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Abstract
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Department of Agriculture, Forest Service, International Institute of Tropical Forestry, and
Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station. 830 p.

A discussion of the general characteristics of shrubs as a life form and their distribution
within the United States is followed by 311 short monographs containing general descrip-
tions, ranges, ecology, reproductive habits, growth and management, and benefits to
humans, animals, and the environment.
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Foreword

Shrubs are an important life form that is difficult to circumscribe because of variations in
individual species that may be classified as shrubs in some circumstances but as trees or
herbs in others. Nevertheless the term shrub conjures up an image of a woody plant of
limited stature; usually with mature specimens of one-third to twice human heights and
often with multiple stems. Shrubs are important components in many kinds of habitats
including a role as landscape dominants or icons as well as integrated components of
other vegetation types. Whereas there are numerous national and regional handbooks on
trees and grasses and floras of continental, regional, state, and local scales, handbooks of
shrubs are limited to regional areas or to horticultural, agronomic, ornamental, or wildlife
biology applications. This volume begins an effort to provide important characteristics
for native and naturalized shrubs of the United States and its territories. Editor John
Francis and other contributors provide descriptive, distributional, ecological,
reproductive, growth, management, and use information on more than 300 shrub species
in this volume; in all there are more than 5,000 shrub species in the United States and its
territories. There is more work to do.

I believe that it is appropriate that this effort was undertaken by the USDA Forest Service
Institute of Tropical Forestry and the Rocky Mountain Station’s Shrub Sciences
Laboratory. These institutions represent foci of significant shrub diversity. Shrub
diversity is enhanced both by warm, mesic and tropical conditions and by aridity and
diverse topography. The two institutions—one in the tropics and one in the continental
Western United States desert--represent those contrasting situations.

E. Durant McArthur

Project Leader

Shrubland Biology and Restoration Work Unit
Shrub Sciences Laboratory

Rocky Mountain Research Station



Introduction

The evolution of the Wildland Shrub Manual begins a long time ago with the observation and
description of plants; however, its direct ancestor is the U.S. Silvics Manual: “Silvics of North America”
Volumes 1 and 2 (Burns and Honkala 1990a, 1990b) in which the editor participated as a species author.
After this, a regional silvics manual developed at the International Institute of Tropical Forestry was
published as single species’ separate publications and later translated into Spanish and compiled into a
single volume, “Bioecologia de Arboles y Exéticos de Puerto Rico y las Indias Occidentales” (Francis and
others 2000). Besides the numerous botanical references cited in the following section and in the species
descriptions, other important references were important contributing sources for this effort. The “Woody-
Plant Seed Manual” (Schopmeyer 1974 and the update in progress, Bonner and Nisley 2003) is cited in
many of the species descriptions. The “Fire Effects Information System” database (Fire Sciences
Laboratory 2003) contributed a significant portion of the information used is a number of the mainland
U.S. species in this volume. The Wildland Shrub Manual differs from its predecessors by the extensive use
of Internet information sources that have not been available previously.

Latin family, genus, species, and authority of plant names were checked against the “Plants”
database (Natural Resources Conservation Service 2003). In a few cases, individual authors disagreed with
the name given in the database and have cited their reasons for using the name in the form they did.
Common names, for which there is really no central authority and which are likely to take another
generation to stabilize, were left to the discretion of the authors. Common names cited were generally
chosen from the many in existence for each species because they were more widely used or because they
were unique or especially descriptive.

Although somewhat simplified, the format of each shrub description generally follows that used in
the silvical descriptions. Sections: General Description, Range, Ecology, Reproduction, Growth and
Management, and Benefits, are followed by References cited. Each description carries a botanical drawing
or a photo to aid in recognition. Because the number of shrubs to be described is so great, it was decided to
make descriptions summaries rather than complete treatises of all information available. Also, to make the
information useful to as wide an audience as possible, authors were encouraged to use wording that is as
simple as possible without sacrificing technical accuracy. Although arranged in alphabetical order by genus
name, a table of contents is provided to make the process of turning to an individual species easier. A
glossary of technical terms and an index of common names are also provided.

These descriptions have been previously published on the Internet (Francis 2003) and the number
of shrub descriptions continues to be added to. The Internet allows revisions of existing descriptions so that
Internet versions of the descriptions may vary somewhat from descriptions contained in this volume.
Volume 1 of the Wildland Shrub Manual contains descriptions of 311 shrub species, a number determined
more by the time permitted for the project than anything else. It is anticipated that the process of compiling
information and describing shrubs will continue and other volumes will follow. The number of shrubs in
the United States and its Territories easily justifies the publication of five or more volumes of descriptions.
I sincerely hope that shrub scientists in the coming years will continue the effort of publishing thamnical
descriptions to facilitate the management of our wildland shrub natural resource.

References Cited

Bonner, F.T., tech. coord. And R.G. Nisley, manag. ed. 2003. Woody plant seed manual. U.S. Department
of Agriculture, Forest Service, Washington, DC. http://wpsm.net/ index.htm. [not paged].

Burns, R.M., and B.H. Honkala, eds. 1990a. Silvics of North America. Vol. 1, Conifers. U.S. Department of
Agriculture, Forest Service, Agriculture Handbook 654. Washington, DC. 675 p.

Burns, R.M., and B.H. Honkala, eds. 1990b. Silvics of North America. Vol. 2, Hardwoods. U.S. Department of
Agriculture, Forest Service, Agriculture Handbook 654. Washington, DC. 877 p.

i



Fire Sciences Laboratory. 2003. Fire effects information system. U.S. Department of Agriculture, Forest
Service, Rocky Mountain Research Station, Ft. Collins, CO. http://www.fs.fed.us/database/feis/ [not

paged].

Francis, J.K., ed. 2003. Wildland shrubs of the United States and its territories. U.S. General Technical
Report IITF-WB-1. Department of Agriculture, Forest Service, International Institute of Tropical
Forestry, San Juan, PR and Rocky Mountain Experiment Station, Shrub Sciences Laboratory, Provo UT.
http://fs.fed.us/global/iitf/ wildland_shrubs.htm. [not paged].

Natural Resources Conservation Service. 2003. Plants database. U.S. Department of Agriculture,
Washington, DC. http://plants.usda.gov/ [not paged].

Schopmeyer, C.S., tech. coord. 1974. Seeds of woody plants in the United States. Agriculture Handbook
450. U.S. Department of Agriculture, Forest Service, Washington, DC. 883 p.

Acknowledgments

I especially want to thank John A. Parrotta, then Team Leader at the International Institute of
Tropical Forestry, USDA Forest Service, for his appreciation of the need to package species information
for popular benefit and his encouragement to embark on the Shrub Manual project. I must also thank Ariel
E. Lugo, IITF Director, for allowing me to dedicate almost 3 years nearly full time to shrub research and E.
Durant McArthur, Project Leader, Shrub Sciences Laboratory, Rocky Mountain Research Station, USDA
Forest Service, for graciously welcoming me to work at the Shrub Sciences Laboratory and furnishing
considerable financial support to the project. These and some 36 other authors wrote thamnical descriptions
to contribute to the book. More than 100 scientists participated in reviewing the manuscripts before they
were edited. Isaac Nordlund helped with graphics and programming. I owe as much as any other to Louise
Kingsbury, Director of Publishing Services for the Rocky Mountain Research Station, for personally and
promptly editing every one of the manuscripts.

John K. Francis
Research Forester, Retired

il



Contents

Forward and acknowledgements
Introduction

Contents

Wildland shrubs
Thamnical Descriptions
Abrus precatorius
Acacia farnesiana
Acacia greggii

Acacia retusa

Acacia tortuosa

Acer glabrum

Acer spicatum
Acnistus arborescens
Aegiphila martinicensis
Agave missionum
Allamanda cathartica
Amyris elemifera
Aralia spinosa
Ardisia elliptica
Argythamnia candicans
Artemisia arbuscula
Artemisia bigelovii
Artemisia californica
Artemisia cana
Artemisia filifolia
Artemisia frigida
Artemisia longiloba
Artemisia lugoviciana
Artemisia nova
Artemisia pygmaea
Artemisia ridgida
Artemisia rothrockii
Artemisia spinescens
Artemisia tridentata
Artemisia tripartita
Arundinaria gigantean
Atriplex canescens
Atriplex confertifolia
Atriplex corrugata
Atriplex cuneata
Baccharis pilularis
Barleria prionitis
Batis maritima

Bidens menziesii

Bixa orellana
Bocconia frutescens
Bontia daphnoides
Borrichia arborescens
Bourreria virgata
Brickellia californica
Bromelia penguin
Brunfelsia lactea

v

Page

il
v

12
14
16
19
21
24
27
30
32
34
36
38
40
43
45
47
50
52
57
60
63
66
69
72
75
77
79
83
85
88
90
93
96
99
101
103
105
107
110
112
115
117
119
121
123
125
127

Caesalpinia bonduc
Cajanus cajan

Callicarpa americana
Calotropis procera
Capparis indica

Capraria biflora
Capsicum annuum
Capsicum frutescens
Casearia decandra
Casearia sylvestris
Cassine xylocarpa
Castela erecta

Ceanothus velutinus
Celastrus orbiculatus
Celastrus scandens

Celtis reticulata
Cephalanthus occidentalis
Cercocarpus intricatus
Cercocarpus ledifolius
Cercocarpus montanus
Cereus greggii

Cestrum diurnum
Cestrum laurafolium
Chamaebiateria millefolium
Chenopodium oahuense
Chiococca alba
Chromolaena geraniifolium
Chromolaena odoratum
Chrysobalanus icaco
Chrysophyllum oliviforme
Chrysothamnus nauseosus
Chrysothamnus parryi
Chrysothamnus viscidiflorus
Cissampelos pareira
Citrus aurantiifolia
Clematis orientalis
Clibadium erosum
Clidemia cymosa
Clidemia hirta

Coccoloba krugii
Coccoloba microstachya
Coccoloba uvifera

Coffea arabica

Colubrina arborescens
Comptonia peregrina
Conocarpus erectus
Corchorus hirsutus
Cordia lima

Cordia polycephala
Cornus sericea

Coursetia caribaea
Crataegus douglasii

Page
129
132
135
137
140
142
144
147
149
151
154
156
158
161
164
167
170
173
175
178
181
184
186
188
190
192
194
196
199
201
203
206
209
212
214
217
219
221
223
225
227
229
232
235
237
240
243
245
247
249
252
254



Critonia portoricense
Crossopetalum rhacoma
Crotalaria lotifolia
Crotalaria spectabilis
Cuphea hyssopifolia
Curatella americana
Cytisus scoparius
Dalbergia ecastaphyllum
Dasiphora floribunda
Dasylirion wheeleri
Datura metel
Dasmanthus virgatus
Distictis lactiflora
Dodonaea viscosa
Dryas octopetala
Duranta erecta

Encelia farinosa
Ephedra nevadensis
Ephedra viridis
Eriogonum fasciculatum
Erithalis fruticosa
Ernodea littoralis
Erythroxylum areolatum
Erythroxylum brevipes
Eugenia foetida
Eugenia pseudopsidium
Euonymus alatus
Euonymus americanus
Euonymus atropurpureus
Fallugia paradoxa
Faramaea occidentalis
Forestiera acuminata
Forestiera segregata
Fouquieria splendens
Furcraea foetida
Gesneria pedunculosa
Gonzalagunia hirsuta
Gossypium hirsutum
Gouania lupuloides
Grayia spinosa
Guettarda elliptica
Gundlachia corymbosa
Gutierreza sarothae
Gynerium sagittatum
Hamelia patens
Helicteres jamaicensis
Hibiscus pernambucensis
Holodiscus discolor
Holodiscus dumosus
Hyperbaena laurifolia
Indigofera suffruticosa
Isocoma tenuisecta

Itea virginica

Ixora coccinea
Jacquinea arborea
Jasminum fluminense

257
259
261
263
266
268
275
278
280
283
286
289
291
293
295
299
302
307
310
314
319
321
323
325
327
329
331
333
335
337
341
343
345
347
350
352
354
356
359
361
363
365
367
370
372
374
376
379
382
384
386
388
391
393
395
397

Jatropha gossypiifolia
Juniperus communis
Juniperus osteosperma
Kalmia latifolia
Kaonophyllon polyodon
Krameria ixine

Lantana camara
Lantana involucrata
Larrea tridentata
Lasiacis divaricata
Leandra krugii

Ledum groenlandicum
Lepianthes peltata
Lepidospartum burgessii
Leucaena leucocephala
Lindera melissifolia
Lonicera japonica

Lotus scoparius
Ludwigia octovalvis
Lupinus arboreus
Lycium pallidum
Macfadyena unguis-cati
Machaonia portoricensis
Mahonia aquifolium
Mahonia repens
Malvastrum americanum
Mecranium latifolium
Melochia nodiflora
Melochia tomentosa
Miconia impetiolaris
Miconia prasina
Miconia racemosa
Mimosa aculeaticarpa
Mimosa arenosa
Mimosa ceratonia
Mimosa pigra

Mimosa pudica
Mimulus aurantiacus
Mitracarpus portoricensis
Morella caroliniensis
Morinda citrifolia
Murraya exotica

Myrica gale

Neea buxifolia
Odontonema cuspidatum
Olyra latifolia

Opuntia leptocaulis
Palicourea crocea
Parathesis crenulata
Parkinsonia aculeata

Parthenocissus quinquefolia

Passiflora edulis
Paullinia pinnata
Pavonia spinifex
Pennisetum purpureum
Penstemon ambiguous

399
401
404
407
411
412
414
417
419
425
427
429
432
434
437
440
442
445
449
451
453
456
459
461
464
467
469
471
473
475
477
480
482
485
487
489
492
495
500
502
505
508
511
514
516
518
520
524
527
529
532
535
538
540
542
545



Philadelphus lewisii
Philadelphus microphyllus
Phoradendron quadrangulare
Phragmites australis
Physocarpus malvaceus
Picramnia pentandra
Piper aduncum

Piper amalago

Piper swartzianum
Piptocoma antillana
Pisonia aculeata
Pithecellobium unguis-cati
Pluchea carolinensis
Prosopis glandulosa
Proustia vanillosma
Prunus americana
Prunus emarginata
Prunus pumila

Prunus virginiana
Psidium guajava
Psorothamnus scoparius
Psychotria brachiata
Psychotria deflexa
Psychotria microdon
Psychotria nervosa
Purshia tridentate
Quercus havardii
Randia aculeata
Rauvolfia viridis
Rhododendron macrophyllum
Rhododendron maximum
Rhus copallinum

Rhus glabra

Rhus microphylla

Rhus trilobata

Ribes aureum

Ribes cereum

Ricinus communis
Rondeletia inermis
Rondeletia pilosa

Rosa woodsii

Rubus discolor

Rubus parviflorus
Rubus rosifolius

Salix arctica

Salix exigua

Salix scouleriana

Salvia apiana

Salvia mellifera
Sassafras albidum
Schaefferia frutescens
Schinus terebinthifolius

vi

548
551
553
555
558
561
564
567
569
571
573
575
577
580
584
586
589
591
594
597
600
602
604
606
608
610
613
617
619
621
623
625
628
631
634
637
641
643
645
647
649
652
655
658
660
664
668
671
676
681
684
686

Securidaca virgata
Senecio flaccidus
Senecio spartioides
Senna atomaria

Senna occidentalis
Senna polyphylla
Serenoa repens
Serjania polyphylla
Sesbania sericea

Sida fallax

Sida rhombifolia
Smilax domingensis
Solanum drymophilum
Solanum dulcamara
Solanum persicifolium
Solanum torvum
Sorbus scopulina
Spermacoce verticillata
Strumpfia maritima
Styrax americanus
Suaeda suffrutescens
Suriana maritima
Symphoricarpos albus
Tabebuia haemantha
Tamarix chinensis
Tamonea boxiana
Taxus brevifolia

Taxus canadensis
Tecoma stans
Tetrapterys inaequalis
Thrinax morrisii
Toxicodendron radicans
Toxicodendron rydbergii
Trema lamarckianum
Trichilia hirta
Trichostigma octandrum
Triumfetta semitriloba
Turbina corymbosa
Urena lobata

Urera baccifera
Vernonia albicaulis
Vernonia borinquensis
Vernonia proctori
Vernonia sericea
Waltheria indica
Wedelia reticulata
Zisiphus obtusifolia
Zuckia brandegeei
Conclusion

Glossary of technical terms
Common name index
Authors

689
691
694
696
699
702
704
708
710
712
714
717
719
721
724
726
729
732
735
737
739
742
744
747
749
753
755
758
761
764
766
769
772
775
777
779
781
783
785
788
790
792
794
796
798
801
803
806

808
812
824



Wildland Shrubs

According to the dictionary (Merriam-Webster Inc 1984), the word “shrub” came
from the Old English scrybb wood, which is akin to the Norwegian skrubbebaer that means
a dwarf hardwood species. The implication seems to be that a shrub is a dwarf tree--not far
from the current usage of the word. The designation of this life form is driven by the need
for a category between trees and herbs.

If a tree is “a woody perennial plant, typically large and with a single well-defined
stem carrying a more or less definite crown” (Ford-Robertson 1971), then a shrub must
necessarily be smaller. Most definitions require that a shrub should have more than one main
stem caused by branching below or above the ground level (Allaby 1994, Viereck and Little
1972). Other frequent qualifications include the need for the plant to be perennial and to be
lignified (woody), at least in some of its parts (Allaby 1994, Ford-Robertson 1971, Orshan
1989). Shrubs are distinguished from herbs in that herbs do not develop persistent woody
tissue above ground (Ford-Robertson 1971). However, Lawrence (1955) admits that the

term shrub is “not subject to precise circumscription”.



There are several reasons why shrubs cannot be precisely defined. Many species are
trees in fertile habitat or favorable conditions and shrubs in difficult habitat. Certain species
may grow as shrubs in large portions of their range and become trees in limited areas. Most
large shrubs will produce an occasional individual with a clearly tree-like habit. It is not
possible to define exactly what “large” is (referring to stem size). A number of species
normally develop single stems but only reach stem sizes below that normally associated with
trees. The degree of lignification is another source of ambiguity. Many annual herbs become
quite lignified before dieing, and some perennial shrubs have little or no woody tissue.
Finally, the concept of perennial looses much of its meaning in the humid tropics where a
shrub may complete its life cycle in a year of continuous growth, and an herb may live
without dieback for many years.

There are many subtypes of shrubs including dwarf shrubs, half-shrubs (sub-shrubs),
cushion plants, woody vines (lianes and climbers), scrambling and prostrate forms, woody
parasitic plants, and various forms of succulents and semi-succulents. A description of these
forms can be found in Lawrence (1955), and a discussion of criterion for classification of
shrub forms may be found in Orshan (1989).

The concept of the shrub layer, which is populated by functional shrubs, sidesteps
the ambiguity of classifying species. In this system, the forest is divided into vertical layers
(canopies or horizons). In their simplest form, the layers are: the tree layer, consisting of
trees and tree-sized plants, the shrub layer, including all plants with any diameter at breast
height (d.b.h.) that is less than some arbitrary upper d.b.h. limit such as 5.0 cm, and the herb
layer, which does not reach breast height. The principal components of the shrub layer are
actually young trees. This concept is useful in studies of wildlife habitat, plant ecology, and
biomass and carbon distribution.

Because of their large size, influence on the environment, and considerable economic
value, trees have received most of the attention in forest research and ecological
descriptions. However, shrubs are more important than is generally realized, especially in
terms of biodiversity. Little (1979) lists 679 species of trees native and naturalized in the
continental United States. Another 60 native tree species with an additional number of
naturalized species grow in Hawaii (Little and Skolmen 1989). Puerto Rico and the U.S.
Virgin Islands support 547 native tree species (Little and others 1974) and at least 118



species of naturalized exotics (Francis and Liogier 1991). With allowances for species
represented in more than one area, the U.S. and its territories support about 1,300 tree
species. Shrub species in the same area are much more numerous.

