (Apr), R.

Aureiiana fasciculata (Veil.) Sendtr

fr (Oct), R. Andreata 114

Brunfelsia uniflora (Pohl) D. Don -

mum Senc

522

-ub,fl (Aug), R. Andreata

-ub,fl (Sep), R. Andreata

Dyssochroma viridifiorum (<

R. Andreata 103,605

*Metternichia prina s, small tree, fl (Feb,

Sep), fr (Jan, Jul, Nov), R. Andreata 352, 480, 508, 638, 677;

T. Plowman 13923

Soianum aiternatopinnatum Steud. - climbing, fl (Apr), fr (Apr),

jb,fl

b, fl (Aug), fr (Aug-Nc

Sapindaceae (G.V. Somner) Soianum swartzianum Roem. & Schult. var.

Aiiophylusedulis (A. St.-Hil.) Radlk - shrub, fl (Apr), R. Andreata shrub, fl (Oct), R. Andreata 133

Soianum sp.1 - sub-shrub, fr (Jul), R. Andreat

Allophylus heterophyllus Radlk. -

Andreata 130,440

Allophylus laevigatus Radlk. - shr

Allophylus semidentatus Radlk. -

1

shrub, fl (Oct), fr (/

ee..fl(Sep,Nov),R.An

ta™

Theophrastaceae

Clavijaspinosa (Veil.) Mez - shrub, fr (Apr), R.

Trigoniaceae (E.F. Guimaraes)

603, 942

Cupania sp. - tree, fl (sterile), R. A ndreata 934 (Oct), fr (Aug), R. Andreata 76, 1 1

Cupania racemosa Radlk. - tre , fr (Jul), R. Andreata 374, Turneraceae

472, 728

ng,fr (Apr-May), R. An Nov), R. Andreata 84, 181,497, 51 1, 710

445, 598

g,fr (May), R. Andrea

mbing,fr(Apr),R.An

ta589
Ulmaceae(J.P.P.Carauta)

ensis (Gardner) Planch. - shrub,

Mar, Sep), R. Andreata 516, 913; H.C. L
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Urticaceae

Urerarn/f/s(Vell.)Miq.-•shrub,fl(Apr),R.Andreata4;

Verbenaceae

Veil. - tree, fl (Aug), R. Andrea

jb, fl (Aug), fr (Sep), R. Andn

498

Stachytarpheta cf. maximilianii Schauer - herb, fl (

Stachytarpheta polyura Schauer - herb, fl (Oct), R. A

Aechmea sphaerocephaia Baker - herb, fl (Sep), G. K

8525

Atcantorea glazioviana (Lem.) Leme - herb, fl (Sep), R. /

671; G. Martinelli 8527 (cultivated)

Billbergia pyramidalis (Sims) Lindl. var. pyramidalis -

(Nov-Dec), R. Andreata 65, 205

Martinelli 8521;T. Plowman 13933

Jlilandsio dura Baker - herb, fl (Apr, Nov), R. Andreata 321; G.

Ji8519;T. Plowman 13924

Amaryllidaceae

Hyppeastrum reginae Herb. - herb, fl (Apr, Jul, Sep), R. Andreata

514,946

Araceae (S.J. Mayo and M.A.C. Nadruz)

Anthurium coriaceum (Graham) G.Don - herb, fl (Sep), R.

Andreata 343, 539

*Anthurium luschnathianum Kunth - herb, fl (Feb, Nov), S.

Mayo 607;V. Ferreira 2109

Anthurium olfersianum Kunth - herb, (Feb, Nov), R. Andreata

206; S. Mayo 606; V. Ferreira 21 1

9

Anthurium pentaphyllum (Aubl.) G.Don - epiphytic, fl (Dec),

R. Andreata 310

fl (Nov), R. Andreata 207

;chott var.klotzschiana (Schott) Madison

Commelinaceae

Dichorisandra thyrsiflora J.C. Mikan - herb, fl (Apr, Nov), R.

Andreata 336

*Siderasis fuscata (Lodd.) H.E. Moore - herb, V. Ferreira 21 04

Tradescantiazebrina Bosse - herb, v.v

Cyperaceae (C.S. Muniz)

Buibostylis capilaris Clarke - herb, fl (Nov), R. Andreata 313

Cyperus coriifoiius Boeck - herb, fl (Sep), R. Andreata 533

Cyperus diffusus Vahl - herb, fl (Dec), R. Andreata 1

8

f. - herb, fl (Sep), R. Andreata 534

Dioscorea gtomeruiata Hauman - climbing, fl (Jan), R. A

dreata 406

Heliconiaceae (J.M.A. Braga)

ta 553, 687, 690, 692, 693, 6

fl (Apr), R. Andreata 433

Cyclopogon bicolor (Ker-Gawl) Sc
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Epidendrum denticulatum Barb. Rodr. - herb, fl (Nov), R. Poaceae (A.G.Burman)

Andreata 208 Bambusa sp. - herb, fl (Oct), R. Andreata 920

i filicaute Lindl. - epiphytic rupicolous, fl (Nov, Dec), >, fl (Oct), R. Andreata 1 26

R. Andreata 337; F. Pinheirol 95 Olyra brasiliensis (Bertol.) Spreng. - herb, fl (Oct), R. Andreata

rginata (Lindl.) Fenzl - rupicolous, fl (Oct), F. 156

Pinheiro 181 Pennisetum setosum (Sw.) Rich. - herb, fl (Oct), R. Andreata

Octomeria alpha Barb. Rodr. - epiphytic, fl (Sep), F. Pinheiro 145

1 73 Stipa latifoiia (L) Raspail herb, (Oct-Nov), R. Andreata

Oncidium fimbriatum Lindl. - epiphytic rupicolous, fl (Oct), 319

F. Pinheiro 180 Smilacaceae
Oncidium pumitum Lir _ dimbina fr (0ct), r. Andreata 1 40
Pleurothaliis grobyiUndl- rupicolous, f\ (Feb, Mar), F. Pinheiro

, sterNe R Andreata
144;LO.FSouza41 151554

Pleurothaliis pardipes Rchb. f. - epiphytic, fi (Mar), F. Pinheiro
Sm//fflf subsessMo!Q Duham. - climbing, fl (Sep), fr (Apr), R.

& M. Guerra s/n
Andreata 95, 159, 167, 200, 435, 518, 527

Pleurothaliis saundersiana Rchb. f. - epiphytic rupicolous, fl
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LA FAMILIA NYMPHAEACEAE EN EL ESTADO DE NUEVO LEON, MEXICO

Carlos Velazco-Macias Rahim Foroughbakhch Pournavab, Marco A.

Alvarado Vazquez, y Glafiro J. Alanis Flores

INTRODUCCION

El estado de Nuevo Leon no cuenta con un listado floristico actualizado, para el ano de 1965, se regis-

traban un total de 1,296 especies, entre plantas nativas, cultivadas y adventicias, distribuidas en 657

generos y 148 familias de plantas vasculares (Rojas-Mendoza 1965); otras estimaciones proponen cerca

de 2,400 especies de flora vascular (Alanis-Flores et al. 1996). De manera puntual, la vegetacion acuatica

estudio de la Presa Rodrigo Gomez y sus afluentes en el municipio de Santiago (Moreno 1984).

Para la familia Nymphaeaceae en Nuevo Leon, solamente existen reportes en la literatura de

Nymphaea odomta y N. mexicana, ambas son mencionadas como especies cultivadas (Rojas Mendoza 1965),

sin que existan registros de herbario de estas especies hasta el momento. La unica especie de la familia

Nymphaeaceae que ha sido publicada de manera formal con respaldo de un ejemplar herborizado es

N. ampla (Lot et al. 1986; Novelo y Bonilla 1999). De estados vecinos como Coahuila, se reporta solo N.

ampla (Villarreal-Quintanilla 2001; Villarreal-Quintanilla et al. 2006), mientras que para Tamaulipas

se reportan Nuphar luteum, Nymphaea ampla, N. elegans N. jamesoniana y N. amazonum (Lot et al. 1986;

Martinez y Novelo 1993; y Mora-Olivo y Villasenor 2007), y en el estado de Texas, en Estados Unidos

de Norteamerica se reportan 4 especies de Nymphaea: N. ampla, N. mexicana, N. odorata y N. elegans,

ademas de Nuphar luteum subsp. macrophyllum (Correll y Johnston 1979; Wiersema y Hellquist 1997).

Cabe mencionar que para el caso particular del genero Nuphar, ha existido una gran controversia en
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lo referente a la aplicacion del epiteto especifico, ya que N. luteum es de origen europeo, mientras que a

traves de trabajos geneticos y moleculares las especies americanas han mostrado una separation de las

especies del viejo mundo, se aplica el nombre N. advena a los ejemplares reportados en trabajos recientes

(Wiersema y Hellquist 1997).

El objetivo del presente trabajo es documentar los registros de la familia Nymphaeaceae en el estado

de Nuevo Leon, asi como conocer el rango de distribucion actual de las especies presentes como una

METODOLOGIA

Area de estudio

El estado de Nuevo Leon se localiza en la parte noreste de Mexico, entre los 98° 17' y 101° 07' de longitud

oeste, y los 23° 06' y 27° 50 ! de latitud norte. Limita al norte con los Estados Unidos de America y los

estados de Coabuila y Tamaulipas; hacia el poniente limita con los estados de Coahuila, San Luis Potosi

y Zacatecas, mientras que hacia el sur colinda con San Luis Potosi y Tamaulipas, con este ultimo tambien

comparte la totalidad de su limite oriental (Fig. l).Su superficie es de 64, 081.94 km2
,
las elevaciones van

desde los 200 a los 3,700 m sobre el nivel del mar. Se presentan porciones importantes de tres regiones

fisiograficas de Mexico, la Sierra Madre Oriental, la Gran Llanura de Norteamerica y la Planicie Costera

del Golfo (Alanis-Flores et al. 1996). Predominan los climas semisecos extremosos, la precipitacion

pluvial es variable, el promedio general va desde los 300 a los 600 mm de precipitacion anual. Los

climas secos y semisecos se distribuyen principalmente de la region nororiental y en la region suroc-

cidental, ambas areas estan separadas por la Sierra Madre Oriental, siento en esta ultima donde ademas

se presentan climas, semicalidos, templados y semifrios en la zona centro y sur de la entidad (INEGI

1986). La vegetacion se compone principalmente de matorrales deserticos y semideserticos de diversa

composition floristica, en la region de la Sierra Madre se presentan bosques con distintas asociaciones

de encinos, pinos, y coniferas. En menor grado se presentan sucesiones edafologicas como vegetacion

gypsofila o vegetacion halofita; la vegetacion acuatica solamente se encuentra registrada como bosque

de galeria en algunas corrientes de agua permanentes del estado (Trevino-Garza et al. 2001). Si bien

existen en Nuevo Leon numerosas areas con habitats de tipo lotico, como escurrimientos temporales en

el area de la Sierra Madre Oriental y vegetacion riparia, son pocos los rios que actualmente mantienen

el flujo de agua a lo largo del ano; por otra parte los ecosistemas lenticos que son el habitat potencial

para la familia Nymphaeaceae, son sumamente escasos, algunos han desaparecido en los municipios de

Galeana y Aramberri por el uso desmedido del recuso hidrico en las actividades agropecuarias, otros

como en el caso del Canon de la Huasteca en el municipio de Santa Catarina, han sido canalizados para

el abastecimiento de la zona metropolitana de Monterrey, dejando en la actualidad solo unos cuantos

sitios restantes en el estado para el desarrollo de comunidades de vegetacion acuatica y semiacuatica.

Metodos

Primeramente se realizo una revision y consulta bibliografica para la busqueda de registros de la familia

Nymphaeaceae en Nuevo Leon, ademas de consultas en las bases de datos de los siguientes herbarios:

TEX, LL, UNL, MO, NYy el herbario de George B. Hinton para la busqueda de ejemplares documentados

de la familia.

Se realizo trabajo de campo en las diversas localidades que resultaron de la busqueda de ejemplares

de herbario para corroborar la presencia de las especies en la actualidad, en total se realizaron visitas a

17 localidades con habitat potencial en diversos municipios de Nuevo Leon para documentar los sitos de

distribucion de las especies (Tabla 1). Las diagnosis de la familia, generos y especies, asi como la identi-

fication de los ejemplares colectados estan basadas en Zomlefer 1994; Novelo y Bonilla 1999; Calderon

y Rzedowski 2001; Correll y Johnston 1979; Wiersema y Hellquist 1997.

El material colectado, fue herborizado y depositado en el herbario de la Facultad de Ciencias
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Fie. 1. Ubicacidn del estado de Nuevo Leon ysitios de muestreo del presente estudio.



596 Journal of the Botanical Research Institute of Texas 2(1)

Biologicas de la Universidad Autonoma de Nuevo Leon (UNL) siguiendo las recomendaciones de Lot y

Chiang, 1986 para el montaje y herborizacion de ejemplares botanicos.

RESULTADOS

En el estado la familia esta representada por 2 generos (Nymphaea y Nuphar) y 4 especies (Nymphaea

ampla, N. elegans, N. mexicana y Nuphar advend), las cuales se distribuyen en 4 municipios en la Planicie

Costera del Golfo y los limites con la Sierra Madre Oriental (Figs. 1-3).

Los registros de herbario muestran que se han extirpado diversas poblaciones, Nuphar advena ha

desparecido del municipio de Paras, mientas que Nymphaea ampla se ha eliminado de diversos habitats

en los municipios de Bustamante, Lampazos de Naranjo y Apodaca (Tabla 1).

Las 17 localidades visitadas se muestran en la Tabla 1, en donde se muestra tambien el estado actual

de cada una de ellas, y la presencia o ausencia de la familia.

Familia Nymphaeaceae Salisb.

Plantas herbaceas, acuaticas, perennes, rizomatosas, a veces acaules; hojas simples, usualmente enteras,

alternas, con venacion palmada o pinnada, saliendo directamente del rizoma, largamente pecioladas,

laminas flotantes o expuestas fuera del agua; flores solitarias, axilares, actinomorficas, perfectas, hipog-

inias, periginias o algunas veces epiginias, comunmente grandes y vistosas, flotantes o sobresaliendo

del espejo de agua, provistas de pediinculos largos; caliz usualmente de 4 a 6 sepalos, libres, algunas

veces petaloides, imbricados; corola con petalos de 3 a muchos, dispuestos numerosas series, los cuales

a menudo no se diferencian claramente de los estambres, transformandose de forma gradual en esta-

minodios o estambres, algunas veces con nectarios abaxiales, de colores vistosos como amarillo, rojo,

azul o bianco, imbricados; androceo compuesto de 3 a numerosos estambres laminares y arreglados de

manera espiral, filamentos lineares o petaloides, pobremente diferenciados de las anteras, libres o unidos

a los petalos, anteras con dehiscencia longitudinal intrusa o extrosa; gineceo apocarpico o sincarpico,

con 3 o mas carpelos, ovulos numerosos en cada loculo, anatropos, placentacion lateral o lamelar, estilos

ausentes, estigma(s) unidos y formando un disco con el mismo numero de rayos que los carpelos, area

recpetacular en toda la superficie discoidal o solamente restringida a las areas con rayos; fruto parecido

a una baya, esponjoso, con dehiscencia irregular (debido a la expansion producida por el mucilago que

rodea a las semillas), semillas pequenas, usualmente operculadas, a menudo con arilo, endospermo

escaso, perispermo copioso.

Familia con una amplia distribucion mundial, desde las regiones frias y templadas en el hemisferio

norte hasta el tropico, habitando cuerpos lenticos de agua dulce; se incluyen en la familia 6 generos con

alrededor de entre 50 y 66 especies. En Mexico se presentan 2 generos con entre 11 y 12 especies. En el

pasado se incluian en esta familia a los miembros de Cabombaceae y Nelumbonaceae, las cuales ahora

se encuentra segregadas gracias a estudios moleculares.

CLAVES PARA LOS GENEROS DE LA FAMILIA NYMPHAEACEAE EN NUEVO LEON

1 . Perianto subgioboso de seis sepalos concavos de color amarillos (a veces tenidos de verde o rojo) y numer-

osos petalos escuamiformes o estamiformes insertados con los estambres en un receptaculo por debajo

1. Nuphar Sm

Plantas herbaceas, at
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LEYENDA
Genero Nuphar

# N. advena
X Poblacion extirpada

| |

Limites municlpales

\ Curvas de nivel a 20 rr

Vias de comunicacion
af\/Cuatro carriles

/\/ Dos carriles

Monterrey

Fig. 2. Distribution del genero Nuphar en Nuevo Leon, los numeros an las localidades referidas en la Tabla 1

.
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X Poblacion extirpada

| |

Lfmites municipales

Curvas de nivel a 20 rr

Vias de comunicacion
/\/Cuatro carriles

/\/ Dos carriles

t J ^
; Monterrey

on del genero Nymphaea en Nuevo Leon, los numeros indican las localidades referidas en la Tabla 1.
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Estado de conservation/ Presencia de la familia

PresaEICuchillo

Canon de San Ana

Bano de San Ignac

Ojo de agua de Ap

Buen estado /Uso Sinregi

Buen estado/ Sin u oaparente :
- -;:

Buen estado / Sin u oaparente J) .

'

Impactado/Usolo Sin regi

Sin regist

ictualidad

tros, no pres*

ictualidad

orbiculares a lineares, lobulos basales de divergentes a traslapados, margenes enteros, el apice del lobuL

de delgadamente obtuso a ampliamente redondeado, venacion primaria mayormente pinnada; flore

flotantes o sobresaliendo del espejo de agua, diurnas, de forma casi globosa en la antesis; sepalos de !

a 9, amarillos a verdes en la parte externa a menudo con tintes rojizos, oblongos u obovados hasta alg<

orbiculares; petalos numerosos, con arreglo espiral, inconspicuos, a menudo asemejando a los estambres

estambres amarillos o rojizos, insertos por debajo del ovario, recurvados cuando dehiscentes, apendic

conectivo distal ausente; ovario mas grande que petalos y estambres, disco estigmatico con margen enter*

crenado o dentado; frutos naciendo en pedunculos rectos, semillas ovides, arilo ausente.

Se distribuye en America, Europa y Asia; un genero complicado desde el punto de vista taxonomicc

muchas veces se presentan hibridos y rasgos intermedios entre poblaciones; se reconocen entre 10
;

12 especies, las cuales a algunas veces se tratan como subespecies, en Mexico ocurren 1 o 2 especie

dependiendo del sistema de clasificacion que se adopte. En Nuevo Leon ocurre solo una especie.

1. Nuphar adve a (Ait( ) W.T. /
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Plantas herbaceas acuaticas, enraizadas, rizomas de entre 5 y 10 cm. de diametro; hojas comunmente

emergiendo del agua, peciolo terado, o adaxialmente algo aplanado, laminas adaxial y abaxialmente de

color verde, ampliamente ovadas hasta casi orbiculares, de 1 a 2 veces mas larga que ancha, de hasta

40 cm de largo por hasta 30 cm de ancho, seno de la lamina de 1/3 a Vi de la longitud de la nervadura

central, los lobulos se sobreponen o son divergentes, a menudo formando un angulo de 90° o mayor, la

superficie abaxial de la lamina es glabra a escasamente pubescente; flores de hasta 5 cm de diametro;

tefiidos de rojo hacia la base, petalos oblongos y gruesos; anteras de 3 a 7 mm, mas largas que los fila-

mentos, disco estigmatico verde, algunas veces rojizo, de 13 a 25 mm de diametro, entero o crenado,

rayos estigmaticos de 9 a 23, lineares a lanceolados, terminando de 1 a 3 mm desde el margen del disco;

fruto verde, ovoide, con costillas poco prominentes algunas veces, algo constrenido por debajo del disco

estigmatico, semillas de 3 a 6 mm de largo.

Se ha registrado la desaparicion de la poblacion del municipio de Paras, esto es atribuible a la dese-

cacion de los cuerpos de agua en algunas temporadas; las poblaciones del municipio de Sabinas Hidalgo

son abundantes, sin embargo se le considera como una especie problematica por su rapido crecimiento

y puede Uegar a cubrir rapidamente grandes extensiones de cuerpos de agua someros.

Ejemplares examinados: MEXICO. Nuevo Leon. Municipio de Sabinas Hidalgo: Rio Sabinas, 1 May 1981, Garza M, N. s.n. (UNL);

Parque La Turbina, 26°29'12 M-100°12'54°, 320 insnm, 28 Jun 2007, Velazco-Macias 069 (UNL). Municipio de Paras: Presa Paras, 4 Oct

2. Nymphaea L.

Plantas herbaceas perennes, acuaticas, rizomas rastreros; hojas largamente pecioladas, lamina flotante o

expuesta fuera del agua, algo suborbicular, peltada o hendida de manera profunda en la base, borde de

la lamina entero o dentado- ondulado; flores solitarias, con pedunculo largo, flotantes o saliendo fuera

del agua, muy conspicuas, de apertura diurna, algunas veces con un tenue olor agradable; sepalos 4;

petalos muy numerosos, trasformandose de manera gradual en estambres o estaminodios, colocados en

con anteras mas grandes; carpelos hundidos en un receptaculo carnoso, formando con el, un ovario

carnosos semi-infero, estigma discoideo con pocos o muchos rayos, ovulos numerosos, pegados a las

paredes divisorias de los lobulos; fruto madurando debajo del agua, de consistencia esponjosa, globoso u

ovoide, a veces cubierto con las bases persistentes de petalos y estambres, semillas numerosas envueltas

en un arilo en forma de saco.

Se estima que existen unas 50 especies distribuidas de manera amplia en todas las regiones tropi-

cales y subtropicales. Utilizadas como plantas ornamentales, algunas especies se han considerado como

invasivas. En Mexico existen alrededor de 11 especies, distribuidas practicamente en todos los estados,

de manera particular en aquellos de afinidad tropical; en Nuevo leon se presentan 3 especies.

CLAVES PARA LAS ESPECIES DEL GENERO NYMPHAEA EN NUEVO LEON

. Petalos de color blan

1. Nymphaea mexi

Castaliaflava (Leiu

Nymphaeaflava n



Velazco et al., Nymphaeaceae en el estado de Nuevo Leon, Mexico 601

Rizoma recto y alargado, de color cafe, verrucoso, estolonifero en el apice; peciolo de hasta 1 m de largo,

laminas flotantes, glabras, ovadas, de hasta 20 cm de largo o ancho, apice no escotado, borde liso o

ligeramente ondulado, base escotada, venacion radiada, sin patron en forma de telarana, haz de color

verde, enves de color cafe o cafe -rojizo; flores diurnas, comunmente flotantes, algunas veces sobresa-

liendo del agua, de hasta 13 cm de diametro; sepalos cuatro, lanceolados y agudos en el apice, de hasta

8 cm de largo, de color verde claro, sin manchas en la parte externa, amarillo claro en la parte interna;

petalos de 30 a 40, de color amarillo o amarillo claro, de hasta 6 cm de largo por 1 cm o menos de ancho;

estambres de 40 a 60, de color amarillo, apendice conectivo diminuto o ausente, filamentos mas anchos

por debajo de la mitad, mas largo que la antera; estilos de 7 a 9; fruto ovoide de hasta 2.5 cm de largo;

semillas globosas de hasta 5 mm de diametro.

se distribuye en Estados Unidos en los estados de Oklahoma, Alabama, Florida, Georgia, Louisiana,

Mississipi, Carolina del Norte, Carolina del sur, Texas y Arizona; en Mexico se registra para el Distrito

Federal y los estados de Hidalgo, Mexico y Michoacan, considerada en algunos lugares como una planta

En Nuevo Leon solo se ha encontrado en una localidad en el municipio de Benito Juarez, en una

represa artificial en el Canon de Santa Ana, municipio de Benito Juarez.

2. Nymphaea ampla (Salisb.) DC

Castalia onpta Salisb.

Rizoma recto, no ramificado, sin estolones; peciolo de hasta 1 m de largo glabro, laminas flotantes, haz

de color verde, enves de color purpiireo frecuentemente manchado, de forma ovoide, y hasta 45 cm de

largo por ancho, margenes dentados a espinoso-dentados, venacion radial, sin un patron en forma de

telarana, superficie glabra; flores emergiendo del agua, de hasta 18 cm de diametro, diurnas; sepalos

cuatro, lado abaxial de color verde claro con manchas o lineas de color oscuro, lado adaxial de color

bianco sin manchas; petalos de 12 a 21 de color bianco; estambres de 50 a 190, amarillos, los mas

exteriores con un apendice conectivo proyectandose de 3 a 10 mm mas alia de la antera, filamentos

ensanchandose por debajo de la mitad, comunmente iguales o mas cortos que las anteras; pistilo con 14

a 25 loculos, apendices al margen del disco estigmatico cortamente triangulares hasta 3 mm; semillas

globosas a elipsoides.

Florece durante todo el ano pero principalmente en verano; presenta una amplia distribucion, en

Estados Unidos se ha reportado para los estados de Florida y Texas, mientras que para Mexico se ha

presenta en los estados de Coahuila, Nuevo Leon, San Luis Potosi, Tamaulipas, Colima, Guerrero, Jalisco,

Michoacan, Oaxaca, Puebla, Queretaro, Veracruz, Campeche, Chiapas, Quintana Roo, Tabasco y Yucatan,

se ha reportado tambien para Belice, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, Panama,

Islas Caiman, Cuba, Republica Dominicana, Haiti yJamaica.

En el estado de Nuevo Leon, es la especie con distribucion mas amplia, ya que se ha colectado para

5 diferentes municipios en el norte y centro del estado, aunque en la actualidad solamente se presenta

en 2 de ellos, Sabinas Hidalgo y Linares.

240 msnm, 13 Jun 2007, Velazco-Macias 068 (UNL). Municipio de Sabinas Hidalgo: Parque La Turbina, 26°29 I 12"-100 D
12 ,54", 320

3. Nymphaea elegans Hook.
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Rizoma recto, no ramificado, sin estolones; peciolo de hasta 1 m de largo, glabro, laminas flotantes, haz

de color verde, enves de color purpureo, de forma ovoide, de hasta 25 x 30 cm, margenes enteros o algo

ondulados, venacion radial y prominentemente central, sin un patron en forma de telarana, superficie

glabra; flores diurnas, emergiendo del agua, de hasta 13 cm de diametro; sepalos cuatro, lado abaxial

de color verde claro con manchas o lineas de color oscuro, lado adaxial de color bianco sin manchas;

petalos hasta 27 de color purpura claro hasta casi blancos; estambres de 55 a 145, amarillos, apendice

conectivo proyectandose 1 mm (raramente mas), mas alia de la antera, filamentos ensanchandose por

debajo de la mitad, mas cortos que las anteras; pistilo con 12 a 20 loculos, apendices al margen del disco

estigmatico triangulares de 1 mm o menos, semillas casi globosas.

Florece de primavera a otono; presenta una amplia distribucion, en Estados Unidos se encuentra en

Florida, Louisiana y Texas, en Mexico se ha reportado en Sinaloa, Sonora, Tamaulipas, Guerrero, Jalisco,

Morelos, Nayarit, Oaxaca y Veracruz, tambien se ha reportada para las Bahamas y Argentina.

En el estado de Nuevo Leon se ha encontrado solamente en una localidad en el municipio de China,

sobre la carretera libre Monterrey - Reynosa, en areas inundables dominadas por Acacia jarnesiana y

DISCUSION

Se identifican dos situaciones preocupantes, en primera instancia, el presente estudio pone de mani-

fiesto la reduccion en la distribucion geografica de las especies de flora asociadas a cuerpos de agua, por

mencionar un ejemplo, N. ampla, ha desaparecido de 3 localidades en las cuales estaba documentada con

ejemplares colectados entre los afios de 1938 y 1980, esta situacion es atribuible en gran parte a la dese-

cacion intencional de los cuerpos de agua, el uso de grandes volumenes de agua subterranea y superficial

para riego y consumo humano (Rzedowski 1978), de manera adicional a estos factores, el uso recreativo

en algunas zonas ha sido determinante en la modificacion del habitat y la desaparicion de especies; asi

de un total de 17 localidades visitadas en el estado, solamente 4 albergan poblaciones de esta familia.

Una segunda situacion de importancia, es la poca representacion de esta en los herbarios consultados,

esto se pone de manifiesto al contabilizar solamente 4 ejemplares herborizados y 1 una especie reportada

en la literatura, aun mas se contabilizan un total de 11 especies de angiospermas acuaticas estrictas

registradas para Nuevo Leon (Lot et al. 1998), siendo los miembros de esta familia, especies llamativas

y conspicuas por sus caracteristicas fisonomicas, es dificil justificar el poco interes por representar esta

familia en las colecciones botanicas, aun asi, el presente estudio arroja que dos de las especies reportadas

(Nymphaea elegans y N. mexicana) se presentan como nuevos registros para Nuevo Leon.

En base a las colectas historicas, asi como lo observado en las distintas localidades visitadas, en

donde se ha observado un alto impacto por actividades del hombre e incluso la total desaparicion del

habitat en algunas localidades, se estimaria que en un lapso de 10 anos las especies aqui reportadas

puedan desaparecer del habitat restante en el estado de Nuevo Leon, esta preocupacion ha sido denotada

en otros estudios, tales como el de Novelo y Bonilla (1999) quienes seiialan a Nymphaea ampla como "rara

en la region de estudio y por lo tanto vulnerable a la extincion," esto a pesar de ser una de las especies

con mayor distribucion en Mexico.

AGRADECIMIENTOS

A la Dra. Marcela Gonzalez Alvarez por su apoyo y las facilidades brindadas para la revision de ejemplares

en el herbario institucional de la Facultad de Ciencias Biologicas (UNL) de la Universidad Autonoma

de Nuevo Leon. A los Biols. Liliana Ramirez Freire, Hector M. Villalon Moreno y al Ing. Jorge Alberto

Martinez Pineda por su colaboracion en el trabajo de campo del presente estudio, en especial a este

ultimo por su colaboracion en el Sistema de Informacion Geografica.



Velazco et al., Nymphaeaceae en el estado de Nuevo Leon, Mexico

Alanis-Flores G.J., G. Cano y Canc y M. Rovalo Merino. 1 996. Vegetacion y Flora de Nuevo Leon, una guia botanico-

ecologica. Impresora Monterrey, S.A. de C.V.. Mexico. Pp. 1-9.

Calderon de Rzedowski, G. y J. Rzedowski. 2001. Flora fanerogamica del Valle de Mexico. 2° edicion. Instituto de

Ecologia, A.C. y Comision Nacional para ei Conocimiento y Uso de la Biodiversidad. Michoacan, Mexico. Pp.

168-169.

Correll, D.S.yM.C. Johnston. 1 979. Manual ofthe Vascular Plants ofTexas.The University ofTexas at Dallas. Estados

Unidos de America. Pp. 630-632.

INEGI. 1 986. Sintesis geografica del estado de Nuevo Leon. Secretana de Programacion y Presupuesto. Mexico,

D.F.

Lot, H.A., A. Novelo y P. Ram[rez-Garcia. 1 986. Angiospermas acuaticas mexicanas 1 . Vol. V. Listados florfsticos de

Mexico.lnstituto de Biologia, Universidad Nacional Autonoma de Mexico. Mexico, D.F.

Lot, H.A., A. Novelo y P. RAMte-GARCfA. 1 998. Diversidad de la flora acuatica Mexicana. En:T.R: Ramamoorthy, R. Bye,

A. Lot y J. Fa, comps. Instituto de Biologia, Universidad Nacional Autonoma de Mexico. Pp. 563-578.

Lot, A. y F. Chiang. 1 986. Manual de herbario, administracion y manejo de colecciones, tecnicas de recoleccion y

preparacion de ejemplares botanicos. Consejo Nacional de la Flora de Mexico. Mexico. Pp. 87-92.

Martinez, M. y A. Novelo. 1993. La vegetacion acuatica del estado deTamaulipas, Mexico. Ann. Inst. Biol. UNAM,

Ser.Bot. 64(1): 59-86.

Mora-Olivo, A. y Jl. Villasenor. 2007. Diversidad y distribucion de la flora vascular acuatica deTamaulipas, Mexico.

J. Bot. Res. Inst. Texas 1:5 11 -527.

Moreno, N.P. 1984. Contribucion al conocimiento de la flora vascular acuatica y las asociaciones mas comunes

de la presa Rodrigo Gomez y sus afluentes, Mpio. de Santiago, Nuevo Leon, Mexico. Tesis de licneciatura.

Facultad de Ciencias Biologicas, Universidad Autonoma de Nuevo Leon.

Novelo, A. y J. Bonilla. 1 999. Nymphaeaceae. in: Rzedowski, J. y G. Calderon de Rzedowski (eds.). Flora del Bajfo y

regiones adyacentes. Fascfculo 77. Instituto de Ecologia, A.C. Centra Regional del Bajfo. Mexico.

Rojas-Mendoza, P. 1 965. Generalidades sobre la vegetacion del estado de Nuevo Leon y datos acerca de su flora.

Tesis doctoral. Facultad de Ciencias, Universidad Nacional Autonoma de Mexico. Mexico.

Rzedowski J. 1 978. Vegetacion de Mexico. Editorial Limusa S.A. Mexico. Pp. 59-74.

Trevino-Garza, E.J., C. Cavazos-Camacho y O.A. Aguirre-Calderon. 2001 . Distribucion y estructura de los bosques de

galena en dos rios del centra sur de Nuevo Leon. Madera y Bosques 7(1 ):1 3-25.

Villarreal-Quintanilla, J.A. 2001 . Flora de Coahuila. Listados florfsticos de Mexico. Instituto de Biologia. Universidad

Nacional Autonoma de Mexico. Mexico D.F.

Villarreal-Quintanilla, J.A., M.A. Carranza, E. Estrada-Castrillon y A. Rodriguez. 2006. Flora riparia de los rios Sabinas

y San Rodrigo, Coahuila, Mexico. Acta Bot. Mexicana 75:1-20.

Wiersema, J.H. y C.B. Hellquist. 1 997. Nymphaeaeceae. En: Flora of North America Editorial Committee, eds. 1 993+.

Flora of North America North of Mexico. 12+ vols. New York and Oxford. Vol. 3:66-77.

Zomlefer, W.B.. 1994. Guide to flowering plant families. The University of North Carolina Press. E.U.A. Pp. 49-54.



604 Journal of the Botanical Research Institute ofTexas 2(1)

BOOK NOTICE

GordonW Frankie, Alfonso Mata, and S. Bradleigh Vinson (eds.). 2004. Biodiversity Conservation in Costa

Rica: Learning the Lessons in a Seasonal Dry Forest. (ISBN 0-520-24103-7, pbk.). University

of California Press, 2120 Berkeley Way, Berkeley California 94704-1012, U.S.A. (Orders: California/

Princeton Fulfillment Services, 1445 Lower Ferry Road, Ewing, New Jersey 08618, U.S.A, 1-800-777-

4726, www.ucpress.edu, orders@cpfsinc.com). $34.95, 341 pp., b/w photographs, line drawings, maps,

tables, 7" x 10".

Heigh Vinson, St

BIODIVERSITY



REFUGIO DE FITODIVERSIDAD EN LA CIUDAD DE MEXICO,

EL CASO DE LA CUENCA DEL RIO MAGDALENA

V. Avila-Akerberg, B. Gonzalez-Hidalgo, M. Nava-Lopezy L Almeida-Lenero

Facultad de Gencias, UNAM, MEXICO, D.F.

xterior, Ciudod Universitaria, UNAM, CP. 04510, MEXICO

INTRODUCCION

Mexico es un pais megadiverso dada su ubicacion dentro de las regiones Neartica y Neotropical (Rzedowski

1978). Su flora nativa oscila entre 75 ordenes, 304 familias, 2,804 generos y 22,351 especies, en los 200

millones de ha de superficie que abarca el pais (Villasenor 2004). Este mismo autor, utilizo metodos no pa-

rametricos para estimar la fitodiversidad total del pais, asi se anadirian a estas cifras mas de 6,500 especies,

por lo que la flora fanerogamica debera estar en el orden de las 29,000 especies. Con estas cifras la Republica

Mexicana ocupa el quinto lugar entre los paises con mayor riqueza floristica del mundo (Sarukhan & Dirzo

2001). Sin embargo, el conocimiento de su fitodiversidad es todavia incompleto (Villasenor 2004).

La zona templada subhumeda del territorio mexicano cubre la mayor parte de las areas montafiosas del

pais, con una superficie de ca. 33 millones de ha, que corresponde al 15% de la superficie nacional (Toledo

& Ordonez 1998). Esta zona se caracteriza por contener elementos holarticos, predominantemente en el

estrato arboreo, mientras que los estratos arbustivo y herbaceo son neotropicales, formando un complejo

mosaico con los elementos autoctonos (Rzedowski 1978). Los principales tipos de vegetation en esta region

son los bosques de coniferas, bosque mixto y bosque de Quercus, mientras que el bosque mesofilo de mon-

tana, el cual pertenece a la zona templada humeda, representa una transicion entre las regiones tropicales

y templadas (Rzedowski 1970). La flora de estos bosques de coniferas junto con la del bosque de Quercus,

representan cerca de 25% del total de la flora vascular de Mexico (ca. 7,000 especies), de las cuales ca. 4,900

especies son endemicas (Rzedowski 1991).
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La cuenca del Valle de Mexico (CVM) contiene bosques de filiation templada en las que se desarrollan

cerca del 2% de las plantas del planeta (Calderon de Rzedowski & Rzedowski 2001). En esta cuenca endo-

rreica de origen volcanico con una extension ca. de 7,500 km2
, se ubica el Distrito Federal que, a pesar de

contener una de las ciudades mas grandes del mundo, todavia cuenta con importantes areas con vegetation

natural, las cuales representan el 58% de su territorio (Corenader 2006).

Dentro del Distrito Federal, se encuentra la delegation politica Magdalena Contreras, la cual ocupa

el 9° sitio en extension territorial, y mas del 70% de su superficie corresponde a la categoria de suelo de

conservation. Sin embargo, el conocimiento sobre la fitodiversidad es limitado.

En la Delegation Magdalena Contreras se localiza el rio Magdalena, el cual representa uno de los cuer-

pos de agua mas importantes del Distrito Federal (Delegation la Magdalena Contreras, 2006). El tipo de

suelo y la cobertura forestal que esta presenta, promueve la infiltration del agua de lluvia hacia los mantos

acuiferos de la CVM (Mazari 2000), por lo que un excedente hidrico de 10% podria ser aprovechado en

la zona urbana (Jujnovsky 2006). Al rio Magdalena se le reconoce como un rio vivo del Distrito Federal y

existe un interes reciente por parte de las autoridades de la ciudad en manejar integralmente la cuenca.

Debido a que estos bosques enfrentan una gran presion antropica, es importante conocer la fitodiversi-

dad de estas comunidades boscosas, con la fmalidad de evaluar su estado de conservation y poder proponer

alternativas para su mantenimiento. Este trabajo presenta el inventario initial de la fitodiversidad de plantas

vasculares de la cuenca del rio Magdalena (CRM) y su zona de influencia.

Antecedentes.—Algunos de los autores que han realizado estudios previos de floristica y vegetation en la

CRM y zonas adyacentes son: Rzedowski (1954) hizo un analisis de la fitodiversidad en el matorral xerofilo

del pedregal de San Angel, Madrigal (1967), estudio el bosque de Abies religiosa en las zonas montanosas

de la CVM, Rzedowski (1970), realizo una description para el bosque mesofilo de montana en la CVM,

encontrando algunos fragmentos dentro de la CRM, Velazquez y Cleef (1993), definieron las asociaciones

vegetales en los volcanes Tlaloc y Pelado, y Nieto de Pascual (1995) describio la estructura y composition

de los bosques de Abies religiosa en la CRM. En el 2001, Calderon de Rzedowski y Rzedowski actualizaron

la information sobre la flora del valle de Mexico, estimada en alrededor de 2500 especies, la cual ha sido

base para estudios recientes como los de Avila-Akerberg (2002) y Nava (2003), quienes presentan datos de

cobertura de las especies registradas por comunidad vegetal, asi como su relation con diversas variables

ambientales en la CRM.

Area de estudio.—Localization fisica .- La cuenca del rio Magdalena (CRM) se ubica dentro de la Cordil-

lera Volcanica Transmexicana (CVT), en la provincia floristica de las Serranias Meridionales, dentro de la

region Mesoamericana de Montana (Rzedowski 1978). Esta area forma parte de la CVM en la vertiente oc-

cidental de la sierra de las Cruces con un intervalo altitudinal de los 2,530 a los 3,870 msnm y una extension

aproximada de 3,000 ha (Fig. 1).

Relieve.—Los bosques de la CRM se desarrollan en un relieve montanoso, dada su ubicacion dentro de

la CVT. El modelado del paisaje se debe principalmente a la action erosiva hidrica y a los procesos fisico-

quimicos, siendo el desgaste de la corriente del rio Magdalena el que ha ido formando un valle intermontano

longitudinal joven (Alvarez 2000).

Geologia.—El area de estudio presenta diferentes etapas en su evolution relacionada directamente con

el origen de la CVM (Ontiveros 1980). Esta zona esta formada por material igneo extrusivo, producto de

manifestaciones volcanicas del Terciario y Cuaternario (Alvarez 2000). El basamento de la CRM, esta con-

stituido por macizos de la sierra de las Cruces, de principios del Terciario, alcanzando el Terciario Superior.

Esta sierra es uno de los principales focos de actividad del CVT que se formo como consecuencia de una

serie de emisiones pacificas de lavas acidas. Formaciones posteriores, dan lugar a los cerros de San Miguel y

la Palma (Cervantes 1969). La CRM, es el resultado de un afallamiento en bloques que deja bancos abruptos

de forma regular en donde el rio se encajona en margenes estrechos (Alvarez 2000).

Hidrologia.—El rio Magdalena tiene un cauce de una longitud total de 21,600 m, de los cuales 15,200

m recorren los bosques de la cuenca del rio Magdalena (Avila-Akerberg 2004). Posteriormente, el rio entra a
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Fig. 1. Localization de la cu<

Cuenca del Ho Magdalen

I'o Magdalena y zonas de influencia con respecto a Mexico y al Distrito Federal.

zona urbana hasta llegar a la presa Anzaldo en donde el rio es entubado y dirigido hacia el rio Churubusco.

Las aguas continuan su recorrido para finalmente salir de la CVM a traves de los tuneles artificiales de

Tequisquiac y llegar a la cuenca del rio Tula (Alvarez 2000). Las caracteristicas hidrologicas de la CRM se

deben a factores como la altitud y la influencia de las masas maritimas, tanto del Golfo como del Pacifico,

que favorecen las condiciones de humedad. Asi mismo, la estructura geologica de la sierra de las Cruces y

las precipitaciones han permitido que la zona mantenga una infiltracion constante, generando una fuente

de almacenamiento de agua (Ontiveros 1980).

Suelo.—El suelo en la CRM es resultado de una formacion de material igneo extrusivo, producto de

manifestaciones volcanicas del Terciario y Cuaternario, predominando las Andesitas y Dacitas (Ontiveros

1980). Los suelos son, en su mayoria, Andosoles del tipo humico, molico, ocrico con mezcla de Litosoles,

con textura franco, migajon arcilloso y arenoso. Los suelos con textura franca se encuentran distribuidos en

toda la region. En las partes altas, el pH es mas acido y el contenido de materia organica es mayor (Jujnovsky

2006).

Clima.—En la parte baja de la CRM, entre los 2530 y 2800 msnm, se presenta el subtipo climatico C (w
2)

(w) (b) i'g (Koppen modificado por Garcia 1987); templado subhumedo, el mas humedo de los subhumedos

con regimen de lluvias de verano y porcentaje de lluvia invemal menor al 5%. El verano es fresco y largo, la

temperatura media anual oscila entre 12 y 18° C, la temperatura del mes mas frio entre -3 y 18° C y la del

mes mas caliente entre 6.5 y 22° C, con poca oscilacibn termica y marcha de la temperatura tipo Ganges.

En la parte alta, de los 2800 a los 3500 msnm el clima es Cb' (w
2)

(w) (b') i g, difiriendo del anterior por

tener una temperatura media anual entre 5 y 12° C con oscilacion termica menor a 5° C, es decir, isotermal

(Garcia 1987).

Los porcentajes de lluvia altos se registran para el periodo de mayo a octubre, siendo el mes de julio

cuando se alcanza una precipitation que supera los 250 mm. Las mayores temperaturas acontecen desde

marzo hasta octubre, siendo el mes de mayo el mas caluroso y enero el mas frio (Alvarez 2000).

Vegetation.—Los elementos fisicos que componen al area de estudio, tales como el relieve montanoso, el

sustrato rocoso -producto de evolution geologica-, el clima, la existencia de agua de manantiales y rios, asi
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como los suelos, han permitido el desarrollo de la vegetation templada, donde se presentan gran variedad

De acuerdo a la clasificacion de vegetation propuesta por Rzedowski (1978), la vegetation presente en

la zona es principalmente de coniferas como: Abies religiosa y Firms hartwegii. Tambien se encuentran mezclas

de estas especies de coniferas con otras latifoliadas como Quercus spp., conformando lo que se conoce como

bosque mixto. En pequenos parches es posible encontrar bosque mesonlo de montana, caracterizado por

especies como: Quercus spp., Garrya laurifolia, Clethra mexicana y Viburnum stenocalyx, entre otras.

METODO

La recolecta de ejemplares fue realizada durante las multiples visitas a la zona de estudio entre 2004 y 2006,

en 128 sitios de muestreo, dentro de los diferentes tipos de vegetation de la CRM y zonas adyacentes. En

estos sitios se registraron datos ambientales de altitud, pendiente, orientation y suelo desnudo.

Los ejemplares fueron herborizados, etiquetados y determinados a nivel de especie con ayuda de claves

taxonomicas especializadas para la zona (Beetle 1983 y 1987; Calderon de Rzedowski & Rzedowski 2001,

Espinosa & Sarukhan 1997). Para las determinaciones botanicas se siguio la clasificacion propuesta por

Cronquist (1988) para dicotiledoneas y para monocotiledoneas la de Dahlgren et al. (1985). Las sinonimias

y nomenclatura de los nombres cientificos se corroboraron en la base de datos del Missouri Botanical Garden

(www.mobot3.org). El material colectado fue depositado en la coleccion del Herbario FCME (Facultad de

Ciencias, UNAM).

Se identificaron las especies arvenses y ruderales consultando los trabajos de Espinosa & Sarukhan

(1997) y Calderon de Rzedowski & Rzedowski (2001). Se realizo un analisis de coeficiente de relation entre

las especies y generos de la familia Asteraceae contra el total de las especies para comprobar la intensidad

de muestreo (Rzedowski 1991).

El estudio registro un total de 87 familias con 251 generos y 487 especies en la lista floristica (Apendice 1).

Las familias mas importantes en cuanto al numero de especies son: Asteraceae 21%, Poaceae 4.9%, Lami-

aceae 4.7%, Caryophyllaceae 4.3, Rosaceae 3.7% y Brassicaceae 3.5% (Tabla 1), mientras que, las familias

con mayor numero de generos son: Asteraceae 18.2%, Poaceae 5.7%, Brassicaceae 5.3%, Fabaceae 4.0%,

Rosaceae 4.0% y Lamiaceae 2.8%. Los generos con mas especies son Salvia (13), Ageratina (10), Pinus (8),

Quercus (7), y Roldana y Senecio con (6).

En cuanto a las formas de crecimiento (por especie, Fig. 2) las herbaceas son las mas abundantes (365

especies), seguido de las arboreas (49), arbustivas (44), rasantes (20), trepadoras (5) y epifitas (4).

Por forma de crecimiento a nivel de familias las mas numerosas son: en hierbas Asteraceae con 79 espe-

cies, Poaceae con 24, Lamiaceae con 23, Caryophylaceae 18, Brassicaceae con 15 y Fabaceae y Cyperaceae

con 12. Para los arbustos, Asteraceae con 20 especies, y Ericaceae y Rosaceae con 3 especies cada una; en

el arboreo, Pinaceae con 9, Fagaceae con 7 y Betulaceae con 4 (Fig. 3).

De la lista floristica resultante (487 especies), se registraron 10 especies en alguna categoria de riesgo

de acuerdo a la Norma Oficial Mexicana 059-SEMARNAT-2001 (DOF, 2002), de las cuales 3 son endemicas

a Mexico: Furcraea bedinghausii, Acer negundo var. mexicanum y Dahlia scapigera (Tabla 2). Otras especies,

por el contrario, se ven favorecidas por condiciones de perturbation por lo que es comun encontrarlas en

cultivos (arvenses) o bien a la orilla de caminos (ruderales). Dentro de estas especies se encuentran: Acaena

elongata, Achillea millefolium, Ageratina petiolaris, Cerastium nutans, C. vulcanicum, Drymaria laxiflora, Erigeron

galeottii, Geranium seemannii, Roldana angulifolia, Senecio cinerarioides y Sigesbeckiajorullensis, entre otras. El

total de las especies arvenses y/o ruderales fue de 69.

El valor de coeficiente especies-generos (e/g) para la familia Asteraceae fue de 2.3, en tanto que el

coeficiente e/g para total de la flora registrada en este estudio fue de 1.94, dando una diferencia de 0.36.
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Betulaceae Caprifoiiaceae

Arbustos

Rosaceae Grossulariaceae Solanaceae

Lamiaceae Caryophyllaceae

Fig. 3 Principales familias por formas de crecimiento en la CRM, Mexico, D.F.
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vado por Rzedowski (1978) y CornejoTenorio et al. (2003) para la generalidad de los bosques templados de

Mexico. Sin embargo, considerando la cobertura, el estrato arbustivo es el dominance, lo que puede ser un

indicador del deterioro de la zona. Este se explica por la deforestacion, lo que genera claros en el dosel del

estrato arboreo permitiendo o estimulando el crecimiento de los arbustos.

El endemismo en las especies de la CRM, presenta proporciones similares a las evaluaciones previas de la

flora de las regiones montanosas de Mexico, ya que Rzedowski (1991) estima que la proporcion de especies

endemicas del pais para los bosques de coniferas y de encino equivale al 70% y para el bosque mesofilo de

montana. a 30%.

La familia Asteraceae, con 102 especies, es la mejor representada en la cuenca, seguida en menor

proporcion por Poaceae, Lamiaceae, Rosaceae, Fabaceae y Brassicaceae. Este patron de predominio floristico

ha sido encontrado tambien en otros trabajos realizados en tipos de vegetacion similares a los de la cuenca,

como es el caso del Parque Nacional Lagunas de Zempoala (Bonilla y Viana-Lases, 1997), en el volcan Po-

pocatepetl (Almeida-Lefiero et al. 1997), el area de San Juan Nuevo Paranguricutiro (Medina-Garcia et al.

2000) y la Reserva de la Biosfera de la Mariposa Monarca (Cornejo-Tenorio et al. 2003). Se ha visto que en

las latitudes donde la familia de las compuestas juega un papel importante, el cociente entre el numero de

especies y generos de compuestas se aproxima al mismo valor para toda la flora fanerogamica de un area.

Para la cuenca del rio Magdalena se encontro que este cociente es de 2.3, y si se multiplica por el numero

total de generos (250) nos da 579 especies, numero relativamente mayor al total de especies en el area de

estudio (487 spp). Esto indica que algunas de estas especies han desaparecido, que hay sinonimias, incon-

sistencias en los listados o que aun es insuficiente el esfuerzo de colecta. Sin embargo, al revisar los trabajos

realizados por autores como Reiche (1914), Madrigal (1967), Sanchez (1969), Rzedowski (1970), Nieto de

Pascual (1995) y Calderon de Rzedowski y Rzedowski (2001), se cuantifico un mayor numero de especies

en la zona, que las registradas en este estudio. Por lo tanto, es fundamental continuar con el monitoreo de

la flora en la zona, sirviendo este como herramienta para medir el grado de conservacion.

Los resultados que se presentan en este estudio muestran el papel fundamental que desempefia la CRM

como area de conservacion de la flora mexicana, no solo por la riqueza floristica sino tambien por la cantidad

de especies endemicas (ca. 85 especies) y en alguna categoria de proteccion. La Delegation Magdalena Con-

treras presenta mas del 78% de su territorio como suelo de conservacion, por lo tanto la riqueza de especies

en esa superficie es relevante si consideramos que por ejemplo, en el caso de plantas, se alberga poco mas

del 25% de la diversidad floristica que existe en el valle de Mexico o el 2.2% de la riqueza total del pais. Si

ademas se toma en cuenta la presencia en la zona de uno de los ultimos rios vivos en el Distrito Federal y

la presencia de elementos del bosque mesofilo de montana casi desaparecidos de la CVM, es fundamental

priorizar el cuidado y recuperation de esta cuenca.

Se espera que la information floristica proporcionada por la presente contribution pueda ser util en la

elaboration del plan de manejo integral de la zona, que representa un refugio de esta fitodiversidad y que

juega un papel importante en el mantenimiento de numerosos servicios ecosistemicos que brinda a la ciudad.

A partir de esta informacion, es importante fomentar estudios similares en zonas adyacentes abordando

ademas otros aspectos biologicos, sociales, econbmicos y politicos.