Estimating the number of shrub species in the U.S. and its territories is challenging
because the life-form is subject to the perception of authors and compilers and not indicated
or consistently identified in many of the checklists and floras. However, it is possible to
count the shrub species indicated in the floras of several of the states or regions. Alaska has
about 110 species of shrubs (Viereck and Little 1972), California about 800 species
(McMinn 1951), Hawaii about 170 (Degener 1946, Degener 1957, Degener and Degener
1963), Idaho about 160 (Davis 1952), Pennsylvania about 264 (Rhoads and Klein 1993),
Puerto Rico about 540 (Liogier 1985, Liogeir 1988, Liogier 1994, Liogier 1995, Liogier
1997), and tropical Florida about 250 (Long and Lakela 1971). These totals (with
duplication eliminated) plus other miscellaneous sources (Abrams 1940, Abrams 1944,
Abrams 1951, Abrams and Ferris 1960, Benson 1969, Correll and Johnston 1970, Everitt
and Drawe 1993, Great Plains Flora Association 1986, Jones 1975, Morley 1969, Nelson
1996) exceed 2800 species and seems to account for most of the shrub species in the United
States and its territories. The Natural Resources Conservation Service (2003) “Plants”
database recently made it possible to search and list shrub species by region within the
United States and its territories (Puerto Rico and the U.S. Virgin Islands). Although sums for
growth habits (life-forms) are higher than if each species were exclusively assigned to a
single growth habit (eg. Salix exidua Nutt. appears as both tree and shrub), the figures are
instructive, especially for comparing areas, life-forms, and taxonomic divisions. Searching
all plant species that carry the growth habit designates, “shrub” or “sub-shrub,” yielded
5,281 species for the U.S. and territories. There was a great deal of variation between
political divisions (see figure below, not drawn to scale). California and Texas supported the
greatest numbers of species with 1,311 and 1,300 respectively. North Dakota and Alaska
had the lowest with 195 and 200 respectively. The U.S. Virgin Islands had the highest

average shrub biodiversity with 527 shrub species in only 349 km? of territory.
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Several factors influence the amount of shrub diversity found within a political unit.
Numbers of shrub species, as well as all plant species, increase as one travels from the harsh
boreal regions to the humid tropics. Diversity of habitat, such as mountain peaks, deserts,
riparian areas, and sea shore, is also very important. Southwestern deserts where shrubs are
the dominant vegetation also tend to have high shrub diversity.

Using searches of the “Plants” database mentioned above, the shrubs of the U.S. and
territories were found to be divided among 166 families. The most important families were:
Asteraceae, 618 species; Rosaceae, 510 species; Fabaceae, 342 species; Cactaceae, 193
species; Ericaceae, 189 species; Scrophulariaceae, 182 species; Rubiaceae, 165 species;
Malvaceae, 148 species; Euphorbiaceae, 128 species; Lamiaceae, 124 species;
Polygonaceae, 123 species; Companulaceae, 112 species; Boraginaceae, 106 species;
Ramnaceae, 103 species; and 152 additional families with 82 to 1 species each.

Reaching or maintaining a high biodiversity is important to ecosystem health.
Managers and the public are beginning to realize that subordinate species, as well as the tree
canopy, are important. It will not be enough, as formerly called for in management plans, to
establish a tree cover and wait for natural succession to fill in the subordinate species.
Shrubs, which are near-climax in ecosystems such as subtropical deserts, are, thus, the

principal species to be maintained or reestablished. In moister wildlands, wildlife managers



have long sought to achieve a certain portion of the landscape in the “brush” stage,
preferably in disbursed, irregular patches within more advanced forest.

The use of shrubs as well as all other types of native plants for reclamation and
restoration of damaged sites is becoming a very important topic (Hansen 1989). Shrubs are
planted as seedlings of various types and seeded using the same techniques employed with
trees (Alder and Ostler 1989), except that densities must often be higher. Because it costs
less, establishment by site manipulation and natural seeding and succession is preferred
whenever possible.

Shrubs yield many benefits to humankind directly and indirectly. Berries and similar
small fruits are the most important shrub-derived foods. There are many hundreds of kinds
of edible, wild berrylike fruits throughout the world. Seasonally harvested and preserved,
they were once very important to hunter-gatherer tribes and still are important in certain
rural areas. All our commercial berries descended from wild shrubs, and their wild ancestors
remain a source of genetic material for breeders. Wildland shrubs also furnish nuts, seeds,
herbs, greens, and medicinal materials to rural peoples.

Fuel is another major direct benefit from shrubs. Although wood from shrubs is not
present in quantities as great as tree wood in forests, its accessibility and ease of harvest
have made it a very important fuel source in underdeveloped areas and during recreational
camping, especially when collected by women and children. Shrubs are even harvested to
make charcoal in areas with few trees. It has also been suggested that shrub stands could be
harvested mechanically for industrial biomass fuel (Young and others 1989).

Humans benefit indirectly from shrubs through animals that eat them. Grazing
domestic goats, camels, and, to a lesser extent, sheep and cattle obtain a large part of their
forage from woody browse. Many wild ruminants preferentially browse shrubs even when
grass is available. Others supplement their diet of grasses and forbs with forage from shrubs.
A multitude of birds, mammals, amphibians, and reptiles obtain forage, mast (fruits and
seeds), and insects from shrub hosts. The cover provided by shrubs is critical for a vast

number of wild animals.
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Finally, wild shrubs are an important esthetic component of our forests, prairies, and
deserts. As greenbelts and semi-wild urban parks become more widespread, wild shrubs will
be more appreciated and will be managed along with trees and herbaceous plants.

Shrubs also negatively impact humans. Undesirable shrubs often invade managed
and semi-managed pastures, excluding the more desirable grass, and become weeds in
croplands. They can temporarily suppress tree seedlings and slow reforestation. Shrubs,
especially the many thorny and a few poisonous species, are the bane of cross-country hikers
and woods workers. Forests with a heavy shrub layer are usually less visually pleasing than
open forests. Shrub understories often are a vehicle for explosive fire spread in seasonally
dry forest habitats.

In the early days of forestry, it seemed to be enough to protect and manage the forest
as a whole. Later, it was realized that we needed detailed information on each of the tree
species. To this end, a number of excellent references have been produced (Burns and
Honkala 1990a, Burns and Honkala 1990b, Burns and others 1998, Francis and Lowe 1999).
The time is coming when, if we are to manage the lesser species, we will need detailed

information on each or, at least, the most important shrubs. The objective of this work is to



provide an accessible reference of the biology, ecology, and management of individual
species of shrubs. The study of the biology, ecology, and management of trees is called
silvics, and the resulting descriptions are termed silvical descriptions. No such terms have
come to general use for the study and description of shrubs. Perhaps the terms should be
designated “thamnics” and “thamnical descriptions” from the Ancient Greek “thamnos”,

which means shrub.

References

Abrams, L. 1940. Illustrated flora of the Pacific states. Vol. 1. Stanford University Press,
Stanford, CA. 538 p.

Abrams, L. 1944. Illustrated flora of the Pacific states. Vol. 2. Stanford University Press,
Stanford, CA. 635 p.

Abrams, L. 1951. Illustrated flora of the Pacific states. Vol. 3. Stanford University Press,
Stanford, CA. 866 p.

Abrams, L., and R.S. Ferris. 1960. Illustrated flora of the Pacific states. Vol. 4. Stanford
University Press, Stanford, CA. 732 p.

Alder, G.M., and W.K. Ostler. 1989. Native shrub propagation and nursery stock
production. In: C.M. McKell, ed. The biology and utilization of shrubs. Academic Press,

Inc., San Diego, CA. p. 535-552.

Allaby, M. 1994. The concise Oxford Dictionary of ecology. Oxford University Press,
Oxford, UK. 415 p.

Benson, L. 1969. The cacti of Arizona. The University of Arizona Press, Tucson, AZ. 218 p.



Burns, R.M., and B.H. Honkala, eds. 1990a. Silvics of North America. Vol. 1, Conifers.
U.S. Department of Agriculture, Forest Service, Agriculture Handbook 654. Washington,
DC. 675 p.

Burns, R.M., and B.H. Honkala, eds. 1990b. Silvics of North America. Vol. 2, Hardwoods.
U.S. Department of Agriculture, Forest Service, Agriculture Handbook 654. Washington,
DC. 877 p.

Burns, R.M., M.S. Mosquera, and J.L. Whitmore, eds. 1998. Useful trees of the tropical
region of North America. Publication 3. North American Forestry Commission,

Washington, DC. 256 p.

Correll, D.S., and M.C. Johnston. 1970. Manual of the vascular plants of Texas. Texas

Research Foundation, Renner, TX. 1881 p.

Davis, R.J. 1952. Flora of Idaho. W.M.C. Brown Co., Dubuque, IA. 828 p.

Degener, O. 1946. Flora Hawaiiensis. Books 1-4. Otto Degener, Waialua, Oahu, HI. [Not
paged].

Degener, O. 1957. Flora Hawaiiensis. Book 5. Otto Degener, Waialua, Oahu, HI. [Not
paged].

Degener, O. and 1. Degener. 1963. Flora Hawaiiensis. Book 6. Otto Degener, Waialua,
Oahu, HI. [Not paged].

Everitt, J.H. and D.L. Drawe. 1993. Trees, shrubs and cacti of South Texas. Texas Tech
University Press. 213 p.

Ford-Robertson, F.C., ed. 1971. Terminology of forest science, technology, practice, and

products. Society of American Foresters, Washington, DC. 349 p.



Francis, J.K. and H.A. Liogier. 1991. Naturalized exotic tree species in Puerto Rico. U.S.
Department of Agriculture, Forest Service, General Technical Report SO-82. Southern

Forest Experiment Station, New Orleans. 12 p.

Francis, J.K. and C.A. Lowe., eds. 1999. Bioecologia de especies natives y exoticas de
Puerto Rico y las Indias Occidentales. U. S. Department of Agriculture, Forest Service,
General Technical Report IITF-15. International Institute of Tropical Forestry. Rio
Piedras, PR. 583 p.

Great Plains Flora Association. 1986. Flora of the Great Plains. University Press of Kansas.

1391 p.

Hansen, D. 1989. Reclamation and erosion control using shrubs. In: McKell, C. M., ed. The
biology and utilization of shrubs. Academic Press, Inc, San Diego. 459-478.

Jones, F.B. 1975. Flora of the Texas coastal bend. Mission Press, Corpus Christi, TX. 262 p.

Lawrence, G.H.M. 1955. An introduction to plant taxonomy. The Macmillan Company,
New York. 179 p.

Liogier, H.A. 1985. Descriptive flora of Puerto Rico and adjacent islands. Vol. 1. Editorial
de la Universidad de Puerto Rico, San Juan, PR. 352 p.

Liogier, H.A. 1988. Descriptive flora of Puerto Rico and adjacent islands. Vol. 2. Editorial
de la Universidad de Puerto Rico, San Juan, PR. 481 p.

Liogier, H.A. 1994. Descriptive flora of Puerto Rico and adjacent islands. Vol. 3. Editorial
de la Universidad de Puerto Rico, San Juan, PR. 461 p.



Liogier, H.A. 1995. Descriptive flora of Puerto Rico and adjacent islands. Vol. 4. Editorial
de la Universidad de Puerto Rico, San Juan, PR. 617 p.

Liogier, H.A. 1997. Descriptive flora of Puerto Rico and adjacent islands. Vol. 5. Editorial
de la Universidad de Puerto Rico, San Juan, PR. 436 p.

Little, E.L., Jr. 1979. Checklist of United States trees (native and naturalized). U.S.
Department of Agriculture, Forest Service, Agriculture

Handbook 541. Washington, DC. 375 p.

Little, E.L., Jr., R.O. Woodbury, and F.H. Wadsworth. 1974. Trees of Puerto Rico and the
Virgin Islands. Vol. 2. U.S. Department of Agriculture, Forest Service, Agriculture
Handbook 449. Washington, DC. 1,024 p.

Little, E.L., Jr. and R. Skolmen. 1989. Common forest trees of Hawaii (native and
introduced). U.S. Department of Agriculture, Forest Service, Agriculture Handbook 679.

Washington, DC. 321 p.

Long, R.'W. and O. Lakela. 1971. A flora of tropical Florida. University of Miami Press,
Coral Gables, FL. 962 p.

Merriam-Webster Inc. 1984. Webster’s ninth new collegiate dictionary. Merriam-Webster

Inc., Publishers. Springfield, MA. 1,563 p.

McMinn, H. 1951. An illustrated manual of California shrubs. University of California
Press, Berkeley, CA. 663 p.

Morley, T. 1969. Spring flora of Minnesota. The University of Minnesota Press,
Minneapolis, MN. 283 p.

10



Natural Resource Conservation Service. 2003. Plants database. http://plants.usda.gov/. [not

paged].

Nelson, Gil. 1996. The shrubs and woody vines of Florida. Pineapple Press, Inc., Sarasota,
FL. 391 p.

Orshan, G. 1989. Shrubs as a growth form. In: McKell, Cyrus M., ed. The biology and
utilization of shrubs. Academic Press, Inc., San Diego, CA. p. 249-265.

Rhoads, A.F., and W.M. Klein, Jr. 1993. The vascular flora of Pennsylvania, annotated
checklist and atlas. American Philosophical Society, Philadelphia, PA. 636 p.

Viereck, L.A., and E.L. Little Jr. 1972. Alaska trees and shrubs. Agriculture Handbook 410.
U.S. Department of Agriculture, Forest Service, Washington, DC. 265 p.

Young, J.A., J.D. Budy, and R.A. Evans. 1989. Use of shrubs for fuel. In: C.M. McKell, ed.
The biology and utilization of shrubs. Academic Press, Inc, San Diego, CA. p. 479-492.

11



Abrus precatorius L.

FABACEAE

Synonyms:
Glycine abrus L.

John K. Francis

General Description—Crab’s eye, also known as
jumbie bean and licorice plant in English, peronias
and ojos de cangrejo in Spanish, and guen léglise
in French (Howard 1988, Liogier 1988), is a
slender woody vine that climbs shrubs and low
trees. Its older stems are dark gray and the younger
ones are green and very fine. The alternate,
pinnately compound leaves are 5 to 10 cm long
and have five to 20 pairs of leaflets. The racemes
have tight clusters of white to purple flowers
(Howard 1988, Liogier 1988). The most notable
thing about this species is the 6-mm, spherical red
and black seeds. Crab’s eye produces a tap and
lateral root system with abundant fine roots. The
larger roots are dark reddish brown. The lateral
roots produce white nodules.

Range.—Crab’s eye is possibly native of India
(Acevedo-Rodriguez 1985) or of Guinea in Africa
(Neal 1965), but today has naturalized throughout
most of the tropics (Acevedo-Rodriguez 1985).
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Abrus abrus (L.) W.F. Wright

crab’s eye

Ecology.—In Puerto Rico, crab’s eye grows in
subtropical moist (1000 to 2000 mm of
precipitation), subtropical dry forest (below 1000
mm of precipitation), and the lower extreme of the
subtropical wet forest type on all drainage classes
except very poorly drained and on soils of all
textures and parent materials. All types of
topography are colonized from near sea level to
1,000 m in elevation (in India) (Parrotta 2001).
Crab’s eye competes well with weeds and brush in
abandoned farmland, disturbed areas, and early
secondary forest. It requires disturbance to
maintain itself in dense, closed stands. Although
crab’s eye produces relatively few root nodules
compared to other legumes, nitrogenase activity is
comparatively high by nodule weight (Pokhriyal
and others 1997).

Reproduction—A sample of crab’s eye seed
from Puerto Rico averaged 0.1088 + 0.0091
g/seed. These seeds, which were not treated in any
way, germinated at a final rate of 61 percent
between 11 and 182 days after sowing.
Germination is epigeous. Seeds are produced in
abundance. Seedlings are common in suitable
habitat, but few gain access to sufficient sunlight
to survive. Humans have been responsible for the
long-distance transport that has resulted in the
current pantropical distribution. Birds may move
the seeds short distances either through curiosity
or by being momentarily deceived into thinking
that they are edible (personal communication with
Joseph Wonderly, IITF, Rio Piedras, Puerto Rico).
Lateral extension of the vines also disperses the
seeds short distances. These plants can be
controlled by heavy grazing, hand removal, and
with herbicides.

Growth and Management.—Seedlings grow at a
moderate rate. It takes about 6 months after
germination for them to reach 30 cm in height.
Mature plants may grow 2 m or more per year in
each leader. They eventually reach 5 to 10 m into
the canopy or a similar distance laterally
(Acevedo-Rodriguez 1985). The longevity of



crab’s eye is not reported, but certainly it lives
longer than 3 years. New plants are easily grown
in the nursery and probably can be established by
direct seeding into prepared seed spots. Because
the species is exotic in all of the U.S. Territories
and because it becomes a weed in range and
semimanaged pastures (Velez and von Overgeek
1950), it is difficult to see a justification for the
establishment of plantations.

Benefits.—Crab’s eye seeds were used anciently
as balance weights in the Eastern countries (Neal
1965) and as rosary beads by the Buddhists
(Bailey 1941) because they were so uniform in
weight, as well as durable. Today, the seeds are
used to make necklaces and other jewelry and for
the sounding weights in maracas. The seeds
contain a protein-based poison called abrin
(Parrotta 2001). One seed contains enough poison
to kill a human, but the seeds are very hard and
must be chewed or ground to release the poison
(Acevedo-Rodriguez 1985). However, cooking
destroys the poison so that the seeds may be eaten
(Neal 1965). The leaves and roots contain
glycyrrhizin, the principal component of licorice.
These tissues prepared in various ways are used to
treat coughs and a number of other ailments
(Parrotta 2001). Crab’s eye holds out promise in
the treatment of Schistosoma haematobium
infections. Extracts of the plant were shown to be
lethal to adult schistosomes in hamsters (Ndamba
and others 1994). Crab’s eye vines are sometimes
grown for vegetative screens (Bailey 1941).
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Acacia farnesiana (L.) Willd.
FABACEAE

Synonyms: Acacia cavenia Bert.
Acacia leptophylla DC.

sweet acacia

Vachellia farnesiana (L.) Wight & Arn.

John A. Parrotta

General Description.—Sweet acacia, also known
as cassie, aroma, huisache, cambron, espino
blanco, and many other common names (Little and
Wadsworth 1964), is a medium-sized shrub with
many spreading branches and basal stems. The
leaves are alternate, bipinnately compound with
two to six pairs of pinnae, each with 10 to 25 pairs
of narrow leaflets 3 to 5 mm in length. The slightly
zigzag twigs are dark brown with light-colored
dots (lenticels) and paired spines 3 to 20 mm in
length at the nodes. The older bark is also dark
brown and smooth. Its bright yellow or orange
flowers, produced over a period of 2 to 4 months,
depending on locality, are very fragrant and used
in the perfume industry in France and elsewhere.

Range.—Sweet acacia is believed to be native to
the American tropics, although precise information
is lacking about its range prior to the Spanish
colonial era, during which it was introduced to
numerous countries throughout the tropics and
subtropics where it subsequently became
naturalized. Today sweet acacia is found in the
southern United States from California to Florida,
throughout the West Indies, Mexico, Central
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America, in South America as far south as Chile
and Argentina, and in many parts of the Old World
tropics and subtropics. Present on all continents
between 30° N. and 40° S. latitudes, it is the most
widely distributed species of Acacia (Siegler and
others 1986).

Ecology.—Sweet acacia is a drought-hardy, fire-
resistant species that does not tolerate frost and
grows well in areas receiving between 500 and
750 mm of rainfall with a dry season of 4 to 6
months (Webb and others 1980). Its best growth
occurs on well-drained soils. It tolerates heavy
clays to sands and a variety of soil conditions,
including saline soils, at elevations up to 2,000 m.
A light-demanding species, sweet acacia often
forms dense thickets on disturbed sites and is
associated with numerous other shrub and tree
species in secondary thorn woodlands, shrublands,
and dry forests in its tropical and subtropical
American range (Rzendowski 1981). It is
susceptible to attack by a number of insect
species, leaf, stem, and root pathogens, though
none appear to pose a serious threat to the species
(Parrotta 1992).

Reproduction.—Sweet acacia produces small (to
5 mm in length) flowers that have functional male
and female parts, borne in compact rounded heads
0.6 to 1.3 cm across. The flowers are very fragrant
and are pollinated by bees and other insects. The
thick, slightly flattened pods, 4 to 9 cm in length
and 0.5 to 1.3 cm broad, are produced in
abundance after about 3 years. They mature 4 to 6
months after flowering and contain a number of
hard-coated, brown seeds embedded in a pulpy
mesocarp. The species flowers and fruits between
November and February in the Caribbean and
between December and March in Central America
(Hughes and Styles 1984, Little and Wadsworth
1964). Natural reproduction is abundant,
particularly on disturbed sites and in active
pastures where cattle readily consume the pods. In
nurseries, sweet acacia is usually propagated from



seed, although branch cuttings can also be rooted
(Webb and others 1980). A collection of seeds
from Puerto Rico contained 7,600 seeds/kg, began
germinating in 6 days, and achieved 57 percent
germination after 13 days (Francis and Rodriguez
1993). Although pregermination treatment is not
necessary, cold- or hot-water soaking, chemical
scarification, and, particularly, seed-coat
scarification by abrasion with sandpaper greatly
increase germination rates (Parrotta 1992).

Growth and Management.—Early growth is
relatively rapid. About 1 m of height growth can
be obtained during the first year, although growth
rates of 30 to 50 cm during the first year under
semiarid field conditions are more typical
(Foroughbakhch and others 1987). Depending on
the environment, maximum heights of plants
generally range from 3 to 5 m, with stem
diameters up to 5 cm. Because sweet acacia is
intolerant of shade and does not compete well with
more aggressive woody vegetation such as
Prosopis L., management activities for enhancing
growth and natural regeneration in natural and

plantation stands may include control of
competing  vegetation and periodic  soil
disturbance.

Benefits.—Sweet acacia is planted in many parts
of its natural and introduced tropical and
subtropical range for reforestation of degraded
drylands, for fuelwood and small timber, livestock
fodder, and for its flowers used in the perfume
industry. In some areas, it is considered a pest due
to its ability to colonize pastures and other
disturbed habitats. The tannin-rich bark is used for
tanning leather, the gum obtained from the cut
bark is used as a substitute for gum arabic (from
Acacia nilotica (L.) Delile), and a useful black dye
is obtained from the pods. Various parts of the
plant are used in traditional medicine (Liogier
1990, Parrotta 2001). In Mexico, for example, the
flowers are used to treat headache and indigestion,
whereas a decoction of the green pods is used to
treat dysentery and skin inflammations. In India,
the bark, heartwood, and leaves are all used
medicinally to treat a variety of ailments (Parrotta
2001).
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catclaw acacia

Acacia greggii Gray
FABACEAE
Synonyms:  Senegalia greggii (Gray) Britt. & Rose.

Juanita A. R. Ladyman

Illustration source: USDA—Forest Service collection,
Hunt Institute

General Description—A cacia greggii is
commonly known as catclaw acacia, catclaw,
Texas mimosa, tearblanket, ufia de gato and wait-
a-while (Epple 1995). Children sometimes call the
plant “Frito” because the wide, flat fruits twist and
curl like corn chips. Many of the common names
are similar to those applied to Mimosa
aculeaticarpa var. biuncifera which it superficially
resembles. The genus name, Acacia, is derived
from “akis” that means “thorn” in Greek (Gledhill
1992). Catclaw acacia is a deciduous shrub, or
small tree, with grayish-green bipinnately
compound leaves that are up to 7.6 cm long.
Catclaw acacia exhibits foliage dimorphism (Isely
1973). The leaves clustered on spurs are small,
very short petioled, and usually have one to two
pairs of pinnae whereas the foliage on new growth
is larger with petioles up to 1 cm long and with
one to three pairs of pinnae. The short, sharp,
curved spines on the branches are approximately
0.64 cm long and resemble cats’ claws (Epple
1995). Two varieties exist, var. greggii and var.
wrightii (Kartesz 1994).  Acacia greggii var.
greggii is synonymous with A. greggii var.
arizonica lIsely; A. greggii var. wrightii (Benth.)
Isely, is synonymous with A. wrightii Benth.
(Kartesz  1994). Variety wrightii can be
distinguished from wvar. greggii by its wider
legume and larger leaflets.
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Range.—Catclaw acacia grows in New Mexico,
Arizona, Nevada, southern Utah, southern
Colorado, southern California, and Texas, and
southwards into the Mexican states of Coahuila,
Chihuahua, Sonora, and Baja California. Variety
greggii is the most widespread. Variety wrightii
grows in parts of western Texas and New Mexico
and in Sonora, Tamaupilas, and Nuevo Leodn,
Mexico.

Ecology.—Catclaw acacia is a drought resistant,
deep-rooted plant that grows between 300 m and
1,500 m in elevation in a variety of communities
and soil types, from sandy or gravelly hills and
slopes, to canyon bottoms and along washes and
streams  (Dayton 1931, McAuliffe 1995,
Richardson 1995, Vines 1960). Although most
commonly a 1- to 4-m tall shrub, it can grow to an
8- to 10-m tall tree, especially in deep, rich soils
(USDAFS 1988). It is a frequent member of desert
grasslands and is often associated with other
acacia species and a variety of other shrubs
(Taylor and others 1997). It is not typically a
dominant member of the community but may
reach co-dominance in washes (Schmutz and
others 1992, Uchytil 1990). Catclaw acacia is
more cold tolerant than many acacia species
(Bowers 1993). However, in the northern part of
its range it generally grows no taller than 2 m
whereas in its southern range it will grow to nearly
7 m. Catclaw acacia is a winter-deciduous shrub
that grows only when leafy, remaining dormant in
the winter and early spring (McClaran 1995).
Observations suggest that it is a common host to
mistletoe. An ornithological study in Nevada noted
that 67 percent of the catclaw acacia shrubs
distributed along three 1-km transects were
infested with large amounts of mistletoe,
Phorodendron californicum Nutt. (Blake 1984).

Reproduction.—Catclaw acacia flowers from
April through October with the heaviest blooms in
April and May (Epple 1995, Everitt and Drawe
1993). Variety wrightii flowers as early as March
(Vines 1960). Rain frequently prompts flowering.
The creamy-yellow, fragrant flowers are insect



pollinated (Bowers 1993). The fruit is a light
brown to reddish legume often becoming
constricted between the seeds. The circular seeds
are 5- to 7-mm in diameter (Isely 1973). The wax-
coated seeds delay germination for several years
and need to be scarified to germinate (Bowers
1993, Epple 1995). Regions where catclaw acacia
grows are prone to flash floods and the tumbling
action of floodwaters in sandy, gravelly washes
accomplish both seed scarification and seed
dispersal (Bowers 1993).

Growth and Management.—Catclaw acacia is a
thicket-forming shrub that has increased in
abundance throughout the Southwestern United
States since the 1890s (Bahre 1995). This increase
is likely influenced if not directly caused by
livestock overgrazing and fire suppression (Bahre
1995). Overgrazing has reduced native perennial
grasses that, when healthy and dense, can reduce
woody shrub seedling establishment and also
provide sufficient fuel to carry a fire. Catclaw is
susceptible to fire when young, but mature plants
re-sprout from the root crown following fire
(Carmichael and others 1978, McPherson 1995).
Catclaw is moderately resistant to phenoxy
herbicides, and after only one application the
shrubs tend to re-foliate or re-sprout from the
crown (Hibbert and others 1974). Successive
herbicide applications kill the plants. Apparently
the invasive resinbrush, FEuryops multifidus
(Thunb.) DC. out-competes, or is in some other
way deleterious to, catclaw shrubs and may be a
threat in some parts of its range (McAuliffe 1995).

Benefits.—Catclaw  acacia  shrubs provide
protective cover and shade for wildlife (Dayton
1931). Pods, twigs and foliage, especially new
growth, provides browse for a variety of wildlife,
for example jack rabbit, white-tailed and mule
deer, and the seeds are eaten by many species of
small mammals and birds, for example, ground
squirrels, western white-winged dove, scaled and
bobwhite quail (Graham 1941, Everitt and Drawe
1993, Taylor and others 1997). The leaves contain
16 to 20 percent crude protein (Everitt and Drawe
1993). Cattle browse the shrubs especially early in
the spring before the new leaves appear, when the
young green twigs provide some relatively
succulent forage for a short period of time, and
when other forage is limited (Graham 1941,
USDAFS 1988). The mature foliage and pods are
unpalatable to livestock (Graham 1941, Vines
1960). The fruits were ground into a flour, or meal,
called pinole by Native Americans (Epple 1995,

Vines 1960). It is a food plant for both adult and
larval butterflies (Taylor and others 1997) and an
important “bee plant” (Dayton 1931). The lac
insect, Tachardia lacca, feeds on the sap of
catclaw acacia and produces a resinous substance
that can be used in making varnish and shellac but
probably not in commercial quantities (Powell
1998). The wood has been used for fuel and tool
handles (Epple 1995). It is also in the ornamental
and landscape trade and is a good hedge plant
(Taylor and others 1997). It has been used in
projects to re-vegetate degraded land but is
sensitive to some pollutants such as those found in
copper mine wastes (Norem and others 1982).
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Acacia retusa (Jacq.) Howard
FABACEAE

Synonyms:  Acacia westiana DC

zarza brava

Acacia riparia authors, not Kunth
Senegalia westiana (DC.) Britt. & Rose

Mimosa retusa Jacq.
Mimosa paniculata West
Acacia guadalupensis DC.
Acacia sarmentosa Griseb.

John K. Francis

General Description.—Zarza brava is also known
as acacia zarza, amourette, and fleur du ben-aimé
(Acevedo-Rodriguez 1985, Howard 1988, Liogier
1988). The common name zarza brava is Spanish.
The modifier “brava” means fierce, which aptly
describes the way its thorns grab a person trying to
walk through it. Usually, zarza brava is a climber,
but when open-grown, it scrambles or grows
upright. It is also reported to occasionally become a
slender tree (Howard 1988). The stems are gray,
squarish when young and angular or fluted when
older. The old and young stems and even the leaf

petioles and rachises are armed with recurved
spines that protect the plant and facilitate climbing.
The root system consists of many robust laterals
without an apparent taproot. Nodules were not seen
by the author. There may be single or multiple
stems from the ground level, but few branches
occur on the stem until it reaches increased light in
the canopy. The leaves are bipinnately compound
with four to 12 pinnae and 15 to 25 leaflet pairs per
pinnae (Liogier 1988). The inflorescence is a
panicle of small heads. The stamens are white. The
legumes are flat, brown, and 6 to 10 cm long and 1
to 2 cm wide. The seeds are oval, flat, and dark
brown (Howard 1988).

Range.—Zarza brava is native to Hispaniola,
Puerto Rico, the Virgin Islands, the Lesser Antilles,
Trinidad, and northern South America (Howard
1988). It is not known to have been planted or
naturalized elsewhere.

Ecology.—Zarza brava grows in habitat that
receives from as little as 700 mm to as much as
2200 mm of annual rainfall in Puerto Rico, and is
more common in the mid-range of this rainfall.
Soils from all parent materials, including limestone
and ultramafic rocks, are colonized. Soil textures
from sand to clays and pH’s from at least 5.0 to 8.0
are tolerated. Zarza brava can survive under a
broken overstory. When mats are formed, only the
upper surface stems produce leaves. The species is
more common in disturbed habitat than in remnant
old growth forests. During the abandonment of
agricultural land, it invades during the brushy
pasture stage and becomes very common in early
secondary forest. After the canopy closes, zarza
brava declines in importance, but does not
disappear.

Reproduction.—Zarza brava flowers in June and
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December (Acevedo-Rodriguez 1985) and ripens
fruit in January and July. Fruit production can be
very heavy, and pods in one sample in Puerto Rico
averaged 7.97 + 0.29 seeds/pod. The seeds
averaged 0.041 + 0.001 g/seed or 24,000 seeds/kg.
Some of the seeds had been attacked by an
unknown species of beetle and a lepidopteran
larva. When planted in commercial potting mix, the
seeds began germinating in 4 days and by 11 days
had reached their final 98 percent germination.
Germination is epigeal. In the wild, seedlings are
produced in abundance, but few survive beyond the
first year. Zarza brava sprouts vigorously and
grows rapidly after fires or cutting.

Growth and Management.— Seeds are dispersed
by lateral extension of the vines, by pods tumbling
laterally through the air after becoming detached
from vines, and by accidental dispersal by grazing
animals and humans. New seedlings make
relatively rapid early growth. Older plants also add
length rapidly. The stems of zarza brava may
eventually reach as much as 10 cm in diameter and
as much as 12 m into tree canopies (Acevedo-
Rodriguez 1985). No planting experience of zarza
brava is known, but if establishment of plants is
needed, doubtless the planting of potted nursery
seedlings would succeed. The species is so
aggressive that direct seeding into prepared seed
spots in forest openings should also give good
results.

Benefits.—Zarza brava is eaten by goats, but
seldom touched by cattle. In fact, it survives as
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scrambling patches in overgrazed cattle pasture. On
the other hand, the species is a great nuisance to the
cattleman, woods workers, and hikers. It is
frequently necessary to cut a path through zarza
brava thickets with a machete, in order to move
through vegetation in the semiarid-zones within the
zarza brava range. When one contacts the vines,
the tips of the spines break off in the skin, causing
pain and sometimes resulting in infection. No
specific control recommendations have been
developed. In the past, control was attempted with
mixed success by repeated cutting. Control could
probably be improved by treating the sprouts with
herbicides after cutting.
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Acacia tortuosa (L.) Willd.
FABACEAE

Mimosa tortuosa L.
Poponax tortuosa (L.) Raf.
Acacia parvifolia Duss

Synonyms:

John K. Francis

General Description.—Twisted acacia, also
known as acacia-bush, wild-poponax, sweet-briar,
cossie, aromo, caji torcido, and pompons jaunes, is
a deciduous shrub or small tree to 6 m in height
and 15 cm in trunk diameter. The plant may have
single or multiple stems with gray-brown, finely
fissured bark and a light brown inner bark with
darker streaks. The wood is light brown and hard.
The twigs are slender with a zig-zag profile,
produce paired, straight spines at the nodes, and
have whitish lenticels on the reddish-brown bark.
Mature twisted acacia are flat topped and have a
thin crown of feathery foliage. The bipinnately
compound leaves are 2.5 to 9 cm long with two to
eight pairs of pinnae and 10 to 20 pairs of leaflets
per pinnae. Solitary or small clusters of heads of
tiny, yellow-orange flowers are borne at the leaf
axiles. Dark brown or black semiwoody, 8- to 14-
cm pods (legumes) are straight or slightly curved
and somewhat constricted between the seeds. They

twisted acacia

do not open. The ovoid seeds are brown and hard
(Howard 1988, Liogier 1988, Little and others
1974). The chromosome number is 2n = 26 (Long
and Lakela 1971).

Range.—Twisted acacia is native to Jamaica,
Hispaniola, Puerto Rico, the Virgin Islands, the
Lesser Antilles, Trinidad, and in South America,
Venezuela, Colombia, and Ecuador including the
Galapagos Islands (Howard 1988, Instituto
Humboldt 2002, Liogier 1988, Little and others
1974). It is endangered in Florida where it may be
native or introduced (Little and others 1974,
Institute of Systematic Botany 2002). Although
several reputable sources list Texas, Mexico, and
Central America as being part of the A. fortuosa
range (e.g., Missouri Botanic Garden 2002, Nature
Conservancy 2002), Little and others (1974) and
Texas A & M Herbarium (2002) maintain that this
western population is in fact A. schaffneri (S.
Wats.) Herm.

Ecology.—Twisted acacia is intolerant of shade
and only moderately competitive. It finds
conditions for establishment and growth to
reproductive age in disturbed, dry areas.
Disturbance since European colonization has been
by heavy grazing, fires, excessive timber harvest,
and clearing for farming or pasture improvement.
One of the most common plants of disturbed areas
in Curagao is twisted acacia (Carambi Foundation
2002). It is found on shell mounds and along
roadsides in Southern Florida (Nelson 1996). The
species grows in coastal areas of Puerto Rico and
its offshore islands in areas that receive from 750
to about 1100 mm of precipitation. The plant
colonizes well-drained soils of the full range of
textures derived from both sedimentary and
igneous rocks. Most of these soils are neutral to
mildly alkaline. Twisted acacia is not damaged by
mild salt spray. It is usually ignored by cattle and
tolerates browsing by goats.

Reproduction.—Twisted acacia flowers
intermittently throughout the year (Little and others
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1974). Bees and other insects pollinate the flowers
(Treeguide 2002). A collection of pods from
Puerto Rico contained an average of 12.4
seeds/pod and a range of eight to 15 seeds/pod. The
air-dried seeds separated from them averaged
0.0440 + 0.0004 g/seed or 22,700 seeds/kg. These
were mechanically scarified (nicked) and incubated
on moist blotter paper. Ninety-nine percent
germinated between 5 and 21 days after sowing
(author’s observation). Because of the hard,
impermeable seed coat, germination without
scarification is low and erratic. Any technique that
perforates the seed coat will work. One source
(Treeguide 2002) recommends placing the seeds in
boiling water, immediately removing the heat
source and letting the seeds soak for 24 hours.
Germination is epigeal. The seeds are dispersed by
herbivores, particularly ruminants that eat the pods.
Seedlings often emerge in large numbers, but
nearly all are consumed by grazing animals before
they have a chance to become woody and thorny.

Growth and Management.—Although acacias
can be propagated with cuttings, the use of seeds is
recommended (Bonsai Clubs International 2002).
No management experience has been published;
however, nursery production and field
establishment will probably be as easy as it is for
other acacias. Control of twisted acacia along with
other secondary dry-forest species has been
accomplished in several areas in Puerto Rico and
the U.S. Virgin Islands by bulldozing. The use of
heavy disks might be a better option where
removal of woody debris is not required.

Benefits.—Twisted acacia helps protect the soil in
its disturbed habitat. It is listed as a nitrogen-fixing
species (Winrock International 2002). The seeds
are eaten by the threatened yellow-shouldered
amazon parrot (Amazona barbadensis) in Bonaire
and probably other parts of its range (Island
Resource Foundation 2002). The species serves as
cover for wildlife species. Cattle and other
livestock eat the pods while goats and sheep
browse the foliage, especially when other forage is
scarce. The wood is used to a limited extent for
fuel. Twisted acacia plants are used to create
bonsai plants (Bonsai Clubs International 2002).
The species has been grown and pruned for hedges
(Little and others 1974).
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Acer glabrum Torr.
ACERACEAE
Synonyms:  Acer tripartitum Nutt.

John K. Francis

General Description.—Rocky Mountain maple,
also known as mountain maple and Douglas
maple, is an upright, deciduous shrub or small tree,
that ranges in height from 2 to 10 m, depending on
variety and habitat. It usually grows with multiple
stems, suckering from the base, and narrow
crowns, and may be spindly in closed stands. The
stem bark is thin, smooth, and gray, brown, or
reddish brown. Branches are opposite and sparse
with reddish twigs. Roots are woody, extensive,
and often deep. Leaves vary considerably,
depending on variety. They are opposite, glabrous,
and have three to five lobes and rarely three
distinct leaflets, and range from 2 to 10 cm wide
and long. The margins are serrate or doubly
serrate. They may be papery or leathery,
depending on location and variety. Rocky
Mountain maple occurs as monoecious and
dioecious trees that have small greenish flowers
borne in loose, few-flowered terminal corymbose
cymes. Fruits are light brown (when mature)
double samaras that diverge at angles less than 45°
with wings about 2 cm long. (Abrams 1951,
Anderson 2001, Wasser 1982, Welsh and others
1987).
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Rocky Mountain maple

Range.—Rocky Mountain maple occurs from
southern Alaska south into northern Mexico and
east from the Pacific Coast to Alberta, South
Dakota and Nebraska (Anderson 2001). There are
currently six recognized varieties: var. diffusum
from the Pacific Southwest, var. douglasii from
the Pacific Northwest, var. greenei from
California, var. glabrum from the inland West, var.
meomexicanum from the inland Southwest, and
var. torreyi from Oregon, California, and Nevada
(Natural Resources Conservation Service 2003).
They differ at least in leaf shape, size, and
thickness.

Ecology.—Rocky Mountain maple is moderately
shade tolerant. It can grow (slowly) in the
understory and midstory of closed coniferous
forest but grows in full sun as well. A pioneer in
disturbed areas, it starts from sprouts and seeds in
burned areas, clearcuts, avalanche fields, and road
sides, cuts and fills. It may grow along streams in
drier areas. Rocky Mountain maple is a member of
a huge number of plant associations, and is
frequently dominant during seral stages of
succession (Anderson 2001, Johnson 1995). The
species grows in soils derived from most rock
types, in all soil textures, and in skeletal soils.
These are moist, well-drained to somewhat poorly
drained soils that are moderately acid to slightly
alkaline. It may be found at elevations from 350 m
in British Colombia to 3,900 m in Colorado and
Utah. Rocky Mountain maple is slightly more
common in southern than northern aspects. Some
of its locations have mean annual precipitation as
low as 230 mm and as high as 1,500 mm
(Anderson 2001). It tolerates competition well,
usually outgrowing and overtopping young trees
and most shrub species. Dull red leaf spots are
caused by an unknown pathogen and bright red
eriophyid mite colonies develop on the underside
of leaves in some areas. The effects of these and
other diseases appear to be negligible to
populations of the species.

Reproduction.—Flowering occurs in early spring,
depending on the elevation and latitude (Wasser
1982). Fruits mature in late summer or early



autumn. Good seed crops occur every 1 to 3 years.
There are about 30,000 cleaned seeds/kg (Zasada
and Strong 2003). Seeds disperse by whirling
sideways as they descend, often carried by the
wind. Seeds sometimes lie dormant for one or two
growing seasons before germinating. Germination
is epigeal. Natural seedlings can be common to
abundant.

Growth and Management.—Rocky Mountain
maple seedlings grow about 30 cm/year (Hansen
2003). On good sites sprouts may reach 1.3 m
within 2 years and 3 m in 10 years. Maximum
heights are reached in 30 to 40 years (Anderson
2001). Fruits can be picked by hand from low
shrubs or clipped or shaken from tall shrubs and
small trees. Mechanical dewinging may be
advantageous to reduce bulk and improve handling
before planting. The seeds can be stored for up to
3 years (Hansen 2003). Stratification of 180 days
at 20 to 30 °C followed by 180 days at 3to 5 °C is
recommended before sowing. Germination of
about 40 percent can be expected in about 30 days
(Zasada and Strong 2003). Alternately, seeds are
sown after collection and beds are maintained for 2
years because a substantial amount of the
germination will occur after the second winter.
Seeds are sown 0.6 to 2.5 cm deep and mulched in
shaded beds. Seedlings are produced as bare-root
stock or containerized plants (Zasada and Strong
2003). The species can be propagated by layering
and rooted cuttings (Hansen 2003).