PLANTAS VASCULARES

Equlsetophyta

male L ssp. affine (Engelm.) Calder & Roy I

Pteridopsida

APENDICE

PLANTAS NO VASCULARES

Bryophyta

Grimmia tolucensis Card.— Rastrera, VA-1 68
Equ

Equi

Pottiaceae

raJB-



Adiantum marginatum Bory-

Aspleniaceae

Dryopteridaceae

Cystopteris fragilis (I

Dryopteris parallelogramma (K

Polypodiaceae

Cheilanthesfarinosa (Forssk.) Kaulf.—Hier

Cheilanthes hirsuta Link.—Rastrera, JB-7

Cheilanthes marginata Kunth.— Hierba, V
Cheilanthes sinuata (Lag. ex Sw.) Domin-

Pteridaceae

Pteridium aquilinum (L) Kuhn—Hierba, V/
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Osmorhiza mexicana Griseb.—Hierba, VA-1

4

Tauschia alpina (J. C. Coult. & Rose) Mathias—Hierba, VA-1

5

Asclepiadaceae

Asclepias ovata M. Martens & Galeotti—Hierba, MV-5

Coniferophyta

:a (Rob.) R.M. King & \

brata (Kunth) R.M. K i Rob.-

VA-19

Ageratina mairetiana (DC.)R.M. King & H. Rob.—

VA-20

Ageratina oligocephala (DC.)R.M. King & H. Rob-

VA-21

Ageratina pazcuarensis (Kunth) R.M. King & H. Rob.-

VA-22

iboidea (Kunth) R.M. King & H. Rob.-

is (Green m.) R.M. King & H. Rob—

icosa (Sch. Bip. ex Greenm.) R.M. h

jsto,VA-23

nbosum Zucc. ex Pers—Arbusto, VA-

Pinus patuia Schltdl. & Cham.—Arbol, VA-23!

P/nus pseudostrobus Lindl.—Arbol, VA-236

P/nus md/'s Endl.—Arbol, VA-237

Pinus teocote Schltdl. & Cham.—Arbol, VA-23

nexicanum (DC.) Standi. & Roy LTaylor-

Iresineajuscana Suessenguth & Beyerie— Hierba, BGH-2977

Iresine diffusa Humb. & Bompl—Hierba, BGH-2978

Iresineelongata Humb. & Bompl. ex Willd.—Hierba, VA-7

Amaryllidaceae

Zephyranthescarinata (Lindl.) Benth.—Hierba, VA-8

Zephyranthes fosteri Traub—Hierba, VA-9

Donnellsmith

& BonpL ex Spreng.—Hierba,

b. & Bonpi.) Mathias & Constan-

jnthemoides (DC.) Sherff—Hierba, arvense, MR-6

jurea (Aiton) Sherff—Hierba, MR-7

Ddorata Cav.—Hierba, arvense, MV-1

1

Dstruthioides (DC.) Sch. Bip.—Hierba, MV-1

2

tt (Poir.) Desf.—Hierba, arvense, MV-1

3

Bidens tripline

Brickellia nutanticeps S.F. Blake—Hierl

Brickellia pendula (Schrad.) A. Gray—

I

Brickellia scoparia (DC.) A. Gray—Hier

Cirsium ehrenbergii Sch. Bip.—Hierba,

Cirsium jorullense (Kunth) Spreng. s

VA-33

Grc/L/m nivale (Kunth) Sch. Bip.—Hier

Conyza schiedeana (Less.) Cronquist-

Cosmos bipinnatus Cav.—Hierba, arve

fr/^eron go/eott/7 (A. Gray) Greene—

H

Erigeron karvinskianus DC—Hierba, V

i, MR-8
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Erigeron longipes DC—Hierba, VA-4(
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Ftorestina pedata (Cav.) Cass.—Hierba, arvense, VA-44 Stevia glandulosa Hook. & Arn.—Hierba, VA-74

Galinsoga parviflora Cav.—Hierba, arvense, MR-10 Stevia incognita Grashoff—Hierba, MV-23

Gamochaeta americona (Mill.) Wedd.— Hierba, arvense, Stevia monardifolia Kunth—Hierba, MV-24

VA-45 Stevia myricoides McVaugh—Hierba, MV-25

Gnaphalium chortaceum Greenm.—Hierba, arvense y ruderal, Stevia ovata Willd. var. ovata.—Hierba, MV-26

Stevia purpusii B.L. Rob.—Hierba, VA-75

Gnophalium inornatum DC—Hierba, VA-47

Gnaphalium tiebmanii Sen. Bip. ex Klat. var. monticola (McVau-

gh) D.L Nash.—Hierba, MR-1

1

Gnaphalium saticifolium (Bertol.) Sch. Bip.—Hierba, MR-1

2

Verbesina oncophora B.L. Rob. & Seaton—Arbusto,

Gnaphalium semiamplexicaule DC—Hierba, arvense, VA-48

Haplopappus stoloniferus DC—Hierba, VA-49 Vernonia alamanii DC—Arbusto, VA-80

Helenium scorzoneraefolium (DC) A. Gray—Hierba, MR-1

3

Villanovaachillaeoides (Less.) Less.—Hierba, VA-81

Helianthus lacinata A. Gray—Hierba, MV-1

6

Berberidaceae
Hieracium dysonymum S.F. Blake—Hierba, MV-1

7

Berberis moranensis Schult & Schult. f.—Arbol, VA-8

Berberis schiedeana Schltdl.—Arbusto, VA-83
Hymenostephium microcephaium (Lees.) S.F. Blake—Rastrera,

MR-1

4

Betulaceae

Melampodium repens Sesse & Moc—Hierba, VA-50 Ainus acuminata Kunth ssp. arguta (Schltdl.) Furlov

VA-84

VA-51

Oxylobus adscendens (Sch. Bip. ex Hemsl.) R. L Rob & Arbol, VA-85

Greenm.—Hierba, VA-52 Ainusjoruilensis Benth. ssp.v'oru//ens/s—Arbol, VA-8£

Oxylobus arbutifolius (Kunth) A. Gray—Hierba, VA-53 Alnusjorullensis Benth. ssp. lutea J.J. Furlow—Arbol,

Packera sanguisorbae (DC.) C Jeffrey—Hierba, VA-54 Boraginaceae

Piqueria trinervia Cav.—Hierba, MR-1

5

Pseudognaphalium arizonicum A. Gray—Hierba, MR-1

6

Pseudognaphalium oxyphyltum DC—Hierba, MR-1

7

Pseudognaphalium oxyphyllum DC var. nataliae FJ. Espinosa

Hierba, VA-59

Roldana albonervia (Greenm.) H. Rob. & Brettell—Arbus

VA-60

Roldana angulifolia (L
ns (Cham. & Schltdl.;

^Brettell— Hierba, MV--20
MV-32

COP 'taturn (Douglas €?x Hookj Green

iiSia

A

aS>nse VA-65
Lepidium Virginiajml. varies,zens (Greene) CI

ise, MV-33

a,VA-67

*.*.ncen-

Pennellia longifoL

Raphanus raphar

ta (Benth.) Rollir

a (Moc. & Sesse) Standi. & Ste
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Sisymbrium officinc

)-oquaticum (L) Hayek— f

7fo(L)Scop—Rastrera,W

tastrera,MR-18

\-100

Sedum bourgaei Hemsl.—

Sedumjaliscanum S.Wats

Buddlejaceae

Buddleja cordata K

Campanulaceae

Kunth—Arbol, MV-34

ha (Kunth) McVaugh—

1

-Arbol, VA-1 02
Sedum oxypetaium Kunth

Sedum praealtum A. DC.

Clausen—Hierba, VA-

VMadiabatessiitoehri&l

VA-104

. Gray) McVaugh—Hierba

'. var. gru/na—Hierba, an

3, VA-1 03
Cucurbitaceae

Sicyos deppei G. Don—Hi<

Caprifoliaceae

Sambucusnigni ver. canadensis L (L) B.L

Symphoricarpos • microphyllus Kunth-Arbu:

Viburnum stenocalyx (Oerst.) H<=msl.-Arbo

Caryophyllace

Arenaria lanughi05/(Michx".)RcJto-Hierb

Arenaria lycopodioides Willd. ex

'Greenm.—Hieirba,VA-113

Cerastium moile

Cerastium nutar

Cerastium orithc

Cerastium purpi

? Hemsl.—Rasti

Bartl.—Hierba

is Raf.—Hierba,

z/es Schltdl.—

H

-era, VA-1 15

ierba
#
VA-11€

Cerastium tolucense D.A. Good--Hierba, MF

Drymaria effusa

Drymaria ieptophyila (Cham. & Schltdl.) Fenzl

Rastrera, MR-21

Drymaria molluginea (Ser.) Didr.—Hierba, MV-3^

Drymaria tenuis S. Watson—Hierba, MV-37

Drymaria viltosa Schltdl. & Cham.—Hierba, rude

Stellaria cuspidataW\\\d. ex Schltdl.—Hierba, VA

VI 24

n glomeratum (Lag.) Lag. ex DC— Hie

Acacia melanoxyion R. Br.—Arbol,W

Daiea leporina (Ait.) Bullock—Hierb;

Erythrina coralloides DC—Arbol, BGH-2983

Eysenhardtia polystachya (Ortega) Sarg.—Arbol, VA-1 97

Lathyrus odoratus L—Hierba, VA-1 98

Lupinus elegans Kunth—Hierba, VA-1 99

Lupinusgiabratus J. Agardh—Hierba, BGH-2984

Senna multiglanduiosa (Jacq.) H. S. Irwin &Barneby—Arbus

iafdbaL—Hierba, BGH-2986

ia puichelia Kunth (Hemsl.) ssp. mexicana C.R. Gunn—
Trepadora, BGH-2987

iasativa L—Trepadora, VA-203

Kunth—Arbol, VA-1 32

exicana (Schltdl.) Rose—Hi

us dysophylla Benth.—Arbol, VA-1 58

usiaurina Bonpl.—Arbol, MV-45

usobtusata (Willd.) Pursh—Arbol, VA-1 59

us rugosa Nee—Arbol, VA-1 60

m batallae Barocio—Hierba, VA-1

:
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MV-46

Gentianaceae

Gentianaovatiloba (G. Don) Briq.—

nse(Benth.)Gillett

is (Kunth) G. Don-

Halenia pringlei .LRob&Seaton-

Geraniaceae

Erodium cicutar um (L) L'Her. ex

Lauraceae

Litsea glaucescens Kunth-

Lentibulariaceae

Utricuiaria livida (DC.) E.IV

Loranthaceae

Geranium latum Small—Hierba, MV-47

inum Knuth—Hierba, MV-48

Geranium potentillaefolium DC—Hierba, arvense, VA-1 66 Lythl

sw.&Wiens—Epifita, VA-206

?uthobium vaginatum (Humb. & Bonpl. ex Willd.) J. Presl—

Epifita, VA-207

wdendron velutinum (DC.) Oliv.—Epffita, VA-208

Cuphea aequipetala Cav.—Hierba, arvense y ruderal, VA-209

Malvaceae

Kearnemaivastrum subtriflorum (Lag.) D.M. Bates— Hierba,

VA-210

Oleaceae

Fraxinus uhdei (Wenz.) Lingelsh.—Arbol, VA-21

2

Ligustrumjaponicum Thunb.—Arbol, exotica, VA-21

3

Fuchsia microphyila Kunth ssp. microphylla—Arbusto,

VA-21

4

VA-21

8

Orobanchaceae

Conophoiis alpina Liebm.—Hierba, VA-224

Oxalidaceae

Oxalis alpina (Rose) R. Knuth—Rastrera,VA-225

Oxaliscorniculata L—Rastrera, arvense y ruderal,V
Oxalis nelsonii (Small) R. Knuth—Rastrera, MR-35

Papaveraceae

Argemoneochroleuca Sweet—Hierba, BGH-2953

Salvia patens Cav—Hierba, MV-57
VA-22/

Salvia polystachya Cav—Hierba, MV-58 Passifloraceae

Salvia prunelloides Kunth.—Hierba, MV-59

Salvia reptans Jacq.—Hierba, VA-1 89

Salvia stricta Sesse & Moc—Hierba, VA-1 90
Phytolaccaceae

Stachys coccinea Ortega—Hierba, VA-1 92 Piperaceae

Stachyseriantha Benth.—Hierba, BGH-2979 Peperomia campylotropa A.W

Stachys repens M. Martens & Galeotti—Hierb , BGH-2980

Stachys sanchezii Rzed. & A. Garcia—Hierba, \A 333
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Plantago major L—Hierb a,VA-241

Plantago nivea Kunth—

H

erba,arvenseyrude al,VA-242

Polemoniaceae

se,VA-302

Sesse & Moc. ex DC—Hiert

VA-261

Polygalaceae

;
BGH-299

Monninaciliolata (D.D\eX ) DC—

A

-2992

Polygonum hydropiperoid -262

Polygonum punctatum E

arvense, VA-263

RumexacetosellaL—Hie se, BGH-2994

RumexcrispusL—Hierba arvense, BGH-2954

'illd.ssp.mex/rana(Rydb.)John

-Hierba, BGH-2955

x Spreng.) Greene— Hierba,

Aichemiila vulcanica Schltdl. & Cham—Rastrera, VA-284

Amelanchierdenticulata (Kunth) K. Kock—Arbol, VA-285

Crataegus mexicana Moc. & Sesse ex DC—Arbol, VA-286

Duchesnea indica (Andrews) Focke—Hierba, VA-287

osacanina L—Arbusto,VA-293

ubus iiebmannii Focke—Arbusto, VA-294

ubuspumilus Focke—Hierba, VA-295

ouvardia multiflora (Cav.) Schult. & Schult.—Arbusto,

BGH-2958

ouvardia obovata Kunth—Hierba, BGH-2959

ouvardia temifoiia (Cav.) Schltdl.—Hierba, VA-296

)idymaea alsinoides ( Cham. & Schltdl.) Standi.—Hierba,

VA-297

Galium aschembornii Nees & S. Schauer—Hierba, BGH-2960

Galium mexicanum Kunth—Hierba, BGH-2961

-aiium ptaetermissum Greenm.—Hierba, BGH-2962

Ranunculus dichoto nus Moc. & Sesse ex DC— Hie

VA-275

Pritz.—Hierba, VA-276

ulis D. Don ex G. Don— Hie

BGH-2995

Ranunculus petiolaris (unth ex DC—Hierba, BGH-2956

js Kunth ex DC var. amellus (Bri

Duncan—Hierba VA-277

ies Kunth ex DC— Hierba, VA-278

Thalictrum pubigerum Benth.—Hierba, VA-279

Meliosmadentata (Liebm.) Urb.—Arbol, VA-300

Salicaceae

Salixoxylepis C K. Schneid.—Arbusto, VA-301

Salixparadoxa Kunth—Arbol, VA-302

Saxifragaceae

Scrophulariace

-Hierba, VA-303

is Schltdl. & Cham.—Hierba, arvense, VA-304

xanensis Kunth—Hierba, VA-305

to dasyantha (Cham. & Schltdl.) W. R. Ernst.—

/A-307

bratus Kunth—Hierba, VA-308

i campanulatus (Cav.) Willd.— Hierba,

/A-309

jentianoides (Kunth) Poir.—Hierba, indicadora de

},VA-310

roseus (Cerv. ex Sweet) G. Don— Hierba,

milla aphanoides L—Hierba, BGH-2996

7

nbens Rose—Rastrera, BGH-2998
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Lycianthes moziniana (Dunal) Bitter— Hierba, arvense, Cyperusmani

BGH-2964 Cyperusniger

Lycianthes pedunculc H ierba, VA-3 1

6

Cyperus semic

Physalis orizabae Dunal—Hierba, ruderal, BGH-2965

Physaiis pringiei Greenm.—Hierba, VA-320

Physalis stapelioides (Regel) Bitter—Hierba, VA-321

Solanum americanum Mill.—Hierba, VA-322

Solanum bulbocastanum Dunal var. bulbocastanum—Hierba,

JB-2

Rhynchospora kunthii Nees—Hierba, JB-3

Hypoxidaceae

Hypoxis mexicana Schult—Hierba, VA-1 72

VA-323

Solanum cervantesii Lag.—Arbusto, VA-324

Solanum demissum Lindl.—Hierba, BGH-2966

Solanum nigrescens M. Martens & Galeotti— Hierba,

Symplocaceae

Sympiocoscitrea Lex. ex La Llave & Lex.—Arbol, BGH-2967

Iridaceae

Sisyrinchium conzatii Calderon & Rzedows

VA-175

Sisyrinchium scabrum Schltdl. & Cham.—Hierbc

Sisyrinchium schaffneri S. Watson—Hierba, VA-1

Sisyrinchium tenuifolium Humb. & Bonpl. ex W
MV-53

Urticachamaedryoides Pursh—Hierba, arvense, BGH-2969

Urtica urens L—Hierba, ruderal, BGH-2999
Juncaceae

Luzuladenticulata Liebm.—Hierba, MV-54

Viola guatemalen.s/sW. Becker—Hierba, BGH-29^

Calderon—Hierba, BGH-2972

Viola hookerianal<unth—Hierba, BGH-;

Viola humilisKurt

Viola painteri Rose & House—Hierba, V/\-126

Liliopsida

Agave atrovirens Y^arw.exSalm-Dyck—

1

Agave macroculmi/5 Tod.—Hierba, MV-3

Liliaceae

Echeandia mexicanciCruden—

h

BGH-2989

Stenanthium fngidijm (Schltdl. &Ch
BGH-2950

Nolinaceae

NolinaparviflorcKKlrntMHemsl,-Arb<Dl,VA-21l

Avenasativa L— Hierba, MR-39

Brachypodium pringiei Scribn. ex Bea

ez) LB. Smith— Epi

Cyperus hermaphroditus (Jacq.) Standi.—

H

ruderal, MR-27

Muhlenbergia quadridentata ( Kuntri)Trin.—Hierba, VA-253

Piptochaetium fimbriatum (Kunth) hlitchc—Hierba, MR-40

Piptochaetium seleri (Pilg.) Henrard--Hierba, VA-254

Schedonorus arundinaceus (Schre b.) Dumort..—Hierba

VA-248

Sporobolusindicus (L) R. Br.—Hierb;3,VA-255

Stipa ichu (Ruiz & Pav.) Kunth—Hierba,VA-256



Journal of the Botanical Research Institute of Texas 2(1)

Trisetum kochianum Hern. Torres—Hierba, VA-258
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Trisetum virlettii E. Fo urn .—Hierba, VA-260
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Field work in central Florida by the second author has led to the discovery of a plant species new to North

America, Praxelis clematidea (Griseb.) R.M. King& H. Rob. (Fig. 1). The species is native to Argentina, Bolivia,

Paraguay, and Brazil (King & Robinson 1987). It is also erroneously reported from Venezuela (Waterhouse

et al. 2003). It has been naturalized in Australia, China, and Hong Kong (Corlett & Shaw 1995; Veldkamp

1999; Waterhouse 2003). There are 13 additional species of Praxelis Cass., all restricted to South America,

none of which are known as exotics elsewhere (King & Robinson 1987). A more complete description of P.

clematidea is available on-line (U.S. Forest Service 2007), as are photos (Waterhouse et al. 2003), including

comparison with the similar Ageratum houstonianum Mill. (Pollock et al. 2004).

Voucher specimen data: UNITED STATES. Florida. Orange Co.: 28°24 ,80"N 8r37'13"W (WGS84), NW of Kissimmee, on private

rare, 26 Jul 2006, LeAnn White 1 [FLAS], det: S. Barry Davis (FLAS), Oct 2006, ver:John Pruski (MO), Mar 2007. Orange Co.: 28°24'9.7"N
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, FLAS, FSU, FTG, GOET, JBSD, LSU, MO, PIHG, SEL, UC,

Praxelis clematidea: herb to suffrutescent shrub to ca. 1.3 m tall; stems soft pubescent (densely villous to

hirsute, especially above); petioles usually very short, well less than 1/4 the blade length (except on the

lowest leaves which may have petioles up to ca. 1/3 or more the blade length; these leaves are often gone by

the time the plant is in fruit); blades ovate, rounded to cuneately narrowing at the base, generally about half

(or more) as wide as long; margins irregularly toothed, i.e., some teeth nearly dentate, others more sharply

serrate, with size variation even on same leaf; heads cylindrical-campanulate, clearly longer than wide (ca.

3-4 mm wide, 6-8 mm tall), in lax to dense clusters; phyllaries about 1 mm wide, flat, densely imbricate,

although deciduous in fruit, with conspicuous dark striations from the veins.

A visit to the region on 17 July 2007 discovered hundreds of individuals of Praxelis at several scattered

localities, all disturbed roadsides. This local abundance in so many different spots, in conjunction with the

original collection in a relatively remote and inaccessible area, suggests that Praxelis has been in Florida for

some time and has been spreading. The site where the species was first found in July 2006 is an open old

field dominated by exotics [Rhynchelytrum repens (Willd.) C.E. Hubb.; Richardia brasiliensis Gomes; on edges,

Urena lobata LJ and 'weedy' natives [Cenchrus spinifex Cav, Heterotheca subaxillaris (Lam.) Britton & Rusby,

Bidens alba (L.) DC.]. The site is a dry, well-drained sandy upland that was once a citrus grove. Although

there are no indisputable indicators of the original vegetation, sparse remnants suggest that it may have been

sandhill vegetation, e.g., Commelina erecta L, Croton glandulosus L., Galactia elliottii Nutt., Opuntia humifusa

(Raf.) Raf., Passiflora incarnata L., Quercus myrtifolia Willd. (only 1 plant seen), and, along the edges, Euthamia

caroliniana (L.) Greene ex Porter & Britton and Verbesina virginica L. The area is now mostly surrounded

by dry pine woods that appear secondary, with a remnant swampy baygall nearby to the southwest. The

site has about 200 Florida gopher tortoises (Gopherus polyphemus) and a density of about 29.1 tortoises/ha,

which is very dense for gopher tortoise populations. Praxelis was completely absent on a follow-up trip on

5 November 2006, at which time the site was also seen to be heavily disturbed by hog rooting (Sus scrofd).

One small patch was rediscovered in the same area during a follow-up visit on 23 August 2007, making it

clear that the species is established at the site. A follow-up trip on 8 March 2008 to the Lake Hancock Road

site found that, as part of a road construction project, the population had been nearly eradicated (although

achenes are doubtless still persisting in the area); only one plant was seen (and it was in flower), with the

remaining area covered in fresh sod. This did demonstrate that at least some individuals of Praxelis over-

Eupatorieae are distinguished by the combination of discoid heads, anther bases non-tailed (obtuse,

rounded, or truncate), styles usually more or less filiform, style-branch appendages usually terete to clavate,

and leaves usually opposite (FNAEC 2006a). Praxelis keys to either Fleischmannia Schultz-Bip. or Chromo-

laena DC. in FNAEC (2006b), matching key features for both—ca. 20 unequal phyllaries (the outer ones are

generally smaller), 25-30 florets per head, a 3-4 ribbed achene, a pappus of ca. 40 capillary non-plumose

bristles, and a glabrous style base. Praxelis has been reported as an annual and a perennial (U.S. Forest

Service 2007; Waterhouse et al. 2003) and may behave as either, depending on local climate. A modified

key is provided here, based on species in North America that look most similar to Praxelis clematidea, i.e.,

other herbaceous traditional Eupatorium L. s.l. with petiolate, opposite leaves trinerved from base and bluish

purple corollas. For certainty of identification in a broader taxonomic context in the absence of compara-

tive herbarium material or consultation with a specialist, the best references are the keys and descriptions

in Cronquist (1980), King and Robinson (1987), FNAEC (2006a, 2006b), or, for Florida, Wunderlin and

Hansen (2003).
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ig. 1 . Praxelis clematidea. A. Inflorescence structure with inset of leaf. B. Close-up offlowers. C. Close-up of heads showing conical receptacle.
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2. Pappus lacking, coroniform (flat scales fused into a crown-like structure), or of 5-6 flattened scales (some-

times 5-6 tapering setae in A conyzoides) Ageratum

[20-125 florets; 30-40 phyllaries, (sub-)equal, persistent; Ageratum stems are sometimes

decumbent; only 4 spp. in North America, 3 are discussed below,

the fourth, A. corymbosum Zucc, occurs in AZ and NM].

2. Pappjs of capillary bristles; bristles more than 20.

3. Bristles ca. 30; florets 35-70+; phyllaries ca. 25, subequal, persistent Conoclinium

[3 spp.; 1 discussed below, the other 2 are C. dissectum A. Gray ofTX, AZ,

and NM and C b«

3.Brist:es ca. 40; florets 25-30; phyllaries 1 5-25, unequal, deciduous (abs

I Receptacle flat to slightly convex (rarely very shallowly conical in Fleischmannia).

4. Phyllaries deciduous, 1 8-65, unequal; bristles ca. 40; florets 6-75 Chromolaena

[only 4 spp. in North America, 3 discussed below,

plus C bigelovii (A. Gray) R.M. King & H. Rob., a shrub ofTX]

5tles 20-40 (rarely or 5), florets

Fleischmannia

[only 2 spp. in North America, 1 discussed below,

the other is F. sonorae (A. Gray) R.M. King & H. Rob. of AZ & NM]

Despite superficial macro-morphological similarity, the genera in the above key are from several different

subtribes and do not form a clade (Schilling et al. 1999; Schmidt & Schilling 2000): Ageratinae (Ageratum),

Fleischmanniinae (Fleischmannia), Gyptidinae (Conoclinium), Praxelinae (Chromolaena& Praxelis). Most North

American regions don't have more than one or two of these Praxelis "look-alikes," but a total of eight spe-

cies in all four genera is present in Florida: Ageratum conyzoides L. (native to tropical America; rare exotic in

southern Florida), A. houstonianum Mill, (native to Mexico and northern Central America; occasional exotic

in central and southern Florida), A. Morale A. Gray (rare in the keys; vegetatively glabrous, unlike most

individuals of the other taxa here), Chromolaenafrustrata (B.L. Rob.) R.M. King & H. Rob. (rare in southern

Florida), C. ivijolia (L.) R.M. King & H. Rob. (native to tropical America; rare exotic in central Florida), C.

odorata (L.) R.M. King & H. Rob. (occasional in southern Florida), Conoclinium coelestinum (L.) DC. (common

throughout), and Fleischmannia incarnata (Walter) R.M. King & H. Rob. (occasional in northern and central

Florida). In central Florida where Praxelis is now known, the most similar species to Praxelis that are most

likely to be encountered are Ageratum houstonianum, Conoclinium coelestinum, and Fleischmannia incarnata,

although Chromolaena odorata is also a possibility. See the following appendix for supplemental descriptions

of taxa similar to Praxelis.

SUPPLEMENTAL DESCRIPTIONS

The following descriptions are based on field and herbariui7i observations. This information supplements descriptions in

Cronquist (1980) and FNAEC (2006b). All of these species are very different looking when placed side by side. These gen-

eralizations are designed to capture the important macrosc:opic differences and are offered here to facilitate preliminary

field diagnoses. Ageratum conyzoides, A. houstonianum, Praxelis dematidea, and some individuals of Chromolaena odorata

uals of Chromolaena odorata and Conoclinium coelestinum are

le untrained naked eye. Chromolaena flowers are often a very

pale bluish with the overall head having a whitish appearainee due to the whitish phyllaries (except for the conspicuous

ten whitish with only a pinkish or bluish tinge, and the others

{Ageratum, Conoclinium, and Praxelis) are generally a stronger bluish purple, although all species can rarely be white flowered.

All of these taxa have a resinous odor (probably largely due t

>use et 2003).
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fly with a cuneately based appearance, except when the blade is more narrowly ovate); biade often nearly as wide a

g; margin mostly very regularly, evenly, and shallowly crenate-serrate; heads more or less subglobose, often wider thar

(ca. 8-9 mm wide, 6-7 mm tall), in dense clusters; phyllaries not quite 1 mm wide, more or less flat (apex very narrowec

lewhat involute), fairly imbricate (sometimes small gaps between them in fruit), not conspicuously striate (although th<

omolaena odorata.—Petiole relatively short, generally only 1/4-1/3 (sometimes to nearly 1/2) the blade length; blad<

adly to narrowly ovate, sometimes lanceolate, mostly cuneately narrowed at base (sometimes this is present as a large

ngular wedge below the rounded to truncate broader portion); blade highly variable, from ca. 1/3 to more than half a;

e as long; margin often coarsely, irregularly toothed, but the teeth can be shallow and fairly regular, or the blade may b<

•ut 1 mm wide, flat, densely imbricate, with conspicuous green striations from the veins.

loclinium coelestinum.— Petioie generally 1/4-1/2 the blade length; blade ovate to bluntly triangular, cordate tc

icate at the base (sometimes with a small cuneately narrowing wedge of tissue at the apex of the petiole, but the blade

ily with a cuneately based appearance); blade more than half as wide as long (smaller leaves are usually almost as wide a:

gularly serrate to nearly dentate (sometimes coarsely toothed, sometimes very shallow and nearly crenate)

ds more or less subglobose (ca. 4-5 mm wide and 3-4 mm tall), mostly in dense clusters; phyllaries very narrow (mud

Fleischmannia incarnata—Petiole often as long as the blc

rowed wedge of tissue at apex of petiole); bl<

though veins quite clear with 1 0x magnification).
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EXOTIC SPECIES OF CELTIS (CANNABACEAE)

IN THE FLORA OF NORTH AMERICA
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ABSTRACT

The genus Celtis L. (Cannabaceae, traditional Ulmaceae; Sytsma et al. 2002) is a widespread group of ca. 60

or 70 species of trees and shrubs, about half growing in the north temperate zone. Several Celtis species are

cultivated in North America. Most commonly cultivated are two native species, Celtis occidentalis L. (hack-

berry) and C. laevigata Willd. (sugarberry). Two exotic species, C. australis L. (native to the Mediterranean

basin and southwest Asia; Browicz and Zielinski 1982; Tutin 1991; Zielinski 1979) and C. sinensis Pers.

(native to China and Japan; Fu et al. 2004), are available in the nursery trade. Both are planted, primarily

as street trees, mainly in warm interior valleys of California (Brenzel 2001). Celtis sinensis is occasionally

planted in the eastern United States (Meyer et al. 1994; Dirr 1998), and is sometimes considered a species

with potential for more widespread use as a landscape tree (Dirr 1998).

Native Celtis species are well known to be weedy in gardens and disturbed urban areas. The single

report of C. australis escaping in Butte Co., California by Oswald (1994) is the only report of a non-native

Celtis sp. reproducing outside of cultivation in North America. No exotic species of Celtis is treated in any

continental or regional flora for North America (Barker 1997; Wilken 1993). However, Batianoff and Butler

(2002) considered Celtis sinensis one of the worst invasive plants in south-east Queensland, Australia, where

they found it capable of crowding out native vegetation and forming monocultures, suggesting that the spe-

cies has the potential to become invasive in suitable conditions.

Herbarium specimens and field sites for Celtis were examined. Several field sites in California were

confirmed for C. australis and C. sinensis. The latter was also found to escape in a single location in the District

of Columbia.

Nesom (2000) suggests a simple, uniform terminology for describing the "reproductive status and

dispersive success" of non-native species. Uniform treatment of invasives is certainly necessary to allow

meaningful comparisons between different works. However, the simple categories Nesom suggests are often

difficult to apply to newly escaping woody plants or other perennials with long generation times. Distin-

guishing between Nesom's categories of "waif
1

and "naturalized" depends on the scientists' estimate of the

long-term reproductive behavior of the species in the habitat. This is often suitable for annuals or perenni-

als that are short-lived or reproduce when young, but not suitable for woody plants, where it may be many

years before the long-term ability of a population to persist and reproduce in the habitat can be estimated

accurately—thus, before it can be known whether the population is naturalized. Unfortunately, the early
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>tablishment phase is precisely the period when information about invasive tendencies of the species is most

eeded. It becomes important to document the habitats these species colonize and record their dispersal

istances from seed sources. Invasive species have often gone unrecognized for long periods because they

:e not included in regional herbaria, floras, or other literature (Luken & Thieret 1995; Whittemore 2004).

hese two species are not described or illustrated in any North American flora (except McMinn & Maino

247, who included C. australis as a cultivated species). A key, descriptions and illustrations are provided

dow to ensure that their populations can be recognized by local botanists.

Identification of Celtis in North America is greatly complicated by unresolved taxonomic problems in a

variable complex of shrubs and small trees, distributed over most of the United States, that are probably

apomictic (Whittemore 2005a). These plants (referred to as the "small tree complex" below) are treated in

different floras under a variety ofnames (the most commonly used, in the order they were first published, are

Celtis pumila Pursh, C. tenuifolia Nutt., C. reticulata Torr., C. lindheimeri Engelm. ex K. Koch, and C. georgiana

Small). None of the published treatments presents the variation in these plants adequately. Furthermore, of

the five names listed above, only C. pumila and C. reticulata have been typified, and the correct application

of the other names is in question. Until an adequate taxonomic treatment of this complex is available, it is

not possible to write a full key to the North American species of Celtis. Furthermore, Celtis shows a very high

level ofwithin-plant leafpolymorphism, which greatly complicates identification. Leaves ofjuvenile or highly

stressed plants are often very different from leaves of normal adults with the same genotype, and leaves of

vigorous leaders may be much larger than leaves of fruiting laterals, and these two leaf types may differ very

strongly in shape, especially in C. occidentalis and species of the small tree complex. Reliable identification of

Celtis spp. may require studying fertile material, and comparing leaves that are subtending pedicels (Fernald

1950, Whittemore 2005b). The key below includes all Celtis species that grow outside of cultivation in the

United States and Canada, but does not attempt to divide the small tree complex into natural taxa. For the

taxonomy of Celtis subg. Mertensia (Kunth) Planch., see Berg and Dahlberg (2001).

. Stems with prominent nodal spines. Flowers in dense cymes, hermaphroditic flowers with many male flow-

ers lower on the same cyme (branch scars visible on pedicel). Styles bisbifid (i.e. each lobe is again deeply

divided) Celtis subg. Mertensia

2. Nodal spines straight. Leaves 1-3(-5) x 0.4-2 cm. Axils of basal veins with deeply invaginated domatia.

Shrubs 2-6 m tall. Florida, Texas, New Mexico, Arizona Celtis ehrenbergiana

(Klotzsch) Liebm. (=Celtis pallida Torr.)

2. Nodal spines curved. Leaves 5.5-1 x 2.5-4 cm (to 1 3 x 6 cm in the tropics). Axils of basal veins without

domatia. Shrubs (often scandent) 5-12 m tall. Florida Celtis iguanea (Jacq.) Sarg.

I . Stems unarmed. Hermaphroditic flowers solitary on axillary pedicels (without branch scars on pedicel). Styles

ed lobes) Celtis subg. Celtis

3. Abaxial surface of leaf uniformly pubescent over ?af abruptly con-

tracted to a slender acumen, each margin with 20-32 teeth Celtis australis

or the leaf blade evenly tapered or gradually narrowed to the slender acumen and entire or with no more

4. Large shrubs or small trees to 1 2 m tall, with leaning trunks and horizontal or arching leaders or (with

age) multiple spreading trunks. Pollen largely or entirely aborted, seldom more than 1 0% of the grains

stainable with acetocarmine, stainable grains (if present) very variable in size and number of pores, or

else anthers remaining small and indehiscent. "Small tree complex"

4. Excurrent trees to 30 m tall, typically with one strong vertical trunk (occasionally 2 or 3 parallel upright

3-porate, 95-100% stainable with acetocarmine.

extending (0.5-)0.6-075 length of blade; bark without corky outgrowths Celtis sinensis

5. Leaves subtending pedicels lanceolate, obliquely triangular or triangular-ovate, acuminate (usually

slenderly so), basal secondary veins extending 0.3-0.55 length of blade; bark with prominent corky
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6. Leaves generally bright green on both surfaces; leaves subtending pedicels evenly tapering or

gradually narrowed to the slender acumen; leaves of vigorous leaders larger but similar in shape;

mature drupes 6-8 mm in diameter, brownish-orange or red Celtis laevigata Willd.

6. Leaves generally paler abaxially; leaves subtending pedicels abruptly narrowed to the acumen;

leaves of vigorous leaders larger and different in shape (often lanceolate or oblong, apex acute

or short-acuminate, base often shallowly cordate); mature drupes 8-1 1 mm in diameter, dark

brownish purple or purplish red (but immature drupes may be red or orange) Celtis occidentalis L

:ly roughened. Branchlets brown or purplish,

pubescent with spreading hairs to 0.5 mm long. Winter buds brown or purplish, 3-5 mm long, puberulent.

Stipules linear or lanceolate, 3-6 mm, pubescent, fugacious. Leaves subtending pedicels with petiole 9-17

mm, tan, pubescent, dorsal sulcus usually a narrow sharp groove, seldom broad and shallow; leaf blade

narrowly elliptical to lanceolate or lance-ovate, 8-11 x 3-5 cm, rather thick but flexible, adaxial surface dull

dark green, abaxial surface light green or glaucous, pubescent with spreading hairs over veins and whole

blade, felty to the touch; secondary veins 2-4 on each side, basal secondary veins extending (0.45-J0.5-0.7

length of blade; base cuneate to rounded, usually strongly asymmetrical, margin serrate from base to apex

with sharp teeth 2-3 mm long, teeth 20-32 on each side; leaf apex abruptly contracted to a slender acumen;

leaves of sterile leaders similar but often larger, to 16 cm long. Male flowers fascicled in axils of bud-scales

and lower leaves, bisexual flowers solitary in lower leaf axils, reaching anthesis as leaves emerge in the

spring. Pollen not seen. Drupes 1 per leaf axil, pedicel pubescent (at least proximally), 19-31 mm long,

1.6-2.7 times as long as subtending petiole. Drupe subglobose to pyriform, usually tapering to style-base,

10-12 mm in diameter, very dark brown (almost black) at maturity.

Distribution and Flowering.—Found in North America in riparian woodland, elev. 15-60 m. Flowering

as leaves emerge in the spring; fruiting mid- to late fall.

Celtis australis can be recognized by its smooth or finely roughened bark (not developing corky warts or

ridges like the native North American species), its leaf blades that are sharply serrate and very slenderly

long-acuminate from a narrowly elliptical to lanceolate or lance-ovate body and uniformly felty-pubescent

beneath, and its large, dark brown or black drupes (the drupes ripen orange-brown, red or purplish in

other American species).

Celtis australis was reported by Oswald (1994) as an escape in Bidwell Park, Chico, California. This site

was visited in August 2006. The road between the site of the former Forestry Station and the current Nature

Center is lined with large, well-established trees, evidently planted many years ago and now fruiting heav-

ily. Seedlings and saplings are common in the vicinity of these trees. The majority are found in disturbed

roadside habitats, but well-established small trees are also found in open Quercus lobata - Platanus woodland

in the vicinity of the planted trees. Some of these trees are fruiting in this habitat, so C. australis is definitely

established in native habitats and should be considered locally naturalized.

Feral plants of Celtis australis were also found along a waterway on the north side of Davis, in dense

secondary forest that grew up on disturbed soil exposed when the waterway was channelized approximately

thirty years ago. No cultivated trees were seen nearby, but the storm-drain system from much of Davis emp-

ties into this waterway, so seeds could easily have washed in from elsewhere in Davis (where C. australis is

occasionally planted as a street tree). The land is not under cultivation, so under a strict application of the

definitions ofNesom (2000) these trees are either waifs or naturalized (depending on their ultimate ability to

reproduce themselves locally), but the site was heavily disturbed during the channelization, and it receives
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Fig. 1 . Foliage and drupes of introduced Ceitis species. A. C. austratis. B. C sinensis.

The site is worth noting, how<

Ceitis sinensis Pers., Syn. Pi. 1:292. 1805. (Fig. lb).

Deciduous trees to 20 m tall. Bark gray, smooth or finely roughened. Branchlets brown, brown-pubescent,

sometimes becoming glabrescent late in season. Winter buds dark brown, 1-3 mm long, glabrous or puberu-

lent. Stipules linear or lanceolate, 3-5 mm, pubescent, fugacious. Leaves subtending pedicels with petiole

3-10 mm, brown, pubescent, dorsal sulcus broad and shallow; leaf blade ovate to ovate-elliptic, 3-10 x

3.5-6 cm, rather thick but flexible, adaxial surface glossy dark green, abaxial surface light green, usually

inconspicuously yellowish-brown puberulent when young, at maturity with hairs abaxially scattered on

major veins and sometimes tufted in vein axils, smooth to touch, secondary veins 3-4 on each side, basal

secondary veins extending (0.5-)0.6-0.75 length of blade; base rounded, obtuse, or obliquely truncate,

subsymmetrical to moderately oblique, margin subentire to crenate on apical half, teeth 0-16 on each side,

apex acute or short-acuminate; leaves of sterile leaders similar but often larger, to 9 cm long. Male flowers

fascicled in axils of bud-scales and lower leaves, bisexual flowers solitary in lower leaf axils, reaching an-

thesis as leaves emerge in the spring. Anthers dehiscent, pollen grains uniform in size, uniformly 3-porate,

97-990/0 stainable with acetocarmine. Drupes l(-3) per leaf axil, pedicel rather stout, pubescent (at least

proximally), 4-10 mm long, 1-1.5 times as long as subtending petiole. Drupe subglobose, 5-7(-8) mm in

diameter, brownish orange at maturity.



Whittemore, Exotic species of Celtis in the North American flora

sand willows, ca. 0.5 km N of jet. Pentz and Mesilla Valley Rds., elev. ca. 120 m, B. Castro 436 (CHSC). Orange

UCIr

Crt!

o Co.: Spontaneous

iE"id
5

I13d H"rg!^^^^^^^5^^.
>loCc.: Spontaneous tree

'~rEBs^B5i=:B£

Celtis sinensis can be recognized by its smooth bark, its rather leathery, glossy leaves, with the margins usu-

ally crenate or bluntly serrate and the apex often rounded-acute.

Celtis sinensis has never been reported to escape in North America, but field sites and herbarium

specimens were found documenting feral populations over a surprisingly wide geographic range and in a

variety of habitats. It is not common at any of the sites and there is currently no evidence that it can be an

aggressive competitor in our flora (as reported for Australia; Batianoff and Butler 2002), but saplings are

often found several hundred meters from possible seed sources, suggesting that effective dispersal agents

for this species exist in North America. On the grounds of the U. S. National Arboretum in Washington DC,

young trees are occasionally found in open margins of native deciduous forest, often 100-300 m from the

nearest possible seed source, but feral plants have not been observed in closed forest (except as a weed in

cultivated beds). The Butte County site (Castro 436) is riparian woodland in dry, grassy low foothills of the

northern Sierra Nevada, and according to the herbarium label, the feral plants are ca. 200 m from planted

trees of C. sinensis. The tree near Road 101A in Yolo County (Whittemore 06-012) is in native alkali grassland

that has never been cultivated but has probably been subject to some disturbance because of its proxim-

ity to the county road and railroad. This tree is at least 300 m from the nearest possible seed source. The

long dispersal distances seen at most of the sites are not surprising, since the sweet, fleshy drupes are well

suited to bird dispersal. Fleshy bird-dispersed fruit has been shown to be a significant predictor of invasive

behavior in woody plants (Widrlechner et al. 2004), so further tracking of this species is desirable.

I would like to thank LawrenceJaneway and War

Andrew Sanders for providing comments on hat
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In early December 2007, the USF herbarium received a specimen of an unknown aquatic grass collected

along the northwestern shore of Lake Okeechobee, Glades County, Florida. The specimen was not satisfac-

torily identifiable as anything currently known in the state's flora (Wunderlin & Hansen 2003; Wunderlin

& Hansen 2008) and its morphological characteristics led to investigation of the genus Luziola.

Examination of the revision of Luziola (Swallen 1965) revealed that there are two named species of

very similar morphology, L. spruceana Benth. ex Doll and L. subintegra Swallen. The material in question

was determined to be closer to L. subintegra, and this was confirmed by Gerrit Davidse (MO; determination

in duplicate). Consultation of the Flora of North America treatment of Luziola (Terrell 2007) and the USDA

PLANTS database (USDA, NRCS 2008) revealed that this taxon is also new to the United States flora.

Luziola subintegra has a known distribution from Mexico southward through Central America and South

America southward to Argentina, and the Caribbean basin (Judziewicz et al. 2000). It is apparently rare in

Central America, at least in Costa Rica and Nicaragua (Morales 2003; Pohl & Davidse 2001).

Description.—Stoloniferous perennial, emergent, floating, mat-forming aquatic or prostrate-creeping

terrestrial. Culms prostrate, to ca. 1 m long or more, 3-10mm diameter, rooting from the nodes. Leaf sheaths

inflated, spongy; ligule an auriculate membrane, acuminate, 1-4 cm long; leaf blades 1-7.5 dm long, to 7-20

mm wide. Inflorescence monecious, staminate and pistillate portions in separate panicles or rarely with a few

pistillate spikelets within the staminate panicle. Staminate panicle terminal, open; spikelets 5-7 mm long,

with one fertile floret per spikelet; glumes absent or obsolete; palea 3-nerved; lemma 4 or 5-nerved, both

palea and lemma hyaline, similar; anthers 6(5-7) per floret. Pistillate panicle axillary, congested, 1-several

per culm, barely exserted from the sheath, the primary branches sharply recurved when mature, with evi-

dent pulvini, spikelets 3-5.5 mm long, with one fertile floret per spikelet; glumes absent or obsolete; palea

5-nerved; lemma 5-7-nerved, palea and lemma similar. Caryopses (achenes) with a hard, brittle pericarp,

minutely longitudinally striate, asymmetrically ovoid, to 2 mm long, with a persistent style base.

Luziola subintegra is unlike any other Luziola currently known to the United States. It is robust, with

large, thick culms, and has leaves with inflated, spongy sheaths and long, broad blades. All of our other

Luziola taxa can be described as delicate, slender plants with narrow culms, and shorter, narrower leaves.

Luziola subintegra gives the overall impression of being quite similar in habit to Paspalum repens PJ. Berguis

or to a lesser degree Hymenachne amplexicaulis (Rudge) Nees (Figs. 1-3).
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Fig. 1 . Luziola subintegra staminate panicle. ra pistillate panicles (upper-flowering, lo
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3. Pistillate spikelet 3-5 mm long; fruii L. bahiensis

In late December 2007, we invest:igated the extent of the population withiii Fisheating Bay, and found

it to be nearly ubiquitous there. The population consisted of two large, near-monoculture mats, one mat

of ca. 2 ha, to the east of Harney Pond Canal, and the other of ca. 80 ha, to the west of the canal (Fig. 3).

The locality of these two mats was within a portion of the lake bed that during the record low-water level

of early June 2007 was completely exposed and bare of all vegetation. Surrounding each of the large mats

and scattered throughout the open bay were sporadic, small clumps of one to several mature individuals. It

was also found as both an emergent aquatic and a terrestrial inside the mouth of Fisheating Creek. At this

location, the terrestrial individuals of a mature state were evident only in small, isolated clumps, and they

appeared to be less competitive against the other terrestrial flora.

Fisheating Creek is the only remaining unregulated inflow to Lake Okeechobee. Based upon this infor-

mation and the fact that L. subintegra is present in the creek, we speculate that Fisheating Creek is its point

of introduction into Fisheating Bay and Lake Okeechobee. Given the extent of the current population and
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Fig. 3. Luziola subintegra population W of Harney Pond Canal, from center of population, facing SW.

the plant's apparent fecundity, we suggest that this taxon b
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its potential impact on Florida's natural systems.
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INTRODUCTION

Non-native species are continually introduced into the United States through both accidental and intentional

human activities. These introductions sometimes lead to the formation of spontaneous populations of these

plants. Spontaneous is here denned as the autonomous occurrence through sexual or asexual reproduc-

tion of a non-native plant species in a region or flora to which it is not native. It is equivalent to the term

"escaped" as defined by Nesom (2000). Most non-native species subsequent to introduction do not success-

fully establish, or if establishment occurs, do not pose a serious threat to native plant species or ecosystems

(Williamson 1996). However, some of these introduced species become invasive, and sometimes sufficiently

so to reduce native biodiversity. It is therefore important to record first encounters with escaped popula-

tions and monitor these new spontaneous occurrences of non-native species to evaluate their potential for

becoming the next wave of invasive species (Yatskievych & Raveill 2001). At present, non-native species

comprise approximately 21% of the Arkansas flora (Arkansas Vascular Flora Committee 2006), with 3%

Our field work focusing on ruderals and recent escapes in urban environments has led to the recognition

of many non-native plant species being documented as new to Arkansas (Peck 2003; Peck & Serviss 2006;

Serviss et al. 2006, 2007a, 2007b), with many of the species locally well established when discovered. At

present, more species are being documented as entering the Arkansas flora than are being lost from habitat

loss, fragmentation, or human disturbance. Additionally, we have observed numerous instances of localized

reproductive spontaneity in several species of non-native ornamental shrubs, and while the parent plants

were cultivated, substantial reproduction of offspring was documented in the local vicinity of these plants

(see end of paper for specimen data).
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n of the below listed taxa was determined from the national

SPECIES NEW OR NOTEWORTHY FOR ARKANSAS

Amaranthus blitum L. (Amaranthaceae). Purple amaranth is a ruderal species that is native to the Mediter-

ranean region. It occurs across the coastal states from Massachusetts south to Florida, and west to Louisiana

ord for A. blitum in Arkansas; it was previously documented in Pulaski

Chamaesyce ophthalmica (Pers.) D.G. Burch (Euphorbiaceae). Florida hammock sandmat is an annual

ruderal species that is native to the Gulf coast from Florida and Georgia west to Louisiana. This is only the

second record for C. ophthalmica in Arkansas; it was previously documented in Pulaski County (Peck &
Serviss 2006).

Eichhornia crassipes (Mart.) Solms (Pontederiaceae). Water hyacinth, which is native to Brazil, is an

aggressive and invasive non-indigenous aquatic species in North America. It was reported as present and

then eradicated twice in Arkansas, once as an escape in southeastern Arkansas and once in southwestern

Arkansas (Tumlison & Serviss 2006). It is here reported as a persisting and spreading population at its most

northerly location yet in Arkansas, at the junction of the Little Maumelle River and the Arkansas River in

Pulaski County, Arkansas. Here it co-occurred with Egeria densa, Hydrilla verticillata, Marsilea quadrifolia,

and Myriophyllum spicatum. It was first discovered at this location in 2006 by Bob Spraggins, an accoun-

tant for the Arkansas Natural Heritage Commission, who brought it to the attention of Theo Witsell, staff

botanist of the same agency. In 2007 the locality was searched, and all five invasive species were noted as

unchecked and spreading.

Maumelle River, 16 Jul 2007, Peck 07-1352 (LRU).

Hydrilla verticillata (L.f.) Royle (Hydrocharitaceae). Water-thyme is an aggressive and invasive non-

indigenous aquatic species that is native to Asia. It was reported as present in several impoundments of

tributary rivers to the Arkansas River (Peck 2003; Peck & Serviss 2006), and here for the first time in

Pulaski County, at its most northerly location yet in Arkansas, at the junction of the Little Maumelle River

and the Arkansas River. Here it co-occurred with Egeria densa, Eichhornia crassipes, Marsilea quadrifolia, and

Myriophyllum spicatum. It was discovered at this location in 2007 with four other invasive species and was

noted as unchecked and spreading. As it is known to survive multiple winters as far north as Iowa (Peck &
Smart 1986), it might also be found in northern Arkansas impoundments.

Little Maumelle River, 16 Jul 2007, Peck 07-1358 (LRU).

Marsilea quadrifolia L. (Marsileaceae). European Waterclover is native to Europe and Asia, and is an ag-

gressive and invasive non-indigenous aquatic species. It was introduced into eastern North America as an

aquarium plant, and has since escaped and spread westward as far as southwestern Iowa. It is reported for

the first time from Arkansas, where it was found along a muddy shore of the Little Maumelle River, Pulaski

County, Arkansas. The patch was relatively small, suggestive of a recent introduction, most likely by transient

waterfowl. It was associated with extensive growths of other non-native and invasive species: Eichhornia

crassipes, Egeria densa, Hydrilla verticillata, and Myriophyllum spicatum.
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Myriophyllum spicatum L. (Haloragaceae). Eurasian water milfoil is an aggressive and invasive non-

indigenous aquatic species that is native to Europe and Asia. It is reported for the first time in Pulaski County,

at the junction of the Little Maumelle River and the Arkansas River. Here it co-occurred with Eichhornia

crassipes, Egeria densa, Hydrilla verticillata, and Marsilea quadrifolia.

Pennisetum setaceum (Forsk.) Chiov. (Poaceae). Fountain grass is a caespitose, perennial grass that is na-

tive to Africa. This is the first documentation of this species in Arkansas outside of cultivation. It has been

previously documented outside of cultivation in Arizona, California, Colorado, Florida, Hawaii, Louisiana,

New Mexico, Oregon, and Tennessee.

Quercus acutissima Carruthers (Fagaceae). Sawtooth oak is native to Korea, China, Japan, and Vietnam.

It has been documented outside of cultivation in several states, including Alabama, Georgia, Louisiana,

Maryland, North Carolina, Mississippi, Pennsylvania, and Virginia. Though previously documented as pres-

ent in the Arkansas flora (Arkansas Vascular Flora Committee 2006); specifically, it has been documented

outside of cultivation in 10 Arkansas counties (Cross, Drew, Hempstead, Jackson, Jefferson, Lincoln, Nevada,

Pike, Union, and most recently, Clark). Sawtooth oak has demonstrated the ability to escape cultivation

and subsequently naturalize in many areas of the eastern U.S., especially when cultivated plants are in the

vicinity of open areas, such as grasslands and disturbed woods (Whittemore 2004). Hence, it appears to

have the potential to become invasive in Arkansas, and its current known distribution in the state seems

Voucher specimen: Clark Co.: seven, spontaneous, juvenile plants growing around and under cultivated shrubs; a cultivated Q. acutis-

Thunbergia alata Bojer ex Sims (Acanthaceae). Blackeyed susan vine is native to Tropical Africa, but has

become a pantropical weed. Thunbergia alata is currently only known outside of cultivation in the U.S. from

Florida, Hawaii, and Texas. One spontaneous plant has been documented in Arkansas. This is the first

documentation of this species in Arkansas outside of cultivation.