Benefits.—Rocky Mountain maple is an important
part of the forest understory and pioneer
vegetation following fires and clearcuts. It helps
protect the soil, adds beauty to the forest, and
furnishes food and cover for wildlife. It is an
important browse species for domestic livestock,
especially sheep, and wild ungulates. Samples of
summer growth contained about 8.7 percent crude
protein, 3.1 percent fat, 34.0 percent crude fiber,
51.0 percent N-free extract, and 3.2 percent ash.
Samples of winter browse contained 5.9 percent
crude protein, 2.4 percent fat, 33.3 percent crude
fiber, and 54.2 percent N-free extract (Anderson
2001). The seeds and vegetative parts are
consumed by ruffed and blue grouse, grosbeaks,
and small mammals (Anderson 2001). The wood is
hard, close-grained, and flexible. It was used by
Native Americans for arrow shafts, snowshoe
frames, ceremonial equipment, hut frames, and
drying and smoking racks. The inner bark
furnished material for mats and ropes. Today, the
wood is mainly used for firewood (Hansen 2003)
and smoking meat (Johnson 1995). The young

shoots may be cooked and eaten as a vegetable
(Pratt and others 2003). Native Americans made
infusions and decoctions of the twigs and wood to
treat swelling and nausea, respectively (Moerman
1986). Rocky Mountain maple is widely used in
environmental restoration projects within its native
range and is an important ornamental species
valued for its petite size, tolerance to shade, and
bright red, yellow, and orange autumn colors
(Hansen 2003).
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Acer spicatum Lam.
ACERACEAE

Synonyms: none

Paula M. Pijut

T

Illustration source: USDA—Forest Service collection,
Hunt Institute

General Description.—Mountain maple is a tall,
deciduous shrub or clumped small tree that grows
3 to 10 m tall and can spread to form dense
thickets (Dirr 1998; Gleason and Cronquist 1991;
van Gelderen and others 1994). In the northern
part of its native range mountain maple reaches a
maximum height of 6 m (Sullivan 1993). Leaves
are opposite, simple, three-lobed or obscurely five-
lobed, coarsely and irregularly serrate, dark
yellowish-green, glabrous with impressed veins
(adaxial), lighter green and pubescent (abaxial),
truncate to cordate at the base, and 5 to 13 cm long
and wide (Dirr 1998; Gleason and Cronquist 1991;
van Gelderen and others 1994). The leaves turn
yellow, orange, or most frequently brilliant red in
the fall. Stems are grayish pubescent when young,
developing a purplish-red color on the upper
surface. Leaf scars are narrowly crescent shaped
(Dirr 1998). Buds are approximately 0.6 cm long,
stalked, pointed, red with minute, appressed,
grayish hairs, and with two to four valvate scales
(Dirr 1998; Gleason and Cronquist 1991). The
flowers are small, greenish yellow, in fascicles of
two to four, borne in erect 3 to 8 cm long panicles.
Each flower is functionally either pistillate or
staminate, although the non-functioning structures
still exist in the flower, reduced to a greater or

mountain maple

lesser extent. Staminate flowers drop soon after the
pollen is shed (De Jong 1976). Each flower is
borne on a slender stalk about 1.3 cm long and the
panicles are found at the branchlet tips. The bark
is thin, brown to reddish-brown, smooth,
becoming furrowed or warty with age (Dirr 1998).
The fruit is a 2.5 cm long, two-winged samara,
bright red when mature, with divergent wings at an
acute or right angle. The chromosome number of
mountain maple is 2n = 26 (Gleason and Cronquist
1991).

Range.—Mountain maple occurs from
Newfoundland to Saskatchewan, south to
Connecticut, Pennsylvania, Ohio, and northeastern
Towa, and in the mountains to North Carolina and
Tennessee (Gleason and Cronquist 1991).

Ecology.—Mountain maple prefers rich, moist,
acid, well-drained soils with low, diffuse light
(Dirr 1998; Sullivan 1993). These sites include
cool woods with humid climate and year-round
precipitation, rocky slopes and flats, along
streams, in ravines, and on moist hillsides.
Mountain maple also grows well on podzol soils,
talus slopes, and in forested bogs (Sullivan 1993).
Mountain maple can form a canopy on cliff faces.
Mountain maple is an understory or subcanopy
shrub that is tolerant of deep shade, but also grows
well in full sun, has medium moisture and fertility
requirements, and colonizes the understory as
pioneer tree species decline (Sullivan 1993;
USDA, NRCS 2002). Mountain maple is not salt
tolerant, and has low drought tolerance. Release
of mountain maple by canopy tree harvest allows
the shrub to dominate the site within 5 to 10 years,
suppressing the growth of spruce and fir seedlings
for at least 35 years (Sullivan 1993). In
undisturbed, mature red pine-white pine sites in
northeastern Minnesota, mountain maple forms a
dense, high shrub layer with beaked hazel and
American hazel that inhibits reproduction of later
successional species, such as balsam fir and spruce
(Sullivan 1993). Eradication of mountain maple is
sometimes necessary for tree regeneration. The
weevil, Phyllobius oblongus L., is especially
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damaging to mountain maple (Johnson and Lyon
1991). The larvae feed on the roots, mature, and
overwinter in the soil. Adults are brown weevils
that defoliate mountain maple. They are found
throughout the northeast into Michigan and the
border provinces of Canada (Johnson and Lyon
1991). Kabatiella apocrypta (Ell. & Ev.) v. Arx
(anthracnose pathogen) causes minor damage to
mountain maple, although severe infections can
led to premature defoliation (Sinclair and others
1987). Mountain maple is also susceptible to
attack by Verticillium dahilae Kleb. (verticillium
wilt), Phyllactinia guttata (Wallr.:Fr.) Lev.
(powdery mildew), Nectria sp. (nectria canker),
Cristulariella depraedens (Cooke) Hohn. (leaf
spot/blight), Pseudomonas syringae pv. syringae
van Hall (bacterial leaf spot and dieback),
Phyllosticta minima (Berk. and M.A.Curtis)
Underw. and Earle (leaf spot), Rhytisma sp. (tar
spots), and Venturia acerina Plakidas ex Barr (leaf
blotch) (Farr and others 1989, Jones and Benson
2001, Sinclair and others 1987).

Reproduction..—Mountain ~ maple  staminate
flowers and pistillate flowers occur on the same
plant. Some individuals may flower completely
with staminate flowers.  Mountain maple is
predominately = duodichogamous  (producing
flowers in three consecutive phases, male-female-
male, during anthesis), with a small part of the
population protogynous (stigma receptive before
the pollen is shed) (van Gelderen and others 1994).
Low temperatures appear to favor development of
female flowers and flowers with less reduction of
the non-functioning parts. (van Gelderen and
others 1994). The shrub blossoms in May to June
after the leaves are fully developed; fruit ripens in
September to October, with seed dispersal in
October to December (Zasada and Strong 2000).
Mountain maple is insect pollinated (Sullivan
1983) and the seed is wind disseminated. Seeds of
mountain maple need to be stratified for 90 to 120
days at 5 °C for good germination (Dirr 1998).
Mountain maple does not build up a seed-bank and
seedling establishment is better on undisturbed
soils (Sullivan 1993). Seedling reproduction of
mountain maple does not result in dense,
competitive stands, as can be the case with its
vegetative reproduction. Mountain  maples
frequently layer, giving them the potential to
develop relatively complex clones of varying size
and morphology (Zasada and Strong 2000).
Mountain maple can reproduce by sprouting from
underground lateral stems, rarely from root
suckers, and colonies usually develop following
disturbances by browsing or cutting (Sullivan

28

1993). Propagation of mountain maple by cuttings
taken early in the summer produces strong plants
(van Gelderen and others 1994).

Growth and Management.—Mountain maple is a
slow to medium growing shrub or small, short
(crooked) trunked tree of bushy appearance (Dirr
1998). It is hardy in zones three to seven at high
elevations (USDA Plant Hardiness), and starts to
decline at 40 to 50 years of age (Sullivan 1993).
Mountain maple is girdled at the root collar by
low, surface fires, and can re-sprout from
underground stems (Sullivan 1993). A severe, hot
fire is necessary in order to Kkill the roots.
Mountain maple can withstand repeated and heavy
browsing, producing new growth even when 80
percent of the annual twig growth is removed each
year (Sullivan 1993). Mountain maple is an
understory or subcanopy component in a number
of northeastern forest associations (Sullivan 1993).
Cutting mountain maple near the ground level,
clear-cutting, and spraying with 2,4-D in the
spring will increase the availability of new growth
for deer and moose browse (Sullivan 1993).
Burning can be used to suppress mountain maple
in order to promote reproduction of other, more
desirable tree species.

Benefits.—Mountain maple is a nutritious browse
species for moose, white-tailed deer, cottontails,
snowshoe hares, woodland caribou, beavers, and
ruffed grouse (Sullivan 1993). Mountain maple is
sometimes planted as an ornamental, but has little
landscape value excluding its brief fall color
display and colorful samaras.
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Acnistus arborescens (L.) Schlecht.
SOLANACEAE

Synonyms:  Atropa arborescens L.
Cestrum cauliflorum Jacq.

gallinero

Acnistus cauliflorus (Jacq.) Schott

Acnistus frutescens Bello

Cestrum macrostemon Sassé¢ & Mog.
Dunalia arborescens (L.) Sleumer

John K. Francis

General Description.—Gallinero is also known as
hollow heart, wild tobacco, siyou, bastard sirio,
galan arboreo, mata gallina, tabaco de monte,
nigiliito, marieneira, and tabak djab. It is an
evergreen shrub or small tree to 6 m in height and
15 c¢cm in stem diameter. Multiple stems are usual
for older plants. The trunk is supported by
extensive lateral roots with “sinkers” and abundant
fine roots. The roots are flexible, light tan, and
have furrowed bark. Stem bark is light brown or
gray and finely fissured. Stem wood is light brown
and hard. Twigs of gallinero are stout, light brown
or gray and finely hairy. The simple, alternate
leaves are elliptical to lanciolate, 5 to 30 cm long
by 3 to 14 cm broad, entire, and pointed at both
ends. Gallinero bears tiny, fragrant, greenish-white
flowers in clusters of 30 or more in axillary
fascicles. The fruits (berries) are numerous in each
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cluster, yellow or orange, globose, 5 to 11 mm in
diameter, and have a persistent calyx. The fruit
pulp is juicy, almost tasteless or slightly bitter, and
not edible to humans. Each fruit contains numerous
yellow, flattened seeds 1.5 to 2 mm wide with a
rolled embryo (Howard 1989, Liogier 1995, Little
and others 1974, Stevens and others 2001).

Range.—Gallinero is native to the Greater
Antilles, the Lesser Antilles, Trinidad and Tobago,
Mexico, Central America, and South America
through Brazil and Peru (Howard 1989, Little and
others 1974).

Ecology.—Gallinero is widespread and rare to
common on a wide range of soils over both igneous
and sedimentary rocks. In Puerto Rico, it grows in
areas that receive from about 1600 to 2500 mm of
mean annual precipitation. The species is most
common from 700 to 1,500 m in elevation in Costa
Rica (Haber 2002) and from 450 to 900 m in
Puerto Rico (Little and others 1974). The species is
frequently found on roadsides, landslides, old
pastures, and young secondary forests (Haber
2002). Disturbance is necessary for establishment.
Gallinero is intolerant of shade; at least broken
sunlight is necessary for long-term survival and
flowering. A number of insect species feed on the
leaves and parasitize the fruits (Engriser 1995,
Haber 2002, Simpson and others 2002).

Reproduction.—Gallinero flowers in May and
June and fruits from May to September in Costa
Rica. Occasional individuals may be found in
flower at any time during the year (Haber 2002). In
Puerto Rico, the species flowers in spring and fruits
in late spring and summer (Little and others 1974).
The flowers are pollinated by bees, wasps, flies,
butterflies, beetles, and occasionally hummingbirds
(Haber 2002). A collection of fruits from Puerto



Rico averaged 0.2025 + 0.0084 g/fruit. Seeds
separated from them weighed an average of
0.00074 + 0.00017 g/seed or 1,350,000 seeds/kg.
Sown on commercial potting mix, 88 percent
germinated between 11 and 35 days after sowing.
Some of the seedlings were killed by “damping
off” fungi (species unknown). A fruiting tree
produces an enormous number of seeds. Birds and
bats eat the fruits and disperse the seeds (Engriser
1995). Layering (rooting) occurs whenever the
trunk or branches come in contact with the ground;
sprouts from prostrate trunks and branches
sometimes become independent plants.

Growth and Management.—Gallinero has a
moderate growth rate and is relatively short-lived
(10 to 20 years). Nursery and management
experience has not been published.

Benefits.—Gallinero is used occasionally as an
ornamental and for hedges and living fence posts.
Chickens eat the fruits (Little and others 1974).
The wood is burned for fuel (Espinoza 1985).
Practitioners of traditional herbal medicine use
extracts of leaves to treat cancerous growths. An
alcoholic extract was tested and found to inhibit
cancerous cells in vitro and in vivo. The active
ingredients were identified as Withaferin A and
Withacnistin (Kupchan and others 1969). Extracts
of gallinero were the most effective against
hamster lung fibroblasts of 31 Columbian plants
used in herbal medicine to treat cancer (Lopez de
Cerain and others 1996). The species is used in
Brazil as a diuretic, to treat liver infections, as well
as an antitumor agent (Mingussi and Barata 2002).
Gallinero helps reforest disturbed areas, protects
the soil, and furnishes food and cover for wildlife.
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Aegiphila martinicensis Jacq.
VERBENACEAE

Synonyms:

Caribbean spiritweed

Aegiphila glandulifera Moldenke

Aegiphila panamensis Moldenke

John K. Francis

General Description.—Caribbean spiritweed,
also known as capaillo, bois cabrit, bois de fer,
bwa kabuit, sureau gros, and bois cabroit, is an
upright to climbing, evergreen shrub or small tree
up to 6 m in height and 7.5 cm in stem diameter.
The older stems are gray and furrowed, branches
are mostly smooth with lenticels, and twigs are
four-angled. @~ The ivory-colored wood is
moderately hard and brittle, and the stems have a
2-mm pith. Roots are tan colored and flexible. The
opposite, thin leaves are oblong-lanceolate to
oblong with entire edges, 8 to 16 cm long by 3 to 8
cm broad, rounded or pointed at the base and long-
pointed at the tip. Inflorescences are axillary or
terminal, many-flowered cymes. Flowers are white
or pale yellow, tubular, and 2 to 6 mm long. From
these develop globose to ovoid, yellow, orange, or
red, 7- to 10-mm, fleshy fruits with persistent
calyxes, a grainy texture, and little flavor. Fruits
have one to four brown, elliptical seeds with
longitudinal striations (author’s observations,
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Howard 1989, Liogier 1995, Little and others
1974).

Range.—Caribbean spiritweed is native to Cuba,
Jamaica, Puerto Rico, the Virgin Islands, the
Lesser Antilles, Trinidad, Mexico to Panama,
Colombia, Venezuela, and French Guiana
(Howard 1989, Liogier 1995, Little and others
1974, Missouri Botanic Garden 2003). It is not
known to have been planted or naturalized
elsewhere. Stevens and others (2001) treat the
Central American distribution as a separate species
(A. panamensis Moldenke) based on the shape of
the calyx.

Ecology.—Caribbean spiritweed is rare in Puerto
Rico (Little and others 1974) but is common in
Nicaragua (Stevens and others 2001). It occurs in
forests and brushy areas in foothills and lower
mountains of Puerto Rico from 60 to 244 m in
elevation in areas of limestone, other sedimentary,
and igneous rocks (Little and others 1974). In
Nicaragua, the species grows in forests and
pastures in wet to dry areas from near sea level to
900 m elevation (Stevens and others 2001).
Caribbean spiritweed is moderately intolerant of
shade and is able to flower and fruit in partial
shade.

Reproduction.—Caribbean spiritweed flowers
and fruits irregularly throughout the year (Little
and others 1974). The fruits ripen a few at a time
in each infrutescence rather than all at once. A
collection of fresh fruits from Puerto Rico weighed
an average of 0.496 + 0.026 g/fruit. Air-dried seed
separated from them averaged 0.0331 + 0.0007
g/seed or 30,000 seeds/kg. Placed on moist blotter
paper without pretreatment, 61 percent germinated
between 1 and 4.5 months after sowing (author’s
observation).  Germination = was  hypogeal
(cotyledons remain below ground). Seeds are
probably dispersed by birds. Caribbean spiritweed
sprouts when cut and may resprout to replace
senescent stems.

Growth and Management.—Caribbean
spiritweed grows relatively rapidly, about 1



m/year. Stems may live 5 years or more. No
planting or management experience has been
published.

Benefits.—Carabbean spiritweed helps protect the
soil and furnishes food and cover for wildlife.
Larva of the hawk moth, Munduca hannibal
hannibal, apparently feed exclusively on
Caribbean spiritweed (Oehlke 2003). Infusions of
the leaves and twigs have been used as a diuretic
and as a pleasant tonic for treating asthma (Nufiez-
Melédez 1982). In Costa Rica, the plant is
considered an aphrodisiac (Duke 2003).
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Agave missionum Trel.
AGAVACEAE

Synonyms:  Agave portoricensis Trel.

John K. Francis

General Description.—Corita, also known as
maguey, is a succulent shrub with woody parts that
is 1.0 to 1.5 m in height in its vegetative stage and
3 to 6 m when in flower. The plant is considered a
shrub because it is of shrub size and has fibrous-
woody tissue at the base of the leaf whorl, woody
thorns, and a woody flower stalk. The numerous
fibrous roots are about 5 mm in diameter and the
fibrous-woody base of the plant extends about 15
cm below the surface. Lanciolate to broadly
lanciolate, fleshy leaves are blue-green in color,
contain many fine, high-quality fibers running their
length, and thorns, 2 to 6 mm in length along their
edges, and larger ones, 10 to 20 mm long, at the
tips. The leaves die when the plant is about
midway through flowering. The flower stalks
(panicles) are about 10 cm in basal diameter with
soft wood and a pithy center. The yellow or
yellow-green perianth is six-parted and funnel
shaped, 4.5 to 5.2 cm long. The capsules are
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corita

elliptical or globose and 2.5 to 3.8 cm long and
contains numerous seeds, 6 to 8.5 mm long and 5
to 6 mm broad. If the flowers abort, numerous
bulbils are formed on the pedicels (author’s
observation, Britton and Wilson 1923).

Range.—Corita is native to Puerto Rico and the
offshore islands of Culebra and Vieques and St.
Thomas, St. Croix, St. John, Tortola, Virgin Gorda
and Anegada in the U.S. and British Virgin Islands
(Breckon and Garcia 2001, Britton and Wilson
1923, University of the Virgin Islands
Conservation Data Center 2002). Based on work
by Trelease (1913), some sources (International
Plant Name Index 2002, Missouri Botanical
Garden 2002, Texas A & M University
Bioinformatics Working Group 2002) separate the
group into two species—A. missionum and A.
portoricensis Trel. However, Britton and Wilson
(1923) and Liogier and Martorell (2000) recognize
just A. missionum. Because ecological and
management differences between the two
populations are probably minor, they will be
treated here as a single species.

Ecology.—Corita grow naturally in well-drained to
excessively drained areas that receive between 750
mm and about 1700 mm of annual precipitation.
The species colonizes most soil types over both
sedimentary and igneous rock formations. Corita is
intolerant of shade and consequently does not grow
well under a closed forest canopy and does not
compete well in tall grass swards. It is often found
in disturbed areas, cliffs, and rocky terrain on the
coasts and inland. Corita plants are eaten by cattle
when they are small but are generally avoided after
the thorns harden.

Reproduction.—Flowering of corita appears to be
triggered more by size and vigor than by age.
Probably, reserves of starch and other nutrients are
important. Flowering plants are often about 1 m or
more in height (tallest leaf), 2 m in diameter, and 5
to 10 or more years old, depending on the quality
of the habitat. Flowering proceeds from the bottom
of the inflorescence to the top. Although honeybees
and other insects visit the flowers in great numbers,



most plants never produce seeds. After the flowers
fall off, bulbils form at the point where the flowers
were attached. Corita plants produce several
hundred to several thousand bulbils each. A
collection of 100 bulbils from Puerto Rico weighed
(fresh) an average of 3.003 + 0.252 g/bulbil and
ranged from 0.18 to 13.63 g. Placed with their
bases slightly buried in moist potting mix, all of
them rooted within 1 week. They grew rapidly
under partial shade and were pricked into
containers in about 3 weeks from sowing. After 2
or 3 weeks they were moved to full sun and
reached about 15 cm in height in 2 additional
months and were dispersed to the public (author’s
observation). Plants originating from bulbils can be
numerous under fruiting plants. It is not known
what specialized means of dispersal exist.
However, new plants are frequently seen with no
remains of flowering corita plants nearby.
Normally a plant dies after completing flowering,
but many plants produce basal sprouts in the year
of flowering, or before, that continue for another
generation.

Growth and Management.—Corita grows at a
steady, moderate rate from bulbils on well-watered
soil and somewhat more slowly in poor, droughty
ground. Growth and development of seedlings has
not been reported. Transplanting is easy with little
mortality. Because of low competition, disturbed,
dry, and rocky areas are probably the best sites for
planting. Corita is recommended for planting on
shorelines and dunes in the Caribbean (United
Nations Environment Program 1998).

Benefits.—Corita contributes to the biodiversity
and helps protect the soil in the sites where it
grows. Because of its hardiness in almost any well-
drained soil, moderate size, and pleasing dark blue-
green color, the species makes an excellent
ornamental. Because exotic agaves were promoted,
it was used sparingly in the past but is beginning to
attract more attention. Corita appears to be an
excellent honey source. The leaves contain strong
fibers that probably were used for cordage in

former times.
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Allamanda cathartica L.
APOCYNACEAE

Synonyms:
Orelia grandiflora Aublet

allamanda

Echites verticillata Sessé & Mog.

Allamanda grandiflora (Aublet) Poiret in Lam.
Allamanda hendersonii W. Bull ex Dombrain

John K. Francis

Illustration source: Missouri Botanical Garden

General Description.—Allamanda, also known as
angel’s trumpet, golden trumpet, yellow bell,
canario, cautiva, dabel-da-dama, orelia, and liane a
lait, is an evergreen, vine-like woody shrub. It may
reach a free-standing height of 2 m and an
extension of 5 m or more. The species also climbs
a few meters into the crowns of tall brush and low
trees. Older plants often have multiple stems from
the root crown and long stems with relatively few
branches. Bark of lower stems is brown and
furrowed. Twigs are green or yellow green. Stems
and twigs exude a milky sap when cut. The
leathery, yellow-green to dark green leaves grow in
whorls of three or four, or are sometimes opposite.
Leaves are 6 to 16 cm long, obovate to oblong-
lanceolate, pointed at both ends and have entire
margins and short petioles. Inflorescences are few-
flowered, axillary cymes that grow near the ends of
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branches. The bright yellow flowers are 5 to 7.5 cm
across. Flowers of cultivated varieties are often
larger and may be colored white, cream, pink, or
orange. Capsules, which rarely occur in cultivated
varieties, are subglobose, 4 to 6 cm in diameter,
and densely prickled. They contain many tan,
flattened, winged seeds. There are 2n = 18
chromosomes (Howard 1989, Liogier 1995, Long
and Lakela 1976).

Range.—Allamanda is apparently native to
northern Brazil, Guyana, Surinam, and probably
French Guiana (Liogier 1995, Pacific Island
Ecosystems at Risk 2002, Tropilab Inc. 2002). The
species has been planted and has become
naturalized throughout the tropics (Howard 1989).

Ecology.—Wild and naturalized allamanda grows
on riverbanks in Suriname (Tropilab Inc. 2002), on
disturbed sites in Florida (Long and Lakela 1976),
along roads (Liogier 1995), and on abandoned
farms, house places, and around clandestine dumps
in Puerto Rico (author’s observation). The species
is intolerant to intermediate in tolerance to shade. It
can grow below brush and a thin forest canopy,
usually without blooming, but blooms and makes
its greatest growth in full sun. Allamanda grows
best in well drained, moist, sandy soils rich in
organic matter (Barcellos 2002). It does not
tolerate salty soils, highly alkaline conditions, and
is killed by temperatures of -1 °C (Floridata 2002,
Tropilab Inc. 2002). In Nicaragua, the species
occurs between 0 and 700 m in elevation (Stevens
and others 2001). Allamanda has naturalized in
Puerto Rico in areas that receive between about
1000 and 2800 mm of mean annual precipitation.

Reproduction.—Allamanda blooms all year in
most habitats. Because capsules and seed are rarely
produced by cultivated varieties, naturalization is
usually by vegetative means. In Puerto Rico, the
species has been planted widely, persists
tenaciously, and spreads by layering as the vines



extend. In addition, trimmings dumped in vacant
lots and wildlands root readily and start new
colonies. Plants coppice vigorously when cut. The
species is invasive in Queensland, Australia
(Pacific Island Ecosystems at Risk 2002).

Growth and Management.—Established
allamanda grows rapidly, adding 1 to 3 m to
extended length per year. Pruning is necessary to
keep it under control in most landscaping
applications. There appears to be no reason to
establish it in wildlands, but the shrub could easily
be planted with cuttings placed directly in the soil.
Getting rid of spot infestations can be difficult.
Cutting is ineffective. For grubbing to work,
removal of the plant stems and roots from the site
must be complete. Control with herbicides may
overcome some of these difficulties but is untested.

Benefits and Detriments.—In wild stands,
allamanda protects the soil and furnishes cover for
wildlife. Year-long production of large, beautiful
flowers endears allamanda to gardeners and
landscapers throughout the tropics and subtropics.
The species is particularly useful because it will
grow in most areas with relatively little care. It is
used as ground cover, for hedges and screens, and
as upright shrubs. Because of its rapid growth,
pruning is often necessary, which can expose
gardeners to the toxic sap that causes dermatitis
symptoms of rash, blisters, and itch. Although
incidence is much less common, plant parts are
also toxic if ingested. All parts contain the toxic
iridoid lactone, allamandin (Ecology and
Evolutionary Biology Conservatory 2002). In
herbal medicine, teas prepared from leaves and
roots are used as a strong purgative that must be
used with caution (Liogier 1990).
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Amyris elemifera L.
RUTACEAE
Synonyms:  Amyris maritima Jacq.
Amyris sylvatica Jacq.

torchwood

Elemifera maritima (Jacq.) O. Kuntze

John K. Francis

General Description.—Torchwood, also known as
candlewood, sea amyris, tea, cuabilla, bois
chandelle, bois flambeau, and bois pini, is an
evergreen shrub or small tree reaching maximum
heights of 4 to 13 m, depending on the
environment. It usually has a single stem emerging
from the ground, unless damaged in the past but
may begin branching near the ground when there is
plenty of sunlight. The trunk is smooth and gray,
becoming rough with furrows and plates when old.
The plants usually have a weak taproot, strong,
stiff laterals, and abundant fine roots. Torchwood
has a vertical branching habit. It may have a dense,
low crown in open-grown individuals. The twigs
are fine and yellowish-gray, becoming gray with
age. The foliage is pendulous and aromatic, pale-
green or pale-green with blue-green highlights. The
leaves are opposite or subopposite with three
(sometimes five) leaflets on a 3-cm petiole. The
blades are ovate, thombic ovate, or lanciolate, with
a pointed or long-pointed tip. The terminal or axial
paniculate inflorescences contain many tiny
flowers. The fruits are black globose drupes that
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are aromatic and contain one brown seed (Howard
1988, Liogier 1988, Little and Wadsworth 1964).

Range.—Torchwood is native to Florida, the
Bahamas, the Greater Antilles, the Lesser Antilles,
Trinidad, Guatemala, Belize, Honduras, and EI
Salvador (Liogier 1988, Little and Wadsworth
1964).

Ecology.—Torchwood is moderately intolerant of
shade. Young plants compete well with shrubs and
small trees, but do not survive in dense grass
swards. In dry forests, understory plants linger for
decades until openings in the overstory allow them
to reach intermediate and codominant positions to
flower and fruit. The species may be found in both
remnant and secondary forests. In Puerto Rico,
torchwood grows in areas receiving from 750 to
over 2000 mm of mean annual precipitation. In the
upper end of the rainfall range, the species is
confined to excessively drained sites. Elevation
ranges from near sea level to about 600 m. It
tolerates a wide variety of soil textures, fertility
levels, and pH’s. Torchwood may be found in areas
underlain by sedimentary rocks including
limestone, igneous, and metamorphic including
ultramafic rocks, and coastal sands. In the
Bahamas, torchwood grows in rocky and sandy
coastal thickets (Britton and Millspaugh 1962); in
Florida, it grows in coastal areas and on rich
hammocks farther inland (4-H Youth Development
2001).

Reproduction.—In Puerto Rico, torchwood
flowers irregularly through the year (Little and
Wadsworth 1964). Flowers are reported to appear
over several months in the fall in Florida (West and
Arnold 1952). Nursery plants in pots in Puerto
Rico bloomed at 2 years of age. Seeds cleaned
from ripe fruits and sown without any pretreatment
germinate normally. Birds are the principal seed
disbursers.

Growth and Management.—Nursery plants in
pots reached 1.8 m in 2 years. However, older trees



in the dry forests that torchwood inhabits grow
slowly and may live for 50 years or more (author’s
observation). A release cut or thinning should be
effective if it were necessary to improve the
position of torchwood in a stand.

Benefits.—The wood of torchwood is used for
fence posts today but was formerly used for fuel,
furniture, and torches--hence the name torchwood.
In a test of untreated service life of posts, 20 of 20
posts were still sound after 13 years in the ground
(Chudnoff and Goytia 1972). If the wood was more
abundant and in larger pieces, it would be in
demand for lumber because it is fragrant, fine-
grained, strong, durable, and repellent to dry-wood
termites (Little and Wadsworth 1964). Torchwood
is valued as a honey plant in the Dominican
Republic (Marcano Fondeur 1973). Birds eat the
fruits, but there usually are many other more
attractive foods present (West and Arnold 1952). In
Florida, torchwood is valued as a larval food for
the rare and endangered Schaus’s swallowtail
butterfly, Papilio aristodemus ponceanus (Hammer
2001). Key deer (Odocollous virginanus clavium)
will not eat the foliage (Schaus and others 2001).
However, feral goats eat at least the bark, which
has caused torchwood to decrease in abundance in
Mona Island, Puerto Rico (Little and Wadsworth
1964). Taxaline, an oxazole extracted from
torchwood, had the most effective antibacterial
activity of several bioactive chemicals from West
Indian plants against Mycobacterium tuberculosis
and two other Mycobacterium species (Rastogi and
others 1998). Root and resin extracts from
torchwood and others of the genus are used as an
expectorant (Liogier 1990).
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Aralia spinosa L.
ARALIACEAE

Synonyms: Aralia leroana K. Koch.

Kristina Connor

Ilustration source: U.S. Department of Agriculture [not

dated]

General Description.—Devil’s walking stick, also
known as angelica tree, American angelica-tree,
Hercules’ club, pigeon tree, pick tree, prickly ash,
prickly elder, toothache bush, toothache tree, and
shotbush, is a large, coarse-textured shrub or small
tree, ranging from 6 to 10 m in height. The sturdy,
ash gray to brown stems have dense, stout prickles,
and diameters to 15 cm are not uncommon (U.S.
Department of Agriculture [no date]). Young stems
are mostly unbranched with leaves clustered near
the top, producing a flat-topped, widely spreading
crown. Stems tend to remain unbranched until the
first terminal inflorescences are produced (Sullivan
1992). Twigs are similar in color and armament to
the stems and have a large pith (Synor and Cowen
[no date]). Leaf scars are distinctive, lined with
spines, and can extend half way around the twigs.
Leaves are alternate, bi- or tri-pinnately compound,
and 0.9 to 1.8 m in length. The rachis is prickly and
swollen at nodes (Bailey and Bailey 1976). The
rachis and rachilla may be the functional equivalent
of branches in this species (Briand and others

devil’s walking stick

1998). The dark green, glaucous leaflets are sessile,
5.1 to 10.2 cms long and 3.0 to 4.1 cm wide,
mostly paired, ovate, serrate, with pointed apex and
rounded base (Dirr 2002, Johnson and Hoagland
1999, Kriissmann 1986). There are prickles on the
veins and lower surfaces; they appear to be
outgrowths of epidermal and parenchyma cells
(Briand and Soros 2002). The wood is lightweight,
brown but streaked with yellow (Synor and Cowen
[no date]). It may be that the pithy nature of the
trunk of Devil’s walking stick allows for rapid
growth but ultimately restricts crown architecture
and maximum size attainable (Briand and others
1999). The species is deciduous and spreads by
underground runners.

Range.—Devil’s walking stick is found in the
Eastern United States, from Pennsylvania south to
Florida and west to Texas and southwestern lowa.
It has escaped from cultivation and thus can be
found in New England, southern Ontario,
Michigan, Wisconsin, Oregon, Washington, and
western Europe (Sullivan 1992). It grows in
regions where temperatures fall to —29 °C; such
severe freezes can kill stems back to ground level
(Godfrey 1988, Frett and MacKenzie 1999,
Sullivan 1992, Scheper 2002).

Ecology.—This highly adaptable species grows
best in well drained soils of low and moist
woodlands but can be found growing in rocky, dry
or clay soils and under a range of pH conditions
(Frett and MacKenzie 1999). It grows luxuriantly
on good sites, but plants may live longer and be
sturdier on poorer sites (Scheper 2002). It has a
fairly high heat tolerance. According to Russell
(1997), it is shade tolerant, but Sullivan (1992)
reports that it will decline if the overstory becomes
thick, a common characteristic of moderately
intolerant species. It has no serious pests, but
margined blister beetles may defoliate plants early
in the fall (Scheper 2002).

Reproduction.—Devil’s walking stick spreads
extensively by vegetative reproduction from
underground rhizomes. The first terminal
inflorescences usually occur when plants are, on
the average, 3.5 years old (Sullivan 1992). The



white to cream colored flowers are small, perfect,
numerous, and occur in large clusters (umbels) in
mid to late summer, depending on geographic area.
Panicles of flowers may be 30 to 46 cm long. Each
flower, composed of five sepals, five reflexed
petals, and five stamens, is borne on a hairy stalk.
The ovary is inferior, and there are usually five
styles, united at the base (Brickell and Zuk 1996,
U.S. Department of Agriculture [no date]). The
purple-black fruits, maturing in late fall, are
produced in large quantities on pink-red stems.
They are juicy, ovoid drupes up to 6.4 mm long
with three to five seed-like stones. The species can
be propagated from seed sown outdoors in fall
(Russell 1997) or from suckers taken in late winter
and root cuttings taken in late fall and overwintered
upside down in sand (Scheper 2002). Stored seeds
require 3 to 5 months stratification, followed by 1
to 4 months at 20 °C for germination.

Growth and Management.Devil’s walking stick
can be maintained by mowing, cutting, and
burning, and will commonly form dense thickets
by resprouting after such disturbances. When the
overstory becomes too dense, the species will
decline. Defoliation by gypsy moth in
Pennsylvania and Maryland has increased the
presence of Devil’s walking stick by thinning the
overstory (Sullivan 1992). The species can be
controlled by injecting stems larger than 2 inches
in diameter with herbicide (Loftis 1978).

Benefits.—The flowers provide a pollen and nectar
source to honeybees and a variety of other insects.
The berries are edible to wildlife, a favorite of
cedar waxwings and other birds, as well as other
frugivores and omnivores, including the black bear.
Deer browsing has been reported (Kriissmann
1986, Sullivan 1992). The bark, roots, and berries
have also been used for medicinal purposes by both
Native Americans and early settlers. While various
plant parts, extracted in alcohol or water, have been
used to treat boils, fever, toothache, eye problems,
skin conditions, and snakebite, the raw berries can
be mildly toxic to humans if ingested, contact with
the bark or roots can cause a brief skin irritation,
and ingesting the fresh bark will cause vomiting
(Felter and Lloyd 1898, Grieve 1971). The species
is cultivated as an ornamental plant, the lacy
appearance of the foliage, along with the prolific
flowers and fruit making it an interesting
landscape plant (Dirr 2002, Odenwald and others
1996). It is also an excellent barrier plant (Frett
and MacKenzie 1999, Michigan State University
Extension 1999) and is good for urban use.

However, it will send up shoots from its rhizomes
and can be somewhat invasive.
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Ardisia elliptica Thunb.
MYRSINACEAE

Synonyms:  Ardisia ketoensis Hayata

shoebutton ardisia

Bladhia elliptica (Thunb.) Nakai

John K. Francis

General Description.—Shoebutton ardisia, also
known as sea-shore ardisia, blackberry,
mameyuelo, mata pelandok, penah periah, ati
popa’a, and atiu (Corner 1952, Pacific Island
Ecosystems at Risk 2002), is an invasive shrub or
small tree to 6 m in height and 15 cm in basal
diameter. The plants produce strong stems with
gray bark. The stems are usually single, but
additional sprouts may arise from the rootstalk,
especially if the plant is injured. Shoebutton ardisia
grows a strong taproot, much-branched laterals,
and fine roots with rhizomorphic tips. Leaves have
a rubbery or leathery texture and are pink when
young, turning dark green later. They are glabrous
and alternate with petioles about 1 c¢cm long and
blades 8 to 12 cm by about 3 cm. The
inflorescences are axillary, and umbellate,
corymbose, or racemose with numerous five-
merous, pink flowers. The drupes are globose
drupes 6 to 11 mm in diameter, dark purple to dull
black when ripe and contain one seed each
(author’s observation, Corner 1952, Howard 1989,
Pacific Island Ecosystems at Risk 2002).

Range.—The taxonomy and range of shoebutton
ardisia are uncertain. Native areas for Ardisia
elliptica have been listed variously as Sri Lanka,
India, China, Taiwan, Malaya, South East Asia,
Indonesia, and the Philippines (Corner 1952,
Tomlinson 1986, Yuen-Po 1999). Some authors
unite 4. polycephala Wall., A. solanacea Roxb.,

and A4. humilis Vahl under 4. elliptica (Center for
Aquatic and Invasive Plants 2002, Neal 1965,
Pacific Island Ecosystems at Risk 2002). These
species are difficult to distinguish. Liogier (1995)
erroneously cites A. solanacea instead of A.
elliptica in Puerto Rico. Shoebutton ardisia is also
naturalized and escaped in Hawaii (Pacific Island
Ecosystems at Risk 2002), Florida (Center for
Aquatic and Invasive Plants 2002), and many other
areas.

Ecology.—Shoebutton ardisia principally grows
and is most aggressive in areas of wet soils. It
forms dense stands in low areas and intermittent
stream bottoms with clay soils in Puerto Rico. It is
found in wet, lowland areas in Hawaii (Pacific
Island Ecosystems at Risk 2002), in hammocks,
disturbed wetlands, old fields, and tree islands in
marshes in Florida (Center for Aquatic and
Invasive Plants 2002), and in mangroves elsewhere
(Tomlinson 1986). The annual precipitation of
these areas in Puerto Rico and probably elsewhere
is above 1500 mm/yr. The species is shade tolerant
and usually grows under forest canopies. Seedlings
appear in well-established forest understories—
disturbance is not required for establishment.
Although significant insect herbivory does occur in
Florida, it does not appear to inhibit the advance of
the species into new habitats (Dominguez and
others 2002).

Reproduction.—Shoebutton  ardisia ~ blooms
sporadically throughout the year (Miami-Dade
County 2002). The species is insect pollinated and
self-fertile (Pascarella 1997). A collection of fruits
from Puerto Rico weighed an average of 0.321 +
0.005 g/fruit. Seeds separated from them weighed
(air-dried) an average of 0.0463 + 0.001 g/seed.
Both the fruits and seeds are uniform in weight
(coefficients of variation 15 and 17, respectively).
Sown without any pretreatment in commercial
potting mix, 75 percent germinated between 42 and
81 days after sowing. Germination is epigenous.
Although seedlings are subject to damping-off
mortality right after germination, older seedlings
transplant with little mortality or loss of vigor.
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Birds are the principal seed dispersers, although
raccoons and opossums in Florida also eat the
fruits and disperse seeds (Miami-Dade County
2002).

Growth and Management.—Although
shoebutton ardisia may grow as much as 1 m the
first year as a sprout, seedlings and established
shrubs grow slowly, usually 0.25 to 0.5 m/year in
height. No figures are known for longevity, but 10
to 25 years or more are likely. It is often desirable
to control shoebutton ardisia in natural areas. Small
numbers of seedlings and shrubs can be eliminated
by pulling and grubbing. A broadcast spray of
glyphosate is effective in killing dense stands of
seedlings but will also kill native plants. Larger
plants can be killed by applying a basal spray of
triclopyhr mixed with an oil diluent (Pacific Island
Ecosystems at Risk 2002).