NOTEWORTHY SPECIES

mediate vicinity, or within a short (several meters) distance from the vicinity of cultivated and reproducti

individuals of these species. Documentation of these initial reproductive successes by cultivated non-nati

plants is essential for dating their initial entrance into the flora by other than the direct assistance of hum;

activities. Additionally, the ability of these species to successfully reproduce offspring is significant in th

probably with regard to most of the non-native and invasive ornamentals in the U.S., their initial "entranc

into the flora was accomplished in similar fashion to the following examples. It is therefore crucial to re

ognize and subsequently document these initial occurrences of spontaneity in non-native plant species. /

six of the following species have displayed successful reproduction in Arkansas, evidenced by the presen
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of few to many spontaneous juveniles being present within a short distance of cultivated reproductive age

plants of their respective species.

Specimen data: Acer palmatum Thunb. (Sapindaceae). Japanese maple is native to Japan, and has been

previously recorded outside of cultivation in Ohio, Pennsylvania, and New York. Voucher specimen: Clark

Co.: dozens of seedlings scattered across a few disturbed flower beds in proximity to cultivated plants of A.

palmatum, Arkadelphia, Ouachita Baptist University campus, 27 Nov 2007, Serviss 7352 (HEND). Camellia

japonica L. (Theaceae). Japanese camellia is native to Japan, but has been documented outside of cultivation

in Florida, Georgia, and the Carolinas. Voucher specimen: Clark Co.: a few spontaneous plants present be-

neath a large, cultivated shrub of C. japonica, Arkadelphia, Henderson State University campus, 1 Nov 2007,

Serviss 7344 (HEND). Camellia sasanqua Thunb. (Theaceae). Fall-flowering camellia is native to Japan. It

has been documented outside of cultivation in Florida, Georgia, and the Carolinas. It has been documented

in several locations of Clark County by the presence of numerous (more than 100) spontaneous seedlings

and juveniles in the vicinity of cultivated C. sasanqua plants. Voucher specimens: Clark Co.: several small

seedlings and juvenile plants in the vicinity of two reproductive age plants of the species, Arkadelphia, edge

of disturbed wooded area off of 12th
Street, one block west of the Henderson State University campus, 18

Mar 2005, Serviss 6861 (HEND); Arkadelphia, Henderson State University campus, 29 May 2005, Serviss

6985 (HEND). Loropetalum chinense (R. Br.) Oliv. (Hamamelidaceae). Fringe flower is native to China.

Voucher specimen (two locations located for Clark Co.; one cited below): Clark Co.: several spontaneous

seedling and juvenile plants growing in a disturbed area in the vicinity of several cultivated, reproductive^

mature plants of L. chinense, Arkadelphia, Henderson State University campus, Oct 2006, Serviss 7094

(HEND). Raphiolepis indica (L.) Lindl. (Rosaceae). Indian hawthorn is native to China. Arkansas material

of this species is represented by numerous spontaneous seedlings in the vicinity of reproductive age plants

of the species (present at a couple of locations in Clark County). Voucher specimen: Clark Co.: numerous

spontaneous seedlings and slightly largerjuveniles in the vicinity of several cultivated, reproductively mature

plants of R. indica, Arkadelphia, Henderson State University campus, 28 Feb 2007, Serviss 7115 (HEND).

Ternstroemia gymnanthera (Wight & Am.) Sprague (Theaceae). Cleyera is native to India, the Malaysian

Peninsula, and Japan. This species is known from Arkansas by only a few spontaneous juvenile plants (one

specimen cited below). Spontaneous juvenile plants were found several meters from the vicinity of cultivated

reproductive age plants of T. gymnanthera. Voucher specimen: Clark Co.: one juvenile plant growing with

a variety of other weeds under cultivated shrubbery; cultivated, reproductive age plants of T. gymnanthera

were present a short distance from the location of the spontaneous juvenile, Arkadelphia, residence adjacent

to Henderson Street and 13th
Street, 28 Feb 2007, Serviss 7113 (HEND); circumstantial evidence indicates

dispersal by birds (the seeds of I gymnanthera are bird-dispersed).
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NOTEWORTHY VASCULAR PLANT COLLECTIONS FROM

NORTHWEST LOUISIANA

RESUMEN

Recent floristic work in northwestern Louisiana has resulted in the discovery of plants new to Louisiana and

other significant records (Reid & Faulkner 2006; MacRoberts et al. 2007; Reid et al. 2007). In this paper we

report four species new to Louisiana and four additional significant collections.

ALISMATACEAE
Sagittaria subulata (L.) Buchenau—Sagittaria subulata is not reported for Louisiana by USDA, NRCS

(2007), Haynes and Hellquist (2000), Kartesz and Meacham (2005), MacRoberts (1984), or Thomas and

Allen (1993). On 27 June 2006, we discovered hundreds of plants on a stretch of shoreline on Caddo Lake

at Oil City, northern Caddo Parish. According to Haynes and Hellquist (2000), S. subulata ranges from Mas-

sachusetts south to Florida and west to Mississippi. Our record extends the range of S. subulata over 500

km to the northwest of its previously known western range limit in Mississippi.

Voucher specimens: Caddo Parish: along shore of Caddo Lake in Oil City, El/2 SE1/4 S13 T20N R16W. lat/long 324319N, 935814W,

ASTERACEAE
Grindelia lanceolata Nutt.—Grindelia lanceolata is reported for Louisiana by Riddell (1852) and Steyermark

(1934). Steyermark (1934) cites Leavenworth specimens at G (= GH) and NY as his authority. MacRoberts

(1984) and Thomas and Allen (1996) include G. lanceolata in the Louisiana flora on the basis of these older

literature reports. We discovered G. lanceolata on 20June 2007 in two small saline prairie remnants in Sabine

Parish. The plants occurred on open slicks with overall light vegetative cover. During a return visit on 7

August 2007, we observed an estimated 500 plants, many of which were beginning to flower. Our record of

G lanceolata is apparently the first in Louisiana since Leavenworth's time, ca. 150 years ago (Ewan 1968).

Voucher specimens: Sabine Parish: Oakley's Pasture (a.k.a. Mary Lee's Pasture), N of LA 174 ca. 5 mi W of Converse, along E side of
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Senecio ampullaceus Hook.—Senecio ampullaceus is not reported for Louisiana by MacRoberts (1984),

Thomas and Allen (1996), Kartesz and Meacham (2005), USDA, NRCS (2007), or Barkley (2006). On 28

March 2007, we discovered a population of S. ampullaceus in the xeric sandhills (M.H. MacRoberts & B.R.

MacRoberts 2006) of northern Caddo Parish. It was recently reported new to Arkansas (Singhurst & Hol-

mes 1998) and Oklahoma (Holmes et al. 2006). Our record is apparently the first for 5. ampullaceus from

BRASSICACEAE
Arabis canadensis L.—On 13 April 2006, we discovered a small population of Arabis canadensis in De

Soto Parish growing on a low ridge embedded in a matrix of poorly drained Quercus similis - Crataegus spp.

flatwoods. MacRoberts (1989) and Thomas and Allen (1996) include A. canadensis in the Louisiana flora on

the basis of a specimen collected by Leggett (1578 - NLU) from Bossier Parish. Leggett (1976) reported it

from one station in Bossier Parish where it was "localized and uncommon on sandy soil in mixed woods."

During recent visits to NLU, we have failed to locate this specimen. It is apparently not on loan and may

have been misfiled or annotated to another taxon. Providing that the identification and locality data are

correct, our record is the second from Louisiana. If the Leggett specimen was misidentified, then our re-

cord is the first for the state. In either case, our record represents the only confirmed extant A. canadensis

population in Louisiana.

villosa, and Sabal minor, 13 Apr 2006, Reid 5713 and Faulkner (LSU); same locality, 2 May 2006, Rtid 5751, Faulkner et al (FSU, LSU).

CARYOPHYLLACEAE
Geocarpon minimum Mackenzie

—

Geocarpon minimum is federally listed as threatened and is known from

Arkansas, Louisiana, Missouri, and Texas (Nienaber 2005). This species was initially discovered in Louisiana

in Winn Parish in 1989 with an additional population discovered nearby in 1992 (Mclnnis et al. 1993).

These were the only two Louisiana populations known until 2006 when a third occurrence was discovered

in a saline prairie in Caddo Parish (B.R. MacRoberts & M.H. MacRoberts 2006). A survey for G. minimum in

saline prairies in Caddo, De Soto, Red River, and Winn parishes was conducted in March 2007 (MacRoberts

& MacRoberts 2007) that yielded three new sites representing two new populations, all in De Soto Parish.

Because two of the collection sites, Dickson Prairie and Dalton Prairie, are separated by a narrow drainage,

we regard G. minimum from these two sites as constituting a single population. The third collection was from

another saline prairie, Rambin Bayou Prairie, which is well-removed from the other sites.
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CISTACEAE

Lechea san-sabeana (Buckley) Hodgdon

—

Lechea san-sabeana was reported for Louisiana by Riddell (1852) as

Lechea drummondii Torr. & A. Gray and was excluded from the flora by Thomas and Allen (1996). MacRoberts

(1984) lists L. san-sabeana as questionable in Louisiana and cites the Riddell report. Correll and Johnston

(1970), Carr (2002), Kartesz and Meacham (2005), and Diggs et al. (2006) regard L. san-sabeana as a Texas

endemic. In May and June 2007, we collected L. san-sabeana at three saline prairies in De Soto and Caddo

parishes. It was common at these sites and was associated with pimple (mima) mounds.

CYPERACEAE
Carex arkansana (L.H. Bailey) L.H. Bailey—Louisiana is not included in the range of Carex arkansana by

Ball (2002) but is so included by Kartesz and Meacham (2005), USDA, NRCS (2007), NatureServe (2007),

and Thomas and Allen (1993). MacRoberts (1989) and Thomas and Allen (1993) cite a specimen from Caddo

Parish (Thieret 25936 - LAF) collected in 1967 as the only record for Louisiana. B.R. MacRoberts and M.H.

MacRoberts (2006) examined this specimen and confirmed its identification. On 2 May 2006, the authors

discovered a small population of C. arkansana growing in a depression in a saline prairie in De Soto Parish.

On 4 May 2007, we found a much larger population in a wet swale in a different part of the same prairie

complex, adjacent to Quercus similis- Crataegus brachyacantha flatwoods. Our record is only the second record

for this species in Louisiana and came 40 years after Thieret first collected it from the state.

POACEAE
Panicum diffusum Sw.—On 20 June 2007 we found Panicum diffusum to be locally common in a saline

prairie remnant in Sabine Parish. It was associated with open slicks with much bare soil and light vegetative

cover. This record is apparently the first for Louisiana as the species is not reported for the state by Nature-

Serve (2007), USDA, NRCS (2007), Thomas and Allen (1993), Allen et al. (2004), nor Freckman and Lelong

(2003). Panicum diffusum was previously known in the United States only from Texas; its range extends south

to the Caribbean and Latin America (Diggs et al. 2006; Freckman & Lelong 2003).
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SILENE FLOS-CUCULI SSP FWS-CUCULI (CARYOPHYLLACEAE) AND

EUPHORBIA PEPLUS (EUPHORBIACEAE) NEW TO NORTH CAROLINA

Derick B. Poindexter

Biology Department

Boone, North Carolina 28608, USA

Silene flos-cuculi (L.) Clairv. ssp. flos-cuculi (syn. Lychnisflos-cuculi L.), Ragged Robin, is a showy intro-

duced taxon in the Caryophyllaceae with deeply dissected, pink petals. This perennial European native is

presumed to be established in the northeastern United States (Weakley 2007), but has also been reported

in several other U.S. localities, including fifteen states and the District of Columbia. States with records of

this plant are Connecticut, Maine, Maryland, Massachusetts, Montana, New Hampshire, New Jersey, New

York, Ohio, Pennsylvania, Rhode Island, Vermont, Virginia, Washington, and Wisconsin (USDA, NRCS

2007). Sileneflos-cuculi ssp. flos-cuculi was rare in abundance, with approximately four individuals observed

in an old-field across from Rich Hill Church in the rural Glade Valley community. Associated taxa include

Dactylis glomerata L., Pinus virginiana Mill., Pteridium aquilinum (L.) Kuhn var. latiusculum (Desv.) Underw. ex

A. Heller, Rubus argutus Link, and Sassafras albidum (Nutt.) Nees. The four-lobed, lacerate petal morphology

and pink coloration differs substantially from other Silene spp. in North Carolina.

Euphorbia peplus L, Petty Spurge, is an exotic annual in the Euphorbiaceae. This Eurasian introduced

taxon has a transcontinental distribution in the United States, occurring in total of thirty-five states, includ-

ing Hawaii and Alaska (USDA, NRCS 2007). This herbaceous species exhibits short fleshy stems, primarily

alternate, obovate leaves, and a characteristic seed morphology of outer pitted faces and inner furrows. This

plant was discovered to be frequent in ruderal communities created by regular human perturbation on the

campus of Appalachian State University. An estimated 50-100 individuals were observed. Associated taxa

include Chamaesyce maculata (L.) Small, Ranunculus repens L., Cyperus strigosus L., Sonchus asper (L.) Hill,

Senecio vulgaris L., Portulaca oleracea L., and Galinsoga quadriradiata Ruiz & Pav.
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ABSTRACT

5S£i^^
RESUMEN

14671 State Highway 87 South

Sheibyviile, Texas 75973. U.S.A.

INTRODUCTION

This manuscript is the 5th part of an intended inventory, based on voucher specimens, of the vascular flora

of the Big Thicket National Preserve, southeastern Texas. In 4 previous papers, we provided an annotated

checklist of the Hickory Creek, Turkey Creek, Big Sandy Creek, and Lance Rosier units (MacRoberts et

al. 2002; Brown et al. 2005, 2006a, 2006b). In this paper, we provide an annotated checklist of the Beech

Creek Unit.

SITE AND METHODS

The Big Thicket is located mostly within the longleaf pine region of the West Gulf Coastal Plain in south-

eastern Texas (Ajilvsgi 1979; Harcombe & Marks 1979; Watson 1979; Marks & Harcombe 1981; Harcombe

et al. 1993; Diggs et al. 2006 and references therein). The Big Thicket National Preserve consists of 12

units scattered over 7 Texas counties. The units range from 222 to 10,100 hectares and total about 34,000

hectares (Peacock 1994). The Beech Creek Unit consists of 2,059 hectares and is located in western Tyler

County (Fig. 1). It is relatively flat with poor drainage over most of the area. Elevation ranges from about

43 meters to 62 meters. Little Beech Creek and Beech Creek run through the unit. The Beech Creek Unit

was chosen for inclusion in the Big Thicket National Preserve because of its extensive stands of beech forest

(Ajilvsgi 1979; Harcombe & Marks 1979; Watson 1979; Marks & Harcombe 1981). It is dominated by lower

slope hardwood-pine forest (mesic lower slopes and terraces), with lesser amounts of baygall, mid-slope

oak-pine forest, floodplain hardwood-pine forest (mesic stream bottoms), and floodplain hardwood forest

(seasonally flooded river floodplain) (Harcombe & Marks 1979; Marks & Harcombe 1981; Van Kley 2006).

A map of community types can be found in Harcombe and Marks (1979). Fire suppression over the past

30 years has resulted in extensive midstory development and thus reduction of herbaceous vegetation that
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1. Location of the Beech Creek Unit, Big Thicket Nation,

is adapted to frequent fires. Hurricane Rita, a category 3 hurricane, passed over the unit on 24 September

2005 damaging and toppling thousands of trees. It will probably take decades for this litter to decompose.

Details about soils, topography, and climate can be found in Deshotels (1978); Watson (1979, 1982, 2006);

Harcombe and Marks (1979); Marks and Harcombe (1981); and Diggs et al. (2006).

Like most units of the Big Thicket National Preserve, the Beech Creek Unit has not been the subject of

a detailed floristic inventory.

Larry Brown collected 290 specimens during 9 field days beginning 9 November 2006 and ending 17

October 2007. The MacRobertses collected 154 specimens during 4 field days in 2004 and 1 day in 2007.

Suzanne Walker collected 101 specimens during 2 days in 2004 and 1 additional day in 2007. Sandi Elsik

and Warren Pruess together gathered 82 specimens during 2005. Geraldine Watson collected 25 specimens
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over several years in the late 1970s and early 1980s. Warren Pruess collected another 11 specimens over a

2 year period. Other collectors totaled 12 specimens. We conducted a search of the Texas A&M University

(TAMU) herbarium consortium data base (http://www.csdl.tamu.edu/FLORA/tracy/main/html/) for ad-

ditional specimens but found no additional taxa not reported here.

Because our purpose was to produce a list of taxa known to occur on the Beech Creek Unit, a vouchered

specimen was considered to be the only evidence acceptable for inclusion in the list. In all, 675 herbarium

specimens form the data for this report. All specimens have been annotated by Larry Brown.

In most cases, nomenclature follows Jones et al. (1997), Kartesz (1999), Turner et al. (2003), and Diggs

et al. (2006). In cases of multiple collections, no more than 4 are listed for each taxon.

RESULTS

The following is an annotated list of the Beech Creek Unit taxa. Abbreviations used are given below.

thaceae Ilex coriacea (Pursh) Chapm., SW 01

2

la ovata (Walter) Lindau var. lanceolata (Chapm.) R.W. Ilexlongipes Chapm. exTrel., PH 002

ung, SW 67, 46 llexopaca Aiton, MM 7056

r (J.F. Gmel.) Steud., SEWPLB 488; LBSH llexvomitoria Sol. in Aiton, MM 7058

2151
Araceae

a humilis Nutt., MM 71 50
Ahsaema triphyllum (L) Schott, SW 1 0,

3

ubrum L, MM 7078
ArajJQ spjnQsa u 5EWp 245

scopallinumL,SBNP2'

bra (Michx.) Dunal, SW 03; LB 3 321 11

Aristolochiaserpentaria L, SW 05; GW 2261

Asclepiadaceae

Asdepios perennis Walter, SEWP 230

Asclepias variegata L, LBRH 32061

Aspleniaceae

Centella erecta (Lf.) Fernald, SW 03 Ambrosia artemisii

Chaerophyllum tainturieri Hook. var. tainturieri, WP 1 1

3

Ambrosia trifida L, SEWP 265

Cicuta maculata L, SEWP 414 Baccharis halimifolia L, LBRH 32071; SW 1 05

lum leptophyllum (Pers.) Sprague ex Britton & P. Bidens aristosa (Michx.) Briton, LB 33034

Wilson, SW 58 Bidens bipinnata L, SEWP 252; LB 33030

Eryngium prostratum Nutt. ex DC, SW 68 Bidens frondosa L, LB 33003

Hydrocotyle verticillata Thunb., SEWP 262; LB 32783 Boltonia diffusa Ell., MM 71 99

x.)Raf.,LB 3 1994; LBSH 32122 +Bradburia pilosa (Nutt.) Semple, SEWPLB 491, 501; MK

Sanicula canadensis L, SW 71 71 97

Sanicula smallii E.R Bicknell, WP 1 1

1

Apocynaceae ^W^mMLKronquist, LB 32466
Trachelospermum difforme (Walter) A. Gray, LB 3 1 998 J^^^ (L) ^J.^ 5EWp 335; LBJL^ } 6a

Aquifoliaceae Coreopsis lanceolata L, SW 063

llexambigua (Michx.) Torn, PH 001 Coreopsis tinctoria Nutt., SEWP 253
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Elephantopus carolinianus Raeusch., SW 74; LBJL 32959

Elephantopus nudatus A. Gray, LB 33002

Elephantopus tomentosus L, LB 28598a, 28353; 327;

LBJL 3261

6

Erechtites hieraciifolio (L.) Raf. ex DC, SEWP 342

Erigeron strigosus Muhl. ex Willd., MM 7139; LBRH 32060

I 32457

Eupatorium lancifolium (Torn & A. Gray) Small, LBSEWP 3 899;

MM 7187

Eupatorium mohrii Greene, SEWPLB 496

Eupatorium perfoliatum L, SW 83; MM 71 47

Eupatorium xpinnatifidum Elliott, LB 33004

Eupatorium rotundifolium L, SW 39a; LB 33039

Eupatorium serotinum Michx., SW43; PM 02; LB 33016

Euthamia ieptocephala (Torn & A. Gray) Greene ex Porter

Britton, LBSEWP 31894

'Facelis retusa (Lam.) Sch. Bip, LBRH 32048; MM 7683

Gaiilardia puichella Foug.. var.pulchella, SEWP 255

Gamochaetacoarctata (Willd.) Kerguelen, MM 7106

Gamochaeta purpurea (L) Cabrera, SW061

Heienium amarum (Raf.) H. Rock var. amarum, MM 71 35

Helianthus angustifolium L, SEWP 403b; LB 33023

Hieracium gronovii L, LB 32494

Hymenopappus artemisiifolius DC.

7148

ar. albiflora*Hypochaeris microcephala (Sch. Bip.) Cab re

(Kuntze) Cabrera, LBRH 32075; MM 7661

Krigiacespitosa (Raf.) Chambers, LB 32001; LBRH 32051

.) Willd., MM 7678

Mikania scandens (L) Willd., SW 33, 86

Lactuca canadensis L, LB 321 66

Pluchea camphorata (L) DC, MM 721 1 , 721 2; LB 32804

Pluchea foetida (L.) DC, MM 7236; SW 92

Pyrrhopappus carolinianus (Nutt.) Wooten & Standi., LB

Pyrrhopappus pauciflorus (D. Don) DC, WP 1 1 9; SW 1 25

Rudbeckia hirta L, MM 71 1 2; LBRH 32074

Solidago altissima L„ SW 1 00; LB 3301

5

Solidago ludoviciana (A. Gray) Small, SEWPLB 502

Solidago rugosa Mill. var. aspera (Aiton) Fernald, LBSEWP

31887; SEWP 331; LB 33024

*Sonchus asper (L) Hill, LB 32006; SEWP 544; SW 1 1

3

i (L) G.L. Nesom, MM 7206

Symphyotrichum lateriflorum (L.) A. & D. Love, WP 120; MM
7668; GW 2248; SEWPLB 481

Symphyotrichum racemosum (Elliott) G.L Nesom, LBSEWP

31886; LB 33001

Berberidaceae

Betula nigra L,SRNP3t

CarpinuscarolinianaW<

Ostrya virginiana {M\\\)

*Cardamine hirsuta L, LB 3 1 943

Cardamine parviflora L. var. arenicola (Britt.) Schultz, LB

31942

Bromeliaceae

Tillandsia usneoides (L.) L, SEWP 395

Buddlejaceae

Polypremum procumbens L, PM 04; LBJL 32601

Burmanniaceae

Apteria aphylla Barnhart, MM 7224; SW 88; LB 33009

BurmanniabifloraL, SEWP 422

Callitrichaceae

Callitrichepeploides Nutt., LB 3201

7

Campanulaceae

Lobelia cardinalis L, SW 84; MM 7209

Lobelia appendiculata A. DC, MM 7673; LBSH 321 49

Lobelia puberula Michx, SW 34; GW 2249, 2336; LB 3 934

bra (Ruiz & Pavon) Greene, LB 32009; LBRH 32059;

MM 7674

Triodanisperfoliata (L.) Nieuwl. LBRH 32059

lia marginata (Thunb.) A. DC, WP 1 21 ; LB 32487;

SW110

Caprifoliaceae

*Lonicerajaponica Thunb, MM 7162

Sambucus nigra L. subsp. canadensis (L.) R. Bolli, SW 60,

BT050

Viburnum acerifolium L, SW 57

Viburnum dentatum L, SW 48

Viburnum nudum L. var. nudum, ( 2260b; 321

Celastraceae

L, SEWP 4'

Clethra alnifolia L, SW 20; MM 71 1

9

Commelinaceae

Commelina erecta L, LBSH 321 26

Commelina virginica L, MM 71 55; LBSH 321 20

Convolvulaceae

Dichondra carolinensis Michx, MM 71 61

Ipomoea cordatotriloba Dennst var. cordatotriloba

350; LB 33031

Ipomoea pandurata (L.) G. Mey, LB 32493

NyssaaquaticaL, SEWP 362

Nyssa biflora Walter, SEWP 397

Nyssa sylvatica Marsh, SEWP 275; MM 7081
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Crassulaceae

Penthorum sedoides LB 32805

Cupressaceae

Juniperus virginiana L var. virginiana, MM 7076; LB 33032

;r/c/7um(L.)L.CRich,SW42

Cucurbitaceae

*Citrullus lonatus (Thunb.) Matsum & Nakai LB 3301

1

Cuscutaceae

Cuscuta compacta Juss. ex Choisy, MM 7231; LB 33007

Cyperaceae

Carex albicans Willd. ex Spreng. var. australis (LH. Bailey)

Rettig, LB31936

Carex brevior (Dewey) Mack, ex Lunell, SW 1 27

Carex cherokeensis Schwein., LB 32004

Carex complanata Jorr. & Hook., LB 31 953, 31 989; MM 7677

Carex corrugate Fernald, LB 3201

6

^Schkuhr ex Willd. var. fioridana (L.H. Bailey) Naczi

& Bryson, LB 31947, 32007; LBSH 32133; MM 7672

Carex fiaccosperma Dewey, LB 3201 4, 3201

5

Carex/ran/c//Kunth, LB 32175

Carex giaucescens Elliott, MM 721 0; LBJL 32600

escens Rudge, LBRH 32046; MM 7663; SW 29;

Cyperuse

*Cyperm >eck., SEWPLB 503

Cyperus erythrcrhizos Muhl., LB 32794

Cyperus haspan L, SEWP 356; LB 32481

Cyperus odoratus L, SEWP 400

Cyperus pseudovegetus Steud, LB 32165

Cyperus virens Michx., MM 7666

Eleocharis microcarpaTorr., LBSH 32134a

berculosa (Michx.) Roem&Schult., LB: 895;

MM 7233; LBRH 32047; MM 7662

KyllingaodorataVahl, LB 32484

Kyllinga pumila Michx., SEWP 399

Rhynchosporacaduca Elliott, MM 7127; LBSH 32150

Rhynchospora corniculata (Lam.) A. Gray, SEWP 231

+Rhynchosporadebilis Gale, LBSH 32140; LBRH 32087

Rhynchospora elliottii A. Dietr., LBSH 32214

Rhynchospora fascicuiaris (Michx.) Vahl, LB 32479

Rhynchospora globularis (Chapm.) Small var. globuiaris LBSH

32132,32220

Rhynchospora glomerata (L.) Vahl, SW 98; LB 32472, 3301

9

Rhynchospora inexpansa (Michx.) Vahl, MM 71 1

8

Rhynchospora mixta Britton, MM 7074; LB 33038

Rhynchospora plumosa Elliott, LB 32022; LBRH 32078;

7676;SW 109

Rhynchospora pusiila Chapm. ex MA Curtis, LBSH 3214

Scleriaoligantha Michx., LB 31 995; MM 7671

merata Michx., MM 7192; LB 32019; LBJL 32593;

SW120

lilinum (L.) Kuhn, SW 96; MM 71 33

h,SW27;MM7654

Leucothoerac:emtwa(L)A.Gra y, SEWP 359

L) DC, MM 71 23

la (L) D. Don, SE^MM16
raL,SW89;fm 71 17; LB 33035

Rhododendro hx.)Sweet,WP112

Rhododendrc rorr., SW 18; MM 7122; LBSH

32129

10

miZumSw
PH005

19, 130,45; LB 31950

Euphorbias

Acalyphagrac 99; GW 2255

Chamaesycer ulata tUSmcill, SEWP 247

ns (Lag.) Smeill, SEWP 251

Croton capita. rfichx., MM 7200

Croton glandt us L. var. sep:tentrionalis Muell.-Arg., SEWP
270

Croton monanthogynus Michx., SEWP 259

Croton willdenowii G.L. Webster, LB 32490

Euphorbia coroliata L, LB 32807

Euphorbia dentata Michx., SEWP 254; LB 32460

Phyllanthus caroliniensis Walter, LB 32475

*Phyllanthus urinaria L, MM 71 1

1

jticosa (W. Bartram) Fernald, SW 14

*Triadica sebifera (L.) Small, SW 01

>5/nDurazz.,MM7107

Centrosema virginiarlum (L.) Benth, LBJH 32604

Cercis canadensis L*w. canadensis, SEWP 271

Chamaecrista fasciculata (Michx.) Greene, SEWP 276; LBJL

32605

Chamaecrista nictitam (L) Moench, LB 32461, 321 79, 32486,

32806

..,SW 65; LB 32488

Desmodium ciliare {IAuhl ex Willd.) DC, SEWPLB 497

Desmodium glabelium (Michx.) DC, GW 2337

7ftimDC,MM7189

., SEWP 41 21

Britton, LB 32489

T(Jacq.) Harper, SEWP 43

*Kummerowia striatei (Thumb.) Schlindler, LBSH 32 1 28
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31941

so hystricina (Small ex Britton & Rose) B.L Turner, LBSH

32119

Rhynchosialatifoiia Nutt, LBRH 32050

Strophostyles umbellata (Muhl. ex Willd.) Britton, SEWP 347;

LBSH 321 18; LB 32809

Styiosanthes blflora (L) Britton, Sterns, & Poggenb., SEWP 235

*Trifolium campestre Schreb., MM 71 51 ; LBSH 321 52

latum L.SWU4
*Trifolium lappaceum L, LB 321 72

rem (L) Poir., LB 31 999

s)Swe

subsp. nigra (L rt, LB 32002; MM 7665

SEWP 408; LB 33021

:a Bartr. ex Willd., SW 54, 55; L

Carya aquotica (Michx. f.) Nutt., SEWPLB 495

Carya texana Buckley, SEWP 41

2

Carya tomentosa (Lam. ex Poir.) Nutt., SW 28

Juncus acuminatus Michx., LB 32005; LBRH 32069; LBSH

32142a

Juncus antheiatus (Wiegand) R.L Brooks, LB 31997

us Mack., SW 40

sissimus Buckley, LBRH 32070, 32077; LBSH 321 23;

LB 32473

Juncus effususL, LB 31938

Juncus marginatus Rostk, MM 7130; LBRH 32049

Michx., SEWP 355

aides Lam., LB 32799

Juncus tenuis Willd., LB 32020

BRH: 2088

Luzula bulbosa (A.W. Wood) Smyth, LB 31 935

Lamiaceae

Hyptis alata (Raf.) Shinners, SEWP 404

Lycopus rubeilus Moench, SEWP 398

licus L, MM 7227; SW 80; LB 32797

Monarda citriodora Cerv. ex Lag., MM 7203

rell, SEWP 340; LB 33010

um(Sw.)Druce,SW108

69

Geranium caroiinianum L, WP 1 1

8

Grossulariaceae

ilea virginica L, SEWP 403a; LB 32024, 32784; IV

_., SEWPLB 489

Haloragaceae

Han

to Sara, t /I 7054

2289

Pycnanthemum albescens Torn & A. Gray, SEWPLB 499

Pycnanthemumte LB 321 76

L, MM 7096

Scutellaria elliptica Muhl. ex Spreng., SEWP 239; LB 3201

3

32594

Lilium michauxii Poir., LBSH 321 36

Nothoscordum bivalve (L) Britton, MM 7216; LB 33022

Hypericaceae

2259;LBJL32617

Hypericum galioide

v. & Hook.) Torr. & A.

VI 7207; GW 2257

SEWP 31896; SW 95

Hypericum hypericoides (L.) Crantz, SW 73; MM
32063; LBJL 32599

Hypericum mutilum L, SW 66, 25

Triadenum waiter! (J.G. Gmel.) Gleason, SW 35, 85

Sisyrinchium campestre E.P. Bicknell, SEWP 543

ell, LB 31 9i

tj E.P. Bicknell B 3201 i;

i.) Britton var. texanum (Planch.) Fernald,

.MM 71 74; LBSH 321 46

?ns (L) Aiton f., SW 07; MM 7067; LB

Mitreola petiolata (IF. Gmel.) Torr. & A.

Lygodiaceae

*Cuphea carthagenens

iray,SW75;LB32802

ray) Sw., SW 87; MM

/lacbr, SW 30; WRC

0;SW 1
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Magnoliaceae

Magnolia grondiflora L, MM 70*

Magnolia virginianaL,S\N 15

linata Mill., SEWP 437

edarac/7 L, 5EWPLB 504

P/antago w/g/n/cfl L, MM 7094; LBRH 32079

Piatanus occidental L, SEWP 363

Poaceae

Agrostis hyemalis (Walter) Britton, Sterns & Poggenb.,

32085; MM 7675

*Aira caryophyllea L. var. capillars Mutel, LBRH 32054

Morella caroiiniensis Small, SW 21; MM 7090; LBSH

32121

Morella cerifera (L.) Small, LB 32790

Oleaceae

Chionanthus virginicus L, SEWP 409

Fraxlnus americana L, MM 721 3, 7063; GW 2252; SW 1 1

3

Fraxinus pennsylvanica Marsh., LB 32795

*Ligustrum sinense Lour., MM 7146

Ludwigia altemifolia L, SEWP 261 , 236; LB 321 68

Ludwigia decurrens Walter, GW 2333; LB 32801

Ludwigia glandulosa Walter, SEWP 401

Ludwigia leptocarpa (Nutt.) Hara, SEWP 358

Ludwigia pilosa Walter, SEWP 406; LB 32796, 3301

7

Ludwigia palustris (L) Elliott, LB 31 993

Oenothera biennis L, SEWP 392

Oenothera laciniata Torr. & A. Gray, LBRH 32052; SW 1 06

Nutt, LBRH 32056

Ophioglossaceae

Botrychium biternatum (Sav.) Underwood, SW 78

Orchidaceae

Spiranthes praecox (Walter) S. Watson., SW 41; LBRH 32066,

vr/^M (A. Gray) Turner, MM 7095;

MM 7'

iropogon Virginia _.,SW101

*Bromuscatharticus Vahl, LBRH 32072; MM 7658

Chasmanthium laxum (L) H.O. Yates, MM 71 04

:u/are, LB 32459, 33000

n, LBRH

) (Sw.) Gould & C.A. Clark var.

!2089; LBSH 32142

) Gould &CA Clark, MM 7165; LB

31990,32180

tatum LBSEWP 31891; LB 31949

hantheiium dichotomum (L) Gould subsp. dichotomun

SEWP 332; MM 71 37, 7071; LBSH 321 34

(Muhl. ex Elliott) Freckman & Lelong, LBRH 32083; L

v dichot n (L.) G

(Ashe) Freckman & Lelong, LBSH 32131

Dichanthelium oligosanthes (Schult.) Gould var. oligosanthes,

LB 32018, 32471; LBRH 32064

Dichanthelium polyanthes (Schult.) Mohlenbr., MM 7136

turn (Elliott) Gould & C.A. Clark,

LBRH 32086

Dichanthelium scoparium (Lam.) Gould, MM 721 8; LB 33005

) Freckmann & Lelong, LBRH 32044;

LBSH 32138,32123a, 32121a

Digitariaciliaris (Retz.) KoeL, GW 2330; LB 32476, 32458

*Eleusineindica (L.) Gaertn., SEWP 248

Elymus virginicus L, LB 32177

(Michx.) Nees, LB 33040

Eragrostisrefracta (Muhl.) Scribn., MM 7230

Eragrostisspectabilis (Pursh) Steud., LB 33025
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mNutt., LB 32010

Mild, LBSEWP 31892; V

L, LBRH 32073

alter, MM 7168

»//us(L)P.Beauv.subsps<

PLB 483

Michx., LB 32485

Diodia virginiana L, 5EWP 237

m Alton, SEWPLB 492

Houstonia pusilla Schoepf, LB 31 933

es, SEWP 396
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Addendum

Isotria ve rticillata (whorled pogonia) and sugar maple (probably either Acer barbatum or Acer leucoderme) ai

listed for the unit on the Beechwoods Trail Guide, a mimeographed guide available at the trail entrance, b\

we failed to collect them during our two- year field survey, and could not find herbarium material of sami

Geraldine Watson (2006) also indicated that sugar maple (Acer barbatum) is making a remarkable recover

in this unit with the removal of cattle grazing.

Carex section ovales. The specimen in this collection was too immature for specific identification. The

only other Carex in section ovales was C. brevior. Perhaps this was an immature C. brevior.

Bartonia texana. Currently Beech Creek is the only Big Thicket unit to have this rare Texas endemic. We
made two collections, one in a sphagnum mat along the Beechwoods Trail, and one far from any trail, near

the intersection of Beech Creek with Little Beech Creek.

Bradburia pilosa. We are following Semple (2006). An equally correct name is Chrysopsis pilosa Nutt.

Rhynchospora debilis. This is the third collection for Texas and the first for the Pineywoods. See Brown

et al. (2007) for additional information.

Xyris jupicai. There is no consensus as to the native or introduced status of this yellow-eyed-grass.

DISCUSSION

There are 103 families and 229 genera represented for the 470 taxa (418 native) on the Beech Creek Unit list.

Eight families: Poaceae (59 taxa), Asteraceae (53 taxa), Cyperaceae (40 taxa), Fabaceae (26 taxa), Lamiaceae

(15 taxa), Euphorbiaceae (13 taxa), Scrophulariaceae (11 taxa), and Juncaceae (11 taxa) account for 48.9%

of the taxa collected. The largest genera are: Carex (15 taxa), Dichanthelium (13 taxa), Rhynchospora (11 taxa),

Juncus (10 taxa), Quercus (9 taxa), and Cyperus (7 taxa).

While it is the case that our list is incomplete, as are all floras, and that a few taxa reported here may no

longer exist on the unit, specimens of most taxa that have grown in the Beech Creek Unit during the past

quarter century have been collected (probably 95+ %). We estimate that the Beech Creek Unit has about

425 to 450 native species/taxa.
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EARLY HISTORICAL REFERENCES TO THE BIG THICKET, TEXAS

Michael H. MacRoberts and Barbara R. MacRoberts

im of life Science.

There is much disagreement on what should be called the Big Thicket (Cozine 2004; Diggs et al 2006).

The broadest conception has it encompassing about 3.5 million hectares in an area extending from the

Brazos to the Sabine rivers and from Nacogdoches to Beaumont. The narrowest conception is the "Hunters

Thicket" encompassing only 130,000 hectares mostly in Hardin County Today, the most generally ac-

cepted view corresponds more or less to a compromise between the Biological Survey definition of Parks

and Cory (1938) and the Ecological Area definition of McLeod (1971). In this view it encompasses more or

less Jasper, Newton, Tyler, Hardin, Polk, San Jacinto, Montgomery, and northern Liberty counties: about

1.8 million hectares (see Diggs et al. [2006] for a detailed discussion of literature and maps of the various

locations of the Big Thicket).

Del Weniger, the eminent ecological historian of Texas, argued that the phrase "Big Thicket" was not

old but dated from only the mid-nineteenth century and that today's location of the Big Thicket is not where

it originally was (Weniger 1984). The two earliest (pre-1860) accounts he was able to find which used that

phrase were by Don E.E. Braman and J. De Cordoba, from 1857 and 1858, respectively These accounts

place the Big Thicket on the San Jacinto River or between the two forks of the San Jacinto River in what are

now San Jacinto, Montgomery, and possibly Walker counties, to the west or at the western edge of where

modern scholars locate it (county boundaries have changed considerably since the 1850s) (Fig. 1). These two

sources do not describe the Big Thicket as an impenetrable forest but as a highly desirable region of mostly

large, dense timber with fertile and productive soil that was already extensively settled by the late 1850s.

Diggs et al. (2006) recently described a third pre-1860s account of the Big Thicket. This is in A Stray

Yankee in Texas, published in 1853 by Philip Paxton (Paxton 1853). As Diggs et al. (2006) only briefly men-

tion this reference, additional comment seems warranted. Philip Paxton (a pseudonym for Samuel Adams

Hammett, 1816-1865) was born in Connecticut and moved to Texas in 1835 where he remained until 1848

working in and around Montgomery and Houston. Upon his return east, he wrote serious and humorous

magazine articles about Texas. In 1853 he published these as A Stray Yankee in Texas (Hoole 2007). Paxton's

account of the Big Thicket is interesting for two main reasons. First, he places the Big Thicket on the San

Jacinto River, which, as in the accounts of Braman and De Cordoba, is west of or on the western edge of where

current descriptions locate it. Second, unlike Braman and De Cordoba, Paxton describes the Big Thicket

as a thicket. According to him, the Big Thicket, while having "the finest timber in the world" is "a thicket

so dense that even in that country of tangled forest, it is known

—

par excellence—as the big thicket...." He

continues: "This spot had been aptly named the 'big thicket.' Immense bamboo briers, like vegetable Pythons,
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twined and intertwined, crossed and recrossed, from tree to tree, and shrub to shrub, forming a natural

trellis-work for the thousand and one wild and beautiful vines that abound there." Further, he writes: "The

first part of our journey was effected on horseback; but after proceeding some half a mile into the 'timber,'

this mode of progression was suddenly brought to a period by the dense undergrowth, and we were reduced

to a very natural and primitive style of locomotion." Finally, he adds: "We now had to contend for every step

we gained; knife and hatchet were in constant requisition, and for one hour we pressed on in Indian file as

fast as we could." Paxton describes or refers to such plant habitats as "cypress-brakes," "palmetto swamps,"

"cane-brakes," "sloughs," and "prairies." He mentions individual plants: "magnolia grandiflora," "bamboo,"
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"passion vine," "cypress vine," "morning-glory," "trumpet-creeper," "cypress," "hanging-moss" (Spanish moss),

and "cane," and animals: "log-cock" (Pileated woodpecker), "paroquet" (Carolina parakeet), "mocking-bird,"

"moccasin snake," "alligator," "bear," and "fish."

With the aid of Parker's bibliography (1977), we located another early account. This occurs in an article

"The Big Thicket Ruins" in The Texas Republic, 3 May 1856. The relevant passage reads: "A man by the name

of Smith, reported to the Washington American about the First of April, that he had recently discovered in

the Big Thicket on the San Jacinto some twenty-five miles from Montgomery, an ancient ruin. ..." (italics in

original). The article goes on to describe these ruins as being in "a dense thicket almost impenetrable."

Thus, all four of the earliest known references to the Big Thicket place it on the San Jacinto River or

between the forks of the San Jacinto River on the western edge of the generally accepted conception of the

Big Thicket (Diggs et al. 2006), or as Weniger (1984) stated: "this places the Big Thicket in the area of present

Montgomery and San Jacinto counties, roughly between Conroe, Cleveland, Coldspring, and Huntsville,"

which is basically what is today the Sam Houston National Forest. To our knowledge, there are no early

accounts that place the Big Thicket in Hardin, Tyler, Jasper, Newton, Liberty, or Polk counties or on the

Sabine, Neches, or Trinity rivers where present-day scholars locate it and where the Big Thicket National

Preserve is located. But, both Paxton's and Smith's accounts contradict Weniger's finding that the Big Thicket

was originally described as an open and hospitable land. Both accounts clearly describe the Big Thicket as

virtually impassable.

Why and when the phrase "Big Thicket" came to be applied to the more eastern region remains unknown.

If anyone knows of other pre-1860 references to the Big Thicket or has information on the evolution of the

concept of the "Big Thicket," we would appreciate hearing from them.
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INTRODUCTION

The Big Thicket has been described as an area where many floras converge (see MacRoberts & MacRoberts

2004, 2007; Diggs et al. 2006 for discussion and literature). This characterization has been questioned

(MacRoberts & MacRoberts 2004a; MacRoberts et al. 2007). The affinity of the Big Thicket flora is almost

entirely within the eastern and especially southeastern U.S.A. (Diggs 2002; Diggs et al. 2006; MacRoberts

& MacRoberts 2003, 2004a, 2007; McLaughlin 2007).

The present study originates from a statement in Diggs et al. (2006:171): "While clearly part of the

southeastern U.S., the Big Thicket represents the southwestern extreme of the Southeastern Mixed Forest

Province and the Outer Coastal Plain Mixed Forest Province. ... Hundreds of species that occur in an arc

from Virginia or North Carolina south to Florida and west to Texas reach the southern or southwestern

limit of their ranges in the Big Thicket, or are confined or largely confined in Texas to the Big Thicket area.

The reasons for their occurrence in the Big Thicket include the high rainfall and overall mesic conditions

and the presence of specialized habitats. ..."

As part of a continuing effort to describe and understand the flora of the Big Thicket region (Parks &
Cory 1936; Watson 1975; Ajilvsgi 1979; Marks & Harcombe 1981; Bridges & Orzell 1989; Harcombe et al.

1993; MacRoberts & MacRoberts 2004a; MacRoberts et al. 2002, 2007; Brown et al. 2005, 2006a, 2006b,

in press; Diggs et al. 2006), we concentrate in this study on what is unique floristically to the Big Thicket

THE BIG THICKET REGION

Southeastern Texas (in which the Big Thicket occurs) is edaphically, geologically, and physiographically related

to and continuous with the remainder of eastern Texas and western Louisiana (Fenneman 1938; Godfrey

et al. 1973; Groat 1984; Deshotels 1976, Aronow 1981; Bureau of Economic Geology 1992; Shelby et al.

1992; and Diggs et al 2006). What is unique to the Big Thicket region within Texas is its humid subtropical

climate (Bomar 1995). Southeastern Texas receives more rainfall than any other area of Texas, northwestern

Louisiana, or southwestern Arkansas (Fig. 1) (Owen & Schmidly 1986; Bomar 1995; Goins & Caldwell 1995;

Diggs et al. 2006). Rainfall ranges from 122 to 152 cm, making southeastern Texas the westernmost area
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1 . Annual precipitation (in cm) of the southcentral United States.

of the eastern United States to receive such large amounts of precipitation (Diggs et al. 2006). Additionally,

precipitation is well distributed through the year, the difference between driest and wettest month being

only a few centimeters (Bomar 1995; Diggs et al. 2006). The only significant variation in elevation in the Big

Thicket region is connected to the Willis and Fleming formations to the north where elevation rises to 110

meters and where water runoff is fairly rapid. To the south on the Lissie and Beaumont formations there is

little or no relief and the area is poorly drained. Because of high precipitation and flat terrain, soils are often

waterlogged, and water may stand for long periods of time in some areas, e.g., wetland pine savannas, bald-

cypress sloughs, and palmetto-hardwood flats (Bridges & Orzell 1989; Marks & Harcombe 1981; Harcombe

et al. 1993; Diggs et al. 2006). Additionally, because of high rainfall, the soils—Ultisols and Alfisols—are

often deeply weathered. The relatively low latitude (approximately 30 degrees N) and proximity to the Gulf

of Mexico result in uniformly high temperatures and a long humid growing season (Bomar 1995). South-
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eastern Texas has the highest net above-ground primary productivity in Texas (Owen & Schmidly 1986),

a net primary productivity comparable to the southeastern United States.

METHODS

Using the plant distribution maps in Turner et al. (2003) and Diggs et al. (2006), we developed a list of 98

native species "unique" to the Big Thicket region in Texas. This list consists of all species that are either

confined entirely to the Big Thicket in Texas (wherever else they occur in North America) (e.g., Spiranthes

longilabris Lindl.) or that are concentrated in but not totally confined to the Big Thicket in Texas (wherever

else they occur in North America) (e.g., Xyris scabrifolia Harper). Using sources available (e.g., Diggs et al.

2006; MacRoberts et al. 2002), we determined in which habitats (communities) these species occur. Some

species occur in more than one community; consequently, we divided their representation between those

communities. Using USDA (2007), we determined the wetland status of each species. For those with no

wetland rank, we either assigned one based on our personal experience, or, if we did not know the species

adequately, put them in the "unknown" category. Using Kartesz and Meacham (2005) and Flora of North

America (1993-2006), we plotted the North American distribution of the species to determine their rela-

tionship to other regions.

In order to put the Big Thicket into a larger context, using Turner et al. (2003) and Diggs et al. (2006)

we developed a random selected list of 115 native species confined to eastern Texas but that were evenly

distributed over the area, not just the Big Thicket, irrespective of wherever else they occurred in North

America. As with the Big Thicket list, we determined, where possible, in which habitats (communities) these

species occurred and their wetland status. Using the same sources as for the Big Thicket list, we plotted their

North American distribution.

For the purposes of the present study, the Big Thicket is defined as Jasper, Newton, Hardin, Tyler,

Polk, San Jacinto, and northern Liberty counties. This definition corresponds closely with the "biological-

definition of the Big Thicket and is the same as that used by Diggs et al. (2006). Eastern Texas is defined as

the area of Texas east of about 97 degrees longitude.

We found 98 species that are either unique to the Big Thicket or that are concentrated in it within Texas

(irrespective of where they occur outside Texas). The community preferences, where they could be deter-

mined, are given in Table 1: 65 percent of the species favor wetland communities. The wetland status of

these species, where known, is given in Table 2: 67 percent are obligate or facultative wetland species. The

North American distribution of these species as a percentage of the total is given in Figure 2: 96 percent

occur in Louisiana, 94 percent in Mississippi and Alabama, 91 percent in Georgia and Florida, 85 percent

in South Carolina, 81 percent in North Carolina, and 56 percent in Virginia, all of which are coastal states.

Percentages drop off precipitously for all other states, regions, and provinces.

The eastern Texas sample had 115 species: 19 percent favored wetland communities (Table 1) and

28 percent were obligate or facultative wetland species (Table 2) (the discrepancy between the two figures

is probably due to the high number of unknowns and the high number of plants undesignated by USDA

[2007]). The North American distribution of these species is given in Figure 3. The distribution is mainly

in the South, but also the East in general.

In the past, the Big Thicket has been characterized as an area in which the floras of many regions converge.

In a recent study (MacRoberts & MacRoberts 2007), we found that the Big Thicket is almost entirely south-

eastern with a flora composed of species typical of Louisiana, Mississippi, Alabama, and the East in general;

not of species typical of western or central states. The only exceptions to this are prairie species (Brown

et al. 2002). However, the Big Thicket is not the only part of the West Gulf Coastal Plain that has prairies.
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Prairies are scattered over southeastern Oklahoma, southern Arkansas, western Louisiana, and eastern Tex;

(MacRoberts et al. 2003; MacRoberts & MacRoberts 2004b).

In the present study, we have extended our earlier analysis of the Big Thicket flora by isolating speci<

unique to the southeastern region in Texas and examining the edaphic, geologic, physiographic, and climat
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Table 2. Wetland status of Big Thicket and eastern Texas species (see USDA [2007] for explanati
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3. North American distribution of eastern Texas species as percentage of total. Stippled area is eastern Texa

uniqueness of the region. As might be expected, considering that southeastern Texas is humid subtropical

and the wettest area in Texas, the plants are largely wetland species. Also not unexpected, considering that

the southeastern United States has virtually the same climate as does southeastern Texas and that both

areas are edaphically, geologically, and physiographically similar, plants that are unique to the Big Thicket

in Texas are also found in Louisiana, Mississippi, Alabama, Florida, Georgia, Virginia, and the Carolinas,

all of which are coastal states with high rainfall and thus deeply weathered soils.

This conclusion is supported by our analysis of the eastern Texas plant group. While two-thirds of
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the species confined to the Big Thicket region are wetland species, only one-quarter of the eastern Texas

group are. Additionally, the North American distribution of these species is significantly different from the

Big Thicket group. Instead of hugging the southern coastal states, they are distributed across eastern North

Further support for the thesis that the Big Thicket is characterized floristically by wetland plants is of-

fered by Diggs et al. (2006:169), who found that the Big Thicket is relatively rich in monocots when compared

to other areas of Texas. They speculate that this difference probably relates to high percentage of mesic to

wet habitats favored by many monocot species.

Another indicator of the importance of precipitation in the Big Thicket is the presence of drought-

intolerant American beech {Vagus grandifolia Ehrh.), which reaches its westernmost limit in the United States

in Montgomery and San Jacinto counties (McLeod 1975; Diggs et al. 2006).

In conclusion, southeastern Texas and thus the Big Thicket is the westward abiotic extension of the

southeastern United States and thus also its westward phytogeographic extension. Many southeastern

species reach their distributional limit in southeastern Texas because of its high precipitation and edaphic

conditions resulting from that high precipitation.

Thus, as Diggs et al. (2006) point out, the Big Thicket represents a biological boundary and is therefore

important for a number of reasons. For example, populations at the margin of a species
1

range are often

unique genetically and represent an irreplaceable resource. Also, peripheral populations are often more

sensitive to environmental change and can act as ecological indicators. More locally, the Big Thicket is

important because it is a unique area within Texas, and the Big Thicket National Preserve is one of the few

relatively large protected areas in the entire West Gulf Coastal Plain serving as a refuge not only for species

and communities in Texas but the entire area as well.
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RESUMEN

INTRODUCTION

Ecophysiology of seed germination is very important for the conservation of endangered species as it is a

key factor of reproduction and will therefore strongly aid in restoration strategies. For aquatic and wetland

plants, it is essential to know if germination rates are affected by soil water-levels (Sifton 1959; van der Valk

1981; Keddy & Ellis 1985; Kellogg et al. 2003). This information will help in making decisions regarding

where in an aquatic system seeds should be planted.

There are three species in the genus Zizania L. in North America: Z. aquatica L., Z. palustris L., and Z.

texana Hitch (Terrell et al. 1997). Each of these species grow in aquatic environments, but Z. texana may

require flowing water for stable existence (Power 1996; Poole & Bowles 1999), while the other species can

be found in stagnant water on the edges of lakes or along muddy shores of slow-moving streams that are

subject to constant changes in water levels (Archibold & Weichel 1986; Pip & Stepaniuk 1988). Zizania

texana is a federally listed endangered species endemic to the San Marcos River, San Marcos, Hays County,

Texas, U.S.A. The distribution of Z. texana is restricted to the upper 2.4 km of the river, within mean water

depths ranging between 0.72 to 0.83 m, and mean velocities ranging between 0.38 to 0.93 m/s (Poole &
Bowles 1999).