Benefits and Detriments.—Shoebutton ardisia
was once used heavily as an ornamental for accent
and background plantings. Many plantings still
remain, but the species is no longer cultivated
commercially (Miami-Dade County 2002). The
fruits are edible and taste slightly sour with a hint
of starch but otherwise lack flavor. The species is
useful for fuel and vegetable stakes. The air-dry
specific gravity of stem wood in Puerto Rico was
measured at 0.48 + 0.01 g/cm’. Biomass (dry
weight) of plants from 137 cm in height to plants
with a 5-cm D.B.H. may be calculated by the
model: Total Dry Weight in grams = 22.020(stem
length in meters) (diameter at 30 cm)® (Francis
2000). Shoebutton ardisia is extremely invasive. It
forms dense stands under trees in wet sites in
Florida, Hawaii, and Puerto Rico that suppress
native understory plants (Center for Aquatic and
Invasive Plants 2001).
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Argythamnia candicans Sw.
EUPHORBIACEAE

Synonyms: Tournesol candicans M. Gomez

John K. Francis

General Description.—No common name for A.
candicans is listed in the literature. The convention
among local natural resource workers, when a
common name does not exist, is to use its genus or
species name as a common name. Argythamnia is a
common upright, low or half shrub that reaches 1.5
m in height and 2 cm of ground-line diameter.
Usual heights are from 0.5 to 1.0 m. It normally
has a single stem, although branches may arise near
the base. It is supported by a tap and lateral root
system with fine tertiary roots. The branches and
twigs are thin and gray-green or whitish-green in
color. The leaves are green or gray-green above
and reddish- or purplish-green and pubescent
below. Petioles are 1.5 to 2.5 mm long. The blades
are usually narrowly elliptic, 1.3 to 8.5 cm long
and 0.9 to 3.6 cm wide. Argythamnia produces
tiny, inconspicuous staminate and pistilate flowers.
The latter develop into round, flattened capsules 5
to 6 mm in diameter. The capsules have three
chambers, each with a globose, dark brown seed
1.5 to 2 mm in diameter (Howard 1989, Liogier
1988).

argythamnia

Range.—Howard (1989) lists the range of
agrythamnia as the Bahamas, the Greater Antilles,
Anguilla, St. Martin, St. Barts, Guadeloupe, and
Martinique. However, Britton and Millspaugh
(1962) state that the former listings for A.
candicans in the Bahamas should be 4. lucayana
Millsp., an endemic.

Ecology.—Argythamnia inhabits areas of Puerto
Rico that receive from 750 to 1800 mm of annual
precipitation at elevations from near sea level to
about 450 m, usually within a few kilometers of the
sea. Soils of all textures derived from all local rock
types appear to be suitable, if well drained. Most
of the modern habitat is rocky, steep, or disturbed.
These sites include primary and secondary forests,
brushy natural pastures, and roadsides. The species
occurs as scattered individual plants or
occasionally in thickets. Argythamnia is
moderately intolerant of shade. It requires at least
good filtered sunlight to survive. Argythamnia
plants withstand light grazing well but tend to
disappear from areas that are overgrazed. It
resprouts after fires but is eliminated from large
areas by repeated fires and competition from the
exotic grasses, Urochloa maximum (Jacq.) R.O.
Webster and Bothriochloa pertusa (L.) A. Camus.
Frosts do not occur in the native range.

Reproduction.—Argythamnia flowers and fruits
continuously. During the maturation and drying
process, the capsules develop internal tension and
eventually explode flinging seeds as much as 0.3 m
away from the parent plant. A collection of
capsules from Puerto Rico ranged in fresh weight
from 0.0257 to 0.0381. Air-dry seeds collected
from them averaged 0.0023 + 0.0000 g/seed or
429,000 seeds/kg. On moist filter paper, 97 percent
of these seeds germinated between 10 and 82 days
after sowing.

Growth and Management.—Argythamnia is a
relatively short-lived species. Seed-bearing plants
examined by the author all had two or three growth
rings in the base of the stem. Establishment of
seedlings could be encouraged by soil disturbance
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near seed-bearing plants. No planting experience
has been reported.

Benefits.—Argythamnia is eaten by livestock and
contributes to ground cover and environmental
diversity.
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Artemisia arbuscula Nutt.
ASTERACEAE

Synonyms:

low sagebrush

Artemisia tridentata var. arbuscula (Nutt.) McMinn

Serphidium arbusculum (Nutt.) W.A. Weber

E. Durant McArthur and J.R. Taylor

General Description.—Low sagebrush is a short,
spreading, irregularly-branched shrub up to 50 cm
high. Twigs are slender and densely canescent
(silvery white pubescence) but may become nearly
glabrous, and thus darker green, in late summer.
Leaves are broadly cuneate, 0.5 to 1.5 cm long,
and 0.3 cm wide. The leaf apex is usually three-
toothed or cleft, although leaves on the upper part
of the flowering stalks may be entire. Flower
heads are arranged in elongate, narrow racemous
panicles. Each head usually contains five to 11

disc flowers and is subtended by 10 to 15
canescent involucral bracts.

Taxonomy.—Three subspecies of Artemisia
arbuscula are currently recognized by the
International Plant Names Index (2003). These are
arbuscula, longicaulis Winward & McArthur, and
thermopola Beetle. Subspecies longicaulis, also
known as Lahonton low sagebrush, is endemic to
western Nevada (Winward and McArthur 1995). It
is probably a hybrid between Wyoming big
sagebrush (Artemisia tridentata ssp. wyomingensis
Beetle and Young) and low sagebrush (Winward
and McArthur 1995). Subspecies thermopola, also
known as hotsprings sagebrush, is a dwarf form
endemic to the Stanley Basin area of Idaho,
Jackson Hole area of Wyoming and east-central
Oregon. Beetle (1960) speculated that it is a hybrid
derived from low sagebrush and threetip sagebrush
(Artemisia tripartite Rydberg). Low sagebrush has
a base chromosome number of x = 9 and can be
diploid, tetraploid, or hexaploid depending on
population and subspecies (McArthur and
Sanderson 1999, Winward and McArthur 1995).

Range.—The range of low sagebrush extends
throughout Utah, Idaho, northern California,
Nevada, Oregon, Washington, southern Colorado,
and western Montana. It is usually found at
elevations ranging from 700 to 3,500 m. Low
sagebrush can grow well in mountains above 3,000
m, particularly in arid regions such as
southwestern Utah and Nevada.

Ecology.—Low sagebrush is adapted to dry,
sterile, often rocky and alkaline clay soils. Mean
annual precipitation throughout its range can vary
between 250 and 700 mm. Seedlings develop roots
quickly to reduce the effects of soil surface
drought stress. Typical low sagebrush habitat is
generally drier and rockier than that of big
sagebrush. It can, however, grow in mosaics with
big sagebrush where each species is confined to a
particular soil type. Low sagebrush rarely grows in
mixed stands with black sagebrush (McArthur and
others 1979), and when it does, they don’t share
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the same chromosome number (McArthur and
Sanderson 1999). In areas where the distributions
of these two overlap, low sagebrush usually
inhabits sites that have more moisture or are at
higher elevations than black sagebrush (4. nova
Nelson) (Tisdale and Hironaka 1981, Ward 1953,
Zamora and Tueller 1973). Low sagebrush is
usually associated with pinyon-juniper, mountain
brush, and mountain big sagebrush communities.

Reproduction.—Flowering occurs from August to
September, depending upon strain and elevation.
Seeds ripen in October and November (McArthur
and others 1979). Seeds are usually wind dispersed
during late fall or winter, and seedlings emerge
during the following spring. Seedlings emerge
rapidly and grow quickly, although root growth
generally outpaces stem growth during early
development. Plants can be established on adapted
sites by direct seeding, broadcasting, and drilling.
Seeding should be conducted in the fall on a firm
seedbed and seeds should remain within 2 mm of
the soil surface. There are approximately 1,800
cleaned seeds per gram (Meyer 2003)

Management.—Low sagebrush is a source of
browse for livestock and big game during winter
months (Kufeld and others 1973, McArthur and
others 1979). Some forms are browsed more
heavily than others. A gray-green form in Nevada,
for example, may be heavily browsed, while the
green form is only lightly browsed (Brunner
1972). Stand maintenance is often crucial because
shrubs provide forage and cover under conditions
that are intolerable for most shrubs.

Attempts to seed low sagebrush out of its
ecological range have been unsuccessful.
Seedlings planted “offsite” usually establish but
fail to reproduce. Stands recover quickly after
burning or other disturbance. Low sagebrush
spreads vigorously and can invade perennial
seeded grass stands. Perennial herb and grass
understory production usually decreases as stands
mature. Low sagebrush is not a good candidate for
mechanical control because habitat terrain is often
extreme.

Benefits.—Low sagebrush is a native shrub that
adds structural and biological richness to arid
communities throughout the Intermountain West.
Low sagebrush communities provide important
habitat for a variety of domestic and wild animals
(Dealy and others 1981). Its ability to grow on
exposed sites is important for wintering animals
and shrub cover helps reduce on-site soil erosion.
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Artemisa bigelovii Gray
ASTERACEAE

Synonyms:

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Bigelow sagebrush, also
known as flat sagebrush (Hall and Clements 1923),
is a low shrub 20 to 40 cm high with numerous
spreading branches. Leaves are narrowly cuneate,
1 to 2 cm long, 0.2 to 0.5 cm wide, and normally
tridentate, although tips may be variously shaped.
The leaves on vegetative branches are similar to
those of big sagebrush (Artemisia tridentata Nutt.),
although the lobes of Bigelow sagebrush are
shallower and more sharply dentate (McArthur and
others 1979). The odor of crushed leaves is mild
and pleasant. New growth is covered with a
silvery-canescent pubescence. Flower stems are
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Bigelow sagebrush

Artemisia petrophila Wooton & Standley

slender and erect and inflorescences form long
narrow panicles with short, recurved branches.
Flower heads normally bear one ray flower and
two disc flowers. Occasionally, however, heads
may include zero or two ray flowers and one or
three disc flowers. The turbinate involucre consists
of eight to 12 short, densely tomentose bracts 2 to
4 mm long and 1.5 to 2.4 mm wide.

Taxonomy.—This taxon is undivided, and
ecotype variation has not been documented.
Chromosome races from 2x to 8x, however, have
been documented (McArthur and others 1981,
McArthur and Sanderson 1999). Bigelow
sagebrush occupies a taxonomic position between
the true sagebrushes (subgenus Tridentatae) and
other Artemisia species (subgenus Artemisia). We
have chosen to treat Bigelow sagebrush as a
member of subgenus Tridentatae because of its
growth habit, wood anatomy, leaf form,
chromosomal karyotype, RAPD molecular genetic
markers, and ITS sequences in nuclear ribosomal
DNA (Kornkven and others 1998, McArthur and
others 1981, McArthur and others 1998). The
confusion exists because flower heads may include
one or two ray flowers in addition to the
characteristic disc flowers of the Tridentatae.

Range.—The distribution of Bigelow sagebrush is
more southern than other sagebrushes. It covers
approximately 88,000 km® through western Texas,
southern Colorado, New Mexico, Arizona, Utah,
Nevada, and California between 900 and 2,400 m
elevation (Beetle 1960, Kearney and Peebles 1960,
Ward 1953).

Ecology.—Bigelow sagebrush is one of the most
drought-tolerant sagebrushes. It typically grows in
canyons, gravelly draws, and dry flats. It also
grows on rocky soils of the southern portion of the
pinyon-juniper woodlands (Hall and Clements
1923). It is often found in mixed stands with big
sagebrush, black sagebrush (Artemisia nova
Nelson), leafless green rabbitbrush
[Chrysothamnus nauseosus Pallas ex Pursh ssp.
junceus (Greene) Hall & Clements], shadscale
[Artriplex confertifolia (Torr. & Frem.) Wats.],



and especially broom snakeweed [Gutierrezia
sarothrae (Pursh) Britt. & Rusby]. Bigelow
sagebrush is usually resistant to the common rust
disecases and insect galls common to other
Tridentatae taxa (Beetle 1960). It is, however,
susceptible to wilt disease (Nelson and Krebill
1981). It grows in areas that usually receive 250 to
400 mm of annual precipitation.

Reproduction.—Flowering occurs from August to
October and seeds mature during the following
months. Seeds are wind dispersed in the fall and
winter, and seedlings emerge in spring. Seeds are
among the smallest of sagebrush seeds, about 5.5
million cleaned seeds per kg (Meyer 2003).
Seedlings grow rapidly, and young shrubs are
robust and vigorous. Plants appear to have good
drought tolerance, even as seedlings.

Direct seeding has been limited to
experimental plantings. Seeded shrubs grow well
and natural spread normally occurs around the
parental plant, suggesting that Bigelow sagebrush
can be successfully seeded.

Management.—Bigelow sagebrush is palatable to
livestock and game throughout its distribution. Its
twigs are less woody, aromatic, and bitter than
most species within the big sagebrush complex
(Hall and Clements 1923). In addition, Bigelow
sagebrush is more grazing tolerant than most other
sagebrushes. These shrubs, however, are generally
scattered, and extensive stands are found only near
the Four Corners area of Utah, Arizona, New
Mexico, and Colorado.

Benefits.—Bigelow sagebrush adds biological
diversity to shrub communities throughout the
Southwestern United States. This species improves
soil stability and reduces erosion. It also provides
palatable forage for livestock and wildlife and adds
structural diversity to the landscape.
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Artemisia californica Less.
ASTERACEAE

Synonyms: None

Arlee M. Montalvo and Catherine E. Koehler

General Description.—Mature California
sagebrush are 0.6 to 2.5 m tall and abundantly
branched from the base (Munz and Keck 1968,
Hickman 1993). The common name refers to its
strong, sage-like aroma and being endemic to
California and Baja California. The stems are
whitish with appressed hairs, long, slender, leafy,
and flexible. The somewhat hairy gray-green
leaves are soft, entire to divided into narrow linear
segments, giving the entire shrub a wispy
appearance. The many small flower heads are less
than 5 mm wide, arranged in racemes, and have 15
to 30 disk florets per flower head. Plants are
diploid with n = 9 chromosomes (Hickman 1993).

Range.—California sagebrush occurs in California
from Contra Costa Co. south into Baja California,
including the Channel Islands, at elevations of less
than 800 m (Munz and Keck 1968, Hickman
1993). Historically, it was the dominant shrub on
north-facing slopes in coastal sage scrub but has
declined to about a third of its past abundance in
many areas of southern California, especially
inland on north-facing slopes where it is being
replaced by exotic annual grasses (Minnich and
Dezzani 1998).

Ecology.—California sagebrush is common in

California sagebrush

sage scrub and coastal strand on dry slopes and
fans (Munz and Keck 1968, Hickman 1993). It is
an indicator species of sage scrub (Kirkpatrick and
Hutchinson 1977), occurs on virtually all soil types
except serpentine (Westman 1981a), and its range
is limited primarily by cold winter temperatures
(Malanson and O'Leary 1995). Leaves are
drought-deciduous and seasonally dimorphic
(Westman 1981b, Gray 1982). In California, shoot
and new leaf production begins with the winter
rains, usually in December, and continues
throughout winter and spring. Leaf drop and
production of smaller leaves occurs during the
summer drought (Westman 1981b). The shallow,
branched roots (Harrison and others 1971) allow
for rapid water absorption and growth response to
shallow rains (Gray 1982). The thin leaf cuticle
and numerous stomata allow a high photosynthetic
rate in response to water availability (Poole and
Miller 1975, Gray 1983). Consequently, there is a
higher transpiration rate and longer period of water
stress compared to species with thick leaves and
deep roots (Poole and Miller 1975, Gray 1982).
Roots form associations with arbuscular
mycorrhizal (AM) fungi, but the beneficial nature
of the interaction may be facultative and is
potentially affected adversely by nitrogen
deposition (Sigiienza 2000, Yoshida and Allen
2001).

Studies on chemistry of leaves, litter, and
soil below shrubs documented the presence of both
soluble compounds and volatile monoterpenes and
sesquiterpenes that inhibit germination or growth
of some plants (Halligan 1973, 1975, 1976). Small
mammalian herbivores and seed eaters often
restrict foraging to beneath shrub canopies and to
within a short distance of protective cover
(Halligan 1973, 1974) and may contribute to
conspicuous bare zones on the edge of shrub
stands and under canopies.

Reproduction.—Flowering of California
sagebrush tends to peak in late fall, but in Baja
California, summer rains may trigger flowering
during summer (Minnich 1985). The reduced
flowers are typical of other wind-pollinated
species of Artemisia. The single-seeded fruits



(achenes) ripen in December and January, with
some variation among years and habitats, and are
primarily wind-dispersed (Eliason and Allen 1997,
DeSimone and Zedler 1999). Achenes are tiny
(about 60 micrograms) and in bulk amount to
about 14,300,000 seeds/kg. (personal
communication with S&S Seeds, Carpenteria,
California). Seeds germinate in canopy openings
or in small grassland clearings generated by
gophers (Thomomys spp.), but seedlings suffer
high mortality from gopher activity (Eliason and
Allen 1997, DeSimone and Zedler 1999, 2001).
Seedlings emerge in the rainy season, and most
growth occurs by May.

Seed Germination.—Seeds will germinate when
fresh, but stored seeds may need cold stratification
to enhance germination (De Hart 1994). While
testing the combined effects of light and fire
components on germination, 73 percent of seeds
exposed to light germinated on soil, but seeds in
the dark did not germinate (Keeley 1987). These
results are consistent with field data that show
germination may be limited by reduced light
(Elliason and Allen 1997, Montalvo and others
2002). Certain components of fire also influence
germination. In light, treatment with leachate from
charred wood (charrate) alone or with heat
increases germination by 5 to 14 percent, but
germination is about a third lower when seeds are
subjected to high temperatures (70 to 120 °C). In
contrast, in darkness both heat and charrate alone
stimulate germination, although heat and charrate
together generally decrease germination. Thus
buried seeds may require some exposure to fire in
order to germinate, but such exposure yields
inferior germination compared to light alone
(Keeley 1987).

Genetics and Geographic Variation.—Near the
coast, plants vary in pubescence, color, chemistry,
and physiology (O'Brien 1980). Shrubs vary
between a green form with sparse hairs on the
leaves to a form with dense hairs that give the
plants a gray hue. Populations differ in the
distinctness of forms and in their relative
frequency. Seedlings raised together generally
retain the grayness of their parents but can become
grayer with age (O'Brien 1980). Differences in
pubescence also correspond to differences in water
content, rate and timing of shoot elongation, leaf
retention, and chemistry. The lower leaf-water
content of gray plants negatively impacts larval
growth and fecundity of the beetle, Trirhabda
sericotrachyla (O'Brien 1980).

Fire Effects.—California sagebrush resprouts
after fire about 25 percent of the time (Keeley
1998). Resprouting appears to be lower in burns
through dense vegetation, where plants are older,
or if fire intensity is high (Malanson and O'Leary
1982, Keeley 1998, Minnich and Dezzani 1998).
Seedling emergence after fire is variable and low
(Zedler and others 1983, Keeley 1998). Seedlings
tend to appear the second year from seeds of
resprouts or seeds blown in from adjacent areas.
Under high fire intensities or frequency, California
sagebrush will likely be extirpated because of its
poor resprouting ability and poor competitive
ability of seedlings (Malanson and O'Leary 1982,
Malanson and Westman 1991). Development,
increased fire frequency, competition with exotic
grasses, poor growth in grasslands, and air
pollution are each detrimental to this shrub’s
survival (Eliason and Allen 1997, Allen and others
1998, Minnich and Dezzani 1998, Keeley 1998).

Horticulture.—California sagebrush can be
compact if kept pruned and subjected to occasional
pinching. These aromatic plants remain attractive
in the dry season with occasional water (Schmidt
1980, Keator 1994). It prefers well-drained soils
and a low organic matter content (Wasowski and
Wasowski 1995). Naturally occurring prostrate or
low-mounding varieties are in cultivation (Browse
1987, Perry 1992, Wasowski and Wasowski 1995)
and look good in dry borders or as a foreground to
contrasting taller shrubs (Keator 1994).

Benefits.—California sagebrush provides habitat
for many plant and animal species and is an
important component of critical habitat for the rare
California  gnatcatcher, Polioptila californica
(Weaver 1998). The bird forages preferentially in
California sagebrush and the often co-dominant
shrub Eriogonum fasciculatum Benth. (Beyers and
Wirtz 1997), in part because they house a high
number and diversity of arthropods. Osborne
(1998) found high diversity and abundance of
arthropods in both species and concluded that A.
californica, together with other sage scrub shrub
species, is important to the maintenance of high
arthropod species richness and abundance in
coastal sage scrub. California sagebrush is also
involved in species-specific interactions. For
example, it is the host for Trirhabda
sericotrachyla, an herbivorous beetle whose
developmental cycle is closely associated with the
seasonal growth of its only known host plant
(O'Brien 1980).
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Historical Uses.—Leaves of California sagebrush
have been used by Native Americans for smoking,
in sweat-houses, and various other purposes (Bean
and Saubel 1972). The Cahuilla used the plant to
ensure proper maturation of girls into women. It is
said to stimulate the uterine mucosa, ensuring
rapid childbirth and, if regularly consumed as a
decoction prior to the onset of each menstruation,
to prevent menstrual cramps and alleviate
menopausal trauma. Fresh or dried leaves were
chewed to alleviate colds (Bean and Saubel 1972).
Costanoan Indians applied leaves to wounds or
aching teeth for pain reduction, and as a decoction
to bathe patients with colds, coughs, rheumatism,
or to be consumed and used as a poultice for
treatment of asthma (Bocek 1984).