Historical documents that portray Z. texana growth in the San Marcos River describe the plant as

growing bank to bank, including irrigation waterways (Silveus 1933; Terrell et al. 1978). The San Marcos

River is spring-fed and river flow relies on the spring outflow as well as runoff. When outflow and runoff

are low, such as during times of drought, the area near the banks may not always be covered by water. This

may mean that, at times, Z. texana grew without flowing water or germinated in non-inundated soils. The

purpose of this study was to evaluate the response of seed germination of Z. texana to soil inundation. For

this study, I test the hypothesis that Z. texana seeds need to be in undated soil for successful germination.
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MATERIALS AND METHODS

Approximately 3,375 cm3 of soil consisting of one third pea gravel to two thirds of an equal mixture of

compost, top soil and sand was placed into each of 10, 45 x 30 x 13 cm clear plastic rectangular containers.

Soil mixtures were saturated with water from the Edwards aquifer (the same water source as the San Marcos

River) until the point at which pooled water just began to become visible on top of the soil. Seeds used for

the study were collected randomly from container grown plants growing in the San Marcos National Fish

Hatchery and Technology Center that were initially collected from the San Marcos River following tech-

niques recommended by Richards et al. (2007) for the best genetic representation of the wild population.

We used a total of 50 seeds for this study. Because this endangered plant has such a small population size,

there are only a small number of seeds available for scientific studies. The seeds were collected four months

prior to the experiment, in September 2006, and preserved in a refrigerator at 4 °C in moist paper towels

within sealed plastic bags, allowing for optimal germination conditions (Rose & Power 2001). Lemna and

palea were kept intact as their presence does not change germination probability and as it also mimics the

natural condition in this species (personal observation). Five seeds of approximately equal size were placed

equidistant to each other (5 cm apart) in the containers of saturated soil at a Yk cm depth. All containers

were placed into a growth chamber set to a 12-hour photo period at 20 - 23 °C. Water was added slowly

to the five containers receiving the inundated treatment until it covered the soil with 2.5 cm of water. Each

inundated treatment was paired next to a non-inundated treatment within the growth chamber. Every

24 hours, any water loss within the 10 containers was compensated for, seeds were visually examined for

signs of germination, and the total number of germinated seeds was recorded. Seeds were considered to

have germinated when the radical had visibly emerged from the pericarp. Since Power and Fonteyn (1995)

found that most seeds of Zizania texana germinate within a 10-day period, following a 4-week period of

daily visual examinations the study was terminated. A paired t-test was run in order to determine if there

is a significant difference between the germination success rates of the two treatments, non-inundated and

inundated (analysis performed using SYSTAT v.10 statistical package).

Sixteen of the 25 total seeds in inundated soil and four of the 25 total seeds in non-inundated soil germinated

within the 4-week period (Fig. 1). Germination success was greater in inundated soil than in non-inundated

soil (paired t = 4.7, df = 8, p = 0.009; Mean difference = 2.4; 95% CI. = 0.98 to 3.82).

DISCUSSION

In this study, more Z. texana seeds germinated in inundated soil than in non-inundated soil. This may be

because Z. texana seeds are recalcitrant and do not survive for long outside of water (Home & Kahn 2000).

The seeds may more readily germinate in inundated soil than in non-inundated soil because Z. texana are

Zizania texana is considered a perennial grass (Terrell 2007). In its current distribution within the

San Marcos River, Z. texana plants are, for the most part, submerged year round (personal observation)

and rarely flower (Emery 1966, 1977). There is a possibility that the species has an annual form as well in

certain environments. This species is a C0
2
obligate (Power & Doyle 2004). It may remain in perennial

form if growing in current velocities such that the boundary layer surrounding the leaves is small enough

to take in C0
2
for photosynthesis. However, if in stagnant, or slow moving currents, an individual plant

may become emergent in order to take in C0
2
from the air (where it is much more abundant), flower, seed,

and then die (i.e., annual growth form). If this species were to grow in its historic range of bank to bank, it

may be possible that some of the plants would become annuals and grow in areas of low flow and shallow

water. Because the seeds do not germinate as well in non-inundated soil, the San Marcos spring-flow has

to continue to be high enough (>100 cubic feet per second) that the soil at the banks' edge is consistently

inundated. Currently, Z. texana is inhibited from growing along the shallow, low flow banks because Colo-
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casia esculenta (wild taro) has invaded and dominated the edges of the San Marcos River (Akridge & Fonteyn

1981; Nelson & Getsinger 2000).

The results of this study will aid in future restoration efforts for this endangered aquatic plant. With

data that supports the planting of seeds in inundated soil, all areas chosen for planting should be covered

in water during average spring flows. Restoration efforts of 1. texana should include planting in both low

and high flow areas to support both perennial and annual forms of the plant. This would have to include

the removal of C. esculenta in order to make the river-edge habitat available for the endangered Z. texana.
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RESUMEN

Ditat models developed from Geographical Information Systems (GIS) are useful tools for predicting the

iribution of rare species, decreasing the ineffectiveness of random surveys, providing potential sites for

>cation, and aiding the overall development of conservation management plans (Vogiatzakis 2003; Imm
1. 2001; Wu & Smeins 2000). Van Manen et al. (2005) developed a predictive GIS-based habitat model
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derived from the variables of known plant locations for a variety of species in Shenandoah National Park,

VA. The efficacy of their predictive model at locating species of interest was 4.5 to 12.3 times more efficient

than random surveys. Husveth (2003) used a baseline GIS model generated from observed plant locations,

surficial geology, and major soil associations to predict likely sites for rare plant species in a 15,378 ha plot

of Anoka County, MN. Field validation surveys (i.e. ground-truthing) of this model revealed additional

rare plant populations as well as high to medium quality habitats for rare species. Although the predictive

capabilities of GIS-based models are only as good as the variables used to generate them, they can provide

useful insight into the dependency of rare species on habitat variables.

The Guadalupe Mountains violet (Viola guadalupensis Powell & Wauer) is a rare and unique species of

wildflower endemic to the highest elevations of the Guadalupe Mountain range in West Texas. The species

was described in 1990 within Guadalupe Mountains National Park (GMNP; Fig 1), Culberson County, TX,

and since its discovery has only been recorded from a single location along the East Rim of Frijole Ridge

(Fig 2; Powell & Wauer 1990).

At its type locality, this perennial, yellow-flowered violet grows in mats of up to 20 individuals rooted

in small openings of a northwest-facing, dolomitized, limestone rock face approximately 2,600 m above sea

level (Powell & Wauer 1990). The plants are well shaded by two large Douglas firs (Pseudotsuga menziesii

Mirb.) and grow in association with rock spiraea (Petrophytum caespitosum [Nutt.] Rydb.), Guadalupe valerian

(Valeriana texana Steyernm.), small rocklettuce (Pinaropappus parvus Blake.), Guadalupe leastdaisy (Chaeto-

pappa hersheyi Blake.), littleawn needlegrass (Achnatherum lobatum Swall.), and a species of sedge (Carex sp.\

Powell & Wauer 1990).

Little is known about this species' natural history or the specific habitat characteristics needed to

maintain its viability. Speculation has been made of its dependency on microclimatic conditions and

substrate type; however, these data have only recently been recorded (F. Armstrong, pers comm.). Average

temperature from January 2003 to January 2004, at the type locality, was approximately 12.78°C. Relative

humidity during the same time interval ranged from <10 to 100% and daytime light intensity during the

growing season (May through July 2002) averaged 0.22 log lum/m2
(F. Armstrong 2004, unpubl. report).

To produce rootstalks for chromosome counts, attempts to germinate seedlings in the laboratory discovered

that chilling seeds and treating them with gibberellic acid allowed for successful germination (n = 5; C.

Blaxland, pers comm.). Seedlings in potting soil became chlorotic, but when lime was added they regained

green coloration indicating an affinity for alkaline substrate (C. Blaxland, pers comm.). Although baseline

data have been collected, no intensive comparative analysis or significant research has been done at the risk

of damaging the population.

Thorough investigations to locate additional populations in seemingly suitable habitat have been con-

ducted along 8 km of the East Rim of Frijole Ridge from the top of Bear Canyon to Lamar Canyon (Powell

& Wauer 1990). Despite these efforts, no other populations were found. Viola guadalupensis is currently

categorized as a National Park Service Species of Concern, yet it appears to be in danger of extinction based

on its small population size and lack of significant habitat information. Powell and Wauer (1990:1) had

even commented that V. guadalupensis "is an immediate candidate for endangered status" for these very

With this in mind, the Resource Management Office of GMNP has implemented a plan to collect seeds

and germinate them in a laboratory setting with the intentions of introducing V. guadalupensis to other

suitable locations within the park. The objective of this study was to locate suitable V: guadalupensis habitat

sites within GMNP, using a GIS-based habitat model generated from variables unique to the type locality,

and validate those locations with ground surveys.

Study Area.—Our study was conducted within the 34,971 ha of GMNP, Culberson County, TX. The Gua-

dalupe Mountain range is a unique biological sky island consisting of Chihuahuan Desert vegetation {Agave,
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Fig 1 . Shaded relief of Guadalupe Mountains National Park located in Culberson and Hudspeth Counties ofWest Texas.

Yucca, Larrea, Acacia, etc.) at lower elevations (< 2,000 m) and mixed-conifer woodlands of Pseudotsuga

menziesii, southwestern white pine (Pinus strobiformis Engelm.), ponderosa pine (P ponderosa Laws.), pinyon

pine (P. edulis Engelm.), and various species of oak (Quercus sp.) at higher elevations (> 2,000 m). This unique

mountain range of the Chihuahuan Desert is the largest limestone uplift in the southwestern United States,

formed 250 million years ago by an ancient reef system (Murphy 1984). Mountain summits exceed heights

of 2,600 m, shadowing deep canyon systems containing a variety of mountain springs. A 19-year average

of temperature and precipitation collected at the 2,455-m elevation automated weather station documented

average winter lows of -1.7°C, average summer highs of 23.9°C, and average annual precipitation of 45.0

cm (National Park Service 2005).

Monitoring the type locality.—The condition of the type locality was monitored on 26 May 2006.

We compared the counts of individual V. guadalupensis plants to a detailed line drawing of individual V.

guadalupensis plant locations and numbers produced by the Guadalupe Mountains Resource Management

Specialist during inventories conducted in 2001, 2002, and 2004. To avoid over estimating the population

size, individual plants were conservatively tallied and then averaged between counts for consensus.

GIS model development.—Based on the fact that V. guadalupensis had not been observed by park

staff or researchers in any of the mesic regions surveyed within the park, we speculated that this species

may have specific topographic habitat preferences that include 1) elevations with overall cooler, moister

conditions, 2) aspects with minimal hours of direct sunlight, and 3) vertical rock versus horizontal soil

substrate as indicated at the type locality. The National Park Service Intermountain Regional GIS Office, in
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Guadalupe Mor

\ relief of the East Rim and Frijole Ridge {outlined in black) of Guadalupe Mountains National Park, Culberson Co.JX.

conjunction with GMNP, performed habitat modeling based on these variables to narrow the search areas

for potential habitat and suitable locations for establishing additional colonies.

GIS modeling was performed with ESRPs ArcMap Ver. 9.1 software (available from http:/M'WW.esri.com/

software/) incorporating the following parameters in order of priority: 1) elevation bands from 7,800 to 8,000

ft (feet were used for the ease of visually correlating potential sites to USGS topographic maps printed with

40-ft elevation contour intervals), 2) a northwest aspect range from 300 to 330 degrees, and 3) slopes >70

percent. Elevation, aspect, and slope were all derived from a 30-m digital elevation model (DEM) of GMNP

obtained from the National Park Service, Natural Resource GIS Data Store.

Using ESRI's ArcToolbox Reclassify tool, DEM cell values were used to separate elevation and aspect

into three classes (Class 1 = elevations between 3,500 and 7,800 ft and aspects to 300 degrees, Class 2 =

elevations from 7,800 to 8,000 ft and aspects 300 to 330 degrees, and Class 3 = elevations > 8,000 ft and

aspects 330 to 360 degrees). The Raster Surface Slope tool was used to divide slope values into two classes

(Class 1 = slopes to 70% and Class 2 = slopes >70%). Each class of elevation, aspect, and slope was then

assigned a model value of 3, 2, 1, or 0. A model value of three was assigned to the elevation parameters met

by Class 3, while model values of 2 and 1 were assigned for the aspect and slope parameters in Class 2,

respectively. An assignment of represented all other non-target cell values for every class.

All four model values were unioned together producing a model with seven categories from to 6 dis-

played as a digital predictive habitat map. Category displayed all non-target parameters; categories 1 and

2 displayed only slope and aspect, respectively. Category 3 displayed criteria for elevation or a combination
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of slope and aspect. Category 4 displayed areas where a combination of elevation and slope criteria were

met, while Category 5 represented areas ofboth elevation and aspect. Finally, Category 6 displayed locations

Model Validation.—Field validation surveys of predicted V. guadalupensis sites were conducted May

through July 2006. We used Universal Transverse Mercator (UTM) coordinates digitized in ArcMap to

find predicted sites where all three criteria were met (i.e. Category 6). A radius of 200 m was investigated

around each UTM location to compensate for any inaccuracies of positioning due to poor satellite geometry.

The specific characteristics used to determine suitable habitat of predicted locations in the field consisted

of north to northwest-facing rock walls with crevices and vegetation similar to that of the type locality, a

physically cooler ambient temperature, and shaded areas with sufficient canopy cover to protect the site

from direct sunlight. Rock faces <3 x 3 m were ruled out as insufficient space for colonization due to the

lack of potential dispersal of plants within the area.

Status of the type locality.—Compared to previous inventories, 20 new individual plants (n = 94) were

recorded in 2006. Although no violets were observed to be flowering, several plants possessed seed capsules.

No conspicuous differences in vegetative composition were observed when compared to detailed line draw-

ings and photographs from previous inventories.

Model validation -- The model displayed 14 locations meeting all three criteria in Category 6. We investi-

gated a total of nine locations consisting of three sites near Guadalupe Peak (WGP, NGP1, and NGP2), two

near Bush Mountain (BMD1 and BMD2), one north of the Bowl (NOB), one near South McKittrick Canyon

(SMK), and two locations on Frijole Ridge. Five locations were omitted from investigation due to inacces-

sibility and by request of the GMNP Resource Management Office, therefore, no site codes were assigned

Two of the nine investigated locations predicted by the model on Frijole Ridge revealed populations

of V. guadalupensis. One of these locations was the type locality (designated VIGU1). The second location

revealed a new, isolated population of V. guadalupensis in a steep, slot-canyon drainage (approximately 2.1

to 2.4 m wide), on a 35 degree, northeast-facing limestone wall. The site (designated VIGU2) is located off

a plateau on the East Rim approximately 2 km northeast of the type locality.

We observed 25 individual V. guadalupensis plants at VIGU2 on 26 May 2006, growing largely in a

monoculture. Several V. guadalupensis plants were located approximately 1.5 m overhead, making an exact

count difficult. Although no seed capsules were observed on non-flowering plants, a number of violets still

possessed flowers. All violets had noticeably longer petioles and grew predominantly as individual plants

rather than in the mat clusters characteristic of violets at the type locality (VIGU1).

Associated plant species of VIGU2 included Valeriana texana, bedstraw (Galium sp.), and red alum-

root (Heuchera rubescens L.). Violets were shaded by the steep, canyon walls and a canopy of western hop-

hornbeam (Ostrya knowltonii Cov.) and P. strobiformis. Other surrounding vegetation consisted of mountain

spirea (Holodiscus dumosus Nutt.), Pseudotsuga menziesii, and Petrophytum caespitosum.

Three of the seven sites without violets (WGP, BMD2, and SMK) were considered to be suitable for

introduction upon comparison to the type locality. The remaining four locations (NGP1, NGP2, NOB, and

BMD1) were considered unsuitable, possessing sparse vegetation and fully exposed rock faces atypical of

either violet location.

Twenty-two percent of all survey sites predicted by the model had extant populations of V. guadalupensis.

Three of the nine sites (33%) were considered to be suitable sites for introduction. Overall, this model had

56% accuracy for predicting suitable or existing V. guadalupensis habitat.

Potential locations for introduction.—The first site considered to be suitable was located around

WGP and appeared to be very similar to that of VIGU1. This site (designated WGP1) included a steep rock

face, shaded by several small Pseudotsuga menziesii and Ostrya knowltonii trees approximately 40 m down a
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steep drainage. The ambient temperature was physically cooler in the early and late afternoon (1120 h

and 1619 h). This rock wall faces north to northwest with a number of crevices and associated vegetation

similar to VIGU1. The location is approximately 15 to 20 m long and 5 to 8 m tall with an elevation of ap-

proximately 2,500 m.

The second potential site (BMD2) possessed very tall and wide north- and west-facing cliff walls that

appeared to be suitable habitat, however, as investigation of the area progressed into the afternoon (1300

h), the rock walls were observed to be more exposed to direct sunlight than earlier that morning (1100 h)

as a result of sparse canopy cover. However, one rock wall, in particular, was considered suitable because it

met all desirable criteria outlined by the model and remained shaded by Pseudotsuga menziesii and Quercus

sp. at the time of investigation.

Finally, the third potential site near South McKittrick Canyon (SMK) possessed a number of small rock

walls (between 3 x 3 m and 5 x 5 m) with one single location (designated SMK2) significantly shaded by

Ostrya knowltonii, Pinus ponderosa, Pinus strobiformis, and Pseudotsuga menziesii. Data loggers, programmed

to record light intensity, relative humidity, and temperature, were placed at VIGU1, V1GU2, WGP1, BMD2,

and SMK2 for future comparison of microclimate data.

DISCUSSION

Significance of GIS-based predictive modeling.—The results of this study indicate two essential aspects

for understanding the significance of this predictive model when compared to previous ground surveys and

the habitat requirements of V. guadalupensis. First, the GIS-based habitat model located the type locality and

an additional population of V. guadalupensis along Frijole Ridge, as well as three potentially suitable habitats

for introduction west of this region. Since its discovery in 1990, extensive ground surveys of seemingly

suitable habitat have been unable to locate additional populations (Powell & Wauer 1990). Based on our

results, this study supports the relative usefulness of GIS-based habitat models for predicting the distribu-

tion of rare species consequently decreasing the ineffectiveness of random surveys.

Second, V! guadalupensis displays an affinity towards steep slopes, northerly aspects, and high elevations

on Frijole Ridge. These results substantiate our assumptions that V. guadalupensis have specific topographic

habitat preferences toward the variables used to develop our model. It is important to consider the fact that

violets at VIGU2 were positioned on a northeast aspect rather than a northwestern aspect characteristic of

VIGU1. This observation might indicate that aspects ranging from 300 to 45 degrees (northwest to north-

east) may be a better representation of this species' aspect preference than those strictly between 300 and

330 degrees.

Model efficacy.—Considering two out of the nine predicted locations represented violet populations,

while the remaining seven did not, suggests that 1) the variables used to develop the model were not spe-

cific enough to locate habitats strictly containing V. guadalupensis or 2) V. guadalupensis is restricted only to
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these two locations on Frijole ridge and may have not had the opportunity to disperse to other areas. It is

also important to take into account that three of the five locations not ground-truthed in this study were

also located along Frijole Ridge. It is possible these locations may possess populations of V. guadalupensis.

Further investigation into these areas is suggested in order to allow for a more complete model evaluation

and to confirm the distribution of V. guadalupensis using this GIS-based habitat model

Because the efficacy of a predictive model is dependant on the variables used to generate it, accurate

information of habitat requirements for a species is necessary for the development of an accurate predictive

model Cherrill et al (1995) stated that the rarity of a species greatly affects a model's efficacy to predict

species-habitat distributions. Their model was generated from variables of known locations to predict rare

and common species compared to traditional field surveys. Their results found a higher rate of accuracy

for predicting common species than those of rare species. These results were dependent on the amount of

information available for each species (Cherrill et al 1995). Additional species-habitat information of V.

guadalupensis (e.g., microhabitat conditions) will likely enable resource managers to generate a more effective

model for predicting V. guadalupensis distribution and abundance.

Conservation and management.—Proper management of the two V. guadalupensis sites is vital for

its continued existence within the Guadalupe Mountains. The distance between VIGU1 and VIGU2 (2 km)

suggests that gene flow between these populations is unlikely. Because the most promising mechanism of

seed dispersal across such distances is wind (Davies et al. 2004), this mechanism is improbable due to the

density of vegetation around VIGU1 and the steep, narrow, rock walls surrounding VIGU2. These condi-

tions likely protect these areas from wind rather than contribute to the use of wind-based seed dispersal.

Consequently, understanding seed dispersal and genetic diversity between these two populations is essential

for its conservation. Additionally, we suggest that introduction of violets into additional areas should include

representatives from both locations to improve genetic diversity within new areas to prevent an additional

bottleneck effect.

Although the locations of this species are far from human impact, several environmental factors may

threaten the persistence of these populations. The accumulation of ladder fuels within the park has cre-

ated conditions suitable for catastrophic wildfires along the East Rim. This could result in the burning of

V. guadalupensis habitat or a reduction in the number of shade trees surrounding the area causing fatal heat

temperatures from exposure (F. Armstrong, unpubl report). Predation of leafs and seedpods by small mam-

mals has been hypothesized to occur at VIGU1 (F. Armstrong 2002 and 2004, unpubl field notes). Even

though there has been no direct observation of this activity, seed predation will likely affect the reproductive

success of individual plants, reducing overall genetic diversity and dispersal.

Continued monitoring of both V. guadalupensis sites and comparing the long-term microhabitat condi-

tions of known violet sites to potential introduction sites will provide a better understanding of specific

habitat requirements for introduction and habitat management. The two populations of violets, as well as

the three uninvestigated sites on Frijole Ridge, should also be considered during fire management planning

to prevent unfavorable conditions due to catastrophic wildfires along the East Rim.

The habitat model developed by the National Park Service to predict potential V. guadalupensis habitat

has provided critical baseline data for additional investigations and research within GMNP. Due to the suc-

cess of finding an additional population and other suitable sites for introduction, resource managers can

utilize this information for continuing plans to proliferate and conserve V. guadalupensis populations with

potential success.
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INTRODUCTION

The Dead Horse Mountains (DH) of Big Bend National Park (BBNP) create a remote and forbidding view-

scape on the West Texas park's eastern skyline (Fig. 1). The rugged limestone escarpments offer no reliable

surface water, nor infrastructure allowing quick access to the interior, leading to claims of it as being un-

charted wilderness (Wood et al. 1999). These logistical challenges, in addition to rugged topography and

extreme climate, have left the area one of the least botanically understood areas in Texas and the northern

Chihuahuan Desert Region (CDR). Much collecting has taken place in the area over the past 100 years. The

height of early scholarly investigations came in the 1950s-1960s, and included a SRSU master's thesis by

Rogers (1964), a short but excellently characterized field report by Wells (1965), and collections by numer-

ous professionals including Sul Ross State University (SRSU) botanist Barton Warnock. The largest coherent

body of collections was made for a report to the Nature Conservancy (Amos and Giles 1992), which at the

time owned a part of the study area that is now part of the Texas Parks and Wildlife's Black Gap Wildlife

The majority of vouchers made through these efforts came from more easily-accessible areas, near

roads and trails peripheral to the heart of the range, without widely sampling the range of niche habitats

existing in the area. Despite a rather active historical interest in this area, no overall floristic characterization

has been made for the Dead Horse. Several lists of local flora exist, including more than one in use for Big

Bend National Park; however these are based on sightings, literature reports and, to an unknown degree,

herbarium specimens (Mahler 1971; National Park Service 1996; Louie 1996; Clelland 2001; Worthington

2001; Alex etal. 2006).

A floristic analysis of the Dead Horse will create an important context for Big Bend regional floristics.

The DH are located in the Trans-Pecos Mountains and Basins vegetational area (Hatch et al. 1990) but

phytogeographic connections have been noted with other Texas floristic areas including the High Plains,

Rolling Plains, Edwards Plateau, and the South Texas Plains, also known as the Tamaulipan Thornscrub

region (Powell 2000). Connections to more northerly vegetational areas are evidenced by the populations of

aspen (Populus tremuloides), Douglas-fir (Pseudotsuga menziesii), and other Rocky Mountain species growing

well south of their normal distributions. Floristic links also reach south to the Sierra Madre Oriental and

Occidental, expanding to the greater CDR of Mexico (Larke 1989). The graminoid flora even has an affinity

to the Great Plains grasslands (Powell 2000; Christie 2006). Because there are so many regions intergrading

in the local area, there is high potential in the study area to discover species out of their expected ranges.

Furthermore, the DH is topographically complex and the resulting microclimates may harbor species new

to science. Already the area shelters several little-known species: Andrachne arida is known from only a few

localities in the CDR and has not been seen in the DH since the 1960s, while the purported Dead Horse

endemic Hedyotis pooleana has not been observed since the original 1985 collection. Other species are as-

sumed to occur in the study area based on their known habitat, but are not well understood, being known

only from a few collections in a restricted area. One such example is Bouteloua kayi; previous to this study

it was not known to occur in the study area but was discovered during the current work.

The environmental complexity, in both topography and regional climate regimes, no doubt has helped

to produce the numerous endemic species of the CDR, but instead of being widespread, endemics are mostly

locally distributed (Brown 1994). Indeed, in Trans-Pecos Texas, Brewster County tallies the highest numbers

of endemic (TAM-BWG 2007) and rare plant species (Alex et al. 2006; Poole et al. 2007). Often, however,

species of concern are little known beyond data taken at their original collection site. Thus, targeted field

studies in Chihuahuan Desert areas like the Dead Horse have a high potential for new floristic discoveries.

The main objective of this project was to create a collective body of work describing the floral composi-

tion of the DH. Goals to accomplish this objective included: (1) developing an annotated flora for the study

area through documenting existing voucher specimens in regional herbaria, and through new collections

from a wide variety of underrepresented areas and habitat niches in the range; (2) gaining more knowledge

about little-known species that occur in the range, including species known regionally but not yet recorded
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Fig. 1 . The Dead Horse Mountains study area. Western slopes of central portion of the range, with Sue Peaks at left of center.
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within the study area; and (3) documenting the occurrence of novel species for the study area, whether rare,

disjunct, or invasive, and providing new insight into their distributions and habitat requirements. Subsequent

analysis was used to interpret the Dead Horse flora in a larger regional context within the Trans-Pecos and

also the larger southwestern United States. The study was conducted as the first author's MS thesis research

(Fenstermacher 2007). The full thesis m
photos can be found on the Cactus Cons

CCI/botany/fdhm.html.

The DH are located in the Big Bend region ofwestern Texas, in southern Brewster County about 80 mi south

of the town ofAlpine (Figs. 1, 2). The study area boundary starts in the northeastern part of the national park

at Dog Canyon, continues south along the western foothills of the DH, and extends east into a portion of

Texas Parks and Wildlife's Black Gap Wildlife Management Area (BGWMA), including a few parcels of private

ranchland (Fig. 3). The Rio Grande marks the southern limit. The DH are a smaller, northern extension of

the impressive Sierra del Carmen ofnorthern Mexico, exhibiting similar physical characteristics: northwest-

trending ridges alternating with alluvial basins, and generally rugged, arid, rocky terrain. Extending 31.5

mi (51 km) N/S and an average of 8.5 mi (14 km) E/W, the study area covers approximately 176,800 acres

(71,548 ha; 276 mi2
, 715 km2

), and ranges in elevation from 1800 ft (549 m) at the Rio Grande to 5840 ft

(1780 m) at Sue Peaks in the heart of the range.

The only major physical feature that trends east-west in the study area besides Boquillas Canyon along

the Rio Grande is the 14-mile-iong (22.5 km) Telephone Canyon that bisects the DH. There are several major

drainages in the study area, but there is no permanent surface moisture. Any precipitation that occurs usually

flows overland into the dry arroyos, creating powerful but temporary floods draining towards the Rio Grande.

Away from the river, surface water is found only unreliably in tinajas, i.e., stone basins eroded usually out

of arroyo or canyon beds with bedrock outcrops. The study area experiences hot summers and cool-to-cold

winters. The average annual high is 85°F while the low averages 53°F with an average annual maximum of

100° F/38° C and minimum of 33° F/l° C. Large diurnal temperature ranges are common, with a mean of

about 32° F/0° C and a maximum of about 50° F/10° C. Precipitation peaks between May and October, the

10 in/25 cm yearly average falling usually as late afternoon thunderstorms that range in intensity and often

create hail (temperature data from National Park Service, Big Bend National Park, unpublished data).

The DH are composed primarily of lower Cretaceous limestone deposited in a deep sea environment

ca. 180 mya. As the area was close to the shoreline of the great interior sea, and as sea levels fluctuated,

some shales and clays were deposited, reflecting the changing environment. During the Cenozoic (ca. 30

mya), massive blocks of Del Carmen and Santa Elena Limestone were uplifted and tilted along fault lines,

resulting in the basin and range morphology seen today: gradual western slopes and steeper escarpments

to the east, alternating with alluvial basins in between (Maxwell 1979). DH soils are mostly shallow with a

high percentage of rock fragments (mostly calcium carbonate). Rock outcrops are frequent and most slopes

are steep. There are small, localized areas on alluvial uplands where the soils are slightly deeper, while deep,

loamy soils can be found in some basins and near the Rio Grande. The highest elevations have soil darker in

color because of its high organic content and may be moist more often than dry (Cochran & Rives 1985).

Human History and Disturbance Regimes

People were living in the Big Bend area as early as the late Paleo-Indian period (12,000-6500 BC) and there

is abundant evidence of habitation in the Dead Horse dating from the Archaic period (6500 BC-ca. 100 AD;

Alex 1990). The periphery of the DH was most probably used as a travel corridor throughout history until

more permanent settlement occurred in the Historic era (1535 AD- present); after the threat from hostile

Indians was removed, ranching and mining activities increased substantially (Tyler 1975).

Human-induced disturbance regimes that have affected DH to a small degree include grazing, natural-

resource harvesting of Euphorbia antisyphilitica and Bouteloua ramosa, infrastructure developments related to

cinnabar ore mining, fire, and recreational pursuits such as hiking, camping, and river rafting. However, the
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;a. B. Sotol-Yucca Grassland (syg), upper Telephone Canyon trail

itudy area. A. Mixed Desert Scrub (dsc), lower Telephone Canyon
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Fig. 4g-h. Examples of different vegetation zones within the Dead Horse Mountains study area. G. Sotol-Yucca Grassland, Sue Peaks. H. Chaparral, Sue
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most damaging and far-reaching would likely be the increased distribution and dominance of invasive plant

species. Jamarix spp. and Arundo donax have expanded their range along the Rio Grande, creating miles and

miles of dense thickets lining the riverbanks. Pennisetum ciliare is well established in the lower elevations of

BBNP, including the extreme southern end of the study area. However, it is not as dense as it has become in

other low-elevation areas, perhaps being held in check by other non-native species, burros and horses. The

livestock enter the park from Mexico, trampling vegetation and breaking up biological crusts, increasing

the erosion potential in many places along the river corridor.

Fire may be a significant natural factor driving the study area ecology, creating the characteristic

patchiness of higher elevation vegetation. Human-caused fires are limited to the developed areas but the

interior burns are mainly lightning strikes, burning an individual yucca in more barren rocky areas, but

sometimes being carried through drainages or at higher elevations where the biomass is denser. Henrickson

andJohnston (1986) suggest that the unique Yucca Woodland community at higher CDR elevations may be

maintained by fire, favoring the semi-succulent monocots over more woody species. There has been little

suppression effort in the DH, so current states should be considered normal.

General Vegetation Description

Many workers have proposed vegetation classification systems relevant to the region. For the CDR as a whole,

there exist excellent overviews of basic and detailed vegetation structure (Morafka 1977; Henrickson &
Johnston 1986, 2004; Brown 1994; Powell & Hilsenbeck 1995). Descriptions in several local floras (Rogers

1964; Butterwick & Strong 1976; Amos & Giles 1992; Hardy 1997) demonstrate the degree of local diver-

sity possible within hierarchies created by the above publications. Beyond a large-scale tendency towards

homogeneity (Brown 1994), the DH and larger CDR have basic plant-community types that intergrade

and change in abundance and dominance in response to the complex physiography. Perhaps Whittaker,

as quoted in Takhtajan (1986), has offered the best explanation for general Chihuahuan Desert vegetation

patterns: in warm, semi-arid deserts there is no clear convergence of dominant forms as can be found in

cool semi-deserts. Warm deserts may be too dry to support arborescent life-forms or consistent canopy

cover. However a diversity of non-arborescent growth is supported in pockets of higher moisture availability,

maintained by the right combination of aspect, slope, elevation, and substrate. Larger plants, such as shrubs

and Yucca spp., can also create special microclimates. Many species take advantage of the shade and wind

protection that these larger nurse plants provide. This could be considered the canopy of the CDR—low
and discontinuous, but functional.

Two vegetation maps, produced through remote sensing and some vegetation sampling, generally include

the study area (Plumb 1991, 1992; Wood et al. 1999) but are limited by inadequate sampling and ground-

truthing. However they are useful to form an overall impression of the relative importance of cover types.

Based on a consolidated version of Plumb's (1991, 1992) vegetation maps, Lechuguilla Scrub covers 50.4%

of the study area. This vegetation type includes Agave lechuguilla, Opuntia spp., Euphorbia antisyphilitica, and

many species of grasses. Almost equally important in the study area is the High Desert Grassland vegetation

at 45.1% coverage, where species like Nolina erumpens, Dasylirion leiophyllum and Yucca spp. are codominant

with graminoids.

METHODS

The herbaria of institutions that sponsored botanists known to collect in the Big Bend, in addition to those

geographically close to the study area, were contacted and when possible electronically searched: Angelo State

University (SAT), the Botanical Research Institute of Texas (BRIT), the New York Botanical Garden (NYBG),

Sam Houston State University (SHST), Sul Ross State University (SRSC), the Texas A&M University Biology

Department herbarium (TAMU), Texas A&M's Tracy herbarium (TAES), Texas State University (SWT), Uni-

versity of Kansas (KANU), University of Texas at Austin (TEX-LL), the University of Texas at El Paso (UTEP),

and Big Bend National Park (BIBE). Sheet-by-sheet searches were conducted at SRSC and BGWMA.
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All species found in flower were collected during every trip. Collection of rare species or plants of

uncertain identity and/or distribution was guided by BBNP protocol: no more than 10% of the individuals

of any viable reproductive population of a rare plant were harvested. Most collecting was done within the

National Park, due to easier and quicker access to more areas. Access to the study area was mainly on foot

using cross-country navigation but two rough dirt roads and two maintained trails did provide effective

access to more interior areas of the range. Two river trips allowed li

personnel and packstock.

Sampling areas were chosen based on intricacy of topography such as deep and/or sinuous canyons,

unvisited but potentially unique areas such as the higher peaks, and otherwise intriguing spots identified

on USGS 1:24,000 topographic maps. Search methodology was a directed meander (Goff et al. 1982) at

each locality visited, focusing on promising microhabitats and moving from patch to patch as the observ-

able species diversity was documented. Field notes and resulting label data included collection location,

habitat, habit, description of notable plant features, relative abundance, and associated species. UTM coor-

dinates were taken on site or approximated post-field using digital elevation model data through ArcView

3.2. Specimens were identified using multiple sources, including Correll and Johnston (1970), Warnock

(1970, 1974, 1977), Flora of North America Poaceae and Asteraceae volumes (FNA 2003b, 2006, 2007),

Powell (1998, 2000), Yarborough and Powell (2002), Turner et al. (2003), and Powell and Weedin (2004).

Specimens were determined by B.L. Turner of TEX-LL and A. Michael Powell of SRSC. The atlas of Turner

et al. (2003) was the primary source for nomenclature and distributional data, and two online sources (ITIS

2007, MBG 2007) were followed for author information. The Manual of the Vascular Plants of Texas (Correll

&Johnston 1970) provided the fundamental taxonomic guidelines for this work. However, numerous other

sources were utilized for the most up-to-date taxonomic interpretations, most notably Powell (in prep.) and

Powell et al. (in ms.) for non-woody vascular species and genera, the Flora ofNorth America for Poaceae and

Asteraceae treatments (FNA 2003b, 2006, 2007), and Powell and Weedin (2004) for the Cactaceae. Voucher

specimens made during this project were deposited at SRSC; selected duplicates were sent to BIBE, TEX-LL,

and BRIT.

Between August 2003 and September 2006, a total of 49 days and approximately 400 hours were spent in

the field. The 1549 voucher collections made during those three years, plus four observations without vouch-

ers, represent 84 families, 283 genera, and 490 species, totaling 493 taxa at or below the species level. The

herbaria search revealed an additional seven families, 58 genera, and 173 species (178 taxa) that were not

encountered during the current study. Similarly, the current study documented an additional seven families,

45 genera, and 120 species (121 taxa) beyond the historical baseline found in the herbaria search. Fifty-five

of those additional 120 species were new records for the DH, representing a 10% increase in known taxa.

Another 65 species (67 taxa), though not previously represented by vouchers, were common and suspected

to occur and thus not considered novel records. In sum, the total known flora of the DH to date consists of

91 families, 344 genera, and 662 species (671 total taxa).

The Asteraceae is the most prominent family in the DH, tallying 80 species. Other important families

include the Poaceae (75 species), Fabaceae (52 species), Euphorbiaceae (34 species), and Cactaceae (31 spe-

cies). The eight most species-rich families comprise 50% of the flora while 24 families are represented by a

single taxon. The most abundant genera represented in the DH are Chamaesyce and Dalea at 13 species each.

A taxonomic breakdown of species found in the DH shows that eudicots make up the largest propor-

tion of the flora at 78.9% (Table 1). Gymnosperms comprise the smallest portion of the flora after monocots

and the ferns and fern allies. Perennial herbs were the most abundant life form encountered, followed by

annual herbs, shrubs, subshrubs, succulents, vines, and trees (Table 2). The annotated list of species found

in the DH provides the following information for each taxon: native status, new records, rare species status
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Table 2. Summary of the Dead Horse Mountain flora by life form (USDA 2007).The semi-succulent members ofthe Agavaceae,

Liliaceae, and Bromeliaceae were included in the shrub category. Eight taxa can be either trees or shrubs depending on the

habitat. These were divided equally between the tree and shrub categories. Twenty-eight taxa were listed by USDA as both

and ranking, common name, selected synonyms, relative abundance in the study area, life form, vegetation

community, elevation, and all known vouchers.

Herbarium search

It is certain that more DH collections exist in regional herbaria. The collections of one botanist who made

significant collections in the BGWMA reside at BRIT, but are not electronically databased. Unfortunately,

time and funding constraints precluded a sheet-by-sheet search of that institution for this project. Digital

records are a boon to this type of research; however, when in existence they should not be assumed to be

complete or entirely accurate. For example, in researching the holdings at SAT, an online search of the Floral

Consortium of Texas website revealed 64 vouchers, but an onsite search of SAT's internal digital database

resulted in 245 collections, with only three overlapping with the consortium's results. Added to that dis-

crepancy is the fact that not all of the holdings at TEX-LL are included in their online searchable database.

Given that that is the main repository in the state, there is a high probability that many DH vouchers were

not accounted for through the herbaria search.

Completeness

In the entire history of collection efforts in the study area, including those during the past 15 years, there was

a significant rise in species found, without any evident leveling of return for effort. This is to be expected,

with much new territory having been covered in more recent years by the Amos survey of Brushy Canyon

in addition to the current project. However, the return of new species per year of effort during the course of

this study began to taper off and fewer new species were found than remained unseen from the historical
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baseline. Some historically collected areas were not revisited, such as the more inland riparian habitats of the

Rio Grande Village area, where species may still be extant or perhaps extirpated due to the changing nature

of the river corridor. More localized examination of return for effort tells a mixed story: after three visits to

the same area of mixed, mid-elevation habitat, there was no reduction of return for effort. However, after

two trips to the high-elevation Sue Peaks environment, the return of new species decreased by about 50%.

The differences may lie in the types of habitat visited, but one must also keep in mind the vagaries of desert

flora—life strategies built around responses to ephemeral rain, general seasonal/temperature restrictions,

and even biennial cycles, all serve to limit the flora present at any given time. Certainly more species await

documentation in the study area; collections were made throughout most of the Dead Horse range, but some

interior locations such as Margaret Basin, the upper Strawhouse trail, the eastern end of Telephone Canyon,

and areas interior to Boquillas Canyon remain under collected. Despite this, however, it seems clear that the

majority of the flora has been documented.

Henrickson and Johnston (1986) comment on the high degree of intergradation between vegetation types

in the CDR and the difficulty of placing many areas into an exact classification. This can result in many
sub-types being recognized, as in their and Plumb's (1992) work. In the DH, six vegetation types are clearly

distinguishable, separated generally by elevation and water availability. These types are similar to ones identi-

fied by Henrickson and Johnston for the CDR. Other CDR types may have only marginal representation in

the DH and are discussed as unique habitat areas. The three dominant types follow elevational zones, with

Mixed Desert Scrub (psc) at lower to mid elevations (Figs. 4a, f), Sotol-Yucca Grassland (syg) at mid-to-high

elevations (Figs. 4b, f, g), and Chaparral (chp) appearing in patches at the highest elevations within the syg

(Figs. 4c, h). The remaining three vegetation types involve riparian-related areas, including arroyos, canyons,

and the Rio Grande corridor. The Sandy Desert Arroyo (dar) and Desert Canyon (dca) types interlace with

and intersect mainly the lower elevations of dsc but can allow intermixing of higher- and lower-elevation

species in steep, protected drainages on mountain slopes (Fig. 4d). The Rio Grande Riparian Corridor (rio)

is the only vegetation type that occurs in association with permanently flowing water and mainly occurs

within Boquillas Canyon (Fig. 4e), although the slightly inland, developed areas around RGVhave significant

riparian habitats that are important to the diversity of the study area. Although few plants are seen throughout

the range at all elevations, Agave lechuguilla and Aristida spp. are possibly the most ubiquitous.

Mixed Desert Scrub.—The dsc vegetation type extends from the lowest elevations to about 4000 ft

(1220 m), nearing the higher plateaus of the Dead Horse. The lowest elevations and flattest terrain of the park

are dominated by Larrea tridentata, which is seen most often on low, foothill approaches and interior basins

of the DH. Intermingling at lower elevations are Opuntia aggeria and O. grahamii, Parthenium incanum, Nama
hispidum, and Acacia neovernicosa. Flourensia cernua is often cited as being important, even co-dominant,

in this ecological zone of the CDR, but it was rarely seen. Moving upslope, various shrubs, succulents, and

grasses become more important. Species commonly encountered and expected include: Tiquilia greggli, Prosopis

glandulosa, Condalia sp., Ziziphus obtusifolia, Buddleja marrubiifolia, Leucophyllum minus and L. candidum, Vigui-

era stenoloba, and Chrysactinia mexicana. Intergrading with lower-elevation species is Dasylirion leiophyllum,

which begins to occur as low as 3500 ft (1066 m), but extends to the highest elevations of the range. Dense

stands of the rhizomatous Agave lechuguilla and Hectia texensis occur sporadically and usually include more

obvious occurrences of the following common species: Selaginella lepidophylla, Selaginella wrightii, Astrolepis

spp., Argyrochosma microphylla, Calliandra iselyi, and Opuntia rufida. Biological soil crusts of varying degrees

of development occur in most inter-rock spaces, harboring various species of cyanobacteria, lichens, and in

Desert Arroyo.—Many of the general dsc species overlap into the dry watercourses intersecting the

region; the two xeric-riparian vegetation types are generally distinguishable according to the amount of

moisture available, dar, or SandyArroyo Scrub as named by Henrickson andJohnston (1986), occurs in more

open, low-elevation drainages incised into the desert flats. The margins are rich with perennial plants, which
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often grow into impenetrable thorny thickets across the wash. Fallugia paradoxa and Brickellia laciniata are

commonly present in the wash cobbles of larger drainages, while Prosopis glandulosa, Guaiacum angustifolium,

Forestiera angustifolia, Celtis pallida, Lycium berlandieri, and Porophyllum scoparium are common throughout.

Desert Canyon.—In rockier habitats, larger drainages, and within canyons that provide partial shade,

the dca vegetation type includes additional species such as Berberis trifoliolata, Fraxinus greggii, Diospyros

texana, Eysenhardtia texana, Lippia graveolens, Mimosa spp., Acacia roemeriana, Schaefferia cuneifolia, Rhus

virens, Tecomastans, Clematis drummondii, Passifloratenuiloba, and Maurandya antirrhiniflora. Common wash-

associate grasses are Bothriochloa laguroides, Heteropogon contortus, Setaria leucopila, and Aristida spp. More

water-dependent species such as Ungnadia speciosa and Chilopsis linearis occur infrequently, restricted to the

largest drainages.

]uglans microcarpa is not a typical DH species within BBNP; it was seen only once in the National Park

at the north end of the range, but as reported by Amos and Giles (1992), it was observed during the cur-

rent study to be much more dominant in BGWMA's Brushy Canyon. In the same Amos and Giles (1992)

report, Cercis canadensis var. mexicana was listed as a dominant in Brushy Canyon; it was not observed in

the National Park portion of the DH. Canyon walls throughout the range provide a relatively consistent but

limited habitat for cliff-dwelling species including Cirsium turneri, Perityle aglossa, and Perityle bisetosa var.

Rio Grande Riparian Corridor.—A more traditional riparian woodland vegetation type exists only

along the Rio Grande, where the consistent water table can support native species such as Populusfremontii,

Salix spp., Baccharis salicifolia, Phragmites australis, and the introduced and invasive Arundo donax and Tamarix

spp. A few solitary individuals of more water-dependent genera (e.g., Salix, Baccharis, and Tamarix) occur

in at least one other place in the DH interior: above Ernst Tinaja, where their water-hungry roots may have

found a perched water table. Also important along the Rio Grande are Acacia farnesiana, Nicotiana glauca,

Prosopis glandulosa, and Chilopsis linearis.

The major, non-native species have altered and will continue to alter the riparian landscape. Thickets

of cane with abundantly dense rhizomes have solidified the river banks, channelizing the watercourse.

This creates, in many cases, an irreversible cycle: the channel concentrates the river flow, which increases

its velocity and thus erosive power, which, in turn, creates a deeper channel that does not allow flooding

over its banks as easily as before. With over-bank flooding decreased due to channelization and a generally

reduced flow/flood cycle due to upstream dams, dense canopies of Arundo donax and Tamarix spp. are al-

lowed to establish, precluding the formation of native Salix spp. and Populus spp. bosques (Howe & Knopf

1991, Bell 1997).

SotohYucca Grassland.—Found on the higher elevation slopes and plateaus to the highest peaks, syg is

the dominant vegetation above dsc. The vegetational boundary seems to occur, at least on the western side of

the range, at around 5000 ft (1524 m), where the steep western slopes top out to form a main central plateau

within the DH range. Stuarts Peak, though slightly lower at 4800 ft (1463 m), should also be included, due

to its many unique floristic characteristics, including a diverse lichen flora and, in the DH, the only known

populations of two species that are more expected in montane forested vegetation—Philadelphus microphyllus

and Achnatherum curvifolium.

syg is a visually distinct zone where large yuccas and sotol stand out from the shrub- and grass-dominated

understory. Also known as Izotal, Sotolal, and Rosetofilo, this vegetation type is considered by some to be

shrub-dominant (e.g., Henrickson &Johnston 1986), and so the term "grassland" is omitted in their official

terminology. The DH do seem to have a persistent shrub component dominated by Dasylirion leiophyllum,

Nolina erumpens, and Yucca spp, even as the grass diversity and abundance increase with elevation. However,

the two life-forms seem to be codominant and the term "grassland" is used here to convey the importance

of bunch grasses in the inter-shrub spaces. On the main DH plateau, Nolina erumpens becomes a significant,

visual member of the syg creating, along with the Dasylirion leiophyllum, large masses of thick vegetation,

standing in some places almost head high.
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Common plants associated with the syg of the DH include Yucca torreyi, Yucca thompsoniana, Nolina

erumpens, Fouquieria splendens, Parthenium argentatum, Bouchea spathulata, Leucophyllum spp, Bernardia

obovata, Vauquelinia angustifolia, Mortonia scabrella, Zinnia acerosa, Coryphantha tuberculosa var. tuberculosa,

Coryphantha echinus, Neolloydia conoidea, Epithelantha macromeris, Bouteloua curtipendula, Aristida spp., En-

neapogon desvauxii, Leptochloa dubia, and Muhlenbergia tenuijolia.

True grasslands, though included in reviews of CDR vegetation types, are not functionally a part of the

DH environment. Areas that are clearly dominated by graminoids without a significant shrub component are

more commonly associated with the higher plains around the towns of Marathon, Alpine, and Marfa in the

northern Big Bend. In the DH, grasses are important components of the shrubby slopes and higher plateaus,

and at higher elevations, a few species that are important components of the vast grama grasslands to the

north do occur. However, small areas dominated by grasses occur only on the scale of remnant patches rather

than functional ecosystems; they are not dense or contiguous enough, nor dominated enough by the typical

grassland species Bouteloua eriopoda and Bouteloua gracilis, to be considered a true grassland. This seems to

follow a general trend of grama grasslands' being established on igneous soils, whereas limestone substrates

in similar conditions will support only desert-scrub assemblages (Henrickson & Johnston 1986).

Chaparral—Small pockets of shrub thickets, or chp, occur within the syg on plateaus and eastern

slopes associated with the high elevations of the Sue Peaks area. Small and sometimes dense clumps of

Quercus pungens, some Quercus mohriana and Quercus grisea, Cercocarpus glaberoides, Berberis trifoliolata and

Rhus virens associate with large Dasylirion leiophyllum and Nolina erumpens, all overtopped by the occasional

but conspicuous Yuccafaxoniana. Expected but less frequently seen species include Fraxinus greggii, Garrya

ovata, Ptelea trifoliolata, and Muhlenbergia parviglumis. Oaks and other more mesic species occur also at the

highest summits and in more protected parts of drainages, even in steep drainages and lower elevations of

the western slopes. These micro-niche species include Malacomeles denticulata, Quercus pungens, Fendlera

jalcata, Fraxinus greggii, Prunus havardii, and Cheilanthes spp.

Junipers, includingJuniperus codhuilensis andJuniperus pinchotii, occur sporadically on the high plateaus

amongst the chaparral clumps and, very rarely, in large, lower-elevation canyons. Pinyon pines are rare,

documented only at a few eastern-slope locations. These species are probably relicts from the previously

extensive juniper-pinyon-oak woodland covering the region between 22,000 and 11,000 years ago. The

main pine of the DH is Pinus remota, a limestone specialist (Powell 1998). Once more widespread, Pinus

remota in the Trans-Pecos is limited to isolated pockets, being more abundant on the Edwards Plateau and

in Mexico. Records of Pinus cembroides in the DH are unusual; it is a higher-elevation taxon, although the

two species are known to occur together elsewhere in the Big Bend region (Powell 1998).

Unique Habitats.—Several unique habitats were encountered during the course of the study; only the

sand dunes at the mouth of Boquillas Canyon have been explored rather thoroughly. Though not extensive

enough to support a full representation of Henrickson and Johnston's (1986) Sand Dune Scrub vegetation

type, they have been well botanized and do provide a unique habitat for a few species including the rare

Chamaesyce golondrina and the sand-loving species Heliotropium convolvulaceum, Corispermum americanum,

and Dalea terminalis. Several other unusual vegetative areas would no doubt profit from further examination.

An isolated bottomland of Pleuraphis mutica covers the western edge of Ernst Basin, in stark contrast

to the sparsely vegetated, more elevated flats over the rest of the basin. This tobosa grassland area may rep-

resent a small inclusion of Tornillo soils, which was previously unknown in the DH and is interesting not

only because Pleuraphis mutica occurs in distinctly limited areas of BBNP, but because several other species

were collected only there: Malvella leprosa, Leptochloa panicea, Chamaesyce serpens, and the Texas endemic

Lycium puberulum var. berberioides. The possibility of similar habitats, i.e., the existence of Tornillo soils, in

other large basins in the DH should be explored, in particular at the northern end of the Ore Terminal trail,

in Margaret Basin, and along the Strawhouse trail.

The vegetation in a high saddle (5300 ft, 1615 m) just north and west of Sue Peaks was completely

different from the immediate, Rosetofilo-type surrounding community. The soil was finer, deeper, and less
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rocky than the surroundings; old wire, pieces of wood, and prehistoric lithic scatter including point bases

and partial tools was found on the ground surface. Many plant species found there are reminiscent of the

tobosa grassland area north of the Rosillos Mountains in the Harte Ranch area of BBNP, Pleuraphis mutica,

Panicum obtusum, and Hoffmannseggia drepanocarpa in particular. Other species making up the unique com-

munity included Sporobolus airoides, Sporobolus cryptandrus, Aristida adscensionis, and Muhlenbergia arenicola.

The other habitats deserving of more attention are at the highest elevations, especially Sue Peaks and

Stuarts Peak. Each has different characteristics making them interesting. Stuarts Peak is a rather narrow

ridge, with not much area forming the actual summit. However, many plants collected there were surprising

to find in such a seemingly arid location, including Achnatherum curvifolium and Philadelphus microphyllus.

The lichen and moss flora on the summit ridge was impressive in its diversity, which was not observed to

the same extent anywhere else in the study area. Also notable was that the summit ridge was one of the few

places encountered where the cactus Neolloydia conoidea was growing densely enough as to preclude non-

damaging travel.

The Sue Peaks area exhibits a well developed chp community with shrub oaks being very common in

the whole DH plateau area. The peaks themselves are rather bare of large shrubs, those being relegated to

niches between boulders and ledges. Several species, found only in this area, were observed and collected on

a trip following significant rains in the area: Phemeranthus brevicaulis, Ipomoea costellata, Nama dichotomum,

Dichromanthus cinnabarinus, and Mirabilis linearis. These species, in addition to others known only from the

peaks or the surrounding area including Asplenium resiliens, Asclepias sperryi, Quercus mohriana, Fraxinus

cuspidata, Quercus laceyi, and Pinus remota, indicate that conditions on the whole are relatively mesic and

that under favorable conditions, additional unique species may be in evidence.

Non-natives, Range Extensions, Rare Taxa, Notable Collections

Non-native species constitute a small part of the DH flora. The USDA considers 24 species collected in the

DH as exotic (USDA 2007). Six of those species are considered invasive, and three are state-listed noxious

weeds: Arundo donax, Tamarix aphylla, and Tamarix chinensis (PT1 2006). Significantly, Pennisetum ciliare, an

introduced grass from Africa, is not among the Texas-listed invasives; however, it is a demonstrated threat

to native ecosystems throughout the southwest (e.g., TNC 2005) and is listed by the state of Arizona as a

noxious weed (AZDA 2005). The fact that it is widely planted in Texas and northern Mexico as a range grass

perhaps makes its listing unlikely. Eragrostis lehmanniana is a well-known invasive in the desert southwest,

but its presence in the study area appeared to be minimal outside of the river corridor. It seems to require

more moisture than is reliably present in the majority of the range, with isolated plants being found near

an old header dam and in shady or sandy areas of large drainages. Overall, non-native species constitute

3.6% oftheDH flora.

Eleven species found in the DH are endemic to Texas, according to the Texas A&M Bioinformatics

Working Group and updated taxonomic and distribution information (TAM-BWG 2006). The occurrence

of Matelea sagittifolia in Brewster County is not currently reflected on the referenced website, but it was col-

lected during the present study and also during a recent survey of the Lone Mountain area of BBNP (Fen-

stermacher et al. 2006). Lycium puberulum var. berberioides is also not listed by the Bioinformatics Working

Group as occurring in the county but should be; it has been a known member of the BBNP flora for some

time (Powell 1998). Hedyotis pooleana, though included in this DH-endemics list, is another species not listed

by the Bioinformatics Working Group, perhaps due to the lack of consensus over its taxonomy (Turner 1995,

1997; Terrell 1996, 2001). Endemic species account for 1.7% of the DH flora.

Many noteworthy collections were made during the study period. The Wildlife Diversity Program of

TPWD, in conjunction with the Texas Conservation Data Center of the Nature Conservancy of Texas, tracks

seventeen rare species that were collected in the DH (TPWD 2006). Several of these species were collected at

new locations. Bouteloua kayi was previously known only from one location east of the DH but it was found to

be one of the dominant grasses at higher elevations near Sue Peaks. In the mid 1980s, Hedyotis pooleana was

first collected at one locality in the DH and named as a new species. Subsequently it was not seen until the
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present study during which it was found throughout the majority of the range in higher-elevation bedrock

exposures.

Andrachne arida was last collected in the DH in the 1960s, and during the study period it was relocated

in the general vicinity of the historical collections. One small population of the diminutive legume Senna

ripleyana was discovered, clarifying its status as having remained extant north of the international border

since its last documented collection in northern Brewster County in the 1940s. Another historically col-

lected taxon Sedum nanifolium was encountered in shallow soil pockets on the DH plateau. Regionally it was

previously known from one collection in the limestone mountains of northern Brewster County (Warnock

1977) and has been recently observed on hilltops of the Cox and Guadalupe ranches, about 15 mi (24 km)

west of Sanderson (M. Terry pers. observ.).

One taxon, a member of the genus Galactia, as yet is not identified to the specific level. It does not fit

descriptions of known Texan taxa (B. Turner pers. comm.) and awaits review when appropriate herbarium

specimens become available. Populations have been found in several southern DH locations and the plant

was encountered more commonly near the Rio Grande within side drainages of Boquillas Canyon. It is a

sprawling, procumbent perennial from a central taproot, often growing vine-like within larger, surrounding

vegetation. It has dense, silvery pubescence on all vegetative parts but is more pronounced on the leaves,

those having prominent under-surface veins. The flowers are pink, the banner exhibits a green-yellow base,

and the petals turn a deep blue-purple upon dessication.

New to the United States, the Mexican taxon Seymeria falcata var. falcata was collected north of the

border originally in 1994 (MI 137 SRSC), but it was not recognized as such until collections for the current

study spurred a review of previous collections of its more widespread relative Seymeria scabra (Fenstermacher

2006).

Eight species were newly recorded for Brewster County, according to Turner et al. (2003) and known

herbarium specimens: Achnatherum curvifolium, Atriplex rosea, Argemone mexicana, Hedeoma serpyllifolia,

Matelea sagittifolia, Maurandya wislizeni, Nama dichotomum, and Rumex maritimus. Three of these species,

Atriplex rosea, Argemone mexicana, and Maurandya wislizeni, were collected by NPS staff in conjunction with

the restoration site at the mouth of Boquillas Canyon.

Many of the newly collected species for the DH are taxa that normally occur in much less arid condi-

tions at the highest elevations in the Trans-Pecos. Achnatherum curvifolium is a C3 grass previously known

from a restricted range in the Guadalupe Mountains of Texas and New Mexico (Powell 2000), and the nearby

Delaware Mountains (Worthington 24663 SRSC). Nama dichotomum is another elevation-restricted species,

previouslyknown from the Franklin, Davis, and Guadalupe Mountains. Its distribution ranges from Colorado

down through the Mexican highlands and into temperate South America (Correll andJohnston 1970; Turner

et al. 2003). In addition to the sparsely occurring relict taxa oifuniperus and Pinus, several other species were

found whose presence was not expected in such relatively arid conditions: Philadelphus microphyllus, and

several other C3 grasses Achnatherum eminens, Achnatherum lobatum, Hesperostipa neomexicana, and Melica

montezumae. The DH are virtually the only area in the park where the giant dagger, Yuccafaxoniana, occurs.

Interesting observations were made of dog cholla (Opuntia spp.) populations from the southern end of

the study area. Dog cholla species of the southern Big Bend, most as part of the Opuntia schottii complex,

have been of taxonomic interest for some time (Anthony 1956). The most recent attention in the literature

documented that a long-believed hybrid, purportedly a cross between the tetraploids Opuntia grahamii and

O. schottii, was finally determined to be a distinct species, Opuntia aggeria, based on morphology and its

diploid nature (Ralston 1987, Ralston and Hilsenbeck 1989). During the current study, however, several

observations and collections provide impetus for a fresh look a the taxonomy of southern Big Bend dog chol-

las: (1) a triploid hybrid was documented in the Ernst Tinaja area (fF 635 SRSU; parents undetermined); (2)

Diploid individuals with widely varying morphologies (e.g., Fenstermacher 640, 1574 SRSC) may indicate that

Opuntia aggeria has an even broader species concept than previously described by Ralston and Hilsenbeck

(1989); (3) a tetraploid cholla was documented at Ernst Tinaja (Fenstermacher 691 BIBE) with morphology
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dissimilar to both Opuntia schottii and O. grahamii, possibly suggesting a larger distribution of Opuntia

densispina in the Big Bend than previously surmised (Ralston and Hilsenbeck 1992, Powell and Weedin

2004); (4) all collections and individuals examined of Opuntia grahamii were sterile, effectively producing

no pollen (J. Fenstermacher unpub. data). These findings suggest that the taxonomy of the Opuntia schottii

complex is not completely understood; more data from Mexican populations may allow further resolution

of the problem.

Floristic Analysis and Phytogeographic Connections

As a portion of Big Bend National Park, the flora of the DH is 54% of the park's listed total (NPS 1996) yet is

found only on 24% of the land area. Clearly, this eastern side of the national park with its riverine and high-

elevation habitats is an important source of area diversity. Comparisons with regional floras are hampered

by their mostly out-of-date checklists, but exploring relationships to peripheral floristic areas and the larger

southwest region is possible. One of clearest results of analyzing the DH flora is that while the Asteraceae is

the most dominant family of the Southwestern flora (McLaughlin 1986), the Poaceae is co-dominant with

Asteraceae in the DH and other southern Big Bend floras (Fenstermacher 2007). This suggests the connection

to the Great Plains grasslands, moving into Texas through the High and Rolling Plains vegetation zones of

the Panhandle region. The connection has also been quantitatively demonstrated by Christie (2006).

The Fabaceae is also important in the Southwest, but more important locally in the DH. This family

comprises a larger percentage of the species of the SW flora than in the DH, yet the DH have more fabaceous

species (52) than the average for SW floras (28). In fact, only five DH genera make the Southwestern flora's

top-twenty list, and they do not include Dalea, one of the two dominant genera of the DH. The local im-

portance of the Fabaceae, in addition to the many other resident thornscrub species like Aloysia gratissima,

Ziziphus obtusifolia, and Leucophyllum spp., may indicate the importance of the Tamaulipan Thornscrub flora

(WWF 2001). Indeed, for the few Trans-Pecos individuals of the more Tamaulipan species, Acacia berland-

ieri, Croton torreyi, and Karwinskia humboltiana, the Rio Grande corridor has most likely provided a conduit

of limited habitat that enabled these species to extend their distributions upriver into generally more arid

These connections to peripheral vegetational areas suggest that the CDR, and by extension the DH,

are not simple extensions of the Sonoran region, as Cronquist suggests (1982). Rzedowski (1973) notes that

both desert areas have several endemic genera (21 Sonoran, 16 CDR), which could suggest a long period

of isolation and autochthonous development. In the same paper, comparisons of similarity index analyses

show that the CDR flora has more affinity to the southern end of the Sierra Madre Oriental than it does to

the Baja/Sonoran flora. Perhaps because there do not seem to be distinctive topographic limits to northern

vegetative expansion, the limits of the CDR may be more climatically controlled (McLaughlin 1989): CDR

flora shows more similarity to coastal Peru than to the Great Basin (Rzedowski 1973). Climate as a limiting

factor becomes more significant when realizing that the Great Basin, Sonoran, and Chihuahuan deserts are

linked topographically and geologically as members of the Basin and Range province.

Individual species' tolerances are probably what drove the paleovegetational changes in response to the

changing climate. However, as McLaughlin (1986) points out, that is no reason why, on a larger scale, there

cannot be found coherent assemblages of species occurring in non-random patterns. Many floristic regions,

delineated as places where the climate acts upon the vegetation (as opposed to more local vegetational areas,

using delimiters like soils or geography), have been applied to the Southwest (Dice 1943; Cronquist 1982;

Takhtajan 1986; McLaughlin 1986; Bailey 1998). The boundaries of these large-scale, ecological regions can

be drawn strictly using climate and gross vegetational features (Bailey 1998), by using centers of endemism

to create distinct groupings (Cronquist 1982; Takhtajan 1986), which could be called a "scarceness" model,

or the focus could be on the degree of overlap between individual floras throughout a region (McLaughlin

1986, 1989). This latter model does not focus on the dominant or rare taxa; rather, it takes into account all

extant species and is a method based on "commonness." To this end, McLaughlin's (1986, 1989) work has

provided floristically-based evidence supporting many historical floristic distinctions, intuitive or otherwise.

Interestingly, the area of southeast Arizona and southwest New Mexico, where Henrickson and John-
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ston (2004) draw an arbitrary border of the CDR because of its perceived transitional nature, is shown by

McLaughlin (1989) to be part of a distinct floristic area originally intuitively recognized by Dice (1943).

McLaughlin's (1989) similarity indices identified an outlying connection between his so-called "Apachian"

flora and the Davis Mountains region of the Big Bend, which Turner (1959) actually suggested in his floris-

tic interpretation of the area. Also in support of this connection, the Davis Mountains, based on a subset

of its flora (Larke 1989), has a family profile more similar to that of the Southwest (McLaughlin 1989),

and is located more closely to the core of the Apachian element than to floras in the southern Big Bend.

The Apachian floristic element is thought to be autochthonous but allied to the Sierra Madre Occidental

(McLaughlin 1989). Perhaps during the expansions and contractions ofvegetation communities in response

to Pleistocene climate change, this Apachian center extended its influence into the Big Bend. As many as

25 glacial-interglacial periods have affected the southwest (Henrickson & Johnston 2004), allowing more

temperate plant species to expand into the Big Bend region from both the north and the south. In the Chisos

Mountains of BBNP, Pseudotsuga menziesii and Populus tremuloides occur with the Mexican montane species

Cupressus arizonica and what is believed to be Pinus ahzonica (Powell 1998). In the DH, cooler-climate species

that may be remnants of glacial expansion include Achnatherum curvifolium from the north and the Mexican

pinyons from the south. In warmer times, the desert scrub and more tropical species expanded from the

south. These climate fluctuations could have allowed for speciation through isolation, but there would have

been more opportunities for diversification in the southern CDR, away from more extreme climate changes

coming from the continental interior (Van Devender 1986). Of course, any discussion of speciation must

acknowledge that the process is not simply a function of time or climate. Life forms, breeding systems, and

genetics are also critical in producing differential speciation abilities (Grant 1958). However, perhaps more

influential than genetic isolation, extinction may have been a more effective mechanism than speciation in

affecting today's floristic diversity in the Big Bend.

More floristic study is warranted for the region. Beyond simply improving baseline knowledge of the

Trans-Pecos flora, previous floristic work (McLaughlin 1986, 1989) should be revisited and improved by

updating the original data, since the size of several Trans-Pecos floras have increased by 40-50% since

the 1980s (e.g., Warnock 1967 in McLaughlin 1986 and Worthington 2001). Regionally, similarity index

studies similar to those by McLaughlin (1986, 1989, 2007) and especially Christie (2006) could be used

to elucidate in more detail the floristic influences on the Big Bend region and might help to identify more

concretely the distinctions among CDR provinces. In this context, the completion of the present Dead Horse

Mountains flora constitutes a significant step towards a more complete understanding of West Texas and

regional floristic relationships.

ANNOTATED CHECKLIST OF VASCULAR PLANT TAXA

Species are arranged by divisions following Raven et al. (2003): Lycophyta, Pteridophyta, Coniferophyta,

Gnetophyta, and Anthophyta. The flowering plants are subdivided into the classes Monocotyledones and

Eudicotyledones. Within these hierarchical groupings, taxa are listed alphabetically by family, genus, spe-

cies, and infraspecific rank as appropriate. Beyond a basic reliance on the Manual of Vascular Plants of Texas

(Correll & Johnston 1970), taxonomy and nomenclature were taken preferentially from several updated

sources, including Powell (in prep.) and Powell et al. (in ms.) for non-woody vascular species and genera,

the Flora of North America volumes for the Poaceae and Asteraceae (FNA 2003b, 2006, 2007), and Powell

and Weedin (2004) for the Cactaceae.

Online databases were consulted for currency, authors, and synonomy (ITIS 2007; MBG 2007; USDA

2007). Turner et al. (2003) was the fundamental source for nomenclature and distributional data. Specimens

found through the herbaria search were assumed to be correctly identified except those that according

to Turner et al. (2003) would have been far outside of their normal range. These were requested on loan,

examined, and included or excluded from the final flora based on the resulting determinations (Fenster-

macher2007). Native status, com (USDA 2007). Locally used common names from regional literature were

included if not utilized by the USDA.
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ACK A.C. Koelling DM D. Miller JM J. Masters RE R. Eckhardt

AD A. Denyas DS D. Seigler R. Halfmann

AG DS2 D. Smith JMP RLH

DSC D.S. Correll JS RLU R.L Ufkes

ECM E. Castro-Mendoza JT J.Todd

AMP EGM E.G. Marsh KJC KJ. Castro RRI

AT EJL EJ. Lott LCH LC Hinckley RS

Bievins EW EulaWhitehouse LEB LE. Brown SJ S.Jones

BA B. Alex GJG GJ. Goodman LF SMU SMU-DMNH

BA2 B.Amos G.Jones UT '

! loohr SAP SA Powell

BAR BA Ralston GLB G.L Bradley LS LSIauson SS

BCT B.CTharp GLW G.L Webster T.Anderson

BD B. Dodson HBC H.B. Correll MC M. Cole TE T Emerson

BDGL B.D.G. Leopold HBP MCJ M.C.Johnston TJW T.J. Watson

BGH B.G. Hughes HC MD M. Darrach TK Tony Klein

BHW HCC H.C. Cutler MLP M.L Powell T. Mollhagen

BLT B.L Turner HCH H.C. Hanson MPG M.R Griffith TR

BM B. Moon HKB H.K. Beuchner M.S.Young TRV

BPM Billy Pat McKinney MT TXDOT Tx Highway Dept.

MT2 UTW U.T. Waterfall

BRM IMJ MWB M.W. Bierner VB

CA C. Ad kins VLC V.LCory

CAB CA Bane JAS OCW O.CWallmo WBM W.B. McDougall

CMR CM. Rowell JC J.Clark OES O.E. Sperry W.E. Hall

CN C. Newman JDA J.D.Allen PAS PA Smith WFB .

f v.

f\.- D.A. Louie JDB J.D. Bacon PC WFM W.E Mahler

DAZ DA Zimmerman JEA J.EAverett PDW RD.Whitson WGD W.G. Degenhardt

DB D. Baker JF J. Fenstermacher P. Manning

DB2 D. Benham -"-~< WOD Justice W.O.Douglas

DF D. Flyr J.Hardy PVW P.V.Wells WRC W.R. Carr

DG D. Giles RAH

DHR D.H. Riskind J LB J.L Blassingame RB R. Baker

Various symbols precede the species entries: * = non-native; ! = invasive non-native; !! = noxious

non-native (PTI 2006); A = observed but not collected; § = previously collected, but not during the current

study period; + = first voucher of a common or expected taxon; # = newly documented taxon for the DH;

O = species is shown to occur in the study area in Turner et al. (2003) but no voucher was found during

the herbarium search; • = species is not shown to occur in study area in Turner et al. (2003) but previ-

ous voucher was discovered during herbarium search; = new county record; species name = new park

record; bold type = rare (TPWD 2007). An explanation of rankings for rare species can be found in Poole

et al. (2007). Abundance categories were based on Palmer et al. (1995) and ranked as follows: abundant =

common habitats but not dominant in any common habitat; occasional = widely scattered but not difficult

to find; uncommon = difficult to find with few individuals or colonies but found in several locations; rare =

very difficult to find and limited to one or very few locations or uncommon habitats. Any historical abun-

dance observations taken from label data are placed within quotations. The terms used historically were

not changed (e.g., from "infrequent" to "uncommon"), because the previous collector's frame of reference

or personal distinctions of scale categories is unknown. Many species may have a "rare" abundance within

the study area but are not tracked by TPWD or TNC as being imperiled state- or worldwide and, thus, are

not listed in bold and do not have a G or S ranking.

Vegetation communities: dsc = Desert Scrub; dar = Desert Arroyo; dca = Desert Canyon; rio = Rio

Grande Riparian Corridor; syg = Sotol-Yucca Grassland; chp = Chaparral. Two vegetation communities listed
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together (e.g., syg/chp) indicate that the species was found in an intermediate matrix of vegetation types.

More detailed habitat/substrate information, specific collection localities, and other notes are included in

the MS thesis manuscript (Fenstermacher 2007).

All collections made during the current study are housed at SRSC. Selected duplicates were sent to

BIBE, TEX-LL, and BRIT. All collections in the annotated list are grouped by the responsible herbarium.

One hundred and sixteen collectors have contributed to the flora of the DH; initials were used for the names

taken from the databases and are listed alphabetically by the first letter (Table 3).

LYCOPODIOPHYTA

Selaginellaceae

Selaginelia lepidophylla (Hook. & Grev.) Spring, Resurrection

fern, common perennial, dsc, dca, syg, 2200-4200 ft; BA2

5391,JLB3973,MC158(SAT);BHV/18407,W760,BHW&MO

15988, JF253, MT99, 420 (SRSC);BHW 1 0760, B

DSC&BHW 14980, RRl&BM 1316a (TEX-LL).

§ Selaginelia pilifera A. Braun, Resurrection plar

JLB 3980 (SAT).

G, 3500-4000 ft; WFM 43

(BGWMA); JF 458, 912, BHW 10827 & 18409, BHW & MO
15985 (SRSC); BHW 10827, DSC&BHW 14981 (TEX-LL).

PTERIDOPHYTA

3-58401^7279, 7 993 (SRSC).

(Maxon) Windham, Southwestern false cloakfern, uncom-

mon perennial herb, dca, syg, chp, 2 120-5840 ft; JF270,432,

529, 675, 1504, 2023, 2 198;AMP & SAP 6142 (SRSC).

\rgyrochosma microphylla (Mett. ex Kuhn) Windham, Small

leaf false cloakfern, occasional perennial, dsc, syg, chp,

2780-5000 ft; JLB 2957, BA2 5392 (SAT); JF 183, 484, 527,

768, 1175, 1198, BHW 10822 (SRSC), BHW 10822, BHW &

LCHBG- 143 (TEX-LL).

strolepis cochisensis (Goodding) Benham & Windham, C

chise scaly cloakfern, common perennial, dsc, dca, syg, c

1 800-5500 ft; WFM 58, BHW& LCHs.n. (BGWMA); PVWs.n.

(KAHU);JF305,953, 1232, 1257, 1546,2098a, JF&MD 462,

AMP&SAP 6143a, 61 60, MT54, BHW 10829, BHW&LCHBG-

131, BHW&MO 16861 (SRSC); BHW 10829 (TEX-LL).

strolepis integerrima (Hook.) Benham & Windham, Hybrid

5393, 5578, 5579, JLB 938, 2599, HC 1, 32, 34 (SAT); JF 206a,

433,487,680,952, 1054, 1138, 1489, 1496, 1547, 2043, AMP
& SAP 6143b, 6161, TR 88, 464, MT 55, BHW & MO 16068;

(SRSC); DSC&BHW 14982a (TEX-LL).

scaly cloakfern, uncommon perennial, dar, dca, 3050-3560

ft; WFM s.n. (BGWMA); JLB 939, SJ6510 (SAT); JF 535, 1 125,

1 156 (SRSC); DSC&BHW 14982 (TEX-LL).

common perennial, dsc, syg, 2200-4700 ft; JF 7697, 1705,

1892, 2202 (SRSC).

§ Cheilanthes bor

;yg, 4650 ft; JF 2199, MT 229 (SRSC);

>ctor, Golden lipfern,

perennial, 4650 ft; BA25394 (SAT).

Cheilanthes eatonii Baker, Eaton lipfern, occasional perennial,

dsc, syg, 3700-4960 ft; JF 767, 1201, 1501, MT 1 16, BHW
20629 (SRSC).

dca, syg, 3050-4900 ft; JF 533, 758, 1 127, 1200, 1500, 1708,

1919, BHW 10765, 20605 (SRSC); BHW 10765 (TEX-LL).

Cheilanthes horridula Maxon, Rough lipfern, occasional pe-

rennial, dar, dca, rio, 1850-3050 ft; CMR 2602 (BGWMA);

BA2 5498, 5580, HC 36, 40 (SAT); JF 670, 1059, 1 141, 1611,

2046, TR 465, BHW 184 12, 20607 (SRSC); DSC&BHW 14977

'

I

>a Dave

mon perennial, dca, 3560-3800 ft; JLB 2596, 3801 (SAT); JF

533a, BHW 10757 (SRSC); BHW 10757, DSC&BHW 14983

(TEX-LL).

§ Notholaena aschenborniana Klotzsch, Scaled cloakfern, rare

perennial; JLB 2597, 2956 (SAT).

§ Notholaena greggii (Mett. ex Kuhn) Maxon, Gregg cloak

fern, uncommon perennial, dca, 1 800-4300 ft; CMR2600

(BGWMA); JLB 2600 (SAT); BHW 10841, BHW20897, BHW&
LCH 16061, BHW&MCJ 16859 (SRSC); DSC&BHW 14978,

DS 1096 (TEX-LL).

Notholaena nealleyi Seaton ex J.M. Coult, Nealley cloak fern,

rare perennial, dsc, dca, 3650 ft; JLB 3806 (SAT); JF 479

(SRSC).

dca, 1850-3560 ft; JF603, 1088 (SRSC); DSC 14984, DSC&
BHW 14979 (TEX-LL).

Notholaena standleyi Maxon, Star cloak fern, occasional peren-

nial, dsc, dar, dca, syg, 2880-4360 ft; JLB2595, KJC 176, HC35,

ECM251 (SAT); JF 604, 867, 1 126, 1007a, BHW 9157, BHW&
LCH 15987 (SRSC); DSC&BHW 14985, BHW 91:

Pellaea atropurpurea (L.) Link, Purple cliffbrake, rare perennial,

syg, chp, 3500-5680 ft; JF 1285, 1299a, 2200, BHW & LCH

BG- 144 (SRSC).

Pellaea intermedia Mett. ex Kuhn, Intermediate cliffbrake, rare

perennial, syg, chp, 2560-4900 ft; JF 1 199, 2201, MT 119

(SRSC). BHW559 (TEX-LL).

CONIFEROPHYTA

lipfern,
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shrub-tree, dca, syg, chp; 3050-5680 ft; PVW s.n. (KANU);

JF499, 1048,1136, 1298, 1913,AMP&SAP5135,BHW&LCH

BG-157 (SRSC).

Pinaceae

4200-5300 ft; WFM 54 (BGWMA); BA2 5229 (SAT); BHW
313 (SRSC).

fy&Hawksw.,Papershell pinyon,

rare tree, syg, 5200 ft; JF 1249, 1310, MT88, 258, AMP 5492

(SRSC).

GNETOPHYTA

Ephedraceae

§ Ephedra antisyphilitica Berland. ex C.A. Mey., Clapweed,

uncommon to "frequent" shrub, dsc, 3520 ft; CMR 17227

(BIBE); BHW490 (SRSC & TEX-LL).

Ephedra aspera Engelm. ex S. Watson [Ephedra nevadensis var.

aspera (Engelm. ex S.Watson) LD. Benson], Rough jointfir,

common shrub, dsc, dar, dca, syg, chp, 1900-5250 ft; OES

1366 (BIBE); BA2 5710, ECM 72, CMR 1'7227'(SAT); Jf'349, 455,

474, 563, 578, 723, 745a, 806, 1003, 1237, 1438, 1485, 1665,

2052, JF& MD 583, OES 1365, 1743, BHW 1742 (SRSC).

Ephedra trifurcaJou. ex S. Watson, Longleaf jointfir, common

shrub, dsc, dca, 1800-3500 ft; EGM 143,ACK830(mE);HCC

1856 (NYBG); CMR 14224, 17226 (SAT); JF 1388, BHW47059
(SRSC); BHW& RRI 557a, 57b, 47059 (TEX-LL).

ANTHOPHYTA, Monocotyledones

semi-succulent, syg, 5840 ft; South end of southern Sue

Peak.

succulent, dsc, dca, syg, 1 800-5840 ft; BA2 5264, DB s.n.

(SAT); JF257, TR 78 (SRSC); MSYs.n. (TEX-LL).

Amaryllidaceae

Cooperia drummondii Herbert, Evening rainlily, i

perennial herb, dsc, syg, chp 3 1 50-5840 ft; BA2 5686 (SAT);

JF1102, 1984 (SRSC).

Zephyranthes longifolia Hemsl., Copper zephyrlily, rare peren-

nial herb, dsc, syg, 3500-4840 ft; JF 584, BHW 1080-178

(SRSC).

Hechtia texensis S. Watson [Hechtia scariosa L.B. Sm], Texas

1 800-4300 ft; DG 219 (BIBE); BA2 5253, 5273, DG219, MC
s.n. (SAT); JF 328, 1002, 1004, OES 1323, BHW 13036, 14047,

20625,21206 (SRSC); AT2242 (TEX-LL).

Commelinaceae

Commelina erecta L, Whitemouth dayflower, rare perennial

herb, dar, dsc, 2300-2400 ft; BRM 3032 (BGWMA); JF 1445,

OCW507 (SRSC).

§ Tradescantia wrightii Rose & Bush var. gianduiopubescens

B.L Turner, Wright spiderwort, rare perennial herb, 3800

ft; BHW 10775 (SRSC &TEX-LL).

Carexmuriculata FJ. Herm. [Carexschiedeana Kunze],Schiede

sedge, uncommon perennial, syg, 3000-5250 ft; BHW&
LCHBG- 136 (BGWMA); JF2193 (BIBE); BA2 52 1 9,5305 (SAT);

JF772, 1 193, 1236,2193, Ml 69, BHW 10821, 10847, BHW&
LCH BG- 136 (SRSC); JF 1236, BHW 1082 1 (TEX-LL).

§ Ctadium mariscus (L) Pohl ssp.jamaicense (Cran

Jamaica swamp sawgrass, uncommon perennial, ca. 1 800

ft; BHW 13068 (SRSC).

2400 ft; JF1449 (SRSC).

1800 ft; BHW 772 (SRSC).

§ Cyperus odoratus L, Fragrant flatsedge, "infrequent" annual

or perennial, rio, 1800 ft; CAB 31 (BIBE); JS s.n., EGM 162m,

BHW 13046,21441 (SRSC); BHW327 (TEX-LL).

§ Cyperus squarrosus L, Bearded flatsedge, "rare to infrequent-

annual, rio, 1 800 ft; BHW 774 (SRSC &TEX-LL).

§ geniculate (L.) Roemer & J.A. Schultes [Eleocharis

caribaea (Rottb.) S.F. Blake], Canada spikesedge, "infre-

quenf'annual, rio, 1 800 ft; BHW 13047 (BIBE & SRSC); BHW
772b (TEX-LL). Last collected in 1955.

§ Eleocharis montevidensis Kunth, Sand spikerush, "frequent"

annual, rio, 1 800 ft; HTF288 (SRSC).

§ palustris (L.) Roemer & J.A. Schultes [Eleocharis

macrostachya Britton], Common spikerush, "frequent"

perennial, ca. 3000 ft; BHW&MO 16673 (SRSC).

§ Fuirena simplex Vahl var. aristulata (Torr.) Krai, Western

umbrella-sedge, uncommon perennial, rio, 1800 ft; BA2

4605 (SAT); BHW2 1444 (SRSC & TEX-LL).

§ Schoenoplectus pungens (Vahl) Palla [Scirpus americanus

Pers. var. longispicatus Britton], Common threesquare,

perennial, OES 1350 (SRSC).

§ Juncus acuminatus Michx., Tapertip rush, perennial, 1800

17236 (SAT).

§ Juncus bufonius L, Toad rush, rare annual, rio, 1 800 ft; BHW
C298 (SRSC & TEX-LL).

Liliaceae

% Allium kunthiiG. Don, Kunth onion, rare perennial herb, syg,

4700-5500 ft; JF 1514, 1983 (SRSC).

Dasylirion leiophyllum Engelm. exTrel., Sotol, common shrub/

semi-succulent, dsc, dar, dca, syg, chp, ca. 3000-5840 ft

WFM s.n., TR s.n. (BGWMA); OES 1321 (BIBE); JF 860, OES

s.n. (SRSC).

Nollna erumpens (Torr.) S. Watson, Foothill beargrass, shrub/

semi-succulent, syg, chp, 4320 ft; BA2 5704 (SAT); JF 128,

821, AMP & SAP 51 27, TR 130,MT188, 1 90 (SRSC); BHW &
LCH BG- 167 (SRSC & TEX-LL).

§ Nolina texana S. Watson, Texas sacahuista, rare shrub/semi-

succulent; 3500 ft; BHW& LCH s.n. (BGWMA).

Nothoscordum bivalve (L.) Britt., Crowpoison, rare perennial

herb; syg; BHW 10773 (SRSC). Collected in 1952 at the

head of Heath Canyon.

dsc, dca, 3520 ft; BA2 & DG 486 1, BHW877 (BIBE); BA2 486

1

(SAT); BHW877 (SRSC); BHW 877, s.n., MSYs.n. (TEX-LL).
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§ Yucca faxoniana Sarg, Giant dagger yucca, occasional shrub/

ulent, dsc, syg, chp, 35C0-5840 ft OES 1322 (BIBE);

BRM s.n. (BGWMA); SMU 162 (SAT); WH, TA, LS, &JP 9024,

OWS 1322, MT 124 (SRSC); RN E-4-6-92, 5-8-92, BHWLot45

(SRSC & TEX-LL).

Yucca rostrata Engelm. ex Trel, Beaked yucca, occasional

shrub/semi-succulent, dsc, 21 50-3400 ft; PVWs.n. (KANU);

WH, TA, LS&JP 9025, JF849, 77? 129, MT50, BHW&LCHBG-62

(SRSC); RNE-5-08-92, 4-6-1992 (TEX-LL).

Yucca torreyi Shaferjorrey yucca, occasional shrub/semi-suc-

culent, dsc, dar, dca, syg, 21 00-3500 ft; SMU 164 (SAT); WH,

TA, LS &JP 9026, JF 683, 1723 (SRSC); BHW9940 (TEX-LL).

Orchidaceae

# Dichromanthus cinnabarinus (Llave & Lex.) Garay, Scarlet

n(Sw; >n) Bark^

curvifblia Swallen], Gua

herb, syg, 5000 ft; JF735a (SRSC).

chnatherum eminens (Cav.) Barkworth [Stipa eminens G

3400-5300 ft; JF 366, 1990;BHW 10768 (SRSC); BHW 10

(TEX-LL).

chnatherum lobatum (Swallen) Barkworth [Stipa tobata Sv

-edlegras

dsc, syg, 3800-5000 ft; JF 760, MT 146, BHW 10771 (SRSC);

BHW 10771 (TEX-LL).

§ Andropogon glomeratus (Walt.) B.S.R, Bushy bluestem,

perennial herb,Rio, 1800 ft; CAB 30 (BIBE).

herb, syg, 5300-5840 ft; JF1304, 1918, 1987 (SRSC).

Aristida purpurea Nutt. var. purpurea [Aristida roemeriana

Scheele], Purple threeawn, occasional perennial herb,

dsc, dar, dca, 1800-3400 ft; JF 173, 325, 344, 1327, 1382,

2079;MT 71 (SRSC).

Aristida purpurea Nutt. var. nealleyi (Vasey) Alfred [Aristida

glauca (Nees) Walp.], Blue threeawn, common peren-

nial herb, dsc, dar, dca, syg, 2250-4800 ft; JF 486, 811, 935,

1 178, 1 192, 1536, 1537, CMR 5069, MT70, 160, BHW 10758,

10811, 10816, 10835, BHW &LCHBG-1 59, 191, 193 (SRSC);

GJG&UTW 4628, BHW 10758, 10811,10816, 10835, 13028

(TEX-LL).

§ Aristida purpurea Nutt. var. wrightii (Nash) Allred, Wright

threeawn, perennial herb; 3500 ft; BHW&LCHBG-159.

1 800 ft; BHW20944, 20946;BHW& LCH BG- 186 (SRSC).

dca, 1800 ft; JF2039 (SRSC).

+o Blepharidachne bigelovii (S. Wats.) Hack., Bigelow desert-

grass, rare perennial herb, dsc, 3440 ft; JF355 (SRSC).

Bothriochloa barbinodis (Lag.) Herter, Cane bluestem, uncom-

mon perennial herb, dar, syg, rio, 1800-4400 ft; BHW 779

(BIBEUF 7534 (SRSC).

Bothriochloa laguroides (DC.) Herter ssp. torreyana (Steud.)

Allred & Gould, Silver Beardgrass, occasional perennial

herb, dar, dca, 2350-4360 ft; CMR 5096 (BGWMA); JF358,

531,937,1113, 1371, 1377, 153 1,MT 198, 224, BHW s.n., BHW
&BLT8320 (SRSC); BHW21514, BHW&BLT8320 (TEX-LL).

§ Bouteloua aristidoides (Kunth) Griseb., Needle grama, "fre-

quenfannual herb, dsc, rio, 1800 ft; BA2,DG,TE,& PC4597a,

BHW 13034 (BIBE); BHW 12894, 13034 (SRSC).

rio, dca, 1800 ft; BA2, DG, TE, & PC 4597b (BIBE); JF 2096

(SRSC).

Bouteloua curtipendula (Michx.) Torr. var. caespitosa Gould &

Kapadia, Sideoats grama, common perennial herb, dsc, dar,

dca, syg, chp, 1 800-5250 ft; JF 254, 1107,1 176, 1238, 1393,

1512, 1 524, 21 39, 21 66, MT38, 1'62, BHW 10780, BHW'& LCH

BG-190, BHW& BLT8329 (SRSC); BHW 10780 (TEX-LL).

+ Bouteloua eriopoda (Torr.) Torn, Black grama, rare perennial

herb, syg, 4400 ft; JF 1533 (SRSC). Upper TC trail area.

herb, syg, chp, 3300-5500 ft; JF 1221 (BIBE); JF

1221, 1248, 1256, 1319, 1523, MT46, 80, 131, 175 (SRSC).

Bouteloua kayi Warnock, Kay grama, uncommon (G1S1)

perennial herb, dsc, syg, chp, 3500-5800 ft; JF2186 (BIBE,

SRSC, & TEX-LL); JF 296, 1169,MT134, 182, 191,OCW318,

BHW20621 (SRSC).

Bouteloua ramosa Scribn. ex Vasey, Chino grama, abundant

perennial herb, dsc, dar, dca, syg, chp, 1800^400 ft; CMR
5075 (BGWMA); JF 191, 338, 443, 930, 1 160a, 1331, 1452,

1544, 1545, 2009,2152, BHW 10853 (SRSC).

Bouteloua trifida Thurb., Red grama, occasional to "frequent"

perennial herb, dsc, dar, dca, 1800-3360 ft; JF 341, 1398,

1406, 1474, 1476, 1543, 21 44, BHW 12341, 21 190, BHW&LCH
BG-183 (SRSC); TRV, GLB&WEH 85-38 (TEX-LL).

Cathestecum erectum Vasey & Hack., False grama, occasional

perennial herb, dsc, 1800-2450 ft; JF 1340, MT 121, 141,

BHW 10813, 12900, BHW&MCJ 16842 (SRSC); BHW 1 10813,

12900 (TEX-LL).

§ Cenchrusspinifex Cav. [Cenchrus incertus M.A. Curtis], Coastal

sandbur, locally frequent annual or perennial herb, rio,

dca, 1800-2400 ft; BA2, DG, TE, & PC 4601 (BIBE); AMP &

SAP 5862, BHW 23037, BHW&MCJ 16844, BHW&BLT8322
(SRSC); BHW 16844 (TEX-LL).

Chloris virgata Sw., Feather fingergrass, rare annual herb, dsc,

rio, 1 800-3440 ft; JF364 (SRSC); EGM51- 1 129 (TEX-LL).

! Cynodon dactyion (L.) Pers., Bermudagrass, locally abundant

perennial herb, dca, rio, 1 800-2350 ft; BA2, DG, TE,&PC4610

(BIBE); JF 1336 (! 15 (TEX-LL).

Dasyochloa pulchella (Kunth) Willd. ex Rydb. [Erioneuron pul-

chellum (Kunth)Tateoka; Tridenspulcheilus (Kur

fluffgrass, occasional perennial herb, dsc, dca, 1 900-2760 ft;

BA2, DG, TE, & PC4595 (BIBE); JF 194, 678, 1338, 2025, 2049,

BHW& LCH BG-1 98 (SRSC).

Digitaria caiifornica (Benth.) Henr„ Arizona cottontop, uncom-

mon perennial herb, dsc, dar, dca, syg, chp, 3000-4000 ft;

CMR 5095 (BGWMA); JF 335, 839, BHW 10801 (SRSC); BHW
10801 (TEX-LL).

§ iiaris (Retz.) KoeL, Southern crabgrass, rare annual

herb, 1 800 ft; BHW 775 (BIBE, SRSC, TEX-LL).

+o Digitaria pubifiora (Vasey) J. Wipff [Digitaria cognata



journal of the Botanical Research Institute ofTexas 2(1)

(J.A. Schultes) Pilger van pubifiora Vasey ex LH. Dewey],

Carolina crabgrass, rare perennial herb, dca, 1800 ft; JF

2121 (SRSC).

* Echinochioa coiona (L) Link, Junglerice, uncommon an-

nual herb, dar, rio, 1800-3440 ft; DG&TE4611 (BIBE); JF

1330, EGM 13% BHW 793 (SRSC); EGM 51-11 13, BHW 793

(TEX-LL).

§ Echinochlot

(TEX-LL).

Enneapogon desvauxii Desv. ex Beauv., Nineawn pappusgrass,

occasional perennial herb, dar, dca, syg, 1800-5000 ft; JF

193, 231a, 347, 1510, 1551, 2097, BHW 10770, 12897, BHW
&MCJ 16865 (SRSC); BHW 10770 (TEX-LL).

rennial herb, dsc, dca, 2500-3800 ft; JF 1894, BHW& MCJ

15984 (SRSC).

! Eragrostis lehmanniana Nees, Lehmann lovegrass, uncom-

mon perennial herb, dar, 2900-3440 ft; CMR 16950 (BG-

WMA); JF 21 1,313, 1106, Ml202, BIT22- 143 (SRSC).

§ Eragrostis pectinacea (Michx.) Nees ex Steud., Tufted loveg-

il herb, rio, 1800 ft; BHW785 (BIBE);

BHW C595 (TEX-LL).

Erioneuron avenaceum (Kunth)Tateoka, Shortleafwoolygrass,

uncommon perennial herb, dsc, syg, 3560-4400 ft; JF515,

1532 (SRSC); BHW 10781 (TEX-LL).

Erioneuron pilosum (Buckl.) Nash, Hairy woolygrass, common

perennial herb, dsc, dar, dca, syg, chp, 2150-5800 ft; CMR

5089 (BGWMA); JF 756, 850, 1031, 1057, 1179, 1225, 1251,

1271, 1992, 2160JF&HL 1905, MT 44, 73, 174, 197, BHW
10781, BHW& LCHBG-75 (SRSC); BHW 10789 (TEX-LL).

# Hesperostipa neomexicana (Thurb. ex Coult.) Barkworth

[Stipa neomexicana (Thurb. ex Coult.) Scribn], New

mexico feathergrass, rare perennial herb, syg, 5000 ft; JF

735 (SRSC).

nial h

1800-4400 ft; JF 345, 574, 1396, 1473, 1596,2138, MT 176,

BHW 13074, 20947, BHW& LCH BG- 189 (SRSC).

*Leptochloa dubia (Kunth) Nees, Green sprangletop, uncom-

mon perennial herb, dar, syg, 3750-5800 ft; OCW319
(BGWMA); JF 233, 299, 1046, 1055, 1268, 1516, 1528, MT
231,0CW319(SRSC).

§ Leptoc N. Snov

[Leptochloa uninervia (J. Presl) A.S. Hitchc. & Chase],

perennial herb; rio, 1800 ft; HTF289, BHW 13041 (SRSC);

11 14 (TEX-LL).

# Leptochloa panicea (Retz.) Ohwi ssp. mucronata (Michx.)

Nowack [Leptochloa mucronata (Michx.) Kunth], Mu-

2400 ft; JF 1428 (SRSC).

syg, chp, 3800-5000 ft; JF 103* MT39, BHW 10769 (SRSC);

BHW 10769 (TEX-LL).

+o Lycurussetosus (Nutt.) C.G. Reeder, Bristly wolfstai I, rare pe-

50 ft; JF 1230 (SRSC). DH plateau.

ial herb, dsc/dca, 4040 ft; JF 72 1 (SRSC).

vgia arenicola Buckl., Sand muhly, rare perenn

F 1253 (BIBE);JF 7253, 7997 (SRSC).

Muhlenbergia porteri Scribn. ex Beal,

perennial herb, dsc, dar, 2900 ft; CMR 16956 (BGWMA); JF

207 (SRSC).

+ Muhlenbergia rigens (Benth.) A.S. Hitchc, Deergrass, rare

perennial herb, dar/syg,4320 ft; JF 7527 (SRSC).

§ Muhlenbergia setifolia Vasey, Curlyleaf muhly, perennial herb,

dca; OCW316 (BGWMA & SRSC).

# Muhlenbergia spiciformis Trin. [Muhlenbergia parviglumis

Vasey], Longawn muhly, occasional perenni,

chp, 4280-5840 ft; JF 1053, 1216, 1243, 1262, 1303, 1513,

1525 (SRSC).

Muhlenbergia tenuifolia (Kunth) Trin., [Muhlenbergia monticoia

Buckl, Slender muhly, locally common annual or perennial

herb, dca, syg, chp, 5000 ft; OCW3 15b (BGWMA & SRSC); JF

845,1191, 1489a, 1515, 1526, 1930, BHW 10750 (SRSC).

///Vasey, Hall panicgrass, common pei

dsc, dar, dca, syg, chp, 2400-5150 ft; CMR 5091 (BGWMA);

BHW 12893 (BIBE); JF195, 575, 1221a, 1229, 1395, 1456, 1519,

1 921 , MT 81, 211, BHW'& LCH BG-1 92 (SRSC).

10795 (SRSC & TEX-LL).

;ican panicgrass, uncommon

ft; BHW 12896 (BIBE); BHW

syg, 5300 ft; JF 1997, TRs.n. (SRSC).

quent"perennialherb,DAR,DCA,3050-3700ft;JF7 705(BIBE

& SRSC); BHW20629, BHW& LCH BG-1 66 (SRSC).

Pappophorum vaginatum Buckl., Whiplash pappusgrass,

uncommon perennial herb, dsc, dar, 2350-3480 ft; JF

1394a (BIBE & SRSC); JF 1095, 1368, 1412, BHW&LCHBG-

757 (SRSC).

* Pennisetum ciliare iaris L], Buffelgrass,

overall rare, but locally abundant perennial herb, dsc, dar,

dca, rio, 1 850-2500 ft; BA2 4323 (BIBE); JF 1065, 2222;AMP

5861 (SRSC).

§ Phragmites australis (Cav.) Trir

ft; WFM s.n.

laria mutica (Buckl.) Benth.], Tobosa

grass, uncommon perennial herb, dsc, dar, syg, 2350-5300

ft; DG&TE4614 (BIBE); JF 1255, 1399, 1435, 1478 (SRSC).

Poa bigelovii Vasey & Scribn., Bigelow bluegrass, uncommon

annual herb, dsc, dca, 3560 ft;JF5 16, 537,BHW2 1 134, 47056,

BHW'& MCJ 15982, 15984 (SRSC); BHW21 134 (TEX-LL).

*§ Polypogon monspeliensis (L.) Desf. [Alopecurus m<

L], Rabbitfoot grass, locally occasional annual herb, rio,

1800 ft; HTF290 (SRSC).

perennial herb, dca, 3500-4650 ft; JF 1950 (BIBE); JF 1939,

1 950, OCW 31 7 (SRSC).
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Grisebach bristlegrass, rare annual

herb, dsc, 2960 ft; JF217 (SRSQ.

Setaria leucopiia (Scribn. & Merr.) K. Schum., Streambed

2400-5300 ft; JF 356, 1 134, 1416, 1988, MT 102 (SRSC);

EGM 764 (TEX-LL).

§ Setaria parviflora (Poir.) Kerguelen [Setaria geniculata P.

BeauvL Marsh bristlegrass, locally common perennial

herb, rio, 1800 ft; CAB 32, BHW 13053 (BIBE); BHW 13053

(SRSQ; EGM 51-11 12, BHW 13053 (TEX-LL).

§ Setaria reverchonii (Vasey) Pilger, [Setaria ramiseta (Scribn.)

Pilg.], Reverchon bristlegrass, perennial herb; 1 800 ft; BHW
&MO 16856 (SRSQ.

!+ Sorghum halepense (L) Pers v Johnsongrass, rare perennial

herb, dar, 3440 ft; JF 362 (SRSC).

Sporoboius airoides (Torr.) Torn, Alkali sacaton, uncommon
perennial herb, dsc, syg, 1800-5300 ft; JF 1254, 1542, BGH
642 (SRSC).

Sporoboius cryptandrus (Torr.) Gray, Sand dropseed, uncom-

mon perennial herb, dsc, dar, dca, syg, 1 800-5300 ft; JF352,

1999,2O50,2146,MT103(SRSQ.

§ Sporoboius flexuosus (Thurb. ex Vasey) Rydb., Mesa dropseed,

"frequent" perennial herb, Rio, 1800 ft; BHW&MO 16845,

16853 (SRSC).

§ Sporoboius pyramidatus (Lam.) A.S. Hitchc, Madagascar

ft; BHW 786 (SRSC).

§ Sporoboius wrightii Munro ex Scribn y Big sacaton, perennial

herb; BSM 123 (SRSC); EGM 123, 51-1 110 (TEX-LL).

§ Tridens eragrostoides (Vasey & Scribn.) Nash, Lovegrass

tridens, perennial herb, 3700 ft; BHW20626 (SRSC).

V Slim tridens, common perennial

herb, dsc, car, dca, syg, 1800-5500 ft; JF 327 (BIBE); JF 196,

208,212,327,762a, 1017, 1039,1174,1177, 1260, 1369, 1437,

1475, 1937, 2017, 2078, TR 25, MT 138, 161, BHW 10789,

20628, BHW&LCH BG-65, BG- 1 79 (SRSC).

le & F. Zuk

[Panicum arizonicum Scribn. & MerrJ, Arizona signalgrass,

uncommon annual herb, rio, dca, 1800 ft; JF2105, BHW
12896, 20945, BHW&MO 16855 (SRSC).

§ Vulpia octofiora (Walt.) Rydb., Sixweeks fescue, annual herb,

dca;/?/?/ 2 1160 (TEX-LL).

Typhaceae

§ Typha domingensis Pers., Southern cattail, perennial herb, rio,

1 800 ft; EGM 155 (SRSC); BHW835 (BIBE & TEX-LL).

ANTHOPHYTA, Eiidicotyledor

Carlowrightia arizonica A. Gra>

Dckysc

1 800-2350 ft; BHW 12898 (BIBE); JF648, 1342, 2061, BHW
8334, 12898, 18408 (SRSC).

+ Carlowrightia serpyllifolia A. Gray,Trans-Pecos wrightwort,

occasional subshrub, dsc, dca, 3680 ft; JF447, 607, 667, 972,

101'3, 1343, 201 6, 2080 (SRSC).

• Dyschoriste linearis var. cinerascens (Henr

perennial herb, dsc, dar, dca, 21 50-4360 ft; BRM3138, CMR
5093 (BGWMA); BA2 5198, 5350, JF 1517, 1915, MT65, BLT

22-145, BLT&BD23-177, BHW&LCH 160 (SRSC); BLT22- 145,

BHW& LCH BG-87, BG-160 (TEX-LU-

Justiciapilosella (Nees) Hilsenb., Gregg tubetounge, uncom-

mon perennial herb, dsc, dar, dca, 21 00-3050 ft; JF 1 133,

1351, TRVs.n, BHW21 195 (SRSC).

callyfreq

sional subshrub, dsc, dar, dca, 1800-3720 ft; BHW & LCH

BG-137(BGWMA);AL 161, 162,CMR 17231, BHW 13063(266)

(BIBE); JF229, 687, 1667, 2053, 2087, MT 152, 181, 227, BLT

22- 149, BLT& BD 23-178, BHW 10786, 13063, 20410, BHW&
LCHBG-137, BHW&MCJ 16827 (SRSC); BLT22-149, BLT&BD

23-178, BHW 10786, BHW&LCH s.n. (TEX-LL).

dsc, dar, dca, 1 800-4600 ft; SMU 48 (BGWMA); JF202, 434,

520,829,945,2042,21 1 3,AMP&SAP 5136, MT27, BLT22- 144

(SRSC); BLT22-144 (TEX-LL).

Amaranthaceae
*+ Amaranthus blitoides S. Wats., Mat amaranth, rare annual

herb,DAR, 3000 ft; JF218 (SRSC).

% Amaranthus palmeri S.Wats., Carelessweed, annual herb, rio,

1800ft;£G/W 725, 728, 736 (BIBE).

rare annual herb, dca, 1800 ft; JF2 107 (SRSQ.

§ Amaranthus torreyi (Gray) Benth. ex S. Wats., Torrey ama-

ranthus, "frequent" annual herb, dsc, 3800 ft; BHW 10796

(SRSC&TEX-LL).

§ Froelichia arizonicaThorn b. ex Standi., Arizona snakecotton,

"occasional" perennial herb, dsc, dar, dca; BHW& BLT831 8,

BHW&MCJ 16847, GLW4477(SRSQ; DSC&HBC30635, BLT

&MT2 97-333 (TEX-LL).

Tidestromia lanuginosa (Nutt.) Standi., Wooly tidestromia,

uncommon annual herb, dsc, dca, 2850 ft; JF 942, BHW&
MO 16852 (SRSC).

Tidestromia suffruticosa (Torr.) Standi., Shrubby honeysweet,

occasional subshrub, dsc, dca, 1800-2760 ft; JF 149, 197,

BHW694 (SRSC); BHW694 (TEX-LL).

Anacardiaceae

Rhus microphylla Engelm. ex A. Gray, Littleleaf sumac, rare

shrub,DAR, 21 00-2400 ft; CMR5076 (BGWMA); JF 1444, BHW
&LCHBG-89 (SRSC).

shrub, chp, 5680 ft; JF 1292 (SRSC).

Rhus virens Lindh. ex A. Gray var. virens, Evergreen sumac,

uncommon to occasional shrub, dca, chp, 3050-5680

ft; CMR 15830 (BGWMA); JF 767a, 1040, 1135, 1182, 1295,

Apocynaceae

# Haplophytoncrooksii (LP. Benson) LD. Benson [Haplophyton

cimicidum A. DC. var. crooksii L Benson], Cockroach plant,

rare perennial herb, dca, 1 850 ft; JF 1067 (SRSC).