Growth and Management.—California
sagebrush should be planted using shallow seeding
methods such as hydroseeding or dry broadcasting
followed by seed imprinting. Shallow methods are
superior to planting with a range drill because the
seeds need light for germination (Montalvo and
others 2002). Attempts to use annual legumes as
nurse plants can result in reduced seedling growth
and survival (Marquez and Allen 1996), but
seedling survival may be unaffected when sown
with other native species at low density (Montalvo
and others 2002). Clearing weeds before planting
is critical. California sagebrush can return
vigorously to areas where all vegetation has first
been removed, even when sown with a variety of
other species. Spring rains or artificial late fall and
spring irrigation may enhance survival of seedlings
(Williams and Hobbs 1989, Elliason and Allen
1997, Padgett and others 2000). However, survival
is not enhanced by late-season watering in wet
years (DeSimone and Zedler 2001).
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Artemisia cana Pursh
ASTERACEAE

Synonyms:

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Silver sagebrush, also
known as white sagebrush or hoary sagebrush, is
an erect, freely branched, rounded shrub up to 1.5
m tall. Older stems have a dark brown, fibrous
bark while younger stems are covered with a dense
white to yellowish-green tomentum. Branches
often layer when in contact with the soil. Leaves
on vegetative branches are 1 to 10 mm wide and 2
to 8 mm long. Leaf shape is linear to linear-
oblanceolate, entire, or occasionally with one or
two irregular lobes. Leaves are covered with a
silvery-white pubescence that becomes slightly
viscid with age. On flowering stalks, leaves are
similar to those on vegetative branches but may be
smaller, especially toward the distal end. The
foliage emits a mild to pungent odor when
crushed. Flower heads are arranged into dense,
narrow, leafy panicles, sometimes reduced to a
raceme or spike-like inflorescence. Each head

silver sagebrush

Seriphidium canum (Pursh) W.A. Weber

contains from four to 20 disc flowers that are
subtended by ovate involucral bracts. Silver
sagebrush exhibits several levels of polyploidy
based on x = 9, varying by subspecies and
population. Diploid, tetraploid, and octaploid,
populations have been documented (McArthur and
others 1981, McArthur and Sanderson 1999, Ward
1953).

Taxonomy.—Silver sagebrush comprises three
subspecies: A. cana ssp. cana, A. cana Ssp.
viscidula, and A. cana ssp. bolanderi. Ploidy levels
are octaploid, diploid or tetraploid, and diploid,
respectively  (McArthur and others 1981,
McArthur and Sanderson 1999, Ward 1953).
Plains silver sagebrush (4. cana ssp. cana) and
mountain silver sagebrush (4. cana ssp. viscidula)
have a strong tendency to layer. Plains silver
sagebrush is an erect, round, canescent, freely
branched shrub up to 1.5 m tall. It has a more
eastern distribution than the other subspecies.
Putative natural hybrids have been found between
plains silver sagebrush and big sagebrushes
(Beetle 1960, Ward 1953). Plains silver sagebrush
has the ability to spread rapidly after burning by
resprouting and by rhizomes (Beetle 1960).

Mountain silver sagebrush (4. cana ssp.
viscidula) is an erect shrub usually not more than
1.0 m tall. It is distinguished from plains silver
sagebrush by its smaller, darker leaves, and more
western distribution. Leaves on vegetative stems
are 1 to 5 mm wide and up to 7 cm long. They are
typically simple, entire, and grow in dark green
clusters. This subspecies varies in appearance but
is always darker than mountain big sagebrush,
with which it is often growing (Beetle 1960).
Bolander silver sagebrush (4. cana ssp. bolanderi)
has narrow leaves like mountain silver sagebrush,
but leaves are canescent like plains silver
sagebrush.

Range.—Aside from big sagebrush, silver
sagebrush is the most widely distributed member
of the genus. It occurs over approximately 140,000
km?, from British Columbia and Saskatchewan in
the north, to Arizona and New Mexico in the
south, and west to Oregon and California (Beetle
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1960). Ranges for each subspecies, however, are
smaller. Plains silver sagebrush is found mostly
east of the Continental Divide, through Montana,
the Dakotas, Wyoming, western Nebraska, and
northern Colorado. Mountain silver sagebrush
inhabits mountainous regions (around 1,800 m or
higher) of Montana, south along the Continental
Divide, and west to Arizona, Nevada, and Oregon.
The range of Bolander silver sagebrush is
restricted, generally to enclosed basins, in central
Oregon and eastern California.

Ecology.—Silver sagebrush grows on soils that
are less mature, with less phosphorous, potassium,
nitrogen, organic matter, and lower cation
exchange capacity than soils supporting big
sagebrush (Hazlett and Hoffman 1975). It inhabits
various environments, each subspecies adapting to
different soil conditions. Plains silver sagebrush
grows particularly well on well-watered, deep soils
of the northern Great Plains, especially along
stream bottoms and drainageways (McArthur and
others 1979, Walton and others 1986). Mountain
silver sagebrush, on the other hand, grows in areas
with a heavy, lingering snow pack (Beetle 1960,
McArthur and others 1979, Tisdale and Hironaka
1981, Winward 1980). Bolander silver sagebrush
grows on poorly drained, alkaline soils (Beetle
1960, McArthur and others 1979, Tisdale and
Hironaka 1981, Winward 1980). Silver sagebrush
usually grows in areas with precipitation between
350 and 600 mm but it occurs in areas of water
accumulation, such as near streams or in enclosed
basins.

Reproduction.—Flowers bloom between August
and September and seed ripens in October and
November. Seeds are wind dispersed during the
winter months. Establishment by direct seeding
has been successful (Kelsey 1986), especially
when sown in the fall on the soil surface or at
shallow depths (Wasser 1982). Seedlings emerge
in spring and grow rapidly. Seeding silver
sagebrush is best done in the late autumn or early
spring to maintain high viability and high
germination of seeds (Hou and Romo 1998, Romo
and Grilz 2002, Romo and Young 2002).
Seedlings are best established in lightly tilled soils
so that stands of existing perennial grasses are
maintained (Romo and Grilz 2002).

Plants respond dramatically to moist
conditions and may reach 35 to 50 cm in 1 year.
Silver sagebrush can also spread asexually.
Harvey (1981) successfully propagated plants
through hardwood cuttings, and plants can also
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spread by rhizomes. There are approximately
2,900 cleaned seeds per gram (Meyer 2003).

Management.—Silver sagebrush can provide an
important source of browse and is used quite
extensively by livestock and big game, especially
when other food sources are scarce (Kufeld and
others 1973, Wasser 1982). In the western Great
Plains area, silver sagebrush is an important
survival food for antelope. Domestic sheep and
mule deer found Bolander silver sagebrush among
the most preferable sagebrushes during winter and
fall feeding trials (Sheehy and Winward 1981).
Sheep often browse silver sagebrush in the fall
after forbs and grasses are dry.

Silver sagebrush can occupy areas at high
densities, and therefore is a candidate for plant
control. It can be difficult to control because of its
tendency to resprout from the crown and to spread
by rhizomes. It is not as susceptible to fire as other
species of sagebrush (Wright and others 1979,
White and Currie 1983). White and Currie (1983)
reported that silver sagebrush mortality after
prescribed fall and spring burns was directly
related to fire intensity. In general, fall burns are
more effective at reducing silver sagebrush than
spring burns.

Benefits.—Silver sagebrush is an abundant native
shrub that provides additional diversity to
shrubland ecosystems. It is an important winter
forage source for domestic sheep and game
animals and adds structural variety to the
landscape. Native Americans traditionally used a
decoction from silver sagebrush to stop coughing
(Stubbendieck and others 1997). In addition, Euro-
American settlers and Native Americans used it
for fuel (McArthur and others 1979).
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Artemisia filifolia Torr.
ASTERACEAE

Synonyms:

E.Durant McArthur and Jeffrey R. Taylor

General Description.—Sandsage, also known as
sand sagebrush and oldman sage or oldman
sagebrush, is a freely branched, rounded shrub that
grows up to 1.5 m tall. Young branches are
covered with a canescent pubescence while the
older stems are covered by a dark gray-green or
blackish bark. Leaves are filiform, and covered
with a canescent pubescence. Leaf length can
range from 3 to 8 cm, and leaf width is less than
0.5 cm. Leaves are entire or alternately divided

60

sandsage

Oligosporus filifolius (Torr.) W.A.Weber

into filiform divisions and are often fascicled.
Flower heads are arranged into leafy narrow
panicles. Each head usually contains two or three
fertile, pistilate, ray flowers and one to six perfect,
sterile, disc flowers. Five to nine canescent
involucral bracts subtend each head. The
receptacles and achenes are both glabrous.

Taxonomy.—Sandsage does not have subspecific
divisons. It has traditionally been assigned to the
subgenus  Drancunlus  based on  floral
characteristics (McArthur 1979). Beetle (1979)
suggested that it might have an affinity with true
sagebrushes (subgenus Tridentatae). It does have
some cytological, chloroplast DNA, and chemical
similarities ~with  Tridentatae  (Kelsey and
Shafizadeh 1979, Korkven and others 1998, 1999,
McArthur and Pope 1979) although it differs from
Tridentatae in floral characteristics, wood
anatomy, and nuclear ribosomal DNA sequences
(Korkven and others 1998, Moss 1940). The
chromosome number for A. filifolia is 2n = 18; its
karyotype is similar to that of the true sagebrushes
(subgenus Tridentatae) (McArthur and Pope
1979).

Range.—Sandsage is common on sandy substrates
from the southern Black Hills in South Dakota
south to Texas and Chihuahua and west to Arizona
and Nevada (Hall and Clements 1923, McArthur
and others 1979, Rasmussen and Brotherson
1986). It is particularly important in the central
and southern Great Plains in bands along the sandy
mantles that parallel stream drainages (Berg 1994)

Ecology.—Sandsage grows almost exclusively on
sand. It is probably the most widespread shrub on
dunes and sandhills. In a study in southwestern
Utah, Rasmussen and Brotherson (1986) found
that sandsage communities were less diverse than
adjacent communities, but plant densities were
higher. They also reported that sandsage nutrient
quality was not affected by the relative poor soil
nutrient profile characteristic of some sandsage
communities. Its accumulation of mineral nutrients
above that of the soil is apparently an adaptation to
sand habitats with inherently low soil fertility. It



grows in areas with an annual precipitation range
of 220 to 600 mm.

Reproduction.—Blooming occurs during August
and September, and seed ripens between October
and December (McArthur and others 1979). Seeds
are smaller than those of most sagebrushes, but
seedlings grow well once established. There are
approximately 3.2 million cleaned seeds per kg
(Meyer 2003). Seedlings emerge in the spring and
grow and mature quickly. Survival is reduced,
however, if it is planted in habitats that extend
beyond its natural range (Nelson and Krebill 1981).
Sandsage has been seeded alone in most plantings
but can be seeded with herbs adapted to arid sandy
soils. It is easy to grow as bareroot stock and
survives well when field planted. Wildings can be
transplanted in the spring or fall, and plants can be
easily reared from seed.

Management.—The value of sandsage as a source
of browse varies with community type. It is seldom
eaten in grasslands where other forage is adequate
but is consumed by cattle, domestic sheep, and big
game in arid desert regions. It can be particularly
important during dry years (Hall and Clements
1923, McArthur and others 1979). It is important in
the vegetation cover of harsh sandy sites, although
limited water often reduces natural seed
production. It is particularly useful in blackbrush
and pinyon-juniper communities where sandy
outcrops occur.

Sandsage resprouts vigorously after fire;
fire may be useful in reducing canopy height and
volume, thus allowing associated herbaceous
species to express more vigor (Vermeire and
others 2001.

Benefits.—Sandsage can be an important, locally
abundant, native shrub that provides habitat and
forage for wildlife, including some small nongame
birds. This species helps reduce wind erosion by
stabilizing light sandy soils. People in Mexico
have used a decoction of leaves to reduce the
effects of intestinal worms and other stomach
problems (Stubbendieck and others 1997).
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Artemisia frigida Willd.
ASTERACEAE
Synonyms:  Artemisia virgata Richardson

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Fringed sage, known also
as prairie sagewort, fringed sagewort and fringed
sagebrush, is an aromatic, mat-forming, perennial
shrub 20 to 60 cm tall (McArthur and others 1979,
Stubbendieck and others 1997). The lower woody
stems are spreading and often branched, while
upper herbaceous stems are erect and leafy.
Adventitous roots may occur when stems come in
contact with soil. The entire plant is densely silver-
canescent. Leaves are abundant, 6 to 12 mm long,
and two or three times ternately (sub-pinnately)
divided. Flowerheads are arranged into nodding
racemes or open panicles. Small, densely hairy
involucral bracts occur in series around each
flowerhead. Each head contains 10 to 17 outer,
seed-producing, pistillate, ray flowers and
numerous (25 to 50) tubular, funnelform, perfect
seed-producing disc flowers (McArthur and others
1979, Stubbendieck and others 1997). This species

fringed sage

has a deep perennial taproot with numerous
extensive lateral roots as adaptations to withstand
drought.

Taxonomy.—Undoubtedly, fringed sage, with its
broad geographical and altitudinal distribution, has
considerable genetic variation. The taxon has three
varieties: the typical variety, Artemisia frigida
Willd. var. frigida, Artemisia frigida var.
gmelinianum Besser, and Artemisia frigida var.
williamsae S.L. Welsh (International Plant Names
Index 2003). Unlike several other widespread
Artemisia species, fringed sage is known only at
the diploid (2n = 2x = 18) chromosome level
(McArthur and Pope 1979). Fringed sage is a
member of the subgenus Artemisia (McArthur and
Pope 1979).

Range.—Fringed sage is probably the most widely
distributed and abundant species of Artemisia L.
Its range extends from Mexico in the south,
through most of the Western United States,
Western Canada, and Alaska in the north, and into
Siberia, Mongolia, and Kazakhstan (Harvey 1981;
USDA 1937). In the United States, it is most
abundant in the eastern and northern parts of its
range on the high plains along the eastern slope of
the Rocky Mountains. The altitudinal gradient of
fringed sage in the Intermountain area extends
from 900 to 3,500 m; in other parts of its range
(Great Plains and Asian Steppes) the lower
elevational limits are somewhat less.

Ecology.—Mean annual precipitation throughout
the native range of fringed sage varies between
210 and 550 mm. It inhabits a wide variety of sites
but typically grows in full sunlight on dry, coarse,
shallow soils. On winter livestock and game
ranges in western Utah and eastern Nevada,
fringed sagebrush may grow in dense stands along
shallow depressions that collect moisture from
summer rains. In such areas, it is frequently
associated with winterfat [Ceratoides lanata
(Pursh) J. T. Howell], shadscale [Atriplex
confertifolia (Torr. & Frem.) Wats.], and
rabbitbrushes (Chrysothamnus Nutt. species). On
plains, foothills, and mountain slopes, fringed sage
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may grow in association with a variety of grasses
and forbs as well as with various shrubs, including
big sagebrush (Artemisia tridentata Nutt.),
Bigelow sagebrush (Artemisia bigelovii Gray),
sandsage (Artemisia filifolia Torr.), and especially
in overgrazed areas, with broom snakeweed
[Gutierrezia sarothrae (Pursh) Britt. & Rushby].
It is also a common understory shrub in ponderosa
pine communities in several Western States
(McArthur and others 1979).

Reproduction.—Blooming occurs from June at
high elevations and latitudes, to November at
lower elevations and latitudes. Fringed sage is a
prolific seed producer; each 2.5 cm length of
inflorescence contains approximately 1,000 seeds
(Harvey 1981). There are about 10 million cleaned
seed per kg (Plummer and others 1968). Seed
matures between September and December
(McArthur and others 1979) and are wind
dispersed in winter. Seedlings emerge in spring.
Fringed sage can be established by seed,
transplanting young plants, or from rooted
segments of mature plants. Surface seeding on
disturbed soils is recommended (Wasser 1982).

Management.—The forage value of fringed sage
varies considerably with location and season
(Dietz 1972). On Western ranges, it is most
valuable to big game and livestock in late fall,
winter, and early spring (Cooperrider and Bailey
1986, Kufeld 1973, USDA 1937, Wasser 1982).
Nutritive quality is highest in the spring but
remains adequate throughout much of the year
(Cooperrider and Bailey 1986, Rauzi 1982).
Individual plants are susceptible to overgrazing,
but populations tend to increase under heavy
grazing pressure (Cooperrider and Bailey 1986).
In the northwestern Great Plains, fringed sage may
be less palatable than other available forages and
occasionally invades deteriorated grasslands.
Pronghorn (Antilocapra Americana Ord) utilize
fringed sage extensively during winter, and to a
lesser extent, year round (McArthur and others
1979).

Fringed sage is well suited to grass and
broad-leafed herb communities. Seedlings are
competitive and can establish in areas with
herbaceous competition. It is adapted to mine
spoils, perhaps better than any other species of
Artemisia. It can be used as a biological control to
reduce rapid weed expansion on large disturbed
sites but can be controlled when it is too abundant
(Alley 1972).
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Benefits.—Fringed sage is a good pioneer shrub
for stabilizing disturbed sites. It is often used in
seeding Western strip mines, especially coal areas.
Its strong taproot and numerous lateral roots help
stabilize gullies and reduce soil erosion. These
rooting characteristics enable the shrub to resist
considerable grazing and trampling. It also
provides forage for livestock and forage and
habitat for wildlife in both North America and
Asia (Li and others 2002, USDA 1937). It is an
important food for sage grouse (Wallestad and
others 1975). Fringed sage has some value as a
medicinal plant (Hall and Clements 1923). Native
Americans traditionally used fringed sagebrush as
toilet paper, to eliminate unpleasant odors from
dried meat, as a chewed application for wounds
prior to bandaging, and to make mats and fans
(Stubbendieck and others 1997).
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Artemisia longiloba (Osterhout) Beetle
ASTERACEAE

Synonyms:

alkali sagebrush

Artemisia spiciformis Osterhout var. longiloba Osterhout

Artemisia arbuscula Nutt. ssp. longiloba (Osterhout) L. Shultz

E. Durant McArthur and Jeffrey R. Taylor
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General Description.—Alkali sagebrush, also
known as early sagebrush and low sagebrush, is a
small shrub up to 45 cm tall. It has lax, spreading
stems that frequently layer. The bark is dark
brown to black on older stems. The whole plant
has a dark gray-green appearance (Beetle 1960).
Leaves on vegetative stems are broadly cuneate,
up to 2 cm long, and deeply three-lobed. Leaves
on flowering stems are similar in shape but
smaller. Its large heads and early blooming
readily distinguishes alkali sagebrush from other
small sagebrushes (Beetle 1959). Heads contain
six to 11 disc flowers that are 3 to 5 mm wide.
Disc flowers of similarly sized sagebrushes, such
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as low sagebrush (Artemisia arbuscula Nutt.) and
black sagebrush (Artemisia nova A. Nelson), are 3
mm wide or less. Beetle (1960) points out that this
species has been confused with silver sagebrush
(Artemisia cana Pursh) because of its large heads;
with big sagebrush (Artemisia tridentata Nutt.)
because of its broadly cuneate, three-lobed leaves;
and with low sagebrush because of its diminutive
size.

Taxonomy.—The taxon includes no recognized
subspecies or varieties. Although relegated to
subspecific status by some, e. g., the U. S.
Department of Agriculture, Natural Resource
Conservation Service plant data base 2003, we
prefer to maintain its specific status. Zamora and
Tueller (1974) differentiated it from typical low
sagebrush  (Artemisia arbuscula Nutt) in
ecological habitat preference. Its large, scattered,
distribution and its differential use by animals
suggest that it harbors considerable genetic
variation. Beetle (1960) suspected that it is a
parent to the narrowly endemic coaltown
sagebrush (Artemisia argillosa Beetle). Alkali
sagebrush has both diploid (2n = 18) and tetraploid
(2n =36) populations (McArthur and others 1981).

Range.—Alkali sagebrush is found along foothills
and basins of the ranges that form the Continental
Divide in southwestern Montana, south through
Wyoming to northwestern Colorado, and scattered
westward through northern Utah and Idaho to
Nevada and Oregon (Beetle 1960, Winward 1980).

Ecology.—Despite the common name of alkali
sagebrush, the species also often grows well on
neutral soils (Passey and Hugie 1962, Tisdale and
Hironaka 1981). It is well adapted to xeric
conditions (Robertson and others 1966, Zamora
and Tueller 1973). Mean annual precipitation
throughout its range can vary between 220 and 500
mm. Alkali sagebrush typically grows in heavy,
highly impermeable soils with dense “B” horizons
(Passey and Hugie 1962, Tisdale and Hironaka
1981). It does, however, grow on lighter soils as
well (McArthur and others 1979).