Telosiphonia macrosiphon (Torr.) Henrickson, [Macrosiphonia

macrosiphon (Torr.) A. Heller], Rocktrumpet, uncommon
subshrub,DSC, dar 2700-3350 ft; CMR 1 1625 (BGWMA); JF

815,933, 1481 (SRSC).
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ist, Dutchman pipe, occasional

perennial herb, dsc, dar, dca, rio, syg, 1800-4280 ft; BA2,

DG, TE,&B4933 (BIBE); BA25716 (SAT); JF 955, 1483, 1491,

2093, 2119, BLT& MT2 97-338, BHW8332 (SRSC); BLT& MT2

97-338 (TEX-LL).

sclepiadaceae

Asdepias osperula (Dene.) Woods., Spider milkweed, un-

common perennial herb, dsc, 2560-3800 ft; JF 368, 1405,

1911 (SRSC).

sdepias oenotheroides Cham. & Schlecht, Zizotes milkweed,

rare perennial herb, dsc, dca, 2300-2750 ft; JF 914 (SRSC);

BLT&MT2 97-341 (TEX-LL).

chp, 5 100-5680 ft; JF 1286, 2194 (SRSC).

ft; BRM 3 147 (BGWMA); BA2 52 1 7, 5440 (SAT); JF 147, 302,

459, 1339, 1353,2115, OCW 342, BHW 10815, 20610, BHW
&LCHBG-181, BHW&MCJ 15899 (SRSC); BIT& MT 97-339,

BHW 108 15 (TEX-LL).

Ageratina wrightii (A. Gray) R.M. King & H. Rob., [Eupatorium

wrightii A. Gray], Wright snakeroot, uncommon shrub, dsc,

dca, syg, 4040-4900 ft; OCW s.n. (BGWMA); JF 722, 1549,

2189; OCW336 (SRSC); BA2 548 1, 5457 (TEX-LL).

§ Ambrosia confertiflora DC, Weakleaf burr ragweed, perennial

herb; BA2 5360 (SAT).

§ Aphanostephus ramosissimus DC. var. humilis

1 800-2560 ft; AL 310 (BIBE); VLC 18730 (TEX-LL).

7i (Scheeie) Shinr i swal-

Asteraceae

fo(Lag.exD.Don)B.L.lTimer, Featherleaf de-

sertpeony, occasional perennial he rb, dsc, dca, 1800-3700

ne; AS 870 (SAT).

Cynanchum pringtei (Gray) Henrickson, [Cynonchum barbig-

erum var. brevifiorum Shinners], Pringle swallow-wort,

dsc, dar, dca, 3000-4240 ft; BA2 5315 (SAT); JF 256, 301,

1 1 64, 1488, 2203, Ml'30, BLT& BD 23- 1 74, BHW 1 0785, BHW
& LCH BG-133 (SRSC); BLT& BD 23-173, BHW 10785, BHW&
LCHBG- 133 (TEX-LL).

Cynanchum racemosum (Jacq.) Jacq. var. unifarium (Scheeie)

E. Sundell, [Cynanchum unifarium (Scheeie) Woodson],

Talayote, uncommon to locally common perennial her-

baceous vine, dar, dca, 2780-4040 ft; JF 1928, AL 744 (BIBE);

BA2 531 7 (SAT); JF 169,858, 7928 (SRSC).

rennial herbaceous vine, dsc/dar, 1 900 fV,JF,

§ Matdea producta milkvine, perennial

herbaceous vine, rio, 1 800 ft; BHW 13050 (BIBE).

Matdea reticulata (Engelm. ex Gray) Woods., Netted milkvine,

uncommon perennial herbaceous vine, dar, dca, 3160-

4600 ft; BRM 3225, BHW & LCH BG-170 (BGWMA); JF 1938

(BIBE); BA2 5339 (SAT); JF221, 1938, JF & MY 13 17, AMP <

SAP 5132, BHW& LCH BG-170 (SRSC).

# Matdea sagittifolia (Gray) Woods., Arrowleaf milkvine, rare

perennial herbaceous vine, dsc, 3350 ft; JF 7484 (SRSC).

§ Sarcostemma crispum Benth., Wavyleaf twinvine, perennial

herbaceous vine, dsc; TR 147 (BGWMA); BA2 5365 (SAT).

§ Sarcostemma cynanchoides Dene. var. cynanchoides, Fringed

ne, "frequent on shrubs", perennial herbaceous

vine, rio, dsc, 1825 ft; BA2 & DG5158 (BIBE); BHW 13050

(TEX-LL).

Sarcostemma cynanchoides Dene. var. hartwegii

ners, Hartweg twinevine, rare perennial herbaceous

vine, dsc, dca, 1800-2350 ft; JF 7347 (SRSC); BHW 12904

re, chp, 3050-5680

ft; BA2 549 1 (SAT); JF222a, 1 152 (SRSC); BA2, DG & TE549

1

(TEX-LL).

Baccharis havardii Gray, Havard false willow, rare subshrub,

dar, dca, 4050-4350 ft;JF 1933, 1941 (SRSC).

accharis salicifolia (Ruiz & Pavon) Pers., [Baccharis glutinosa

PersJ, Seepwillow, jara, locally common shrub, dar, dca,

rio, 1 800-4280 ft; EGM 12 (BIBE); BA2 551 1 (SAT); JF 1345

(SRSC); BA2, DG&ET5511 (TEX-LL).

subshrub, dsc; BGH643 (SRSC).

thifolia Benth. van deatbata (Gray) Gray, Dealbata

bahia, common perennial herb, dsc, dar, 1800-3560 ft;

BHW 12888 (BIBE); JF 347a, 543, 810, 2109, MT 120, 235,

253, BHW 12888, GLW 4486 (SRSC); BA2 & TE5301, BHW

12888 (TEX-LL).

herb, dsc, dca, 3050-31 50 ft; JF 1 102a, 1 104 (SRSC); WFB

67 (TEX-LL).

gold, common to occasional annual herb, dsc, dar, dca,

2400-3050 ft; BA2, DG, TE, & PC 4598, CN 1194; (BIBE); JF

1 1 32, 1455,1 466, MT 16 (SRSC).

Brickeliia coulter! Gray, Coulter brickellia, occasional subshrub,

rio, 1800-3800 ft; JF686, 1061, 1593, 1669, 2064;BHW 10834

(SRSC); DSC&HBC 30626, BHW 10834 (TEX-LL).

subshrub,Standi.) B.L Turner, False boneset, r

4280 ft; BA2 55 1 (SAT & TEX-LL); JF 1 04 1 (SRSC).

ickellia laciniata Gray, Splitleaf brickellia, occasional shrub,

dar, dca, 1 850-3050 ft; BA2 5483 (SAT & TEX-LL); JF 1084,

kellbus

.conduplica tob.)B.LTi

4650 ft; BA2 544 7, DG 328, 329 (SAT); JF 1944, 1949 (SRSC);

BA25455, BA2&TE5441 (TEX-LL).

f Chaetopappa bellioides (Gray) Shinners, Manpower least-

daisy, rare perennial herb, dsc, 2680 ft; JF 190 (SRSC).

f Chaetopappa ericoides (Torn) Nesomn [Leucelene ericoides
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perennial herb, rio, 1800 ft; BA2, DG, TE, & B 4922 (BIBE); JF

2019a (5RSC).

at higher elevations, dca, syg, chp, 4080-5200 ft; SMU 52

(BGWMA); PVWs.n. (KANU); BA2 5297 (SAT); JF572, MT223

(SRSC); BA2&TE5297 (TEX-LL).

i common perennial

herb, dca, 2920-4200 ft; AL 163 (BIBE); JF 187, 1 121, 1704,

AMP & SAP 5 126, MT2 15 (SRSC); JF1121 (TEX-LL).

§ Conyza canadensis (L.) Cronq., Canadian horseweed, annual

herb; EGM 142 (BIBE).

Diaperia verna (Raf.) Morefield, [Evaxverna Raf.; Evaxmulticaulis

DC], Manystem evax, rare annual herb, dsc, dar, 2400-2520

ft; JF 1429 (SRSC); RRI 555 (TEX-LL).

Dyssodia ocerosa DC, [Thymophylla acerosa (DC.) Strother],

Prickleieaf dogweed, common perennial herb, dsc, dar,

dca, 21 50-4400 ft; BHW & LCH BG-72 (BGWMA); JF 512,

1588, MT72, BHW& LCH BG-72, GLW4447 (SRSC); BA2, DG
& TE5505 (TEX-LL).

Dyssodia miaopoides (DC.) Loes., [Thymophylla micropoides

(DC) Strother], Wooly dogweed, uncommon perennial

herb, dsc, 2350-2560 ft; AL 3 16, 317 (BIBE); JF 1401, 1684

(SRSC); BA2, DG&TE5461 (TEX-LL).

Dyssodia pentachaeta (DC.) B.L. Robins., [Thymophylla pen-

tachaeta (DC.) Small van pentachaeta], Prickly dogweed,

occasional perennial herb, dsc, dar, dca, syg, 1 800-51 50 ft;

CMR5056 (BGWMA); BA2, DG, TE, &PC4599 (BIBE); PVWs.n.

(KANU); JF 192, 320, 460, 540c, 542, 576, 1033, 1085, 1226,

1228, 1 927, 2 108, HTF 1230, MT62, 242, BHW 10817 (SRSC);

BA2 & TE 5295, 5296 (TEX-LL).

§ Eclipta prostrata (L.) L, [Edipta alba (L.) Hassk.], False daisy,

1 800-1 825 ft; BHW 13039 (BIBE, SRSC, TEX-LL); BHW 13035

(TEX-LL).

Erigeron flagellars A. Gray, Trailing fleabane, uncommon
biennial herb, 3300-4600 ft; JF 754, 799, AMP & SAP 5 129,

MT78 (SRSC).

isfleab

2500-5840 ft; JF 1324a, MT45, 2 19, 252 (SRSC); BA2, DG, &

TE5521,TR 251 (TEX-LL).

Gutierrezia sarothrae (Pursh) Britt. & Rusby, Broom snakeweed,

common subshrub, dsc, dar, dca, rio, syg, 1 800-51 00 ft; BA2,

DG,B&TE4921JF 1411 (BIBE); PVWs.n. (KANU);JF3/8, 1411,

141 7, TR 25 1, BLT&BD 23-1 79 (SRSC).

common subshrub, dsc, dar, syg, 2400-4280 ft; JF 1411a,

OES763 (SRSC); BLT&BD23- 179 (TEX-LL).

Gymnosperma glutinosum (Spreng.) Less., [Xanthocephalum

glutinosum (Spreng.) Shinners], Tatalencho, gumhead,

common subshrub, dsc, dar, dca, syg, 2350-5300 ft; OCW
339 (BGWMA); JF238, 321, 498a, 579, 712, 752, 1 181, 1376,

1989, OCW 339 (SRSC); BA2 & TE 5323, BA2, DG & TE5515

(TEX-LL).

§ Helenium elegans DC var. amphilobum (Gray) Bierner, Pretty

sneezeweed, annual herb, rio, 1800 ft; MWB&JEA 232a,

232c, 232d (TEX-LL).

licrocephalum, Sm;

>, 1800 ft; ,4

322, CN504 (BIBE); BHW 13031 (SRSC); OES&CN504, BHW
13031 (TEX-LL).

§ Helenium microcephalum DC. var. ooclinium (Gray) Bierner,

[Helenium ooclinium A. Gray], annual herb, rio, 1800 ft;

MWB&JEA 232b, 232e (TEX-LL).

herb, rio, 1 800 ft; EGM 129, BHW 13045 {B\BE);JF2263, BHW
13045 (SRSC).

§ Helianthus ciliaris DC, Texas blueweed, locally frequent"

perennial herb, rio, 1800 ft; BHW 13051 (BIBE & SRSC).

herb, syg/chp, 5680 ft; JF 1276 (BIBE & SRSC).

§ Isocoma pluriflora (Torr. & Gray) Greene, [Haplopappus

trophyHus (A. Gray) S.F. Blake; Haplopappus pluriflorus

(Torr. & A. Gray) H ,. Hall], Ji

^R, 3460 ft; VLC43989;JF264, 373, MT249 (SRSC);

BA2 & TE5324, BA2, TE&DG 5494 (TEX-LL).

Erigeron tracyi Greene, [Erigeron colomexicanus A. Nels.],

Running fleabane, occasional annual herb, dsc, dar, dca,

syg, 2880-51 50 ft; JF 1025 (BIBE); JF 763, 1008, 1025, 1153,

123 1, 1272, BLT& BD 23-170, BHW 10833 (SRSC); BLT& BD

23-1 70 (TEX-LL).

§ Flaveria trinervia (Spreng.) C Mohr, Running yellowtops, "fre-

quent" annual herb, rio, 1 800 ft; EGM 132, BHW 750, 13042

(BIBE); BHW 13042 (SRSC); EGM 132, BHW750 (TEX-LL).

§ Ftourensia cernua DC, Tarbush, rare shrub; BA2 5520 (TEX-

§ Flyriella parryi (Gray) King & H.E. Robins., Chisos mountains

brickellbush, "infrequent" perennial herb; BHW 18403

(SRSC).

# Grindelia arizonica Gray, Arizona gumweed, annual or peren-

nial herb, syg, 4280 ft;JF 1043 (SRSC).

§• Grindelia nudaWood var. nuda, Curlytop gumweed, annual

or perennial herb, dar; BA2&TE5355 (TEX-LL).

microcephala (DC.) Gray ,Threadleaf snakeweed,

BHW 1076 (TEX-Ll

'a ambrosiifolia (Gray) Gray, Rag sumpweed, ragged marsh-

elder, rare annual herb, dsc, dar, 3640 ft;JF289 (SRSC); BA2,

DG, &TE 5492 (TEX-LL).

-tea brevifolia (A. Gray) Strother, [Zexmenia brevifolia A.

GrayL Shorthorn zexmenia, occasional shrub, dsc, dca,

syg, 1 800-4700 ft; PVWs.n. (KANU); JF472, 708,2132, CMR

5068, MT 106, BHW 10736 (SRSC); BA2, DG, & TE5503, BA2

& TE5298, DF223, BHW 10763 (TEX-LL).

Laennecia coulteri (Gray) Nesom, [Conyza coulter! A. Gray],

Coulter horseweed, annual horsetail, rare annual herb,

dca, 2400 ft; JF 1420 (SRSC).

o Machaeranthera tanacetifolia (Kunth) Nees,Tahoka daisy,

rare annual herb; dar, 3480 ft,JF544 (SRSC).

Torr. & A. Gray, Blackfoot daisy,

lal subshrub, dsc, dar, dca, rio, syg, 1800-4450 ft;

JF228, 269, 490, 967, 2006, 2123, MT 4, 47, 58, 74, 238, BLT

& BD 23-176, BHW & BLT 8328, GLW4483 (SRSC); BLT& BD
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Parthenium argentatum A. Gray, Guayule, locally uncommon § Symphyotrichum divaricatum (Nutt.) G.L Nesom, [Symphy-

to occasional, dsc, syg, 2920-4880 ft; BHW&LCH BG-177 otrichum subulotum var. iiguiatum (Shinners) S.D. Sundb.],

(bGWMA);JF1024,BDGLs.n.(mE);PVWs.n.(KAH'0);JF744, Southern saltmarsh aster, annual herb; EGM 134, BHW

1024, 1 139, 1 155, 1 183, 1901JMM888, 900, 903,AMP&SAP 730 (BIBE).

4297, MT49, BHW 10753 (SRSC); BHW 10753 (TEX-LL). Symphyotrichum expansum (Poepp. ex Spreng.) Nesom,

Parthenium confertum A. Gray, Lyreleaf parthenium, uncom- [Symphyotrichum subulatum var. Iiguiatum (Shinners) S.D.

mon to occasional annual or biennial herb, dsc, dar, dca, Sundb.], Southwestern saltmarsh aster, occasional annual

1850-5840^206,3590,524,852, 1068, 1083, 1433, 1907, herb, rio, 1 800 ft; JF 2037, BHW 13044 (SRSC).

DM &JC380, 900, 904, MT4 1, 254, BHW20608, BHW&MO Tetraneuris scaposa (DC.) Greene var. scaposa, Stemmy four

16836(SRSQ;BA2&TE5304 (TEX-LL). nerve daisy, occasional perennial herb, dsc, dar, dca,

Parthenium incanum Kunth, Marioia, common shrub, dsc, dar, 21 50-5840 ft; CMR 5088 (BGWMA); BHW 12895 (BIBE); JF

dca, syg, 2300-500 2 258, 524a, 614, 739, 755, 1052, 1234, 1247, 1374, 1403, 1970,

& TE5303 (TEX-LL). Ml 79, 233, BHW 10850, 12895, BHW&LCH BG-67 (SRSC);

§ Pedis angustifoliaTon.var.angustifolia, Limonci Ho, "frequent" BA2 & TE5300, 5434, BHW 12895 (TEX-LL).

annual herb; BHW & BET 8323 (SRSC); VIC 30209, DF 224 § Thelesperma reenthread, annual

(TEX-LL). herb, 3520 ft; ACK826 (BIBE).

il, Manybristle Thelesperma longipes A. Gray, Longstalk greenthread, oc-

herb, 1 800 ft; casional perennial herb, dsc, dar, dca, syg, chp, 1 800-51 50

ft; BRM3140; CMR 5083, 16949 (BGWMA); BHW 12892

na! subshrub, (BIBE, SRSC, & TEX- LL); JF 761, 1233, 1394, 21 25, BHW&LCH

BG-73 (SRSC); BA2 & TE 5325, OES 734, BHW & LCH BG-73

§ Pectis papposa Harvey & Gray var. grandis I

BHW286 (SRSC); BHW&BLT8323 (TEX-LL).

Perityleaglossa A. Gray, Bluff rockdaisy, occasional subshrub,

cracks, dsc, dca, 1 850-3560 ft; AL 14 1 (E\SE); JF 184, 530, 650,

685, 1005, 1007, 1073, 1350, 2014, SS 38, 931, BHW 20409

(SRSC); SS 93 /(TEX-LL).

Perityle bisetosa (Torr. ex A. Gray) Shinners var. scalaris A.M.

Powell, Stairstep rockdaisy, uncommon to occasional

(G2T1S1) subshrub, dca, syg, chp, 3050-5680 ft; AL 146

(BIBE); JF 475, 608a, 1123, 1289, 1917, BHW 20604 (SRSC);

JMP 2742 (TEX-LL).

Perityle vaseyilM. Coult., Vasey rockdaisy rare subshrub, rocky

soil; dsc, dar, 2080-2350 ft; JF 1367, SS 39, TRV&UT 1816

39 (TEX-LL).

+ Pyocephalus americanus (Nutt.) D. Don [Cer

w, 3550-4420 ft; JF 507a, 843 (SRSC).

Porophyllum scoparium A. Gray, Shrubby poreleaf, occasional

subshrub, dsc, dar, dca, rio, 1 800-4000 ft; BRM 3 132, 3227,

CMR 1 1592, SMU38 (BGWMA); JEA & TJW 170, JF332, 471,

645, 1379, 2081, BGH 633, OES 1351, MT 184, BHW 18396,

20618,21 191 (SRSC); BA2&TE5336, BA2&DG5207, DSC&

HBC 30633, DF 51 (TEX-LL).

Psilostrophe gnaphalioides DC, Cudweed pa perflower, rare

to "infrequent" perennial herb, dsc, 1 900 ft; JF2044, BHW
20627 (SRSC).

Psilostrophe tagetina (Nutt.) Greene var. cerifera (A. Nels.)

herb, dsc, dar, 2300-3560 ft; JF 523, 605, 855, MT 17, 18,

BHW 10788, 18390, GLW4470 (SRSC); BA2 & TE 5362, TRV

85-37 (TEX-LL).

+ Senecio flaccidus Less. var. flaccidus, [Senecio douglasii

DC], Thread leaf groundsel, rare perennial herb, dsc, dar,

2400-3560 ft; JF513, 1431 (SRSC).

*§ Sonchus asper (L) Hill, Prickly sow thistle, annual herb, rio,

)0 ft; BA2 4320 (BIBE).

§ Sonc

rio; BHW 733 (BIBE & TEX-LL); HTF209 (SRSC).

Stephanomeria pauciflora (Torr.) A. Nelson, Brownplui

wirelettuce, rare perennial herb, dca, 2350 ft; JF 11

(SRSC).

(TEX-LL).

Thelesperma megapotamicum (Spreng.) Kuntze var. mega-

potamicum, Rayless greenthread, uncommon perennial

herb, dsc, dar, dca, rio, syg, 1800-4800 ft; CMR 5084 (BG-

WMA);.//7 164,262,263, 1389, 2 167 (SRSC); DSC& HBC30634,

„..

§ Thelesperma megapotamicum (Spreng.) Kuntze var. am-

biguum Gray, Colorado greenthread, occasional perennial

herb, dar, dca, rio, 1800 ft; AMP & SAP 3610, BHW 21 189,

GLW4476 (SRSC).

uncommon perennial herb, dca, 1900-4180 ft; CMR 324,

OCW 3243, BHW & LCH BG-68 (BGWMA); JF 865, MT 63,

151, 163, AMP & SAP 5135, OCW 324, BHW 21 185, BHW &
LCH BG-68 (SRSC).

ica Kellogg var. californica, Americar

sional shrub, dsc, dar, dca, 1800-4160 ft; JF 473, 649, 1062,

1079, 13 14, 2003, 2 1 14, BHW 1075 1, GLW4455 (SRSC); BA2,

DG,&TE 5493 (TEX-LL).

Verbesina encelioides (Cav.) Benth. & Hook. f. ex A. Gray, Golden

crownbeard, uncommon annual herb, dca, rio, 1 000-2560

ft; EGM 138, OES 746 (BIBE); JF 1066, 2036 (SRSC).

Viguieradentata (Cav.) Spreng., Sunflower goldeneye, uncom-

chp, 3500-51 50 ft; BHW&LCH BG-15 (BGWMA); JF291, 759,

1028, 1224, MT234, BHW& LCH BG- 155 (SRSC).

Viguiera stenoloba S.R Blake, Skeletonleaf goldeneye, com-

mon shrub, dsc, DmR, dca, syg, chp, 1 800-5000 ft; TR56, CMR

16939, BHW&LCHBG-86 (BGWMA); JF 260, 1029, 1370,

2140, TR 56, MT 145, 173, BHW& LCH BG-86 (SRSC); BA2 &

TE 5302 (TEX-LL).

§ Xanthisma spinulosum (Pursh) D.R. Morgan & R.L. Hartman

lulosum, [Haplopappus spinulosus (Pursh) DC;

Machaeranthera pinnatifida (Hook.) Shinners], Lacy tan-

syaster, cutleaf goldenweed, "fairly common" perennial

herb, dsc, dar; GLW4469 (SRSC); BA2 & TE 5389, BA2 & DG

5272 (TEX-LL).



Morgan & R.L Hartman, [Machaeranthera pinnatifida var.

chihuahuana Bi. Turner & Hartman], Lacy tansyaster, oc-

958, 7 130, 1373, MT207,2W, BHW 18391 (5RSC); RLH&JDB

3504b, 3503 (TEX-LL).

# Xylothamia triantha (Blake) Nesom, [Ericameria triontha

subshrub, dsc, dar, 2400 ft; JF 1450 (SRSC).

Zinnia acerosa (DC.) A. Gray Spinyleaf zinnia, common pe-

rennial herb, dsc, syg, 2760-4400 ft; BRM 3228, BHW& LCH

BG-142 (BGWMA); JF 153, 851, 1094, 1 180, MF 5, 59, BHW
10837, BHW & LCH BG- 142 (SRSC); BH2 & FE 5294, BHW
1 0837 (TEX-LL).

Berberidaceae

528, 7007, 7036 (SRSC).

ris (Cav.) Sweet, Desetwillow, uncommon shrub

or tree, dca, 1800-4280 ft; 77? 140 (BGWMA); BA2 5234 (SAT);

JF 1355, 1356,2137, FR 140, MF 189 (SRSC).

Fecoma stans (L) Juss. ex Kunth, Yellow bells, occasional

shrub, dsc, dar, dca, 1800-3050 ft; 77? 141 (BGWMA); BA2

5331 (SAT); JF 179, 1010, FR 141, MF 1 1 193, BHW & LCH

BG-85, BHW&MO 16866 (SRSC); BLF&MF2 97-347, BHW&
LCHBG-85 (TEX-LL).

rareto"locallycommon"shrub.DAR, dca, 4200-4350 ft; BA2

5220, 53 13, 5453, 5465, 5600 (SAT); JF 1936 (SRSC).

+o Cryptantha albida (Kunth) i.M. Johnst, New Mexico

cryptantha, rare annual herb, dca, 1920-3000 ft; JF 646,

805 (SRSC).

rare annual herb, dsc, 2560-3560 ft; JF 522 (SRSC); RRI

552 (TEX-LL).

Cryptantha coryi I.M. Johnst. [Cryptantha paimeri (A. Gray)

PaysonlCory cryptantha, rare subshrub, dsc, 3560 ft; JF

280 (SRSC); BLT& BD 23-164 (TEX-LL).

#Ao Cryptantha crassisepata (Torn & A. Gray) Greene, Thickse-

pal catseye, annual herb, 1 800 ft at the Boquillas Canyon

§ Cryptantha mexicana (Brandegee) I.M. Johnst., Mexican

cryptantha, "infrequent" annual herb, 2300 ft; OCW 506

(SRSC).

Heliotropium confertifolium (Torr.) Torr. ex A. Gray, Leafy

heliotrope, occasional subshrub, dsc, 1800-3800 ft; EGM
147, BHW 907, 940 (BIBE); JF 155, 367, BHWs.n., 940, 10848,

BHW & LCH BG-76 (SRSC); BHW s.n., 10848; BHW & LCH

BG-76 (TEX-LL).

Heliotropium convolvulaceum (Nutt.) A. Gray, Phiox heliotrope,"

locally common annual herb, rio, dsc, 1 800 ft; BA2, DG, FE..

& PC 4608, BHW 13029 (BIBE); WRC & PM2 12200, JF 2232,

AMP& SAP 5860, BHW686, 13029, 1685 1,GLW'4474 (SRSC);

DSC& HBC3063 1, BHW686 (TEX-LL).

een] Flatspine stickseed, occasional annual herb, dar,

a, 1 800-3560 ft; DB 22, FK 10, BRM 3 124 (BGWMA); JF

7, 540a, 797,2101, BHW 47057, 47059 (SRSC).

4360-4800

ft; BA2 5539, 5597 (SAT); JF554, 1948 (SRSC).

§ Omphalodes aliena A. Gray ex Hemsl., Mexican navelwort,

"frequenfannual herb, dsc, dca, rio, 1800-2560 ft; BRM 313

1

(BGWMA); JLB 1578, ECM 49 (SAT); AMP 5367, BHW 15991,

18395 (SRSC); DSC& WOD 30715 (TEX-LL).

§ escens (DC.) AT. Richardson var. canescens, Woody

crinklemat, occasional subshrub, dsc, 2200-2400 ft; BA2

5340 (SAT); 77? 4 (SRSC); FR 4, BHW 1230 (TEX-LL).

Tiquilia gossypina (Wooton & Standi.) AT. Richardson, Texas

crinklemat, occasional subshrub, dsc, dca, 1 800-3440 ft; JF

360, 2059, BHW 12899 (SRSC); BHW 909 (TEX-LL).

g/7(Torr.) AT. Richardson, Plume tiquilia, occasional

shrub, dsc; CMR 1 1634 (BGWMA); BA2 5270 (SAT); JF 359,

369; MF2 13, BHW 10800 (SRSC).

§ oidissima (Torr.) AT. Richardson, Rough coldenia,

lal subshrub, dsc, 1850-3520 ft; BA2, DG, FE,&B

4923, ACK822, BHW 908, 909 (BIBE); BLF& BD 23-162, BHW
21682, 21692 (TEX-LL).

ia(SM

'escurainia pinnata (Walter) Britton, Tansymustard, uncom-

mon annual herb, dsc, dar, dca, 3440-3500 ft; BA2 5587

2,617'(SRSC).

touristplant, locally common annual herb, dca, 3500 ft;

BHW47060 (SRSC & TEX-LL); VLC 43958, RRI 558 (TEX-LL).

§ Lepidi

^foho N

i alyssoides A.Gra>

HBP 1923

(TEX-LL).

Lepidium lasiocarpum Nutt. ex Torr. & A. Gray var. wrightii (A.

Gray) ThelL, Wright pepperweed, uncommon annual

herb, dar, dca, 3440-3560 ft; JF619 (BIBE); BA2 734, 5540,

5586; RE 734 (SAT); JF42 1, 565, 6 1 9 (SRSC).

Nerisyrenia camporum (A. Gray) Greene, Bicolored mustard,

common perennial herb, dsc, dca, syg, 21 20-4280 ft; CMR
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16047 (BGWMA); JF 492 (BIBE); JF 372, 492, 615, 681, MT
105BHW208, 47054, BHW& HKB 47063 (SRSC); BHW T208,

47063 (TEX-LL).

Physaria fendteri (A. Gray) O'Kane & Al-Shehbaz, Fendler

bladderpod, occasional perennial herb, dsc, dar, dca, syg,

2200-5000 ft; JF557 (BIBE); TR 105 (BGWMA); JF 200, 497a,

555, 557, 736, 1 189, TR 139, MT75, 104, BHW47062 (SRSC).

+ Physaria gordonii (A. Gray) O'Kane & Al-Shehbaz, Gordon

bladderpod, rare annual herb, syg, 4360 ft; JF570 (SRSC).

Physaria mcvaugi ne & Al-Shehbaz,

Mcvaugh bladderpod, rare perennial herb, syg, 41 20-5840

ft; JF 497, 71 4, 1535, 1 964, AMP & SAP 5 133 (SRSC).

§ Physaria purpurea (Gray) O'Kane & Al-Shehbaz [Lesquereita

purpurea (A. Gray) S.Watson], Rose bladderpod, "frequent"

perennial herb; BHW&MO 15995 (SRSC).

Schoenocrambe linearifolia (A. Gray) Rollins, Slimleaf plain-

smustard, rare perennial herb, syg, 3500-5680 ft; BRM

3110 (BGWMA); JF 734, 1291, 2185, MT42, 43, 246, BHW&
LCHBG- 154 (SRSC).

§ Selenia dissecta Torr. & A. Gray, Texas selenia, "fr

nual herb, dca, 3500 ft; CMR 16410 (BGWMA); BHW 47058,

BHW StMO 15989 (SRSC); BHW47058 (TEX-LL).

ium trio L, London rocket, annual herb, dca, 2560

ft;/?/?/ 55 /(TEX-LL).

Streptanthus cutleri Cory, Cutler twistflower, uncommon

(G2S2) biennial herb, dsc, dar, dca, 1800-3500 ft; JF 420,

AMP 3570, 5366, AMP & SAP 4299, 5387, BHW 18399, BHW
&MO 15992 (SRSC).

§ Thelypodium texanum (Cory) Rollins, Texas thelypody, annual

herb; OES1288 (SRSC).

§ Thelypodium wrightii A. Gray, Wright thelypody, perennial

herb, dca; BRM 3106 (BGWMA).

DB 468 (SAT); JF274, 1479, DS2 12b (SRSC).

§ Coryphantha dasyacantha (Engelm.) Orcutt, Desert pincush-

ion cactus, succulent, 41 25 ft; MT90 (SRSC).

Coryphantha duncanii (Hester) LD. Benson, [Escobaria dasya-

cantha var. duncanii (Hester) N.P. Taylor], Duncan cory

cactus, rare (G3T1T2S1S2) succulent, dsc, ca. 2000-4146

ft; JF549, JF&MD612, AMP 5373, DS2 2228 (SRSC).

Coryphantha echinus (Enge

[Man colymoides Sch .], Sea-ui

:yg, 3500-4360 ft; JF 593, 868, 1493, Bl

[Coryphantha albicolumnaria (Hest<?r) Zimmerman;

Corphantha sneedii ve ria (Hester) A.D.

Zimmerman (forthcoming, cited in Pc

2004); Escobaria albicolumnaria Hester] , rare (G2G3S2S3)

succulent, dsc, syg, 1 800-4840 ft; DA1

1

547 (BIBE); JF 556,

587, 588 (SRSC).

Coryphantha tuberculosa (Engelm.) A. Berger var. tuberculosa,

[Mammillaria tuberculosa Engelm.], Cob cactus, common

succulent, dsc, dca, syg, 1 900-5840 ft; CMR s.n. (BGWMA);

JF273, 386, 550, 625, 781, 1300, MT89 (SRSC).

§ Coryphantha tuberculosa (Engelm.) A. Berger var. varicolor

(Tiegel) A.D. Zimmerman, [Coryphantha dasyacantha

var. varicolor (Tiegel) LD. Benson], Varicolor cob cactus,

succulent; BA2 471 (SAT).

Echinocactus horizonthalonius Lem., Eagle claw cactus, occa-

icculent, dsc, dca, syg, 4360 ft; CMR 51 73 (BGWMA);

DB470 (SAT); JF 591 (SRSC).

mon succulent, dsc, syg, 1900-5700 ft; DB 469 (SAT); JF

558, 623 (SRSC).

+ Echinocereus enneacanthus Engelm. var. enneacanthus,

Strawberry cactus, occasional succulent, dsc, 1800 ft; JF

2148 (SRSC).

+o Echinocereus stramineus (Engelm.) Rumpler var

1 800-4440 ft; JF 780, 2149 (SRSC).

Echinomastusmariposensis Hester, [Neolloydia mariposensis

(Hester) LD. Benson; Scierocactus mariposensis (Hester)

N.P.Taylor], Mariposa cactus, occasional (G2S2; LOT) suc-

culent, dsc, dca, 3300-3520 ft; CMR 51 72 (BGWMA); JF 391,

624, AMP & SAP 5925, DS2 222 1 (SRSC).

is warnockii (LD. Benson) Glass & R. Foster, [Sciero-

cactus warnockii (LD. Benson) N.P.Taylor], Warnock cactus,

occasional succulent, dsc, dca, 1 900-2560 ft; JF21 50, BHW
47459, BHW& HKB 47012 (SRSC).

+ Epithelantha micromeris (Engelm.) F.A.C Weber ex Britton

& Rose, Common button cactus, uncommon succulent,

dsc, syg, 3560-4140 ft; JF 268a, 271, 586, 613, 613a, 1486

(SRSC).

Ferocactus hamatacanthus (Muehlenpf.) Britton & Rose var.

hamatacanthus, Giant fishhook cactus, occasional suc-

culent, dca, syg, 4300-4900 ft; CMR 51 74 (BGWMA); JF 590,

1 507, MT 96 (SRSC).

Glandulicactus uncinatus var. wrightii (Engelm.) Backeb., [An-

igelm.) LD. Benson;

Echinocactus uncinatus Galeotti ex Pfeiff.; Ferocactus

uncinatus (Galeotti ex Pfeiff.) Britton & Rose], Eagle claw

cactus, uncommon succulent, dsc, syg, 3520-4040 ft; DS2

03b, JF 548 (SRSC).

§ Mammillaria heyderi Muehlenpf. var. heyderi, Heyder pin-

succulent, dsc, 2500 ft; AMP, SAP,

MLR&AL2 6103 (SRSC).

§Mamt m.,Golft

3. 3520 ft; DS2 18b, 2222, JEW s.n. (SRSC).

§ Mammillaria meiacantha Engelm., Nipple cactus, succulent;

BHW 11065 (SRSC).

Neolloydia conoidea (DC.) Britton & Rose, Texas cone cactus,

occasional to locally abundant succulent, syg, 3080-5200

ft; JF380, 782, DS2 2220, MT52, 53, 122, BHW 1 1055, 1 1058

(SRSC).

Opuntia aggeria Ralston & Hilsenb., Clumped dog cholla,

common succulent at lower elevations, dsc, 1 850-300 ft;

JF635, 640, 691, 704, 1562, 1563, 1574., 1574a, 1576, 1620,

BAR & RAH 136 (SRSC).
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Opuntia az ar. aureispina (S. Brack & K.D. Heil) A.M.

n, [Opunti ia(5.Bi

Parfitt], Golden-spined prickly pear,

Gl SI succulent Rio, 1 800 ft; JF384, BGH802 (SRSC).

+ Opuntia camanchica Engelm. & J.M. Bigelow, Comanche

prickly pear, succulent, dsc, dar, 3560 ft; MA 848, JF 626

(SRSC).

DOK&JFW53, AMP & SAP 6275 (SRSC).

Opuntia dulcis Engelm, Sweet prickly pear, succulent, dsc,

1 800-3560 ft; JF 628; AMP & SAP 6278; MPG 87, 88, 89

(SRSC).

+o Opuntia engelmannii Sa\m-Dyckex Engelm. vaiengelman-

nii, Engelmann prickly pear, uncommon succulent, syg,

4440 ft; JF589 (SRSC).

§ Opuntia engelmannii var. iindheimeri (Engelm.) B.D. Parfitt

& Pin kava, Texas prickly pear, succulent, dsc, 1800 ft; AMP
& SAP 6277, JFW 1171 (SRSC).

a (L.) N n fig, ra

BGH 646 (SRSC).

Opuntia grahamii Engelm. Graham dog cholla, occasional

succulent, dsc, 3000-3520 ft; CMR5 1 78 (BGWMA); MA 892

(BIBE); JF333, 377, 378, 389, 783, 892, 1 142a (SRSC).

viae DC, Candle cholla, occasional succulent, rio,

1 800 ft; BGH 84 1, JF2040 (SRSC).

succulent, dsc, dar, 3360-41 20 ft; JF388, 448,816, WH, TA,

LS&JMP 9028 (SRSC).

dsc, dar, dca, 1 800-3560 ft; JF 627, BGH 803, WH, TA, LS &

JMP 8985 (SRSC).

Opuntia spinosibacca M.S. Anthony, Spiny-fruited prickly pear,

succulent, dsc, 1 800-4600 ft; MAA-3, A-7JF385, BGH 801,

842, AMP& SAP 5824, 6089 (SRSC).

Opuntia sp., Prickly pear; BGH 800, 840; AMP St SAP 6276

(SRSC).

Caprifoliaceae

Lonicera albiflora Torr. & A. Gray, Western white honeysuckle,

rare perennial woody vine, syg/chp, dca, 4280-5680 ft; BRM

3230 (BGWMA); PVWs.n. (KANU); BA2 5436 (SAT); JF 1296,

AMP & SAP 5125 (SRSC).

Caryophyllaceae

§ Arenaria benthamii Fenzl ex Torr. & A. Gray, Hilly sandwort,

annual herb; BRMs.n. (BGWMA).

ParonychiajamesiiJon. & A. Gray, James nailwort, uncommon

perennial herb, dsc, syg, 3800-5800 ft; BA2 5475 (SAT); JF

235, 765, 1269a, MT33, 248 (SRSC).

i A. Gray, Tickbush, Rio Grande saddlebush,

ish, uncommon shrub, dsc, syg, 3840-5000 ft;

U);JF268, 1167, 2190, Ml2 (SRSC).

dsc, dar, dca, 1 900-3300 ft; TR 126 (BGWMA); JF 676, 973,

1366, 2041, AMP & SAP 4302, BHW 15912 (SRSC); AMP &

SAP 4302 (TEX-LL).

bush, uncommon shrub, dsc, dar dca, syg, 1800-4160 ft;

BA2 5262 (SAT); JF 336, 861, 1091, 1410, 1895, 2143, MT203,

BHW&LCH BG- 132 (SRSC); BHW& LCH BG-132 (TEX-LL).

rio, 1 800 ft; /\/. 3C6 (E

(SRSC).

locally

t;JF 361,616,2122,2238

\#Salsola tragus LJumbleweed, locally common annual herb,

rio, 1800 ft; JF2252 (SRSC).

# Suaeda suffrutescens S. Watson var. suffrutescens, [Suaeda

nigra (Raf.) J.F. Macbr.], Desert seepweed, rare perennial

subshrub, rio, 1 800 ft; JF2234 (SRSC).

Convolvulaceae

§ Bonamia ovalifolia (Torr.) Hallier fv Bigpod lady's nightcap,

"locally common"subshrub, dsc, rio, 1 800 ft; BA2, DG, TE, &

PC4551;JS 303 (BIBE); HBC 30628 (NYBG); BA2 5502 (SAT);

BGH622,DAL40/
AMP3347,AMP&JH5696,AMP&SAP3609,

5859, GLW4482 (SRSC); DSC & HBC 30628, AMP 3347, AMP
& SAP 3609 (TEX-LL).

Bonamia repens (I.M. Johnst.) D.F. Austin & Staples, Creeping

lady's nightcap, common subshrub, dsc, dar, 1800-4280

ft; CA & BA2 69, BA2 6191,SMU41 (BGWMA); CA s.n. (SAT);

JF 154, 307, 435, 1075, 2062, 2131, MT 167, BHW & MCJ

16834 (SRSC).

perennial herbaceous vine, dar, dca, rio, 1800-4350 ft;

BRM 3149 (BGWMA); JF 1945, EGM 150 (BIBE); BA2 5309,

5470, 5720 (SAT); JF 181, 853, 1349, 1432, 1945, 2077,2116

(SRSC).

Dichondra brachypodaWooton & Standi., New Mexico ponys-

foot, rare perennial herb, dar, dca, 3056-4600 ft; JF 859,

1 1 22, AMP & SAP 5 134 (SRSC).

g-glory, occasional perennial herb, dsc, dar, dca,

1 900-3880 ft; TR 249 (BGWMA); BA2 53 12, 5464 (SAT); JF

209, 309, 957, 1472, 2060, TR 250;MT 127 (SRSC).

§ Ipomoea cardiophylla A. Gray, Heartleaf morning-glory, rare

annual vine; BHW 10799 (SRSC).

ipomoea costellata Torn, Crest-rib morning glory, rare but lo-

cally common perennial herbaceous vine, syg, 5300-5840

ft;JF 1994 (BIBE); JF 1969, 1994,MT241 (SRSC).

§ Ipomoea Iindheimeri A. Gray, Lindheimer morning-glory,

"infrequent" perennial herbaceous vine, 3520 ft; MA &

AD 874 (SRSC).

Ipomoea rupicola House, Cliff morning-glory, occasional to
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3050-4800 ft; JF 248 (BIBE); JF 248, 308, 1 103, 1 186, 1 196,

MT31, 144, 172,BHW962,BLT&BD23-167,OCW352,BHW

& LCH BG-148, BHW&MCJ 16828 (SRSC); BLT& BD 23-167

(TEX-LL).

§ Ipomoea tenuilobo Torn, Spiderleaf, rare perennial herba-

ceous vine; MT236 (SRSC).

ia strict/flora A. Gray, Sier

VI 3224 (BGWMAWf

syg, 4200-5000 ft; JF581, 1 163, 1506 (SRSC).

'ossopetalon spinescens A. Gray van spinescens, [Forsellesia

spinescens (A. Gray) Greene], Spiny greasebush, uncom-

mon shrub, syg, 4200-5000 ft; PVWs.n. (KANU); JF 1205,

1505, BHW 10843 (SRSC).

<\. Gray) Small Slimlobe glob

Diospyros texana Scheele, Texas persimmon, common to

occasional shrub, dar, dca, 1 800-3840 ft; BRM3146, CMR

5080 (BGWMA); BA25239, MC 157, CMR 15102 (SAT); JF 689,

2088, WH, TA, L5, &JMP8986 (SRSC).

Euphorbiaceae

Acalypha monostachya Cav., [Acalypha hederacea Torr.],

1 850-3050 ft; BA2 5237, 5334 (SAT); JF 1069, 1118, 1680,

BHW 646, 2 1200 (SRSC); BHW646 (TEX-LL).

Acalypha phleoides Cav., [Acalypha lindheimeh

Shrubby copperleaf, occasional perennial herb, dar, dca,

2200-4800 ft; JF 1946 (BIBE); TR 68, CMR 1 1583 (BGWMA);

BA2 5240, 5265 (SAT); JF 1108,1 128, 1 149, 1946, JF & MY
1315, TR68, MT 187 (SRSC); OCWs.n. (TEX-LL).

Andrachne arida (Warnock & M.C Johnst.) G.L Webster,

Trans-Pecos maidenbush, rare but locally common
(G2S1) shrub, syg, 4200-4900 ft; JF 1 170, 1 194, 1207, 1499,

2164, 2177, BHW 10767, 1077; BHW & MO 16681, 16840,

16841 (SRSC).

Bernardia obovata I.M. Johnst., Desert myrtlecroton, occa-

sional shrub, dsc, dar, dca, 1 920-4900 ft; CMR 5 134, BHW&
LCH s.n. (BGWMA); BA2, DG, TE, & B 4925 (BIBE); BA2 5250,

BR 293 (SAT); JF203, 496, 642, 715, 1093, 12 12, MT86, BHW
10832, BHW&LCHBG-178, BHW&MCJ 16833 (SRSC); BHW
10832, BHW& LCHBG-178 (TEX-LL).

# Chamaesyce acuta (Engelm.) Millsp., Pointed sandmat, rare

perennial herb, syg, 5700 ft; JF 1264 (SRSC).

Chamaesyce albomarginata (Torr. & A. Gray) Small, Whitemar-

gin sandmat, uncommon perennial herb, dsc, dar,

1 800-2560 ft; JF 1447 (SRSC); HBP & VLC 30177, OES 1540

(TAES).

Chamaesyce chaetocalyx (Boiss.) Wooton & Standi., Bristlecup

sandmat, locally common subshrub, dsc, dca, 1 960-4600

ft; BHW & LCH s.n. (BGWMA); JF261, 652, 943, AMR & SAP

5142, MT32, 68, BHW& LCH BG- 176 (SRSC).

Chamaesyce cinerascens (Engelm.) Small, Ashy sandmat, oc-

casional perennial herb, dsc, dar, dca, syg, 1800-4450 ft;

OCWs.n. (BGWMA); BA2, DG, TE, & B 4934 (BIBE); BA2 5291,

5526, 5705 (SAT); JF 174, 340, 342, 489, 547, 653, 684, 863,

1078, 1087, 1171, 1337,2133, 1645, AMP & SAP 3612,5305,

AMP,SAP,MLP,&AL26101,MT3,66,67, 165, 166,81122-146,

BHW 10756, 10762, 10840, 18393, BHW& LCH BG-66, BHW&
MO 15908, GLW4442 (SRSC); DSC&HBC30632, BLT22- 146,

BHW 10756, 10762, BHW& LCH BG-66 (TEX-LL).

Chamaesyce fendleri (Torr. & A. Gray) Small, Fendler sandmat,

uncommon perennial herb, dsc, syg, chp, 3000-5250 ft;JAM

&JAS3444(W8G);BA25210,5276,5619,5692(SAT);JF784,

1235,1243, 1470, 21 97 (SRSC).

Chamaesyce glyptosperma (Engelm.) Small, Rib-seed sandmat,

"frequenf'annual herb, rio, dsc, 1800-3 120 ft; JF223,BHW

& BLT83 1 7 (SRSC); BHW& BLT8325 (TEX-LL).

§ Chamaesyce golondrina (L.C.Wheeler) Shinners, Boquillas

sandmat, rare but locally frequent (G2S2) annual herb, dsc,

ca. 1800 ft; AL 1 75, BHW 998 (BIBE); WRC&PM212199,AMP

& SAP 36 13, BHW 20900, 20951, 20954, 23035, BHW&MCJ
16854, BHW &BLT 8325a, 8325b, GLW4484 (SRSC); AMP&
SAP 3613 (TEX-LL).

+ Chamaesyce serpens (Kunth) Small, Matted sandmat, rare an-

nual or perennial herb, dsc/dar, 2400 ft; JF 1422 (SRSC).

§ Chamaesyce serpyllifolia (Pers.) Small, Thyme-leaf sand-

mat, uncommon annual herb, dsc, 3800 ft; BHW 10794

(TEX-LL).

Chamaesyce serrula (Engelm.) Wooton & Standi., Sawtooth

dsc, syg, 1800-5 100 ft; EGM 165{mt);JF2196,BHW10794,

10838 (SRSC); BHW 10838 (TEX-LL).

Chamaesyce theriaca (Wheeler) Shinners, Terlingua sandmat,

Terlingua broomspurge, rare to frequent annual herb, dsc,

dca, 1800-3800 ft; CMR 151 17 (SAT); JF 201 8, 2095, AMP &
SAP 6138, 6139, BHW 13033, 23402, BHW&LCH BG- 180, BHW
&MO 16678, 16680, BHW& BLT8325, 8326 (SRSC); BHW&
BLT8325, 8326 (TEX-LL).

Chamaesyce triligulata (L.C. Wheeler) B.L. Turner [Chamae-

syce chaetocalyx var. triligulata (L.C. Wheeler) Mayfield;

Chamt

Wheel innersj, B

irayJSmalh

fl;AL 164, 1 65 (BIBE); JF 1695, AMP'& SAP'3611, Bh

BHW&MO 16960 (SRSC).

perennia herb, syg, 4360-5840 ft; JF 1 173, L

(SRSC).
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Tragia amblyodonta (Mull. Arg.) Pax & K.

EGM 144 (BIBE); WGD s.n. (TAES); BHW& LCH BG-64 (SRSC

& TEX-LL).

\n, dca, 2200-41 00 ft; BRM 3137,

TR 72, 73, OCW314 (BGWMA); JF298 (Bl BE);JF298, 300, 509,

1 1 14, TR 72, 73, Ml40, 98, 256, OCW340, BHW 10748 (SRSC);

BHW 10748 (TEX-LL).

Croton incanus Kunth, Torrey croton, rare shrub, dca, 1 800 ft;

JF21 28, BHW 18406 (SRSC).

+ Croton lindheimerianus van tharpii M.C. Johnst.,Tharp croton,

rare annual herb, dsc/dar, 2400 ft; JF 1427 (BIBE & SRSC).

§Crof

mop/?/7i/s (M.C. J

\r [Croton pottsii

inst], Leather-

al (G5T2S1) perennial herb, ds<

1850-4400 ft; 5/?M 37 73 (BGWMA); AL 158 (BIBE); 7F 775,

353, 431, 457, 682, 1077, 1397, 1541, 1932, 201 1, 2058, MT
159, BHW 18401, 20895, BHW &MO 16837, 16862, BHW&
BIT832},GLW4439 (SRSC).

His (Engelm. & A. Gray) Pax, Low silverbush, rare

perennial herb, dsc, 2560-2760 ft; JF 152, 1404, BHW&LCH
BG-20 7 (SRSC).

Ditaxisneomexicana (Mull. Arg.) A. Heller, New Mexico ditaxis,

, dsc, dar, 1800-3500

ft; CMR5032 (BGWMA); EGM 133, BHW 12889 (BIBE); BA2

5319, 5584 (SAT); JF 168, 439, 674, 2051, BIT 22-151, BHW
12889, BHW&LCH BG-199, BHW&MCJ 16858 (SRSC); BLT

22-1 51, BHW 12889 (TEX-LL).

herb, dsc, dar, dca, syg, 1 900-4400 ft; BA2 524 1,

JF259, 573, 778, MT84, 170, BHVJ & MO 16839 (SRSC); AT

2243 (TEX-LL).

Euphorbia brachycera Engelm., Horned spurge, uncommon

perennial herb, dca, syg/chp, 3500-5680 ft; JF 160 (BIBE);

BHW & LCH s.n. (BGWMA); BA2 2513, 5445 (SAT); JF 1273,

1290, 1934, 1940, AMP & SAP 5141, BHW&LCH BG-174

(SRSC).

Euphorbia eriantha Benth., Desert poinsettia, beetle spurge,

uncommon annua! herb, dsc, 1800-1850 ft; JF201 0,2 103;

BGH 634 (SRSC).

Euphorbia exstipulata Engelm, Square-seed spurge, uncom-

mon annual herb, dsc, syg, 2800-5840 ft; JF 198, 1980, BHW
&MCJ 16832 (SRSC).

augh, San

1800-4360 ft; CMR 1 7230 (m£);BA25479 (SAT); JF 709, 586,

2029, BHW 12902, 13073 (SRSC).

Phyilanthuspolygonoides Nutt. exSpreng., Knotweed leafflow-

er, occasional subshrub, dsc, dar, dca, 1 850-4360 ft; BHW&
LCH s.n. (BGWMA); JF 760 (BIBE); BA25206, 5292, 5593, 5693

(SAT); JF 160, 205, 297, 526, 825, 1074, 1400, TRVs.n., BHW&
LCH BG- 146, BHW&MO 16830, GLW4450 (SRSC).

a (L.) i

1 800 ft; BHW 13040 (BIBE); JF2030,

EJL 126-H, TCM 2003-66b, PM 2037, AMP 3348, BHW 13040,

18386 (SRSC); AMP 3348, BHW 13040 (TEX-LL).

Acacia greggii A. G ray va r. greggii, Catclaw acacia, uncommon

shrub, dsc, dar, dca, 2350 ft; SJ 6505 (SAT); JF 1372, BHW
21 201, 21204 (SRSC).

Acacia neovernicosa Isely, Viscid acacia, uncommon to occa-

sional shrub or tree, dsc, dar, dca, 1 800-3408 ft; EGM 149

(BIBE); JF 934, 1089, 1462, 2020a-c, BHW20777 (SRSC).

dsc/ rio, 1 000-1 850 ft; JF2002, 2027 (SRSC).

BHW20896 (SRSC).

+ Astragalus austrinus (Small) Schulz, Smallflowered milkvetch,

rare annual or perennial herb, dsc, dar, dca, 3000-3560 ft;

JF 426, 540b, 804 (SRSC).

§ Astragalus moitissimus Torn, Woolly locoweed, perennial

herb; BA2 4755, SJ 4755 (SAT).

VLC43964 (TEX-LL).

+ Calliandra iselyi B.L Turner, Falsemesquite, occasional

subshrub, dsc, syg, 2800-5150 ft; JF 813, 938, 1142, 1324,

1469 (SRSC).

§ Cercis canadensis L subsp. mexicana (Rose) E. Murray, Mexi-

BA2 5232 (SAT);AMP&SAP5 140 (SRSC), BHW& LCH BG-1 72
(SRSC & TEX-LL).

perennial herb; BRM 3223 (BGWMA); BA2 53 18 (SAT).

Dalea formosa Ton., Feather dalea, plume dalea, occasional

shrub, dsc, dar, dca, syg/chp, 2560-5840 ft; CMR 7 7225 (BIBE);

BA2315,5191,5538(SAT);JF483,559, 1014, 1047,1096, 1402,

1914, 1996, MT 136 (SRSC); VB 342 (TEX-LL).

Dalea frutescens A. Gray var. frutescens, Black dalea, uncom-

mon shrub, dsc, dar, dca, syg, 3350-5800 ft; BA2 5484, 5332

(SAT); JF374a, 1 195, MT230, 245, BHW 10754 (SRSC); BHW
10754 (TEX-LL).

Dalea greggii A. Gray, Gregg prairie clover, uncommon sub-

shrub, dsc, syg, 3800-4600 ft; OCW 9022 (BGWMA); BA2

5277, 5469, 5548 (SAT); JF 1038, OCW337 (SRSC).
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§ Dalea jamesii (Torr.) Torr. & A. Gray, James prairie clover,

perennial herb; 8A25228 (SAT).

herb; MT 150 (SRSC).

'

§ Dalea leporina (Aiton) Bullock Foxtail prairie clover, annual

herb, dsqCOV584-2/ (TAES).

§ Dalea longipila (Rydb.) Cory, Downy prairie clover, uncom-

mon perennial herb, dsc, dar, ca. 2500 ft; AMP& SAP 61 40,

BLT&MT2 97-344 (SRSC); BLT&MT2 97-344 (TEX-LL).

mon perennial herb, dar, syg/chp, 2750-5700 ft; JF 959,

7265 (SRSC).

Dalea neomexicana (A. Gray) Cory, New mexico dalea, "fre-

quent" perennial herb, dsc, dca, 1800-3440 ft; BHW 13032

(BIBE); JF 357, BHW 13032, BHW &MO 16679, BHW&BLT

8319, GLW4473 (SRSC); BHW 13030 (TAES); BLT& MT2 97-

334, BHW 13032, BHW& BLT83 19 (TEX-LL).

Dalea pogonathera A. Gray var. pogonathera, Bearded dalea,

uncommon perennial herb, dsc, dar, 3560 ft; BRM3119,

OCW5094 (BGWMA); JF461 (BIBE & SRSC); BHW&LCHBG-

196 (SRSC); BA2 5377, 5488 (SAT); VLC 43968 (TEX-LL).

§ Dalea terminalis M.E. Jones, [Dalea lanata var. terminate

(M.E. Jones) Barneby], Wooly prairie clover, uncommon

perennial herb, dsc, dca, 1800 ft; BA2, DG, TE, & PC 4602,

BHW 13030 (BIBE); BLTJDA & BHW 8337, BHW 13030, GLW

4480 (SRSC); BHW 13030 (TAES); DSC & HBC 30629, BHW
13030 (TEX-LL).

n perer

,r, 2750-3560 ft; BA2 5430 (SAT); JF 282,

962, MT 13, 15, 220, BLT& MT2 97-345, 97-349, BHW C300

(SRSC); VLC43969, BHWC300 (TEX-LL).

Desmanthus velutinus Scheele, Velvet bundleflower, uncom-

mon perennial herb, dsc, dar, syg, 3360-5840 ft; JF227, 322,

713a, 1097, 1910, 1 978, MT35 (SRSC).

Eysenhardtia texana Scheele, Texas kidneywood, occasional

shrub, dca, dar, 1 800-41 50 ft; WFM 27, CMR5125, 11611,

OCWs.n., 320a (BGWMA); BA2 5254 (SAT); SCB223, JF201,

1 1 12, 1929,2136, JF&MY 1318, MT 195, OCW320, BHW&
LCHBG-63 (SRSC).

# Galactia sp., Milkpea, rare perennial herb, dar, dca, 1 800-2780

ft; JF961 (BIBE); JF 188, 940, 961, 1060, 2090, 2141 (SRSC);

JF2090 (TEX-LL).

+ Hoffmannseggia drepanocarpa A. Gray, Sicklepod rushpea,

rare annual herb, syg, 5300 ft; JF 1998 (SRSC).

Leucaena retusa Benth., Goldenball leadtree, woohoo tree,

occasional tree, dsc, dar, dca, 2200-5200 ft; WFM s.n.

(BGWMA); PVWs.n. (KANU); BA2 5190 (SAT); JF 748, 1020,

1309, AMP & SAP 5144, TR 19, OCW 1, BHW 10849, BHV/&

LCH BG- 135, GLW4472 (SRSC); RB 1502, BHW& LCH BG-135

(TEX-LL).

§ Lupinus havardii S. Watson, Big bend bluebonnet, annual

herb, dar, 2560 ft; OES 1344 (TEX-LL).

*§• Medicagosativa L, Alfalfa, annual herb, 1800 ft; EGM 136a

(BIBE & SRSC).

*§ Melilotus indicus (L) AIL, Annual yellow sweetc

quent* annual herb, 1 800 ft; HTF 1225 (SRSC).

common shrub, dar, dca, 1 900-3760 ft; JF71 1, 1693, BHW
21 186 (SRSC).

dsc, dar, dca, 2850-3560 ft; JF 848, 970, GLW4445 (SRSC).

Mimosa texana (A. Gray) Small, Catclaw, occasional shrub,

dar, dca, syg, 1800-4600 ft; JF 1015, 1019, 1357, 2145

(SRSC).

I Mimosa turner! Barneby, Desert mimosa, Turner mimosa,

uncommon shrub, dsc, dar, syg, 3000-4900 ft; JF 1161,

7467, 7552, 2 788 (SRSC).

:., Retan

1 800 ft; DG 2 17 (BIBE); JF2257 (SRSC).

t Peteria scoparia A. Gray, Rush peteria, rare shrub, dsc, 3840

ft; JF247 (SRSC).

^omaria melanosticta S. Schauer [Caesalpinia par,

Eifert, Correll & Johnston; Caesalpinia melanosticta (S.

Schauer) Fisher; Caesalpinia wootonii (Britt.) Eifert ex Isely;

Hoffmannseggia parryi (Fisher) B.LTurner], Parry holdback,

occasional subshrub, dsc, dar, dca, 1800-3500 ft; BRM 3 148,

CMR5143a-c,BHW&LCHs.n. (BGWMA); AL 183;BHW884,

12891 (BIBE); BA2 5383, 543 1 (SAT); JF 148, 343, 655, 1328,

2130, 2182, BLT&MT2 97-332, BHW 10830, 12891, 20952,

BHW&LCHBG-141BHW&MCJ 16063, 16835,MT221 (SRSC);

BHW&MCJ 16835 (SWT); BLT& BD23- 168, BLT&MT2 97-332,

BHW 12891, BHW& LCH BG- 141 (TEX-LL).

1800-4400 ft; JF 807 (SRSC).

+ Rhynchosia senna Gillies ex Hook. & Arn. var. texana (Torr.

& A. Gray) M.C. Johnst, Texas snoutbean, rare perennial

herbaceous vine, dca, 3050 ft; JF 7 7 19 (BIBE & SRSC).

+ Senna bauhinioides (A. Gray) H.S. Irwin & Barneby, Twinleaf

7457, 1465 (SRSC).

Senna lindheimehana (Scheele ex Schltdl.) H.S. Irwin &

Barneby, Lindheimer sennna, rare perennial herb, dsc, dar,

1800 ft; JF2072.MT 101 (SRSC).

nil (Britton & Rose) H.S. Irwin & Barneby, Orcutt

senna, uncommon (G2S2) perennial herb, syg, chp, 4200-

5250 ft;JF 1030 (BIBE); JF827, 1030, 1218, 1244,2191,MT 110,

BLT22-153 (SRSC); JF 1030, BH22-153 (TEX-LL).

Senna pilosior (Robinson ex J. F. Macbr.) H.S. Irwin & Barneby

[Senna durangensis (Rose) H.S. Irwin & Barneby], Trans-Pe-

cos senna, occasional perennial herb, dsc, dca, 1 800-3500

ft; JF 437, 673, 1326, 1603, 2020, 2048, CNT263, BHW20953,

GLW4475 (SRSC); LEB 9640 (TAES); BHW20727 (TEX-LL).

§ Senna pumilio (A. Gray) H.S. Irwin & Barneby, Dwarf senna,

3200 ft; PDW&BHW319 (SRSC).

# Senna ripleyana (H.S. Irwin & Barneby) H.S. Irwin & Barneby,

Ripley senna, rare (G1SH) perennial herb, syg, 4320-5000

ft; JF820, 1518, MT214 (SRSC).

§ Sophora secundiflora (Gomez-Ortega) Lag. ex DC, Mescal

bean, shrub, dca; BRM 3248 (BGWMA).

hinners) B.LTurner,
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L880-5680 ft; JF 757 (BIBE);JF 744c, 757, 1246, 1258, 1280,

'282, 1320, MT 149, 225, 240, 250 (SRSC); JF 1282 (TEX-LL).

§ Quercus intricate Trel., Dwarf oak, shrub, 5800 ft; PVWs.n.

(KANU).

tfC). In Sue Peaks canyon.

Quercus mohriana Buckl. ex Rydb, Mohr shin-oak, uncom-

mon shrub, chp, 5240-5840 ft; JF 1245, 1972,2161 (SRSC).

ispungens Liebm., [Quercus pungens subsp. vaseyana

jckley) E. Murray], Sandpaper oak, occasional shrub,

:, dca, syg/chp, 3 1 50-5680 ft; CMR 15828, BHW& LCH s.n.

[BGWMA); JF 303, 1223 (BIBE); PVWs.n. (KANU); BA2 5193,

5203, 5214, 5224, 5225, 5243, 5251, 5275, 5279, 5328, 5450,

>459, 5485, 5709 (SAT); JF 234, 303, 725, 736a, 749a-b, 818,

819, 1209a, 1220, 1022, 1045, 1223, 1308, 1550, 1709, 1897,

IF&MY1318a,AMP&SAP5139,MT76
/ 82,83,111 / 112,113,

130, 135, 139, 140, 142, 143, 186, 192, 194,247, BHW
f 184, 23397, BHW'&LCH BG- 163 (SRSC);BHW 10755,

BHW& LCH BG-163 (TEX-LL).

Fouquieriaceae

common shrub, dsc, syg, 1800-4880 ft; JM 89 (SAT); JF

750, 779 (SRSC).

Garrya ovate Benth. subsp. gotdmanii (Wooton & Standi.) Dahl-

ing, Goldman or eggleaf silktassel, uncommon shrub, dca,

syg, chp, 4040-5840 ft; PVWs.n. (KANU); JF 504, 770, 1202,

1239, 1307, PM 975, MT 1 14 (SRSC).

Gentianaceae

Centaurium arizonicum (A. Gray) A. Heller, Arizona centaury,

Rosita, uncommon annual herb, dsc, dar, rio, 1800-3640

fX;JF710a,HTF 1232, MT 10 (SRSC).

Centaurium calycosum (Buckley) Fernald, Centaury, uncom-

mon to"rare"or"sparse"annual herb, chp, 5 150 ft; BA25194,

5689 (SAT); JF 1323, AMP & SAP 5130, TR 153, MT 178, 196,

BHW& LCH BG-156 (SRSC).

Eustoma exaitatum (L.) Salisb. ex G. Don, Catchfly prairie

gentian, uncommon annual herb, rio, 1 800 ft; BA2, DG, TF,

& PC 4604, EGM 135, BHW 648, 13048 (BIBE); JF2254, BHW
13048 (SRSC); BHW 13048 (TEX-LL).

Hydrangaceae

Cliff fend

chp, 4040-5840 ft; JF 72 la, 1266, 1277, 1963 (SRSC).

# Philadelphus microphyllus A. Gray var. microphyL

mockorange, rare shrub, syg, chp, 4040-4900 ft; JF719,

726, 753 (SRSC).

Hydrophyllaceae

# Noma dichotomum (Ruiz & Pav.) Choisy, Wishbone fiddle-

leaf, rare annual herb, chp, 5840 ft; JF 1965 (SRSC).

Noma havardii A. Gray, Havard fiddleleaf, uncommon annual

herb, dsc, dar, 1800-3480 ft; JF 317, 2035 (SRSC); AT2241

(TEX-LL).

dsc, dar, 1850-3560 ft; AL 776(BIBE);JF477, 1006,GLW4467

(SRSC); BHWC307 (TEX-LL).

mon annual herb, dar, dca, syg, 2560-5080 ft; JF423, 505a,

744a (SRSC); RRI 556 (TEX-LL).

# Phaceliapallida I.M. Johnst., [Phacelia petiotata I.M. Johnst],

Pale phacelia, rare (G2S1) perennial herb, dca, 2780-2850

ft; JF185, 954 (SRSC).

§ Phacelia popei Ton. & A. Gray, Pope phacelia, annual herb,

dca, 2560 ft;/?/?/ 553 (TEX-LL).

Phacelia robusta (J.F. Macbr.) I.M. Johnst., Stout phacelia, rare

to"infrequent"annual herb, dar, dca, 2000-31 50ft; JF 1587,

1703, BHW 18402 (SRSC).

Juglandaceae

§ Jugians major (Torr.) A. Heller, Arizona walnut, tree, dca; CMR
2602, 2607 (SAT).

Jugians microcarpa Berland., Little walnut, occasional tree,

dca, 3050 ft; JF1151 (BIBE & SRSC); WFM s.n., CMR 5130

(BGWMA); BA2 5235 (SAT).

Krameriaceae

Krameria erecta Willd. ex Schult, Range ratany, uncommon
shrub, dsc, syg, 3800-4360 ft; BA2 5344 (SAT); JF 569, BHW
10792 (SRSC); BHW 10792 (TEX-LL).

dsc, dca, rio, syg; 1 800-4800 ft; 5MU49, TR52 (BGWMA); BA2,

DG, TF,&B4920{mE); BA25189, 5480 (SAT); JF236, 371, 828,

1056,1188, 1898,2102,TR17, 1 52, Ml'85, BHW'&LCH BG-1'95,

BHW&MCJ 16863 (SRSC); BHW636 (TEX-LL).

perennial herb, dca, syg/chp, 4650-5680 ft; JF 1283a, 1951

§ Hedeoma drummondii Benth, Drummond pennyroyal, an-

nual or perennial herb; BLT22-147 (TEX-LL).

Hedeoma nana (Torr.) Briq., Dwarffalse pennyroyal, occasional

annual or perennial herb, 21 20-5800 ft; JF 679 (BIBE); JF

494, 534, 546, 679, 869, 949, 1042, 1270, 1329, 1702, 1719,

BLT22-152 (SRSC).

§• Hedeoma plicata Torr., Veiny false pennyroyal, perennial

herb; BRM3129, CMR 5071 (BGWMA); BLT 22-1 52 (TEX-

occasional perennial herb, dsc, syg, 3560-5080 ft; JF740

(BIBE); JF230, 281, 740, 834 (SRSC).

§ Mentha arvensis L, Wild mint, rare perennial herb, 1 800 ft;

EGM 158, 167, BHW832 (BIBE); BHW832 (SRSC &TEX-LL).

dca, syg/chp, 3500-5680 ft; BRM & BPM 3 103 (BGWMA); JF

505, 766, 1283, 2171, TR 154, MT 107, BHW & LCH BG-1 71

(SRSC).

McClint. & Epling], Sm;

subsp. depressum (Small) E.M



, 1800-3520 ft; HTF 1234, Bl

<num berlandieri Hook., Berlandierflax, occasional annual or

perennial herb, dsc, dar, dca, syg, 3560-4600 ft; CMR 5090;

BHW&LCH s.n. (BGWMA); ACK827 (BIBE); BA2 5338, 5568

(SAT);JF265/
295,525,552,826,1049,AMP&SAP5137,BHW

&LCHBG-1 49 (SRSC).

Linum hudsonioides Planch., Texas flax, rare perennial herb,

dsc, 3800 ft; JF&HL 1893 (SRSC).

'num rupestre (A. Gray) Engelm. ex A. Gray, Rock flax, oc-

casional perennial herb, dsc, dar, dca, 1800-3840 ft; BRM

3 136, BHW& LCHs.n. (BGWMA); BA2 52 18, 5310, 5703 (SAT);

JF241, 276, 847, 1016, 2071, Ml 48, 177, TR 282, OCW509,

BHW 10828, BHW& LCH BG-84, BG-164 (SRSC); BHW 10828

(TEX-LL).

herb, dsc, dar, dca, 2000-3400 ft; CMR 5077 (BGWMA); JF

172,808, 1383, 1 724, MT21 8 (SRSC).

jcnide bartonioides Zucc, Yellow rocknettle, uncommon to

ft; BA2&PC4754(m£);BRM3104(BGWMA)-l
BA2 4754,5509

(SAT); JF 1 77, 286, 532, 2089, BHW 18400, 206 1 9 (SRSC).

o Mentzelia mexicana H J. Thompson & Zavortink Mexican

blazingstar, rare perennial herb, dar, dca, 1800 ft; JF 2031,

2066 (SRSC).

Ao Mentzelia multiflora (Nutt.) A. Gray, Desert mentzelia,

la Nutt.,Chickenthief,stickleaf, rare pe-

rennial herb, dsc, dca, 2350-3720 ft; JF231, 1333 (SRSC).

Mentzeliapochyrhiza i.M. Johnst* Coahuila blazingstar, uncom-

mon perennial herb, dsc, dca, 2850-3640 ft; JF312, 840,

950, BHW 13071 (SRSC).

Buddleja marrubiifolia Benth., Wooly butterflybush, occasional

shrub, dsc, dar, dca, 1850-3900 ft; CMR 1 1586 (BGWMA);

SJ6502 (SAT); JF 150, 436, 835, 1375, 1721, 2012, MT9, 168,

BHW 10759, BHW & LCH BG-77 (SRSC); BHW 10759, BHW&
LCHBG-77 (TEX-LL).

Lythraceae

§ Lythrum californicum Torr. & A. Gray, California loosestrife,

"infrequent" perennial herb, 1 800 ft; BHW 896 (TEX-LL).

Malphigiaceae

:ilis A. Gray, Helicopter bush, slenderjanusia, occa-

sional perennial herbaceous vine, dsc, dar, dca, 1800-3720

ft; EGM 122 (BIBE); CMR 15112 (SAT); JF242, 647, 1332,AMP

& SAP 5308, BLT& MT2 97-377, BHW 10793 (SRSC); BLT&

MT2 97-337 (TEX-LL).

mon subshrub, dsc, dar, dca, 1 850-2050 ft; EGM 154 (BIBE);

JF643, 1082, 1604, 1 643, 2004, 201 9, BHW 12886 (SRSC).
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perennial herb, dsc, dar, dca, 2750-3700 ft.AF 187 (BIBE); JF

841,969, 1140, 2169 (SRSC).

perennial herb, dsc, dar dca, 1 800-3560 ft; 77? s.n. (BGWMA);

JF469a, 668, 101 1, 1648, 2084, BLT&BD 23-171 (SRSC); BIT

&BD 23-1 71, BHW 91 58, 10839 (TEX-LL).

§ Herissantia crispa (L) Brizicky, Netvein mallow, "frequent"

subshrub, dsc, dar, 1800-1900 ft; HCH s.n., BHW 13064

(SRSC); HCHs.n. (TEX-LL).

Hibiscus coulteri Harv ex A. Gray, Desert rosemallow, oc-

casional subshrub, 2400-4300 ft; JF444, 846, 1480, 1582,

2184, MT51, BHW 10820, BHW&LCH BG-152 (SRSC); BHW
10820, BHW& LCH BG- 152 (TEX-LL).

dsc, dca, 3200 ft; BRM 3 120 (BGWMA); JF 1471 (SRSC).

subshrub, 21 00 ft; OCW358 (SRSC).

*# Malva parviflora L, Cheeseweed mallow, rare annual or

perennial herb,R[0, 1 800 ft; AL 304, 308 (BIBE & SRSC).

§• Malvellalepidota (A. Gray) Fryxell, Scurfymallow, perennial

herb, dar, 2560 ft; OES 1335 (TAES).

# Malvella leprosa (Ortega) Krapov., Alkali mallow, dollarweed,

rare perennial herb, dsc/dar, 2400 ft; JF 1423 (SRSC).

§ Rhynchosida physocalyx (A. Gray) Fryxell, Spearleaf sida,

buffpetal, "infrequent" perennial herb, 2250 ft; BRM 31 71

(BGWMA); BHW& LCHBG-194 (SRSC).

olia Mill., Spreading sida, occasional perennial

herb, dsc, dca, 1 800-2850 ft; JF 166, 956, 1325, 1439, 2008,

HCH s.n. (SRSC).

+o Sida longipes A. Gray, Stockflower fanpetals, uncommon

perennial herb, dsc, dar, syg, 3440-4800 ft; JF 1539, 1920,

2175 (SRSC).

Sphaeralcea angustifolia (Cav.) G. Don, Narrowleaf globe-

mallow, occasional perennial herb, dsc, dar, dca, rio, syg,

1800-5300 ft; BRM 3121, CMR 1 1593 (BGWMA); CN 499

(BIBE); JF585, 803, 1415, 1461, 1986, 2104, 2268, BH 641

(SRSC); BHW247 (TEX-LL).

§• Sphaeralcea hastulata A. Gray, Spear globem

quent" perennial herb, dca, 2560 ft; RRI 21431 (TEX-LL).

Nyctaginaceae

1 800-3720 ft; JF 243 (BIBE); JF 243, 844, 1352, 2015, 2022,

BLT& BD 23- 160, BHW 91 59, 1 0790, BHW&MCJ 1 6846, BHW
&BLT8324(SHSQ;BLT&BD23-160,BLT&MT297-346b,BHW

10790 (TEX-LL).

rabia, uncommon perennial herb, dsc, dca, 1850-4000 ft;

BA25188 (SAT); JF 1070, MT 157, GLW4479 (SRSC).

windmills, occasional perennial herb, dsc, dca, 1 800-2750

ft; EGM 168 (BIBE); BA2 5356 (SAT); JF 171, 651, 936, 2065,

AMP & SAP 5304, BHW 20879, BHW & MO 16848 (SRSC);

BHW 702 (TEX-LL).

§ Ammocodon chenopodioides (A. Gray) Standi. [Acleisanthes

chenopodioides (A. Gray) R.A. Levin], Goosefoot monopod,

>rb; BLT&BD 23- 160 (SRSC).
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§ Anulocoulis eriosolenus (A. Gray) Standi. [Boerhavia eriosolena

A. Gray], Big bend ringstem, "infrequent to locally com-

mon" annual or perennial herb, dsc, dar, dca, 1800-2320

ft; EGM 146 (BIBE);AMP& SAP 61 41, BLT&MT2 97-351, BMW
16676, 20878, 20949 (SRSC); DSC&HBC30639, OES 1632, BLT

&MT2 97-340 (TEX-LL).

BoerhaviaanisophyllaTon.,W\r\ef\oYm, uncommon perennial

herb, dar, dca, 1 800-3000 ft; JF 1468, 2073, 2 134,AMP& SAP
3614, BHW 16690, BMW, BLZ&JDA 8335 (SRSC); BHW2103 1,

BHW, BLT, &JDA 8335 (TEX-LL).

perennial herb, dca, 3065 ft; JF 1 120 (SRSC).

1800-2320 ft; AMP, SAP, MLP & AL2 6102, TRV s.n., BHW
20877, BHW& LCH BG-185BHW& BLT8315 (SRSC); HCHs.n.,

AMP& SAP 3614, BLT&MT2 97-342 (TEX-LL).

§ Boerhavia linearifolia A. Gray, Narrowleaf spiderling, annua!

herb, 4600 ft; BA2 6190, CMR5060, OCW5810- 1 (BGWMA);

BA2 5326 (SAT); AMP & SAP 5 120 (SRSC).

§ Boerhavia spicata Choisy, Creeping spiderling,

to frequent" annual herb, 1800 ft; BHW 695, 20948, BHW
&MCJ 16849 (SRSC).

§ Boerhavia torreyana (S.Watson) Standi., Creeping spiderling,

annual herb,2100 ft; BHW8315 (TEX-LL). Head of Boquillas

Canyon in 1948. A newer taxon recognized in the Flora.

Cyphomeris gypsophiloides (M. Martens & Galeotti) Standi.,

Birdfruit, red cyphomeris, uncommon perennial herb, dsc,

dar, dca, syg, 1 800-4360 ft; JF348 (BIBE); BA2 5449 (SAT); JF

348, 545, 951, 1 172, 2086 (SRSC).

§ Mirabilis albida (Walter) Heimert White four o'clock, peren-

nial herb; BA2 5527 (SAT).

rare perennial herb, syg/chp, 5300-5840 ft; JF 1982,2159

(SRSC).

msis (J.M. Coult.) B.L Turner, Texas mirabilis, un-

common perennial herb, dsc, dar, dca, 2750-4200 ft;.//
1
165,

809, 960, 1502, 2 1 73, BLT& MT2 97-343, BHVS 10776, 10844,

BHW&MO 16829 (SRSC); BLT&MT2 97-343 (TEX-LL).

§ Nyctaginiacapitata Choisy, Devil's boquet, perennial herb;

TM 137 (SAT).

Oleaceae

Forestiera angustifolia Torn, Narrowieaf forestiera, common
shrub, dsc, dar, dca, 1920-4400 ft; BHW & LCH BG-153

(BGWMA); BA2 5256, 5266 (SAT); JF 374, 493, 572a, 2181,

JF & HL 1899, AMP & SAP 5826, BHW 184 1 1, 2 1203, BHW
& LCH BG-153, BHW&MCJ 15996, GLW4459 (SRSC); WBM
2022 (TAES).

dca, 3500-4800 ft; BHW & LCH BG-173 (BGWMA & SRSC);

JF 1947 (SRSC).

Fraxinus greggii A. Gray, Gregg ash, common shrub, dsc, dar,

dca, syg, 2500-4900 ft; 77? 243 (BGWMA); BA2 5358, 5570

(SAT); JF246, 568, 728, 1 131, TR 296, MT07b, BHW 20623,

BHW&MCJ 15983 (SRSC).

casional perer herb, dsc, dar, dca, 2350-4600 ft; CMR

5062, OCW 9027 (BGWMA); JF 334 (BIBE); BA2 5447, 5528

(SAT); JF 226, 334, 517, 946, 1 1 15, 1359, 1360, AMP & SAP

5 122, 51 45, MT7 (SRSC).

shrub, dsc, dar, dca, 1 800-5080 ft; BHW 1 123, 72887 (BIBE);

BA2 5699 (SAT);JF 582, 754, 1482, 1520,BGH639,MT56, 180,

222, BHW 10783, 10803, 12887, 13037 (SRSC); BHW 10783,

12887 (TEX-LL).

Onagraceae

§ Calylophus greggii A. Gray [Calylophus hartwegii (Benth.) RH.

Raven subsp. pubescens (A. Gray) Towner & RH. Raven],

Gregg sundrops, "infrequent" subshrub, 2150 ft; HTF

1225 (SRSC).

Calylophus hartwegii (Benth.) RH. Raven subsp. hartwegii,

);BA2 5247 (SAT);

JF 11 10,1 17a, OCW508 (SRSC).

Gaura boquillensis RH. Raven & D.R Gregory, Boquillas gaura,

occasional (G2S2) subshrub, dsc, dca, rio, 1800-4400 ft; JS

& AL 301, 304 (BIBE);JF 1363, 1380, 1538,2091,2117,2147,

AMP& SAP 3608, BHW 1008, 18397, GLW4481 (SRSC); BHW
1008 (TAES); AMP & SAP 3608 (TEX-LL).

§ Gaura caicicola RH. Raven & D.R Gregoryjexas beeblossom,

"infrequent" perennial herb; 2200-2400 ft; TR 75 (SRSC).

herb, dsc, dar, 2200-3520 ft; 77? 75 (BGWMA); BA25186, 5248,

5290, 5306, 5522, 5563, 5576 (SAT); JF 14 18, 1460, BLT& BD

23-173, GLW4449 (SRSC); BLT&BD 23-1 73 (TEX-LL).

§ Gaura parviflora Lehm. [Gaura mollis Kunth], Velvetweed,

perennial herb, rio, 1 800 ft; AL 305 (BIBE).

§ Ludwigia peploides (Kunth) RH. Raven, Floating primrose-

123 1, EGM 159 (SRSC); EGM 159, BHW C297 (TEX-LL).

+ Oenothera brachycarpa A. Gray, Shortpod evening-primrose,

rare perennial herb, dca, syg/chp, 3560-5200 ft; JF 521,

1311, 1953 (SRSC).

Oenothera kunthiana (Spach) Munz, Kunth sundrops, occa-

sional annual or perennial herb, dsc, dar, dca, rio, 1 800-3560

ft; BRM 3170, CMR 5139 (BGWMA); JF 510, HTF 1229, AMP
& SAP 4300, 5388, BHW 18384, 47055 (SRSC); RRI & BHW
21362 (TEX-LL).

§• Oenothera laciniata Hill, Cutleafevening-primrose, annual

or perennial herb; BA25513, 5574 (SAT).

"frequent" annual herb, 2000 ft; BHVJ&MCJ 16088 (SRSC

& TEX-LL).

nial herb, dca, 1800-3000 ft; JF 798, 2076 (SRSC).

§ Oenothera triloba Nutt, Stemless evening-primrose, "infre-

quent" annua! or biennial herb, 1800-4000 ft; BA2 5564

1228 (SRSC).

Orbanchaceae

mon annual herb, dar, dca, 1800-2120 ft; BRM 3172

(BGWMA); JF 677 (SRSC); DSC & WOO 30714, BHW 838

(TEX-LL).

irandegee, Spike
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§ Oxalis drummondii A. Gray, Drummond wood:

nial herb; M7228 (SRSC).

+ArgemonechisosensisGB.Owr\bey,Ch\sos mountain prick-

lepoppy, rare annual or perennial herb, dsc, dar, 2350-2400

ft;VM4H 7579 (SRSC).

§ Argemone mexicana L, Mexican pricklepoppy, rare annual

herb, Rio, 1 800 ft; AL 299 (BIBE); AL 300 (SRSC).

Argemone sanguined Greene, Red pricklypoppy, rare annual

or perennial herb, dsc/dar, dca, 2800 ft; CMR2605 (SAT);

JF 966 (SRSC).

issiflora tenuiloba Engelm., Passionflower v

perennial herbaceous vine, dsc, dar, dca, 1 8(

3150, 3150b; CMR 5082 (BGWMA); AL 142, 143,318 (BIBE);

BA2 52 15 (SAT); JF 189,306,963, 1076, 1361, 1591,2129,TR

281, BHW20606 (SRSC); 77? 249 (TEX-LL).

5557 (SAT); JF 498, 814, 1026, 2163, BHW 10761 (SRSC);

BHW 10761 (TEX-LL).

§ Ipomopsis havardii (A. Gray) V.E. Grant Havard ipomopsis,

"infrequent" perennial herb; BHW&MO 15907 (SRSC).

§• Phloxnana Nutt, Santa Fe phlox, [Phloxmesoleuca Greene],

perennial herb; BA2 5371, 5519, 5562 (SAT).

Polygalaceae

Poiygala alba Nutt. White milkwort, uncommon perennial

herb, dsc, chp, 3500-5 1 50 ft,ACK828 (BIBE); BA2 52 12, 5378

(SAT); JF 251, 1227, MT72, BHW&LCH BG-158 (SRSC).

Poiygala barbeyana Chodat, [Poiygala longa S.F. Blake], Nar-

72890 (SRSC).

Phytolaccaceae

:,rso

a, 2920-3050 ft; CMR 5031 (BGWMA); JF2 1 6a, 1 137

Dolygale

herb, dsc, dar, dca, syg, 2200-5500 ft; TR 122, BHW&LCH
s.n. (BGWMA); BHW 1006 (BIBE); BA25286, SJ6506 (SAT); JF

158,252,267,288,864, 1099,1160, 1259, 1 503, 2 174, 21 83, TR

122, CMR 5070, MT28, 244, BHW 10798,21197,23401, BHW
& LCH BG- 169, BHW&MCJ 16826 (SRSC); BLT& BD23- 1 72b,

BHW 10798 (TEX-LL).

leimeri, Shrubby milkwort,

,
1800-3050 ft; BA2 5196,

5244, 5696 (SAT); JF 964, 1009, 1058, 1071, 1 148, 2070, Ml
12, 29, 200, BHW 10809, BHW& LCH BG-70, BG- 134, BG- 182

(SRSC); JF 1071, BHW& LCH BG-1 34 (TEX-LL). This may be

the species'western limit according toTurneretal. (2003).

Thes<

Plantagohelleri Small, Heller plantain, locally common annual

herb, dsc, syg/chp, 3300-5300 ft; OCW584-20 (BGWMA); JF

620,785, 1250 (SRSC).

§ Plantago hookeriana Fisch. & C.A. Mey., California plantain,

ent" annual herb, dca, 2560 ft; BHW 21422 (TEX-

LL).

+o Plantago patagonica Jacq., Bristlebract plantain, uncom-

mon annual herb, dsc, dar, dca, syg, 1 800-5300 ft; JF 1252,

1609, 2082 (SRSC).

Plantago rhodosperma Decne., Redseed plantain, uncom-

mon annual herb, dsc, dar, dca, 2350-2560 ft; BRM 31 12

(BGWMA); RH20, 43 (SAT); JF 1335, 1430 (SRSC); RRI 21423

(TEX-LL).

Polemoniaceae

Gilia incisa Benth v Splitleaf gilia, rare annual or perennial

herb, dsc, 2850-4000 ft; BA2 5308, 5573, 5577 (SAT); JF

944 (SRSC).

§ nis (Brand) Cory & KB. Parks, Marki

frequent" perennial herb, 2250 ft; BHW&LCH BG-200

(SRSC).

Gilia rigidula Benth. subsp. acerosa (A. Gray) Wherry, Button

gilia, blue gilia, uncommon annual herb, dsc, 3560-4300

ft; BA2 5372 (SAT); JF245, 284, 870, MT97 (SRSC).

Stewart gilia, uncommon annual

herb, dsc, dar, 3400-4800 ft; BRM 3221 (BGWMA); BA2

acters [e.g., JF 964 (SRSC); Powell in prep.].

Poiygala lindheimeri A. Gray var. parvifolia Wheelock [Po-

iygala tweedyi Britton ex Wheelock], Shrubby milkwort,

uncommon perennial herb, dsc, dca, 1850-2600 ft; JF

929, 108 1 (SRSC).

Poiygala macradenia A. Gray, Glandleaf milkwort, common

perennial herb, dsc, dar, dca, 1850-4360 ft; BRM 3226

(BGWMA); ACK 824 (BIBE); BA2 5228, 5547, 5553 (SAT); JF

239,275, 354, 854, 1529,2007, BHW 10797,20955, BHw&BLT

83 16, GLW 4446 (SRSC); BLT& BD 23-166, TRV, GLB & WEH

85-46, BHW& BLT8316 (TEX-LL).

perennial herb, dsc, dar, dca, 2200-4800 ft; CMR5064, 1 1590

(BGWMA); BA2 5289, SJ 6499 (SAT); JF 425, 506, 580, 1 165,

1 190, 1365, TR 124, OCW502, BHW20624, 21 199, GLW4440,

4452 (SRSC); BLT&BD23-165, 23-1 72a (TEX-LL).

:, 3350 ft; JF 1718 (BIBE & SRSC); JF

JF939, 1381, 1 635, AMP & SAP 5 123 (SRSC).

ho Eriogonum rotundifolium Benth., Roundleaf bi

rare annual herb, dar, 2350 ftJF 1384 (SRSC).

herb; BRM 3206 (BGWMA).
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"infrequent" perennial herb, 1 800 ft; BHW, BLT&JDA 8336

(SR5C).

[Persicaria pens) |, annual herb, 1 800

ft; BHW 641 (BIBE).

*§ Persicaria maculosa Gray [Polygonum persicaria L], Spotted

ladysthumb/'infrequent"annual herb, 1800-1 850 ft;KM
161 BHW642 (BIBE); BHW21 51 7 (TtX-LL).

*§ Rumex crispus L, Curly dock, "infrequent" perennial herb,

1800 ft; BHW 18387 (SR5C).

# Rumex maritimus L, Golden dock, rare annual or biennial

herb, dca, 1 800 ft; JF2 1 18 (5RSC).

Portulacaceae

.^£C •'*

(Engelm.) Wooton & Standi [Phe-

is (Englem.) Kiger], Narrow-leaf

nnial herb, dar, 1900 ft; JF 2040a

icus: the Flora of North America

(FNA 2003a) states that the purported distinctions creat-

ing separate species break down under a continuum of

intergradation, but collections examined from Brewster

County (JF 2270-2274 SRSC) demonstrate that individuals

clearly representing both concepts occur at the same site

with no intergradation of characters (Powell in prep.).

+ Phemeranthus aurantiacus (Engelm.) Kiger [Talinum auran-

tiacum Engelm.], Orange fameflower, rare perennial herb,

dsc, 3880 ft; JF293, 2040a (SRSC).

# Phemeranthus brevicauiis (S. Watson) Kiger, Dwarf fame-

1967a (SRSC).

Portulacaoleracea L, Purslane, verdolaga, rare annual herb, dar,

dca, 2500-2880 ft; 77? s.n. (BGWMA); JF204 (SRSC).

nial herb, dsc, dar, dca, syg/chp, 1800-5840 ft; BHW 12901

(BIBE); BA2 5281, 5379 (SAT); JF 176, 240, 272, 1 154, 1979,

2099, MT6, 209, 243, BHW 1290 1, JF&MY 13 16, BHW& MCJ
16843 (SRSC); BHW 12901 (TEX-LL).

Primulaceae

herb, rio, 1800 ft; AL303 (BIBE).

§ Samolusebracteatus subsp. cuneatus (Small) R. Knuth, Lime-

water brookweed, "infrequent" perennial herb, rio, 1800 ft;

EGM 130 (BIBE); HTF 1223, BHW 13049 (SRSC).

Rani

windflower, tuber anemone, rare perennial herb,

2560-4440 ft; JF 562, BHW&MO 15986 (SRSC).

'ematis drummondhTorr. & A. Gray, Virgin's bower, o

1 800-4080 ft; JF 178, 1334, 1424, TR295 (SRSC).

casional annual herb, dsc, rio, 1800-2600 ft,JF932, 2226

(SRSC).

shrub, dca, syg, 4040-5840 ft; PVWs.n. (KANU); BA2 5537

(SAT); JF 727, 746a, 771, 1211, 1275, 1976, PM 974, MT226,

239 (SRSC).

§ Condalia ericoides (A. Gray) M.C. Johnst, Javelinabush, shrub;

CMR1 1624 (SAT).

Condalia viridis I.M.Johnst., Green condalia, occasional shrub,

dsc, dar, dca, syg, 2350-4880 ft; JF 161, 744b, 1348, 1386,

7427, TV/? s.n. (SRSC).

Condalia warnockii M.C Johnst,Warnock condalia, uncom-

mon shrub, dsc, dar, dca, syg, 1 800-4650 ft; JF 1 185, 2085,

BHW 10814 (SRSC); BHW 10814 (TEX-LL).

Karwinskia humboldtiana (Willd. ex Roem. & Schult.)

Zuco, Coyotillo, locally uncommon shrub, dca, rio /dsc,

1800-3150 ft; BHW 834 (BIBE, SRSC, & TEX-LL); JF 1595,

2001, 2135 (SRSC).

usifolia (Hook, ex Torr. & A. Gray) A. Gray, Lotebush,

occasional shrub, dsc, dar, dca, 2200- ca. 4000 ft; BA25226,

5261, 5706 (SAT); JF 1312, 1419, 1426, TR 1 17 (SRSC); AG
380 (TEX-LL).

Rosaceae

Cercocarpus breviflorus A. Gray [Cercocarpus montanus Raf. var.

mahogany, rare shrub, chp, 5800-5840 ft; PVWs.n. (KANU);

JF 1267,1 977 (SRSC).

Cercocarpus glaberoides R.A. Denham var. glaber [Cercocarpus

Wats) EL Martin], Smooth mountain mahogany, uncom-

mon shrub, dca, syg/chp, 3500-5680 ft; OCW9036, BHW&
LCHs.n. (BGWMA); PVWs.n. (KANU); BA25439, 5452 (SAT); JF

716, 1021, 1 197, 1274, 1278, 1281, MT64, 109, 1 15, OCW338,

BHW&LCHBG-150(SRSQ.Trans-Pecos mountain mahoga-

montanus (Powell 1 998) and are now recognized by some

as different species (Turner et al. 2003, Powell in prep.).

Faliugia paradoxa (D. Don) Endi. ex Torn, Apacheplume, oc-

casional to locally common shrub, dar, dca, 2350-4040 ft;

BRM 3108, TR s.n. (BGWMA); BA2 5249, 5329 (SAT); JF 157,

1111, 1378, PM 978, TR 1 14, MT201, BHW & LCH BG-168

(SRSC); BHW& LCH BG-88 (TEX-LL).

Malacomeles denticulata (Kunth) G.N. Jones, [Amelanchier

shrub, dca/syg, chp, 3800-5080 ft; PVWs.n. (KANU); BA2

5536 (SAT); JF511, 717, 728a, 822, 1 184, 1954, BHW 10826

(SRSC); DHR2298, BHW 10826 (TEX-LL).

Petrophyton caespitosum (Nutt.) Rydb., Mat rockspirea, tufted

rockmat, rare subshrub, syg, 4750-5840 ft; JF 786, 1269,

MT232 (SRSC).

Prunushavardii(W.W\ghX) S. C Mason, Havard plum, uncom-

mon to occasional shrub dar, dca, syg, 3050-5840 ft;JF 1 109

(BIBE); J/
:
742, 1109, 1266a, 1 973, PM 973 (SRSC); BHW& LCH

BG- 140 (SRSC & TEX-LL).

blia (Torr. ex Gray) Henrick., Heath cliffrose, com-

mon shrub, dca, syg, chp, 2050-5150 ft; BA2 6192, CMR
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5067, 5133, 15832, TRs.n. (BGWMA); PVWs.n. (KANU); BA2

5366 (SAT); JF751, 948, 1098, 1601, 1672, 1902, MT25, 94,

171, TR 115, BHW 10836, 16682, 20622, BHW& LCH BG- 138,

BHW&MO 16831 (SRSC); BHW 10836, BHW&LCH BG-138

(TEX-LL).

(Rydb.) WJ. Hess & Henrickson, Narrow-leaf vauquelinia,

occasional shrub or tree, dca, syg, 4200-4800 ft; BA2 5555

(SAT); JF496a, 577, 862, PM 972, BHW 10778, 10784, BHW&
MO 16683 (SRSC); BHW 10778 (TEX-LL).

herb, dar, dca, syg, 3500-5080 ft; JF 428, 745 (SRSC).

Hedyotis acerosa A. Gray var. acerosa, Needleleaf bluet, com-

mon perennial herb, dsc, dar, dca, syg/chp, 3500-5840 ft;

BRM 3229 (BGWMA); BHW889 (BIBE); JF250, 287, 330, 480,

491,824, 1051,1101, 1 71 7,MT27a, 57, OCW323, BHW 10825

(SRSC); BHW 10825 (TEX-LL).

icata Fosberg, Tangled starviolet, fascicled bluet,

)ca, syg/chp, 3800-5800 ft; PVWs.n.

(KANU);JF 294,481, 749, 866, 1487,MT91, 169,8HW&MCJ

16684 (SRSC).

Hedyotis nigricans (Lam.) Fosberg var. nigricans, Diamondflow-

ers, common perennial herb, dar, dca, 1 800-4360 ft; BRM

3139mWMA);JF500,AL196(mE);BA25342(5AT);JF156,

186, 424, 500, 541, 801, 823, 1 129, 1530, 1924, 1925, 1926,

193 1, JF&MY 1354 (SRSC); BLT& MT2 97-335 (TEX-LL).

Hedyotis pooleana B.L. Turner, [Stenaria mullerae var.

pooleana (B.L. Turner) Terrell], Jackie's bluet, occasional

(G1T1S1) perennial herb, dsc, syg, 2700-5680 ft; JF 237,

713, 775, 1168, 1288, 1553, 1605, 1715, 1716, 1916, 1961,

1 962, 2192,21 95, JF & MD 553, JMP 2527 (SRSC); JMP 2527

(TEX-LL).This taxon is deserving of more systematic work;

its relationship to the variable Mexican species Houstonia

varietal versus specific designation of Hedyotis pooleana,

two specimens of Hedyotis angulata seem to approach

vegetative characters of Hedyotis pooleana {Tharp 270,

Wamock 23716 SRSC) which is supposedly restricted to

the DH mountains. Hedyotis pooleana is also apparently

slightly morphologically plastic, with a few specimens

showing a more branched habit, even approaching

Hedyotis angulata, as opposed to the characteristic

densely-matted growth.

Rutaceae

Ptelea trifoliata subsp. angustifolia (Benth.) V.L Bailey, Common

hoptree, skunkbush, rare shrub, syg, chp, 4800-5680 ft; BA2

327 (SAT); JF 12 13, 1294, 2162, MT 185 (SRSC).

Thamnosma texanum (A. Gray) Torn, Dutchrr

herb, dsc, dar, dca, syg, 1 800-5840 ft; BRM 3 122, CMR 508

1

(BGWMA); JF488, 747, 1583, 1995, BHW 18394, BHW& LCH

BG-69, BHW&MO 15906, GLW4441 (SRSC).

, 1800 ft; EW1 9709 (SRSC).

Ira Dorn [Salix taxifolia Kunth], Yewleaf willow,

1/66 (BIBE).

Salix nigra Marshall, Black willow, uncommon tree, dca, rio,

1800-2350 ft; BHW647 (Bl BE); JF 1344, BHW 18389 (SRSC);

EGM 71, BHW21505 (TEX-LL).

Ungnadia speciosa Endl., Mexican buckeye, uncommon tree,

dca, 1 800-4420 ft; BRM 3109, TR84 (BGWMA); DBs.n. (SAT);

JF8 17, 1 144, 2075, 2127, TR 84 (SRSC).

Sapotaceae

§ Sideroxylon lanuginosum Michx. ssp. m (Gray) T.D.

?, dca, 2560 ft;

AL 240 (BIBE); BHW&MCJs.n. (SRSC).

Scrophulariaceae

§ Castilleja Integra A. Gray var. Integra, Wholeleaf

brush, perennial herb; BA2 5227, 5345, 5390, 5448, 5460,

5542, 5588 (SAT); BLT& BD 23- 169 (TEX-LL).

paintbrush, occasional per

21 50-5200 ft; TR 1 11, OCW9035 (BGWMA); OES 1332 (BIBE);

SJ 6497 (SAT); JF 151, 214,331, 485,774,830,833, 1210, 1580,

1720, 1908, AMP & SAP 5121, TR111, MT 14, 126, 133, 148,

153, 154, BHW 10851, BHW&LCH BG-71 (SRSC); BHW 10851,

BHW& LCH BG-71 (TEX-LL).

Leucophylium candidum I.M. Johnst, Boquillas silverleaf, oc-

casional to common shrub, dsc, dar, dca, 1800-4080 ft;

EGM 153,BHW13070{mE);JF329,567,836,837, 1464, 171 1,

2092,2124, PM238, BHW 13070, BHW& LCH BG-61BHW&

MO 16857 (SRSC); BHWs.n. (TEX-LL).

+ Leucophyllun

2083 (SRSC).

?ucophyltum minus A. Gray, Big Bend silverleaf, common

c, dar, dca, 2600-4300 ft; CMR 5066 (BGWMA); BA

107 (BIBE); DB s.n. (SAT); JF244, 266, 470, 83 1, 842, 1 162, MT

23,24, 125, BLT22-148, BHW 10804, BHW&LCHBG-161 GLW

4471 (SRSC); BIT 22-148 (TEX-LL).

laurandya antirrhiniflora Humb. & Bonpl. ex Willc

della antirrhiniflora (Humb. & Bonpl. ex Willd.) Rothm.l

dsc, dar, dca, 1 800-4080 ft; BRM 3105, TR 110 (BGWMA); JF

438, 971, TR 1 10, 1 13, MT 100, BHW 10807 (SRSC).

o, 1800 ft; AL 301 (BIBE); AL

302 (SRSC).

occasional perennial herb, dca, 1800-4600 ft; CMR 5061,

SMU39 (BGWMA);/*/. 745 (B I B E); JAS 3450 (NYBG);_//_3 866

(SAT); JF 180,838,974, 1313, 1681,2106, AMP & SAP 5124,

95, 183, BHW& LCH BG-162 (SRSC).

is (Cav.) Roth, Beardlip pi
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perennial herb, dar, dca, 31 60-4000 ft; JF222, MT216, BHW
10732 (SR5C); LCH & BHW BG-1 75 (TEX-LL).

+o Penstemon dasyphyllus A. Gray, Cochise beardtounge, rare

perennial herb, dar/dca, 41 20 ft; JF 724 (SRSC).

uncommon to "rare" perennial herb, 3500-5840 ft; JF

1306, BHW & LCH BG-175 (SRSC); MP 2725, BHW 10752

(TEX-LL).

aicata B.L Turner van falcata, Falcate blacksenna,

locally common annual herb, dar/syg, 4000-5500 ft; JF

1943 (BIBE, BRIT, SRSC, & TEX-LL); JF 571, 1 187, 1548, 1952,

1959; MT 137 (SRSC). New to the U.S. (Fenstermacher

2006).

Seymeria scabra A. Gray, Limpia blacksenna, uncommon
annua! herb, syg, 4880-5840 ft; BA2 5330 (SAT); JF 744d,

1 302;MT255 (SRSC).

# Stemodio coahuilensis B.L Turner, Coahuila twintip, rare

annual herb, dar, 2200 ft. Photo documented by Roy

Morey in February 2007: at the first mini-side drainage

Tinaja rrom the parking area; "one clump" of plant(s) was

found. Also known from Reed Plateau (Weckesserin prep).

Rare in the U.S.; mostly a Mexican species from Cuatro

Simaroubaceae

Holacantha stewartii C.H. Mull., Crucifixion thorn, rare shrub,

dsc, 3480-3700 ft; JF 1 145, JF & Hi 1900, BHW 1 1760

(SRSC).

§ Calibrachoa parviflora (Juss.) D'Arcy, Wild petunia, annual

herb, rlo, 1800 ft; AL 309 (BIBE).

Chamaesaracha pallida Averett, Pale five eyes, false night-

shade, uncommon perennial herb, dsc, dca, syg/chp,

1800-4800 ft; JF 2204, BHW 16846, 21 198, BHW & MO
16685 (SRSC).

Chamaesaracha sordida (Dunal) A. Gray, Hairy false night-

ft; BHW& LCH BG-74 (BGWMA); JEA&MWB51 9, 520, CMR
17157, TXDOT1324 (BIBE);7/

r
29a 449, 629, 654, 965,2047, BLT

& BD 23- 1 75, BHW20898 (SRSC); BLT& BD 23-

1

Chamaesaracha villosa Rydb., Trans-Pecos five eyes, wooly

dca, 1 900-2560 ft; JF 1442, TXDOTs.n., BHW2 1205, BHW&
LCH BG-74, BHW&MCJ 15909, BHW& BLT8327 (SRSC); JEA

& TJW 1 72, BHW2 1205 (TEX-LL).

# Datura wrightii Regel, Sacred datura, thorn apple, annual or

perennial herb, rio, 1800 ft; JF2262 (SRSC).

Lycium berlandieri Dunal, Berlandier wolfberry, occasional

shrub, dsc, dar, dca, 1800-3480 ft; EGM 10, BHW 13025

(BIBE); JF 1090, 1387, 1390, 1391, 1451, 2045, 21 10, MT205,

BHW 13025, 13067, GLW4463 (SRSC).

+o Lycium puberulum A. Gray var. berberioides (Correll) F.

Chiang, Downy wolfberry, rare shrub, dsc, 2350 ft; JF

1392 (SRSC).

dca, rio, 1 85C ft; CN 1 1739 (BIBE); CMR s.n. (S

2260 (SRSC).

'icotiana trigonophyila Dunal, Desert

JF 370, 440, 1446 (SRSC).

is (Dunal)

)0ft;CM? 764/7 (SAT);

Physai

chp, 2300-5840 ft; BA2 5231, 531 1 (SAT); JF 1981, MT 128,

OCW504 (SRSC).

Physaiishederifolia A. Gray, Ivyleafgroundcherry, uncommon
to occasional perennial herb, dsc, dar, dca, 1800-4650 ft;

OES 1334 (BIBE); JF 159, 216, 441, 1086, 1906, 2069, 2074,

MT36, 37, BHW 10779, BHW&MCJ 16825 (SRSC); TRV&GLB

85-36, BHW 10779 (TEX-LL).

Quincula lobata (Torr.) Raf. [Physalis lobata Torn], Chinese

lantern, purple groundcherry, "infrequent/sparse" peren-

nial herb, dsc, rio, 1 800-3800 ft; BHW 1227, 10747, JF2269

(SRSC); BHW 10747 (TEX-LL).

Solarium elaeagnifoiium Cav., Silverleaf nightshade, uncom-

mon perennial herb, dca, rio, 1 800-1 850 ft; EGM 160, BHW
645 (BIBE); JF1064 (SRSC).

nightshade, annual herb; FGM 137 (BIBE).

is nightsh

Sterculiaceae

Ayenia fiiiformis S. Watson, Trans-Pecos or narrowleaf ayenia,

uncommon subshrub, dsc, dca, rio, 1800-2250 ft; CMR
17160 (BIBE); JF 2034, BHW 18398, 20950, BHW& LCH BG-

187 (SRSC).

Ayenia microphylla A. Gray, Dense ayenia, uncommon to oc-

casional subshrub, dsc, dar, dca, 1 800-4800 ft; J(

2038,2172, BGH 632, AMP & SAP 5307, BHW 20620 (SRSC);

DSC&HBC30627, BHW 10791 (TEX-LL).

§ Ayenia pilosa Cristobal, Hairy or dwarfayenia, subshrub, 3000

ft; BHW& LCH s.n. (BGWMA); BHW& LCH BG-139 (SRSC).

Tamaricaceae

!!§ Tamarix aphylla (L) H. Karst, Athel tamarisk, saltcedar,

locally occasional tree, dsc, rio, 1 800-1 900 ft; BHW 13052

(BIBE); AMP 3349, BHW 13052 (SRSC); AMP 3349 (TEX-LL).

These large trees were historically planted around devel-

oped areas; those in the RGVarea are being targeted and

removed by NPS exotic plant eradication teams, as are

the Tamarix chinensis, but they are firmly established in

ong the river corridor into the future.

Torr,

2233, 2253, MT 179 (SRSC).

)0 ft; JF 1346,

CeltispallidaTon., Spiny hackberry, common shrub ortree, dar,

dca, rio, 1 800-2800 ft; CMR 5078 (BGWMA); JF21 12, TR 80,

MT204 BHW 14048 (SRSC).

§A Celtis reticulataTorr., Netleaf hackberry, palo bianco, tree.

Listed by Amos and Giles (1992) as occurring in Brushy
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ho Parietaha pensylvanica Muhl. ex

31 50-3560 fi;JF538,

herb, rio, dca, 1 800-? ft; BRM 3047, CMR 1 1635 (BGWMA);

JF2265 (SRSC).

1701 (SRSC). Violaceae

>Aloysiagratissima(G\\\\es8<Hook.)Trc>nc¥ Beebrush,white-

,, 1880-3480 ft; JF 671,

Hybanthus verticiliatus (Ortega) BailL, Babyslippers, uncom-

mon to rare perennial herb, dsc, syg, 3000-4900 ft; JF 220,

1322,2170,BHW10895(SRSQ.

1362, TR 102 {SRSQ. Viscaceae
ho Aioysia wrightii A. Helle

ft; JF476, 746 (SR5C).

IZXZca,syg/chp, 3560-5080
mistletoe, rare subshrub, dsc/syg, 41601^ 1896 (SRSC).

Phoradendron tomentosum (DC.) Engelm. ex A. Gra

Bouchea spathulataTorr., Spoonleaf, occasional shrub, dsc, dar,

dca, syg, 1 800-5000 ft; BA2, DG, IF, & B 4927 (Bl BE); PVWs.n.

(KANU); BA24927, SJ& GJ6503 (SAT); JF 170, 857, 151 1, MT
BHW 10749,1 0766 (TEX-LL).

mock vervain, uncommon perennial herb, dsc, dar, rio,

1 800-3520 ft; OE5 1492 (BIBE); HTF 1226, GLW4466 (SRSC).

mistletoe, uncommon subshrub, dsc, dca, 2780 ft; CMR

5097 (BGWMA); JF 182 (SRSC); AMP & SAP 4301 (SRSC &

TEX-LL).

mon subshrub, syg/chp, 2300-5000 ft; PVWs.n. (KANU);

JF 769, 1209, BHW 10845, 10846, OCW 505, BHW & LCH

BG-145 (SRSC).

618 (BIBE); CMR 16409 (SAT); JF 618, HTF 1224 (SRSC); BHW
&RRI 21430 (TEX-LL). The individuals found in BBNP may

be more appropriately placed under Glanduiaria vere-

ovveil 2005)
+ Cissus inciso (Nutt exTorn & A ' GrayJ Des Moulv Sorr

/erbena, uncommon annual KJF232, 1682 (SRSC).

10 ft; CMR 5140 (BGWMA); JF § Vitis ari2 :"perer

vrightii (A. Gray) Umber, Wright verben

ie±; CMR 16408 (SAT).

mthifolia Desf, Brushland shrubverben,

1 800-2780 ft; TR 103 (BGWMA); BA2 4636, 4936 (SAT); JF

163, 947, 1364, TR 103 (SRSC); BHW 831a (TEX-LL).

Lippia graveolens Kunth, Mexican oregano, scented lippia,

uncommon shrub, dsc, dar, dca, 1800-2350 ft; DG & TE

4613, EGM 148, BHW 13065 (BIBE); DG4613 (SAT); JF 1080,

1341, 1691, 2032,2142, AMP s.n., 5306, 5823, BHW 13065,

21202 (SRSC); BHW 83 1 (TEX-LL).

Phyla nodiflora (L.) Greene, Turkey tangle frogfru

perennial herb, rio, dca, 1800-2300 ft; AL 321, BHW 833

OCW 510, BHW20435 (SRSC).

§ Tetraclea coutteri A. Gray, Coulter wrinklefruit, stinkweed,

(BGWMA); BA2 5717 (SAT); BHW&LCH BG-1 84 (SRSC).

Verbena neomexicana (A. Gray) Small, Hillside vervain, New

1 800 ft; EGM 156, BHW 13038 (BIBE); BHW

13038, GLW4489 (SRSC).

Zygophyllaceae

Guaiacum angustifolium Engelm., Guayacan, Texas lignum-

vitae, common shrub, dsc, dar, dca, rio, 1800-3280 ft;

CMR 5033 (BGWMA); JF 224, 690, 2111JR 96, BHW 184 13

(SRSC).

§ Kallstroemia grandiflora Torr. ex A. Gray, Arizona poppy,

"infrequent" annual herb, dsc, dca, 1800-2320 ft; BLT&

MT2 97-336, BHW&MCJ 16867 (SRSC); EGM 53, BLT& MT2

97-336 (TEX-LL)

o Kallstroemia hirsutissima Vail, Hairy caltrop, uncommon

annual herb, dsc, 1900-3000 ft; JF 199, 219, BHW 13066

(SRSC).

BHW&LCH BG-1 97 (SRSC).

Larrea tridentata (Sesse & Moc. ex DC.) Coville, Creosote,

gobernadora, abundant shrub, dsc, dar, 1800-3560 ft;

ACK829 (BIBE); JJ 40, JT 30 (SAT); JF 606 (SRSC); D5 1091

il herb, rio, 1 800 ft; BA2, DG, TE,&PC4607,

EGM 157 (BIBE); BA2 4607 (SAT); JF2227, BHW23036, BHW

&MCJ 16850 (SRSC).
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ABSTRACT

Symphyotrichum sericeum (Vent.) Nesom and S. pratense (Raf.) Nesom are two closely related taxa of central

and eastern United States. In most treatments they have been maintained as distinct species (e.g., Correll &
Johnston 1970, Cronquist 1980, Jones 1990, Nesom 1994, Brouillet et al. 2006). When the taxa are considered

to be conspecific (see Wunderlin& Hansen 2004), 5. pratense is treated as S. sericeum var. microphyllum (DC.)

Wunderlin & B.F. Hansen. Symphyotrichum pratense was known for many years as Aster phyllolepis Torr. &
A. Gray. Symphyotrichum sericeum is generally distributed in the central states, from Texas to North Dakota

and southern Canada, to western Michigan. Symphyotrichum pratense is largely concentrated in eastern Texas

and western Louisiana. Populations of plants in this complex that are disjunct further eastward—to Florida,

Virginia, and Kentucky—are somewhat intermediate in phyllary morphology and have been variously treated

as S. sericeum, S. pratense, or S. sericeum var microphyllus, and a number of states treat these often widely

scattered populations as state-rarities. Chromosome counts also need clarification, as both ploidy levels (2n

= 10 and In = 20) have been published for both taxa (Brouillet et al. 2006). The objective of this paper is to

update available information on this complex, clarify geographical distributions, point out distinguishing

features, identify typical habitats and associates, review available chromosome information, and summarize

the state-rarity status of the taxa.
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The present study provides a detailed view of the geographic distribution of Symphyotrichum sericeum

and S. pratense, based primarily on a study of herbarium specimens from BRIT-SMU, EKY, GA, LSU, MO,

NCU, NLU, TENN, TEX-LL, UNC, VDB, and VPI. Maps are augmented by records from various published

sources. The available literature on habitats, associates, and chromosome numbers was also reviewed. A

new chromosome report from a Kentucky population is based on mitotic counts from root tip squashes

from germinating achenes. The key is ased on a detailed examination of morphological characteristics of

herbarium specimens from across the ranges of the two taxa.

SYMPHYOTRICHUM SERICEUM

Distribution and Habitat.—The primary distribution of Symphyotrichum sericeum is from Arkansas and

Oklahoma to southern Canada to western Michigan and Indiana, with disjunct populations in central

Texas (Fig. 1). Over the larger part of its range, S. sericeum occurs in a variety of habitats, e.g., dunes, sandy

woods, glades, sandstone glades, over granite outcrop—but typically associated with seasonally dry, open

to semi-open habitat. Symphyotrichum sericeum in Texas mostly occurs on the Edwards Plateau, where it

grows on limestone hills, commonly on open, rocky slopes and roadbanks. An early collection supposedly

made far to the east (Harris Co.: Lindheimer 78, BRIT) is similar in every respect to Edwards Plateau plants

and may be mislabeled. Swink and Wilhelm (1994) list a number of associates of this species in Illinois,

including Amorpha canescens, Schizachyrium scoparium, and Bouteloua curtipendula in dry hill prairies, and

Anemone cylindrica, Liatris aspera, Liatris cylindracea, and Spiranthes cernua in sand barrens sites near Lake

Michigan. In Wisconsin it occurs at dry prairie sites on hillsides, outcrops, and bluffs, sometimes under

oaks, jack pine, or red cedar, but usually in the open in habitats dominated by Schizachyrium scoparium, with

Asclepias viridiflora, Dalea purpurea, and Brickellia eupatorioides (Cochrane & litis 2000). In Manitoba the

species occurs in remnant tall-grass prairie sites and in openings in Quercus macrocarpa/Populus tremuloides

woodlands (Foster & Hamel 2006).

The species is primarily associated with the Central Lowlands Physiographic Province in the U.S., but

it also occurs in the Ozark Plateau Province ofArkansas and Missouri. A recent collection of Symphyotrichum

sericeum from open shale barrens on a southwest-facing slope in central Arkansas, is apparently the first

record from the Ouachita Mountains Province. This site is disjunct from the nearest populations about 155

km to the northeast on the Ozark Plateau. Voucher: Garland Co.: Ouachita Mountains, Ouachita National

Forest, steep S-facing shale barrens (Mazarn Formation) on upper slope, east of and above Walnut Creek

near point at which it flows into Lake Ouachita, Crystal Springs 7.5' quadrangle, steep glades, elev 750

ft, hundreds of plants in high quality shale barrens, 29 Sep 2006, Witsell 06-471 (ANHC,BRIT, UARK). A

second population was subsequently found in similar habitat 1.9 km northwest of the above site.

Chromosome Numbers.—There are about a dozen published diploid counts for Symphyotrichum seri-

ceum, these mostly from the northern portions of its range (Jones 1980; Semple & Brouillet 1980; Semple &
Chmielewski 1987; Semple et al. 1989; Semple et al. 2002), with the most southerly count from Izard Co., Ar-

kansas (Sherif et al. 1983). There is apparently only a single report of a tetraploid count (Love 1982) for S. seri-

ceum, this count from Canada; there are also diploid counts from this same vicinity (J. Semple, pers. comm.).

Taxonomy.—Brouillet et al. (2006) treated Symphyotrichum lucayanum (Britt.) Nesom as a synonym of

S. sericeum, but 5. lucayanum is here considered to be more closely related to S. concolor (L.) Nesom, based on

their similarities in capitulescence and phyllary morphology and their closer geographical proximity. The

latter is widespread in the southeastern U.S.A. Symphyotrichum lucayanum was treated by Nesom (1994) as a

distinct species, based on its very loosely racemiform capitulescence with interspersed leaves only slightly

reduced or not at all from the proximal cauline, different from the more densely congested, bracteate capit-

ulescence of S. concolor. Turner (1982) treated the taxon as a synonym of Aster concolor L., and the type of

Aster lucayanum Britt. (Britton & Uillspaugh 2448, NY!) was annotated by W.T. Gillis in 1974 as A. concolor.

State-Rarity.—Symphyotrichum sericeum is currently ranked as S2 (Threatened or Rare) in Arkansas,

Indiana, Michigan, and North Dakota (NatureServe 2008). is listed as Nationally Threatened in Canada
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Fig. 1 . Distribution ofSym d circles are from vouchered observations; dotted circles are from literature i
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ir by Brouillet et al. (2006) and NatureSer

Distribution and Habitat.—The densest distribution ofSymphyotrichum pratense is in Texas, Louisiana, and

southern Arkansas—scattered, disjunct clusters of populations occur eastward over a wide geographic range

and in a variety of physiographic provinces (Fig. 2). Symphyotrichumpratense in Texas characteristically occurs

in sandy soil (sand, sandy loam, sandy clay, silty clay, silty clay-loam), being largely restricted to the follow-

ing natural regions: Piney Woods, Oak Woods and Prairie, Gulf Coast Prairie and Marshes, and Blackland

Prairie. Within these regions, it is less frequent in blackland prairie: e.g., Texas. Dallas Co.: Lundell 12032

(LL, SMU). Shinners (1950), who recognized the legitimacy of the Rafinesque name ahead of the Torrey &
Gray name, described this species as "a frequent and showy plant of open oak woods and transition-belt

prairies thoughout east Texas . .

." In Texas, S. pratense also occurs in longleaf and loblolly pine areas and in

coastal prairie grassland, and it has been collected from fields, roadsides, clearings, and fencerows.

In Louisiana the plants occur in pine flatwood sites, blackland prairie, chalk hills, and calcareous clays,

as well as along dry roadsides. A blackland prairie locality for Symphyotrichum pratense is on the "Kieffer

Prairie:" Winn Par.: Brown 8220 (SMU) and five other collections from the same locality (LSU Herbarium

Online Database 2008). At the Kieffer Prairie 5. pratense grows with associates such as Schizachyrium sco-

parium, Andropogon gerardii, Sorghastrum nutans, Echinacea pallida, Oligoneuron rigidum, and Vernoniamissurica

(USDA Forest Service 2008).

In the Gulf Coastal Plain of Arkansas, typical habitat for Symphyotrichum pratense is open saline

barrens—treeless openings in Pinus taeda/Quercus similis flatwoods with clay soils containing high levels of

sodium and/or magnesium. Eric Sundell, who first discovered the species in Arkansas at the Warren Prairie

(Sundell 1983), noted that the plants occurred with prickly pear and dwarf palmetto and that a number of

other rare species were associated with these sites, including Geocarpon minimum and Schoenolirion wrightil

The USDA Plants website (USDA, NRCS 2008) lists Izard and Newton counties in Arkansas for 5. pratense,

but these records from northern Arkansas are based on collections of 5. sericeum.

Eastward (to Alabama, Florida, Georgia, Kentucky, Mississippi, Tennessee, and Virginia), Symphyotrichum

pratense occurs mostly in calcareous habitats, e.g., chalk barrens, cedar glades, and limestone outcrops. Krai

(1981) reported on the species at Coastal Plain sites in Alabama (Sumter Co.) and Florida (Gadsden Co.) and

noted that the plants in Alabama were found in blackland prairie patches and that those in Florida were

the coast. The species subsequently was discovered in Decatur Co., Georgia, just across the state line from

Gadsden Co., in calcareous glades on a bluff: Decatur Co.: Godfrey & Gholson 80099 (GA). In Mississippi

the species occurs in association with calcareous chalky outcrops (L. McCook, pers. comm.). The central

Alabama and Mississippi populations are located in the Black Belt prairie lands (see Barone 2005). The most

northerly populations in Alabama occur in limestone prairie barrens within the Highland Rim province,

along with many other rare species, including Dalea gattingeri, Leavenworthia alabamica, Cypripedium can-

didum, Eriogonum longifolium var. harperi, Schoenolirion croceum, and Spiranthes magnicamporum (Webb et al.

1997).

At its most northerly range limits in Kentucky, Symphyotrichum pratense is found in glades or barrens

habitats of the Interior Low Plateaus (chiefly Highland Rim sites) with Juniperus virginiana and Quercus

marilandica as the woody dominants and with Andropogon gerardii, Schizachyrium scoparium, Sorghastrum

nutans, Sporobolus compositus, and S. vaginiflorus as the conspicuous grasses. These habitats often contain

a variety of other rare or infrequent plants, such as Cypripedium candidum, Echinacea pallida, Liatris aspera,

Liatris cylindracea, Lithospermum canescens, Silphium pinnatifidum, Dalea Candida, Dalea purpurea, and Phys-

ostegia virginiana (Cranfill 1991; Kentucky State Nature Preserves Commission 2008). The barrens sites in

Tennessee (Highland Rim and Appalachian Plateau sites) and in southwestern Virginia (Valley and Ridge)
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Fig. 2. Distribution ofSymphyotrichum pratense. Solid circles are from vouchered observations; dotted circles are from literature records.

are very similar to the Kentucky sites and also contain a number of very rare species (DeSelm 1990; Ludwig

1999; Tennessee Natural Heritage Program 2008). In northern Georgia the plants occur at both Appalachian

Plateau and at Valley and Ridge sites (T. Patrick, pers. comm.). In the Coosa rive

S. pra, other iated with this habi

7i (Georgia Depa

: watershed of Georgia,

at include Asclepias hirtella,

urn dolabrijorme, Hypericum

n southwestern Virginia have disc

\tra\is, Buchneraamericana, Dalea gattingeri, Echinacea pallida, I

sphaerocarpum, Liatris squarrosa, and Spiranthes magn:

2007).

Recent investigations of dolomite and limestor

several populations of Symphyotrichum pratense - initially reported by Ludwig (1999), subsequently treated

by Brouillet et al. (2006), Weakley (2007), and Virginia Botanical Associates (2008). We have studied the

following vouchers: Russell Co.: 1 km E of Carterton, one-acre barren at top of SW-facing slope onW end

of a short ridge, dense grass cover with dolomitic limestone cobbles, 20 May 1996 [not yet in flower], Wie-

boldt 9415 (VPI); river knob 1 km E of Carterton, top of SW-facing hardwood slope, substrate cobbly with

dolomitic (?) limestone, 2100 ft, dominant species with Liatris aspera and Andropogon gerardii, scattered over

most of one-acre barren, 17 Sep 1996, Wieboldt 9605 (VDB, VPI); E side of Mill Creek where it cuts through

ridge between Clinch River and Reeds Valley, ca. 1.9 km N ofJessees Mill, SW-facing limestone hillside in

open grassland dominated by Schizachyrium scoparium, 2040 ft, ca. 20 plants, 11 Sep 1996, Ludwig 3082

(VPI). Wise Co.: Fleming 14122 (GMUF). Ludwig (1999) noted that this species has been found at six Russell
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Chromosome Numbers.—The first report of the tetraploid level of 2n=20 for Symphyotrichum pratense

was from Gonzales Co., Texas, by Semple and Brouillet (1980), who noted that a diploid count had been

made earlier for the species, but that report was unvouchered and part of a 1945 embryological study by

German anatomists. Semple and Chmielewski (1987) published diploid counts for plants from Grimes and

Walker counties in Texas and a tetraploid count for plants in Milam Co., Texas. Two years later Semple et.

al. (1989), reported a diploid count of 2n=10 for plants from Gadsden Co., Florida. In addition, we report

a previously unpublished 2n=20 count for S. pratense: Kentucky. Hardin Co.: cedar glade off KY 2762, 6

Nov 1987, R.L.Jones 5457 (EKY).

Taxonomy.—In the main part of the range of Symphyotrichum pratense, the plants typically have phyl-

lary surfaces mostly glabrous and strongly contrasting with the spreading- ciliate margins. Phyllaries of the

Virginia plants are unusual, having densely sericeous surfaces, with or without strongly ciliate margins, but

resemble typical S. pratense of Texas and Louisiana in the proximal indurate portion of the phyllary being

relatively short, the distal leafy portion being relatively broad and long, and the overall phyllary length about

1.5 cm. Their geographic position also obviously suggests that they are part of S. pratense. Some plants from

Tennessee are similar in their phyllary features (e.g., Roane Co.: Morton 1307, SMU).

The description of Aster montanus Nutt. seems to refer to Symphyotrichum pratense; Nuttall noted that it

was "nearly allied to the preceding [Aster sericeus], but distinct." Torrey and Gray (in Fl. N. Amer.) treated

it as A. sericeus var. p. They also noted that the species was known from "Tennessee and North Carolina

near the mountains." On Nuttall's 1816 trip, he crossed from Tennessee to Asheville, N.C., and went on

to Rutherfordton and Morganton (Graustein 1967). Gray (in Synop. Fl. N. Amer. ) formalized the name at

varietal rank, as Aster sericeus var. montanus (Nutt.) Gray, noting that the involucre is "sometimes glabrate

and villose-ciliate; approaching the next species [A. phyllolepis]" An image of the holotype of A. montanus

was obtained from PH, and an examination indicates that the involucral widths are about 2 cm wide, much

larger than typical 5. sericeum, and we therefore place this name in the synonomy of S. pratense.

Today neither S. sericeum nor S. pratense is known to occur in North Carolina. Gray (in Fl. N. Amer.)

listed North Carolina as included in the range of A. sericeus var. p, and later (in Synop. Fl. N. Amer.), he

specified Buncombe County as the site of the collection. The specimen upon which Gray apparently based

his comment was located at NY, and an image was obtained. The sheet bears three plants from two dif-

ferent areas—two are from Minnesota and identified as Aster sericeus, while the other was collected from

"Buncombe, North Carolina, Gibbes" and identified as "A. sericeus p. (montanus Nutt.)." This latter specimen

exhibits the large heads of 5. pratense, and is here assigned to that taxon; it represents the only known record

of the species from North Carolina. S. pratense has not been subsequently rediscovered in the state and can

be assumed to be extirpated there.

anus Nutt., Gen. N. A]ner. Pi. 2:156. 1818 (non A. monkinus All. 1785).

,

Aster sericeus var.

nnessee. No other collection cLata, [T. Nuttall s.n., September to early Octob<>r 1816, fide Graustein 1967], annotate

When these disjunct populations ofSymphyotrichum pratense were first discovered in eastern U.S., especially

at the more northerly sites in Alabama, Tennessee, and Kentucky, they were often identified as 5. sericeum.

They are still listed as such in several state natural heritage databases. We now confirm all examined speci-

mens from Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, Tennessee, and Virginia as

State-Rarity.—Symphyotrichum pratense is generally rare outside its main range in Texas and Louisiana

— it is currently considered Threatened (S2) in Arkansas, Special Concern (S3) in Kentucky, and SI (critically

imperiled ) in Alabama, Georgia, Mississippi, Tennessee, and Virginia (NatureServe 2008). Although there is

only one known county of occurrence in Florida (the only state where it still is treated as a variety of S. seri-

ceum, S. pratense is currently not listed among that state's rare species (Florida Natural Areas Inventory 2008).
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Morphological Criteria for Distinguishing the Taxa.—Our examination ofspecimens from th

out much of the ranges of the two taxa indicates that they can be reliably distinguished as follows:

1/4-1/3(-1/2) the total phyllary length, ijsually distinctly shorter

te portion; middle phyllaries mostly < 7

3) mm wide; involucral height mostly <
'

I Omm (7-11 mm) high

Symphyotrich ui

itrigose sericeous (rarely

he total phyllary length,

llabrate portion; middle phyllaries mostly > 8 mm long and > 2.5

Symphyotrichum pratense and S. sericeum are distinct species of central and eastern U.S. They are largely al-

lopatric in distribution, and occur sympatrically only in Texas, where S. pratense is common and S. sericeum

rare. Symphyotrichum pratense is associated with a range of physiographic provinces—it is chiefly Coastal

Plain in distribution, but its range extends to the Interior Low Plateaus, the Appalachian Plateau, and the

Valley and Ridge. There is an historical record from the Blue Ridge of North Carolina. Symphyotrichum seri-

ceum is largely associated with the Central Lowlands Province and the Ozark Plateau, and only sporadically

into adjacent provinces to the south, north, and west. Disjunct populations and population systems are a

prominent feature of the biology of both taxa. There is some intermediacy in phyllary pubescence in the

easternmost disjunct populations, but these features could be interpreted as resulting from local genetic drift

in populations far removed from the main range of the species, and there is no evidence of any significant

gene interchange between the taxa. The available evidence indicates that 5. sericeum consists of diploid

populations (with the exception of one anomalous report) and that S. pratense contains populations at both

ploidy levels. Symphyotrichum sericeum is generally common throughout much of its range, considered rare

only in the states at the eastern and southern periphery of its range (Michigan, Indiana, and Arkansas), and

is Nationally Threatened in Canada. Outside of Texas and Louisiana, 5. pratense is a rare plant and is con-

sidered critically imperiled in several states (Alabama, Georgia, Mississippi, Tennessee, and Virginia). The

identity of these disjunct eastern populations has been the source of some confusion in the past— they have

been variously treated by the different states as S. pratense or S. sericeum, and this latter name continues to

be used by some eastern states for their rare species lists. Our study concludes that all specimens examined

from populations in Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, Tennessee, and
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RANUNCULUS FICAR1A (RANUNCULACEAE), NATURALIZED IN TEXAS
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ABSTRACT
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..Ramnculusficaria, naturalized, Texas

RESUMEN

s/icariaestanaturalizadoalolargo de un arroyo en Tarrant Co, Texas. Las plantas produ

A population of Ranunculusficaria L. (lesser celandine, fig buttercup) was discovered in flower immediately

adjacent to Overton Creek in Fort Worth's Overton Park, near the center of the city. The creek at this point

runs through a broad but relatively steep-sided ravine and is about three miles above confluence with the

Trinity River. Tributaries of Overton Creek pass through several miles of urban neighborhood upstream

from this area. The creek commonly rises beyond its banks in heavy rain.

Thirty discrete plants, clearly naturalized, grow in an area of about 30 square feet—the largest produced

at least 20 flowers. A second population of five scattered plants occurs on the stream terrace about 300 yards

axillary bulbils abundantly in production by 2 Apr, Nesom FW08-1 (BRIT, MO, NCSC, NCU, TEX).

The Overton Creek plants arise from tuber-producing fibrous roots and produce dark green, glabrous,

ovate and deeply cordate but otherwise entire (to faintly crenate) basal leaves and solitary, yellow flowers

on erect to ascending leafless peduncles. The habitat is typical for the species—where naturalized elsewhere

in North America, the plants occur on shaded stream banks, floodplains, low woods, and moist disturbed

areas. "Flowering usually occurs from late winter through mid-spring (March through May), depending

on conditions. Afterwards, the above-ground portions die back" (Swearingen 2005). Ranunculusficaria is a

beautiful horticultural species, and many photos are available on the internet.

Sell (1994) distinguished five subspecies based primarily on leaf and flower size, achene fertility, and

whether or not axillary bulbils are produced after flowering. Among the five subspecies, only subsp. bulbifera

(Marsden-Jones) Lawalree (as "subsp. bulbilifer Lambinon") and subsp. ficariijormis (F.W. Schultz) Rouy

& Fouc. were described by Sell as producing bulbils, and of these two, only subsp. bulbifera has infertile,

glabrous achenes. The Overton Creek plants produce axillary bulbils and infertile achenes and probably are

best identified as subsp. bulbifera, but otherwise they are not a clear morphological match for any of the

subspecific taxa in Sell's key. The leaves are numerous and densely crowded at the base on short stems. Most

leaves are ca. 6-7 cm long and 5-5.5 cm wide, ranging smaller to 3 x 3 cm, on petioles 8-10 cm long. The

flowers are ca. 2.5-4 cm in diameter with 7-9 petals 15-19 mm long, 6-8 mm wide. Pollen (2 plants) is

ca 70% viable, as judged by uniform size and full-staining in lactophenol-cotton blue; the remaining 30%
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of the grains are non-staining and distinctly smaller (and highly variable in size). All achenes apparently

are glabrous and infertile. Axillary bulbils were not present at the time of collection (8 March) but were in

abundant production by 2 April—they are whitish, conic-cylindric to short-cylindric, and essentially without

surface features. Superficially, at least, the axillary bulbils are very similar to the root tubers. Many stems

and leaves had at least begun to wither by 5 May, with the axillary bulbils loosened and easily detached.

Confidence in identification of infraspecific taxa is further tempered by Whittemore's observations

(1997): "The species is extremely variable (especially in leaf size and stem posture), and many attempts have

been made to divide it into varieties or subspecies (see Sell 1994). The different forms, however, intergrade

extensively and the varieties are often impossible to distinguish." Sell himself noted (p. 47) that "a large

proportion of herbarium specimens cannot be determined with certainty" and relied on field experience in

the British Isles and on published literature to summarize distributions of the infraspecific taxa.

Sell (1994) noted that "all the subspecies can spread by tubers ('Clones of all the subspecies can be

produced by division of the root tubers.'), two spread by axillary bulbils, and all except subsp. [bulbifera] can

spread by seed." Both the tubers and bulbils are easily carried downstream during flood events (Bargeron

et al. 2003). Bulbils are produced near the end of flowering or in fruit maturation, and Sell noted that the

five taxa can be recognized "if cultivated, or if examined at intervals through their flowering and fruit-

ing periods." Detailed observations of this nature, however, apparently have not been recorded in North

America—Magee and Ahles (1999) and Rhoads and Block (2007) unequivocally specify that the plants

produce bulbils, but other U.S.A. floras note that bulbils are produced "sometimes" or "often." Only Magee

and Ahles have identified the plants to infraspecific rank (as subsp. bulbifera).

Ranunculusficaria is native to Europe, northern Africa, and western Asia. In North America it is natural-

ized in Oregon, Washington, and British Columbia and from Missouri, Tennessee, and Virginia northward

to Ontario, Quebec, and Newfoundland (PLANTS Database 2008). The Texas plants are the southernmost

known for the species as naturalized in the U.S.A. It is reported to be invasive in Connecticut, Delaware,

Maryland, New Jersey, Oregon, Pennsylvania, Virginia, Wisconsin, West Virginia, and the District of Co-

lumbia (Plant Conservation Alliance 2007).
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Plant invasions are a major issue for ecosystems around the world (Williamson 1996; Gurevitch & Padilla

2004). The globalization of trade, rapidly expanding urbanization, intensive agriculture and horticultural

practices, increasing degradation and fragmentation of natural habitats, biogeographical factors, and climate

change are some of the driving forces that increase the movement of species around the world (Mooney &
Hobbs 2000; Vila & Pujadas 2001; Myers & Bazely 2003; Pysek & Richardson 2006). As a result, the flora

in many regions of the United States, including California, is now rich in nonnative (alien, exotic) plants

(Westbrooks 1998; Bossard & Randall 2007).

Invasive plant species reproduce in very large numbers, are superior competitors, and have the poten-

tial to spread across large areas and at considerable distances from parent plants (Richardson et al. 2000).

Environmental plant pests (species that affect the loss of native biodiversity) and ecosystem transformers
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(species that alter the character, condition, form, or function of ecosystems) pose a serious threat to wild-

lands in California and elsewhere (Randall 1997; Vitousek et al. 1997; Richardson et al. 2000; Bossard &
Randall 2007). In California's estuarine wetlands, some of the most problematic and well-known ecosystem

transformers are the introduced Spartina species, especially S. alterniflora Loisel. and its hybrids (Callaway

2005; California Conservancy 2007).

Historically, the coastal plains of California have been exposed to multiple introductions for long periods

of time, and consequently they support more nonnative plant species than many other parts of the state

(Randall et al. 1998; Bossard & Randall 2007). Wetlands are especially vulnerable to plant invasions, par-

ticularly in coastal or urban areas that experience significant pressures from human activities (Galatowitsch

et al. 1999; Ruiz et al. 2000; Callaway & Zedler 2004; Zedler & Kercher 2004). Even salt marshes, which

historically have not experienced significant invasions owing to naturally high salinity levels and anaerobic

conditions that inhibit establishment ofmost nonnative plants, are now highly invaded ecosystems (Callaway

2005; Grewell et al. 2007). Accordingly, the proximity of wetlands to large urban centers, which function

as landscape sinks, facilitates multiple disturbances, alterations to hydrological regimes, and dissemination

of propagules that promote the establishment of nonnative facultative wetland plants (Galatowitsch et al.

1999; Cronk & Fennessy 2001; Zedler & Kercher 2004). In southern California, expanding urbanization

provides year-round sources of water from runoff and discharge of wastewaters into natural drainages,

which provide direct pathways of dispersal for nonnative species spreading from uplands to wetlands at the

wildland-urban interface (White & Greer 2006; Riefner & Boyd 2007).

In this paper, we provide the first documented records oiPaspalum vaginatum Sw. (Poaceae, Panicoideae,

Paniceae) for California. Paspalum vaginatum (seashore paspalum, saltwater couch, saltwater paspalum, silt-

grass) is widely recognized as a serious invasive pest and an ecosystem transformer that has naturalized in

many subtropical and tropical coastal wetland environments, often with detrimental effects to the structure

and function of indigenous ecosystems (Graeme & Kendal 2001; Shaw& Allen 2003; Weber 2003; Dana et al.

2004; Siemens 2006). In order to understand the introduction and establishment of this species in southern

California, we review its anthropogenic uses and invasive status worldwide, and examine its biological traits

that promote invasiveness and the formation of monocultures in estuarine wetlands. Rapidly expanding

populations and the formation of dense monocultures pose a serious threat to the structure, function, and

biological composition of tidal marshes, sloughs, and mudflats in southern California.
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PREVIOUS KNOWLEDGE

Distribution.—Paspalum vaginatum is a perennial grass documented from warm, coastal regions around

the world, including southwest and southeast Europe, tropical Africa, temperate and tropical Asia (Arabia,

China, India, Malaysia), Australia, New Zealand, French Polynesia, the Galapagos Islands, Hawaii, and other

Pacific Islands, the Caribbean, Central and South America, and the Atlantic and Gulf Coasts of the United

States and Mexico in North America (Waterhouse 1997; Allen & Hall 2003; Zuloaga et al. 2003; Clayton

et al. 2006). Its exact native range, which is centered in the tropical and subtropical regions of the New

World, remains uncertain (Chase 1929; Wagner et al. 1999; Edgar & Connor 2000; Weber 2003). In the

United States, P vaginatum occurs from North Carolina to Florida, west in the Gulf States to Texas, and in

New Mexico, but was not previously reported for California (Webster 1993; Allen & Hall 2003; DiTomaso

& Healy 2007; USDA 2007; Jepson Flora Project 2008).

Across its range, and outside of cultivation, P. vaginatum occupies coastal salt and brackish water marshes,

shallow-water lagoons and tidal channels, mangroves, coastal shrublands, dunes and beaches, summer-moist

saltpans, wet pastures, and freshwater riparian and floodplain habitats in manywarm temperate, subtropical,

and tropical environments (Skerman& Riveros 1990; Stutzenbaker 1999; Wagner et al. 1999; Edgar & Con-

nor 2000; Filigheddu et al. 2001; Allen & Hall 2003; Shaw & Allen 2003; Dana et al. 2004; Siemens 2006).

Anthropogenic Uses and Worldwide Introductions.—Paspalum vaginatum has numerous anthro-

pogenic uses that have transported it to many countries around the world, and eventually to southern

California. Historically, it was used as bedding in trade ships that sailed between Africa, North and South

America, Central America, and the Caribbean Islands during the 1700s and 1800s (Duncan& Carrow 1999).

Paspalum vaginatum has also been used widely for rehabilitation of salt-affected lands, stabilization of sand

dunes and dredge materials, restoration of coastal wetlands, and forage for livestock (Leithead et al. 1971;

OIC 1990; Vargas 1995; NRCS 1999; Loch & Lees 2001; Barrett-Lennard et al. 2003; Fontenot 2007).

As water shortages continue to escalate worldwide, increased use of saline water or poor-quality re-

claimed effluent waters for turf landscape irrigation is necessary (Snow 2001). The systematic development

and cultivation of varieties (cultivars) of turf grasses with improved tolerance to saline soils and low-quality

irrigation waters, including P. vaginatum, are playing a central role in the turf grass industry (Henry 1981;

Hall 1994; Brown et al. 1998; Carrow & Duncan 1998; Duncan 2003; Marcum 2004). To meet the demands

of water conservation and expanding recreational needs, P. vaginatum is now grown on golf courses in Asia

(including Malaysia, Indonesia, and the Philippines), South Africa, the Middle East, Sardinia, New Zealand,

South America, Hawaii, the Caribbean Islands, and across the southern United States (Duncan & Carrow

1999; Beard 2002). Paspalum vaginatum is also used as a ground cover in gardens, and new cultivars are
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highly promoted for lawns in the southern United States (USDA Zones 7-10), Australia, Hawaii, and else-

where (Duncan & Carrow 1999; Rushing 2006; Christians et al. 2007; Tukey 2007).

Environmental Tolerances Create a Competitive Advantage.—Paspalum vaginatum has broad

ecological tolerances and life history traits that aid its widespread establishment and utility to land and

resource managers worldwide. It is an ecologically aggressive, rhizomatous and stoloniferous mat-forming

perennial grass that often forms extensive colonies (Hitchcock 1951; Weber 2003). It roots well in sand, clay,

silt or mucky soils in acidic or alkaline conditions, is tolerant ofwaterlogged and highly saline soils, prospers

in low fertility soils and poor-quality effluent waters used for irrigation, is highly tolerant of mechanical

mowing and heavy livestock grazing, has high shoot density for effective soil stabilization, develops a thick

low-maintenance turf tolerant of foot traffic and wear, and is not readily susceptible to drought or pathogens

(Duncan 1999; Duncan & Carrow 1999; Loch & Lees 2001; Barrett-Lennard et al. 2003; Lee et al. 2004a,b;

Fontenot 2007). Therefore, its rapid growth, abundant propagules (in this case rhizome and stolon frag-

ments), and broad environmental tolerances are important characteristics typical of an "ideal weed" (Sakai

et al. 2001). In a given environment, these characteristics often confer an advantage to a nonnative species

relative to indigenous species (Barney & DiTomaso 2008).

Invasive Status Worldwide.—Paspalum vaginatum is well known for its aggressive behavior and its

ability to alter wetland ecosystem function (Weber 2003). It is an early and effective colonizer of disturbed,

bare or ephemeral soil deposits, and once established it can exclude indigenous species recruitment for many

years (Shaw & Allen 2003). Paspalum vaginatum is, however, self-incompatible, rarely produces viable seed

in significant quantity, and therefore, must be propagated vegetatively (Hall 1994; Duncan & Carrow 1999).

However, it would be careless to conclude that species lacking sexual reproduction cannot become serious

invaders; giant reed (Arundo donax L.) is a classic example of a sterile but highly invasive plant of southern

California's riparian habitats (Bossard et al. 2000; Barney & DiTomaso 2008).

Outside of cultivation, vegetative reproduction of P. vaginatum would be possible through animal graz-

ing and other natural physical regimes that would disturb and transport rhizomes and stolons (Graeme

& Kendal 2001). Paspalum vaginatum is apparently dispersed primarily by water when pieces of stolon or

rhizome are carried often long distances by streams. These vegetative fragments root easily, forming new

plants that start new infestations (Weber 2003). Estuarine mudflats, shallow brackish lagoons or tidal creeks,

and gaps in disturbed wetlands or scoured streambeds that are not readily colonized by indigenous species

are highly vulnerable to invasion (Filigheddu et al. 2001; Shaw & Allen 2003; Siemens 2006). Importantly,

P. vaginatum and its impacts on the function of native estuarine ecosystems are significant and comparable

to the well-documented invasions by nonnative Spartina species (Graeme & Kendal 2001; Allen & Shaw

2003; Dana et al. 2004; Siemens 2006).

In New Zealand estuaries, and much like the ecological impacts effected by introduced Spartina spe-

cies, P. vaginatum transforms the composition and structure of indigenous vegetation by growing over and

displacing low-stature species, endangering populations of threatened species, altering fish spawning and

feeding grounds, prohibiting burrowing fauna and reducing access to feeding sites and roosting by shore

birds due to its high shoot and root density, and altering estuarine hydrology by accumulating sediments

(Graeme & Kendal 2001; Shaw & Allen 2003).

Similar negative effects in brackish wetlands have been documented in Spain, where P. vaginatum dis-

places halophytes and alters the composition and structure of native communities, promotes accumulation

of sediments and organic detritus, and alters hydrological and nutrient regimes (Dana et al. 2004). Accord-

ingly, P. vaginatum has been classified as "dangerous" (a species causing ecological damage or alteration to

natural ecosystems) (Dana et al. 2007). Paspalum vaginatum has also been classified as invasive in Portugal

(Domingues de Almeida & Freitas 2006).

In the Galapagos Islands, Ecuador, P. vaginatum stands out as a special case. It has aggressively invaded

disturbed and natural wetlands where it replaces native plants, and affects water movement and soil moisture

content (Vargas 1995; Gravez et al. 2004; Guezou et al. 2007). Paspalum vaginatum has also successfully
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invaded many lagoons, threatening these ecosystems and their globally significant avifaunal biodiversity.

Quantitative investigations have determined that P. vaginatum infestations are responsible for degrading

fiddler crab habitat, and for altering foraging habitat of aquatic birds by decreasing surface water availability

during feeding (Siemens 2006). Overall, these infestations facilitate a shift from an aquatic to a more ter-

restrial invertebrate community, thereby affecting food availability for native fauna foraging in and around

lagoons (Siemens 2006). Accordingly, its control and eradication are necessary .in order to maintain the

status of the Galapagos Islands lagoons as a Ramsar Internationally Important Wetland (Siemens 2006).

In South Africa, Hsfliger & Scholz (1980) documented similar negative affects to native community

functions, including competition for space, light, water, and nutrients, replacement of native vegetation,

obstruction of water flow, and contaminant seed loading. Further, the invasion of P. vaginatum and other

nonnative grasses has rendered the sand and mudflats of the Wilderness Lakes Wetland (designated a Ramsar

site) unsuitable for wading birds (Randall & Russell 1995).

Paspalum vaginatum is also invasive and has been classified as a "significant environmental weed" in

Australia (Randall 2007). It is also invasive in the Hawaiian Islands and the Marshall Islands (Wagner et al.

1999; Whistler & Steele 1999; Vander Velde 2003). Accordingly, PIER (2007) has ranked P. vaginatum as a

SIGNIFICANCE IN SOUTHERN CALIFORNIA

Introduction, Dispersal, and Naturalization.—These naturalized populations represent the first docu-

mented records of P. vaginatum for California (Webster 1993; Allen & Hall 2003; USDA 2007). Paspalum

vaginatum has also not been included in major publications on nonnative species established in California

(Bossard et al. 2000; Hrusa et al. 2002; DiTomaso & Healy 2003; Bossard & Randall 2007; DiTomaso & Healy

2007; Grewell et al. 2007). Thus far, P. vaginatum has not been of concern in southern California (Roberts

1998; Roberts et al. 2004; Rebman & Simpson 2006; Clarke et al. 2007; Riefner & Boyd 2007).

Biologists often have difficulty tracing the source of nonnative organisms and verifying their acciden-

tal versus intentional human transport across natural boundaries. However, the arrival of P. vaginatum in

California is most likely the result of purposeful introductions, presumably for soil stabilization and habitat

enhancement projects or more likely for cultivation of turf grass for lawns, parks, and golf courses. Native in

the southeastern United States, P. vaginatum has been used for restoration of coastal wetlands, stabilization

of dunes, banks, and dredge materials in the Gulf States (Duncan & Carrow 1999; NRCS 1999; Fontenot

2007). Accordingly, it may have been introduced for enhancement or restoration of salt marsh habitats in

southern California, but we have not been able to confirm this.

However, P. vaginatum was introduced to southern California for cultivation as a turf grass during the

1970s and 1980s for research at the University of California South Coast Field Station in El Toro, Orange

County, and for commercial production in Indio, Riverside County. It was also planted for turf grass in

Laguna Niguel, Orange County, and at Rancho Santa Fe, San Diego County (Henry et al. 1979; Duncan &
Carrow 1999). As documented by herbarium records (Sanders et al 15885, RSA; originally identified as P.

distichuml the earliest escaped and naturalized plants were collected in 1994 near the Salton Sea, Riverside

County (Fig. 1). The senior author also made observations of P. vaginatum in 1994 (originally identified as

P. distichum and not collected) at Doheny State Beach, City of Dana Point, Orange County, during surveys

conducted for California State Parks (Fig. 1). Species beginning to escape cultivation receive little attention,

largely because of the difficulty in identifying and locating them before they become established in native

communities. Time lags in plant invasions, a phase when plants are difficult to document during early dis-

persal, then exponential growth, naturalization in native communities, and subsequent spread describes

a typical invasion scenario (Sakai et al. 2001; Schierenbeck et al. 2007). In the case of P. vaginatum, plants

escaping cultivation from sites in El Toro and Laguna Niguel, Orange County, to native habitats on the coast

at Dana Point, Orange County, and from inland sites at Indio to near the Salton Sea in Riverside County,

perhaps during the 1990s, appears to be a logical scenario for southern California (Fig. 1).
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For this reason, we believe turf plantings may be the most likely source of propagules that dispersed

from irrigated urban landscapes downstream to native plant wetland communities. Although its reproduc-

tion outside of cultivation and dispersal mechanisms are not well understood, P. vaginatum may have been

spread vegetatively by animals, carried by mechanized landscape equipment to new sites, or rhizome and

stolon fragments may have been dispersed by water during storm events from turf plantings in the uplands

into urban drainages and then downstream to native wetland communities.

Paspalum vaginatum is now widely naturalized in southern California's coastal wetlands and at inland

habitats near the Salton Sea (Fig. 1). It is most common in estuarine wetlands where it can form monocultures

on mudflats, tidal marshes, and shores of estuary lagoons (Fig. 2), or along tidal creeks and sloughs (Fig.

3). Bare soils of tidal mudflats (Fig. 4) and wet sand of disturbed streambeds (Fig. 5) appear to be highly

vulnerable to colonization. Paspalum vaginatum also grows in many non-saline wetland habitats, including

disturbed riparian scrub and slow-moving waters of urban creeks in coastal and desert regions. However,

P. vaginatum is unlikely to form extensive monocultures or survive long-term competition from large, fast-

growing plants and shrubs outside of saline environments.

Urbanization and Wetland Sinks.—Paspalum vaginatum is one ofmany subtropical and tropical non-

native plants now established and spreading in southern California. Expanding urbanization has fragmented

natural habitats, encouraging nonnative plants cultivated in cities to move easily from human-maintained

landscapes to native communities (Vitousek et al. 1996; Cronk & Fennessy 2001). In urban environments,

wetlands often accumulate debris and sediments, and receive floodwaters that supply resources (nutrient

enrichment, elevated levels of light following flood scour) that may accelerate the growth of opportunistic

iitate invasion of sunny gaps in the vegetation (Davis et al. 2000; Zedler & Kercher

2004). In addition, hydrological and hydrogeomorphic alterations, accelerated erosion, and other anthropo-

genic disturbances to wetland and riparian habitats have created numerous opportunities for invasion by

nonnative hydrophytes (Newman et al. 1996; Tickner at al. 2001; Werner & Zedler 2002).

Historically, summer drought and the seasonal nature of stream flows in coastal southern California

have acted as a barrier to colonization by nonnative facultative wetland plants in the wildland-urban inter-

face (Brigham 2007; Riefner & Boyd 2007). Increased moisture availability in urban environments, and a

shift from ephemeral to perennial stream flows owing to waste water discharge into natural drainages in an

otherwise summer-dry climate have facilitated the dispersal of these species throughout urbanized southern

California (Greer & Stow 2003; Riefner & Boyd 2007).

Biological Traits Promoting Invasiveness in Estuarine Wetlands.—Many wetland plant invasions

can be explained by the ecological requirements and attributes of the potentially invasive plant species

and the local environmental opportunities afforded by anthropogenic disturbances (flooding, nutrients,

propagules, sediments) that may promote invasion and the formation of monocultures in wetland sinks

(Werner & Zedler 2002; Kercher & Zedler 2004; Zedler & Kercher 2004). In addition, the selection and

breeding for horticultural or agronomic purposes of an individual species, its cultivation in seemingly naive

environments, followed by escape and naturalization, often with detrimental effects to sensitive ecosystems,

describes a scenario typical of many invasive plants introduced and now established in the United States

(Reichard& White 2001).

Paspalum vaginatum cultivars with improved salt-tolerant characteristics have been developed and are

now used widely in the turf grass industry (Lee et al. 2004a,b; Duncan & Carrow 1999; Duncan 2003).

Paspalum vaginatum is one of the most saline-tolerant turf species available, with ecotypes exhibiting high-

vigor root and shoot growth at high salinity levels (Carrow & Duncan 1998; Beard 2002; Lee et al. 2005).

Additionally, cultivars have also been developed and evaluated for improved growth rate and transplant

survival for restoration and soil stabilization of brackish shorelines, dunes, mudflats, and dredge materials

in the Gulf Coast region of the southern United States (Duncan & Carrow 1999; NRCS 1999; Fontenot

2007).
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(cultures of P. vaginatum that displace native hydro-
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Fig. 4. Mudflats in tidal wetlands are highly vulnerable to invasions by P. vaginatum. Photograph taken at San Diego Creek near confluence of Newport

Bay, Newport Beach, Orange County.

Fig. 5. Disturbed urban streambeds characterized by heavy sediment deposition are rapidly colonized byP.mginatum. Rhizome and stolon fragments,

spreadingfromuplandlandscapestodrainagesduringrainsto sandactasstepping-stonesthatfacilitatetheinvasivespread

downstream to estuarine wetlands. Photograph taken at Loma Alta Creek, Oceanside, San Diego County.
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Accordingly, P. vaginatum cultivars could become invasive, and might have significant detrimental effects

to native estuarine ecosystems if they escape from urban environments or if they are used in restorations

outside the native range of the species, including the southwestern United States. The biological adaptations

and attributes of P. vaginatum that promote its invasive behavior associated with anthropogenic disturbance

in urban wetlands, and its ability to form monocultures in native estuarine wetlands are summarized in

Table 1.

Impacts to the Environment.—Our field observations indicate P. vaginatum is a threat to the ecological

function of estuarine wetlands in southern California. We currently lack experimental data to substanti-

ate the changes to wetland composition and structure that we have observed. However, strong anecdotal

evidence and quantitative data gathered in other countries provide sufficient baseline information indicat-

ing its impacts to native ecosystems may be significant and comparable to the well-documented invasions

by introduced Spartina species (Graeme & Kendal 2001; Shaw & Allen 2003; Dana et al. 2004* Siemens
2006).

Invasions of Spartina species, especially S. alterniflora and its hybrids, have engineered the alteration of

habitats critical to endangered species, conversion of tidal mudflats to meadow, changes to creek morphology
and hydrological regimes, failure of local wetland restoration projects, and local extinctions of the native

California cord grass (Spartinafoliosa Trin.) in the San Francisco Estuary (Ayres et al. 2004; Callaway 2005;
Strong& Ayres 2005; California Conservancy 2007; Grewell et al. 2007). Comparisons of the environmental

impacts of introduced Spartina species versus P. vaginatum are summarized in Table 2.

DISCUSSION

Wetlands are uniquely important natural resources that are highly vulnerable and threatened in southern

California (Ferren & Fiedler 1993). Poor historical documentation, rapidly expanding urbanization, habitat

fragmentation, and poorly coordinated conservation programs have resulted in the long-term, unmitigated

loss and degradation ofwetland resources, which are proportionally higher in California than in other parts

of the United States (Dahl 1990; Grewell et al 2007). To compound historic losses, wetland invasions by
nonnative species also threaten native biodiversity and ecosystem function, which may soon surpass habitat

loss as the main cause of environmental degradation (Chapin et al. 2000; Grewell et al. 2007).
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Paspalum vaginatum is a highly aggressive invasive species that poses a serious threat to wetland diversity

by transforming the physical structure and biological composition of tidal marshes and mudflats in southern

California. Because the use of P. vaginatum will probably increase in turf grass landscapes across urbanizing

southern California, it is unlikely that the species will decline. In fact, P. vaginatum will most likely spread

to new regions, which points to an immediate need to control or eradicate expanding infestations.

Management and research programs have been developed to monitor and restore P. vaginatum-affected

wetlands in other countries (Graeme & Kendal 2001). Potential strategies and resource management topics

relevant for urbanized southern California are:

1) Cre e agencies regarding the
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2) Add P vaginatum to the California Invasive Plant Council list of plants of greatest ecological concern (severe

ecological impacts on physical processes, plant and animal communities, and vegetation structure);

3) Expand field surveys to determine the complete distribution and abundance in native habitats, quantify

expanding use in urban landscapes, and determine if it is used in restorations;

4) Assign P vaginatum an obligate wetland indicator status (OBL, found >99% of the time in wetlands)

for California (Region 0) on the National List of Plant Species that Occur in Wetlands to aid wetland

5) Identify and monitor adverse ecological changes to wetland ecosystems and potential impacts to sensitive

floral and faunal elements;

6) Develop habitat- and region-specific control programs;

7) Conduct ecological risk assessments of potential control techniques to avoid secondary impacts to sensi-

The introduction and naturalization of P. vaginatum demonstrates the urgent need to implement detailed

floristic monitoring of wetland communities in southern California's rapidly urbanizing communities. Early

detection of new invasive plants would likely minimize their impacts on biodiversity and ecosystem func-

tions, and reduce the high cost of control and eradication. Declines in biodiversity of wetland ecosystems

in urbanized environments are becoming a major concern to resource managers, especially in California,

which has the highest number of wildland-urban interface housing units (and associated parks, lawns,

recreational landscapes planted with turf grass) in the United States (McKinney 2002; Radeloff et al. 2005;

Schwartz et al. 2006). Accordingly, the widespread utility of P. vaginatum for turf landscapes, and potential

use in wetland restorations, may require the participation of agronomists, biologists, conservation groups,

and local and federal government resource agencies where wetland biodiversity and conservation objectives

potentially conflict with urban landscape management practices in southern California.
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