Reproduction.—Shrubs usually bloom in mid-
June to early August and seed ripens in August
and September. Seeds are wind dispersed during
late fall and winter, and seedlings emerge during
the following spring. Seeds are about the size of
low sagebrush seeds so we expect there would be
about 2 million cleaned seeds per kg (Meyer
2003). Natural seeding occurs rapidly following
fires and other disturbances, yet mechanical tillage
can limit establishment if seeds are sown too deep
or if the seedbed is disrupted (Monsen and Shaw
1980).

Management.—Alkali sagebrush, depending on

location and ecotype, can be a source of palatable

browse for domestic sheep and provide habitat and

forage for other animals (Dealy and others 1981,

McArthur and others 1979). Stands of alkali

sagebrush in good condition can support a diverse

understory of perennial grasses and annual and
perennial forbs. Such stands provide forage and
cover for sage grouse, antelope, other wildlife, and

domestic livestock (Dealy and others 1981,

Monsen and Shaw 1986). Some stands, however,

are much less diverse and provide little forage or

habitat. Sites that lack a satisfactory understory
remain closed unless shrubs are reduced by fire or

other disturbance. Monsen and Shaw (1986)

reported that decadent stands can be rejuvenated

by mechanical means.

This shrub has the potential to be a useful plant in
rehabilitation, especially on heavy, seasonally
dry soils. It has been observed invading
roadcuts in Echo Canyon, Utah, and along
roadsides near Kemmerer, Wyoming (McArthur
and others 1979).

Benefits.—Alkali sagebrush is a native shrub that
provides habitat and forage for wildlife and
livestock. In addition, it has characteristics that
could make it useful in ecological restoration,
rehabilitation, or soil conservation. It spreads well
through natural seeding and tolerates disturbance.
It also grows on argillic soils that may be too
heavily textured for most other shrubs.
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Artemisia ludoviciana Nutt.
ASTERACEAE

Artemisia albula Wooton
Artemisia candicans Rydb.
Artemisia gnaphalodes Nutt.
Artemisia incompta Nutt.

Synonyms:

Lousiana sagewort

Artemisia mexicana Willd. ex Spreng.

Artemisia redolens A.Gray
Artemisia sulcata Rydb.

Artemisia vulgaris var. americana Besser
Artemisia vulgaris ssp. ludoviciana H.M. Hall & Clem.
Artemisia vulgaris var. ludoviciana Kuntze

Jeffrey R. Taylor and E. Durant McArthur

Illustration credit: USDA—Forest Service collection,
Hunt Institute

General Description.—Louisana sagewort, also
known as cudweed sagewort, Louisiana sagebrush,
Louisiana wormwood, western mugwort, white
sage, sage-weed, estafiate, and iztafiate, is an
aromatic, morphologically variable, herbaceous
forb or sub-shrub 0.3 to 1 m tall. Stems are erect,
single to numerous, and woody near the base.
Stems can be grayish-green, greenish-yellow, or

green and are typically covered with a white to
gray tomentum. Leaves may be entire, tridentate,
variously-lobed oblanceolate, or linear. Lower
leaves are grayish green, oblanceolate, lobed, or
entire, 3 to 9 cm long and 0.5 to 2.5 cm long, while
upper leaves are mostly entire, gray to green
floccose to glabrous above, and white tomentose
beneath (Hall and Clements 1923). The leaf apex
is acute. Flower heads bear six to 12 pistilate ray
flowers and five to 12 perfect disc flowers,
arranged in elongate, leafy panicles 20 to 50 cm
long (Stubbendieck and others 1997). Louisana
sagewort has a strong tendency to spread through
rhizomes.

Taxonomy.—Artemisia ludoviciana is a highly
polymorphic species. Hall and Clements (1923)
chose to classify it within the Artemisia vulgaris
L. complex.  This system of classification
consolidated 54 previously recognized species into
one species and 15 subspecies. Keck (1946)
suggested that the complex arose from one
cenospecies, and subsequently revised the
taxonomy. Keck’s revision classified 4.
ludoviciana on the specific, rather than subspecific
level, with seven subspecies of its own. These
subspecies include: typica, sulcata (Rydb.) Keck,
albula (Woot.) Keck, candicans (Rydb.) Keck,
incompta (Nutt.) Keck, mexicana (Wild.) Keck,
and redolens (Gray) Keck. Cytogenetic studies
show that the New World members within the
vulgaris complex have a base chromosome
number x = 9, as opposed to the Old World
members, with a base chromosome number of x =
8. Lousiana sagewort and its close relatives (4.
ludoviciana species complex) can be diploid,
tetraploid, or hexaploid (Estes 1969, Welsh and
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others 1993). Estes (1969) suggested that
autopolyploidy has been the driving evolutionary
force within the complex. Molecular genetic
studies have also shown New World and Old
World members of the complex to be different
from one another (Vallés and McArthur 2001).

Range.—Lousiana sagewort is widely distributed
throughout Western North America. Its range
spans from Ontario and Michigan in the east, to
British Columbia in the west, and south through
Texas, Louisiana, California, and Mexico (USDA
Forest Service 1937). Lousiana sagewort grows at
various elevations from 250 to 3,050 m.

Ecology.—Lousiana sagewort grows on rocky,
sandy, or gravelly loams on open ridges, slopes,
and mesas (USDA Forest Service 1937). It is also
common on plains and prairies and is usually a late
seral species that grows after grasses have declined
(Hall and Clements 1923). Lousiana sagewort
grows rapidly, is long lived, and is cold and
drought tolerant (Shaw and Monsen 1982). It
grows well in sunny sites even though it is shade
tolerant. It is can be found in grasslands,
sagebrush, ponderosa pine, and alpine
communities (Shaw and Monsen 1982). Lousiana
sagewort often associates with asters (A4ster L.),
goldenrods (Solidago L.), sunflowers (Helianthus
L.), fringed sagebrush (Artemisia frigida Wild.),
big sagebrush (Artemisia tridentata Nutt.),
tarragon (Artemisia dracunculus L.), needlegrass
(Stipa L.), blue grama [Bouteloua gracilis

(H.B.K.) Lag. ex Steudel], muhly grasses
(Muhlenbergia Schreber), wheatgrasses
(Agropyron  Gaertner), mountain dandelions

[Agoseris glauca (Pursh) Raf], and western
yarrow (Achillea millefolium L.) (USDA Forest
Service 1937, Hall and Clements 1923). Mean
annual precipitation within its range varies
between 400 and 1200 mm.

Reproduction.—Blooming begins in August and
ends in September (Stubbendieck and others
1997). Seed matures in the fall and is dispersed by
wind during late fall or winter. Seeds are
relatively small, numbering about 8,360,000/kg
(personal communication with S. Stranathan,
Upper Colorado Environmental Plant Center,
Meeker, CO). Seed viability decreases after 2 or 3
years of storage (personal communication with
K.R. Jorgensen, Great Basin Experimental Area
Ephraim, UT). Seeding aerially, by drill, or
broadcasting are all effective methods of planting
and should be conducted during fall or winter
(Shaw and Monsen 1982). In addition to seeds,
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Lousiana sagewort spreads asexually through
rhizomes.

Management.—Lousiana  sagewort is used
differentially by livestock and wildlife throughout
its distribution.  Populations in the southern
portions of its range, such as in southern Utah,
New Mexico, and southern Colorado, are more
palatable than those in the north (USDA Forest
Service 1937, Stubbendieck and others 1997). In
these southern areas, it can provide valuable
forage, especially on spring-fall and winter ranges.
In more northern areas, it has a pungent taste and
is generally not eaten until after the first frost (Hall
and Clements 1923). Lousiana sagewort is
generally considered poor forage, although it is
utilized by domestic sheep, deer, and elk to some
degree, and may be seasonally important (Shaw
and Monsen 1982, Hall and Clements 1923,
USDA Forest Service 1937). Lousiana sagewort
has also been used to revegetate road, logging, and
other disturbances (Shaw and Monsen 1982). In a
revegetation experiment at Mesa Verde National
Park, CO, it survived well when transplanted in
roadcut sites (Paschke and others 1999).

Benefits.—Lousiana sagewort is an extensive and
genetically diverse native plant that is widespread
throughout Western North America. It provides
quick and excellent cover, reduces erosion, and
serves as a nurse plant for other species (Shaw and
Monsen 1982). It also has pharmaceutical
potential.  Zavala-Sanchez and others (2002)
found that an essential oil found in Lousiana
sagewort, nonanal, inhibited diarrhea in mice. In
addition, Lousiana sagewort extracts inhibited
reproduction in malarial parasites (Malagon and
others 1997). The ssp. mexicana (estafiate) is used
for gastrointestinal pain, as a verimfuge, and as a
bitter stimulant (Heinrich 2002). It has also been
used by Native Americans in ceremonial and
purification rituals, to deodorize feet, as pillows,
saddle pads, and to treat headaches, stomach
ailments, and coughs (Stubbendieck and others
1997).
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Artemisia nova A. Nels.
ASTERACEAE

Synonyms:

black sagebrush

Artemisia tridentata ssp. nova (A. Nels.) H.&C.

Artemisia arbuscula ssp. nova (A. Nels.) McMinn
Artemisia arbuscula var. nova (A. Nels.) G. Ward
Serphidium novum (A. Nels.) W.A. Weber

E. Durant McArthur and Jeffrey R. Taylor
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General Description.—Black sagebrush is a small
aromatic shrub generally 15 to 20 cm tall, although
it may occasionally exceed 75 cm. A dull grayish-
tomentose layer causes most populations of black
sagebrush to appear darker than those of big
sagebrush or low sagebrush. Branches are
numerous and erect and arise from a spreading
base. Leaf base is typically cuneate, and the leaf
surface is covered with a viscid glandular
pubescence. The leaf apex is three-toothed,
although the uppermost leaves, particularly on
flowering stems, may be entire. Leaf dimensions
can vary between 0.5 to 2 cm long and 0.2 to 0.8
cm wide. Flowering heads are grouped in narrow
spike-like panicles that commonly extend above
the foliage. Heads contain three to five disc
flowers subtended by eight to 12 greenish-yellow
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involucral bracts. Leaf hairs, visible at 10x
magnification, can be useful diagnostic clues to
distinguish ~ black  sagebrush  from  other
sagebrushes.

Taxonomy.—Black sagebrush taxonomy is
relatively simple. It includes one species and two
varieties, 4. nova var. duchesnicola and A. nova
var. nova (Welsh and Goodrich 1995). Beetle and
Johnson (1982) have found forms of black
sagebrush that are similar in appearance to
Wyoming big sagebrush. This, in addition to other
factors, has led some to suspect that black
sagebrush may have been involved in the
parentage of Wyoming big sagebrush (McArthur
1983, Winward 1976). Glandular trichomes are a
taxonomic feature that helps separate black
sagebrush from big sagebrush (4. tridentata Nutt.)
and low sagebrush (4. arbuscula Nutt.) (Kelsey
1984). Black sagebrush has a base chromosome
number of x = 9; both diploid (2n = 18) and
tetraploid populations are known. About two-
thirds of the cytologically known populations are
tetraploid (McArthur and Sanderson 1999).

Range.—Black sagebrush is one of the most
common shrubs in the Western United States.
Populations can be found from California and
Oregon in the west, to Colorado in the east, and
from Montana in the north to northern Arizona and
New Mexico in the south. Black sagebrush is most
common at elevations ranging between 1,500 to
2,400 m (McArthur and others 1979)

Ecology.—Black sagebrush is well adapted to dry
stony soils that are relatively shallow. Zamora and
Tueller (1973) found root restricting layers 28 to
69 cm deep in half of their black sagebrush study
sites. Gravelly or sandy loam strata are also
common subsurface soil profile characteristics in
areas with black sagebrush. In addition, most soils
supporting black sagebrush are calcareous. Black
sagebrush is not restricted to adverse
environments, however. If seeded, it can grow well



on sites normally occupied by big sagebrush.
Mean annual precipitation throughout the natural
range of black sagebrush ordinarily is between 180
and 320 mm.

Most stands of black sagebrush do not
burn because populations are relatively sparse
(Tisdale and Hironaka 1981). Exceptions to this
rule, however, have been observed in central Utah,
where large stands of black sagebrush burned. In a
comparative study, Nelson and Krebill (1981)
found that black sagebrush is less susceptible to a
wilt disease than other species of Artemisia grown
under similar conditions.

Reproduction.—Mature shrubs flower in late
summer (usually August), and seed matures in
September and October. Black sagebrush seed
tends to be larger than those of other sagebrushes.
There are about 2,000 seeds/g (Deitschman 1974).
Seeds are wind dispersed in late fall or early
winter. Seedlings emerge in the spring and often
grow rapidly. Once established, young plants can
persist well even under adverse conditions. With
favorable moisture conditions, mature plants
produce abundant seed, and natural spreading
occurs quickly.

Management.—Black sagebrush is usually
considered a valuable browse species for wildlife
and livestock, especially for deer, domestic sheep,
and pronghorn (Clary 1986; McArthur and
Plummer 1978, USDA Forest Service 1937).
Black sagebrush has good winter nutritive value,
but not as good as big sagebrush (Welch 1983).
Palatability, however, can vary significantly
between populations (Welch and others 1981).
Deer and elk preference studies for black and big
sagebrushes have yielded inconsistent results
(Scholl and others 1977, Nagy and Regelin 1977,
Smith 1950, Wambolt 1996). Welch and others
have shown that some accessions are not eaten
while others are highly preferred (Behan and
Welch 1985, Welch and others 1981), which may
partially explain differences in preference studies.

Black sagebrush can also be a valuable
conservation species for dry, shallow, stony soils
because it produces abundant seed and seedlings
establish readily. Due to its habitat, it is not
usually a candidate for plant control. Black
sagebrush can successfully be seeded in fall or
early winter. Seeds should be covered with soil,
but remain within 6 mm of the surface. It grows
well with seeded herbs, but understory production
tends to decrease as the stand matures.

Benefits.—Black sagebrush is an important native
shrub in many areas of the Western United States.
It provides structural diversity within native plant
communities and provides an important browse
source for native and introduced ungulates. It can
also reduce soil erosion on steep shallow slopes.
‘Gordon Creek’ is a tested germplasm from
Carbon County, Utah, that has been demonstrated
to be high in nutritive quality and palatability to
wildlife (Welch and others 1994).
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Artemisia pygmaea Gray
ASTERACEAE

Synonyms:

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Pygmy sagebrush is a
dwarf, depressed, evergreen, cushion-like shrub
less than 20 cm tall. Bark on older stems becomes
dark brown and fibrous with age. Bark on younger
branches is nearly white to straw-colored and
somewhat puberulent. Leaves on vegetative stems
are green, nearly glabrous, viscidulous, and are
pinnatified with three to 11 lobes, or sometimes
may be toothed. Leaf dimensions range between 2
to 4 mm wide and 2 to 8§ mm long. Leaves on

pygmy sagebrush

Seriphidium pygmaeum (Gray) W.A.Weber

flowering branches are usually reduced and may
be entire. Flower heads contain three to five disc
flowers and are arranged into spike-like
inflorescences. Ray flowers are lacking. Twelve
to 18 greenish-yellow involucral bracts subtend
each head (Cronquist 1994, McArthur and others
1979).

Taxonomy.—No subspecific entities have been
described for pygmy sagebrush. Pygmy sagebrush
is known only at the diploid, 2n = 18, chromosome
level (McArthur and Sanderson 1999).

Range.—The distribution of pygmy sagebrush is
limited to approximately 54 km? in eastern Utah,
western Nevada, and northern Arizona (Beetle
1960; McArthur and Plummer 1978; Ward 1953).

Ecology.—Pygmy sagebrush grows on calcareous
desert soils. Mean annual precipitation within its
range is approximately 200 to 300 mm. In
Nevada, this species is often associated with
halophytic ~ threadleaf = rubber  rabbitbrush
[Chrysothamnus nauseosus (Pallas ex Pursh)
Britton ssp. consimilis (Greene) Hall & Clements].
In Utah, some relatively large stands are mixed
with black sagebrush (4rtemisia nova A. Nelson).

Reproduction.—Blooming  occurs  between
August and September. Seed matures in October.
Seeds are relatively large compared to those of
other subgenus Artemisia subgenus Tridentatae
species (McArthur and others 1979). Seeds are
wind dispersed during late fall or winter.
Seedlings emerge during spring.  Shrubs in
research plantings have spread naturally. It also
establishes well by transplanting divided plants.
Although it spreads through naturally dispersed
seed, artificial seedings have been unsuccessful.

Management.—Pygmy sagebrush provides little
browse because of its scarcity and size. It is
readily eaten, however, when available. It is a
good candidate to plant in clay soils and may be of
considerable value for revegetating mine spoils
and roadway disturbances.
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Benefits.—Although it is not abundant, pygmy
sagebrush does provide important soil cover in
dry, alkaline habitats where little else grows. It
also adds to the overall biological diversity to the
shrub communities where it is found.
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Artemisia rigida (Nutt.) Gray
ASTERACEAE

Synonyms:

stiff sagebrush

Artemisia trifida var. rigida Nutt.

Seriphidium rigidum W.A. Weber

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Stiff sagebrush, also
known as scabland sagebrush, is a low, pungently
aromatic shrub with thick, rigid, somewhat brittle
branches. The bush grows up to 40 cm tall.
Leaves, mostly 1 to 4 cm long, are deciduous,

silvery-canescent, spatulate, and usually deeply
divided into three to five narrowly linear lobes.
Occasionally, leaves are linear and entire
(Cronquist 1994, McArthur and others 1979).
Each head is composed of five to 16 perfect disc
flowers. The campanulate involucre is 4 to 5 mm
long with numerous canescent bracts.  The
inflorescence is a leafy spike with heads sessile or
in small clusters in the axils of their subtending
leaves, which are generally longer than the heads.
This species somewhat resembles threetip
sagebrush (Artemisia tripartita Rydb.) in size,
silvery pubescence, and the deeply, narrowly lobed
leaves, but is distinguishable by the spike-like
inflorescence, large leafy bracts that subtend the
heads, and the deciduous leaves (Cronquist 1994,
McArthur and others 1979).

Taxonomy.—Stiff sagebrush does not include
subspecific taxa. However, both diploid, 2n = 18,
and tetraploid, 2n = 36 populations are known
(McArthur and others 1981, McArthur and
Sanderson 1999, Ward 1953).

Range.—Stiff sagebrush is found in the Columbia
and Snake River basins and the northern end of the
Great Basin between 910 to 1,500 m elevation. Its
range includes portions of Idaho, central and
eastern Oregon, and eastern Washington. The
report that its range extends into Montana is
apparently an error (Morris and others 1976;
McArthur and others 1979).

Ecology.—This shrub grows primarily, if not
exclusively, on sites with rocky, basaltic parent
material (Daubenmire 1982, Tisdale and Hironaka
1981). Otherwise, its ecological niche is similar to
that of low sagebrush (Artemisia arbuscula Nutt.).
Stiff sagebrush grows in sites with annual
precipitation between 250 and 350 mm. Stiff
sagebrush is able to survive wildfires even though
it is not known to resprout or layer, probably
because it grows in scattered patches that carry
fires poorly. Plants grow slowly and require 2 to 4
years to attain a mature size (> 15 cm in height). It
appears to have broader ecological amplitude than
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its present range suggests (McArthur and others
1979).

Reproduction.—Blooming begins in late August
and ends in early October, and seeds ripen in
October and November. Seed is wind dispersed in
late fall or winter, and seedlings emerge during the
ensuing spring. Seed production and seed quality
are low in comparison to other sagebrush species
(McArthur and others 1979). Attempts to seed and
transplant this species in arid sagebrush ranges
near Boise, Idaho, have been unsuccessful. In
such instances, plantings were made where
cheatgrass (Bromus tectorum L.) and other annuals
have invaded, and stiff sagebrush seedlings were
unable to compete. Plantings have successfully
established on prepared seedbeds, however.

Management—Due to scant foliage and stiff
branches, few animals except domestic sheep
browse stiff sagebrush (Hall and Clements 1923).
It provides forage on dry sites for domestic sheep
during midsummer when herbaceous plants are
dry.

Benefits.—Stiff sagebrush is a native shrub that
adds biological diversity to Western ecosystems.
It is an important plant that provides cover and
reduces erosion on rocky sites. Its ecology
suggests that it could be used in reclaiming harsh,
disturbed sites.

References

Cronquist, A. 1994. Asterales, Intermountain flora,
volume 5. The New York Botanical Garden,
Bronx, NY. 496 p.

Daubenmire, R. 1982. The distribution of
Artemisia rigidia in Washington: a challenge to
ecology and geology. Northwest Science 56:
162-164.

78

Hall, HM. and F.E. Clements. 1923. The
phylogenetic method in taxonomy; the North
American species of Artemisia, Chrysothamnus,
and Atriplex. Publication 326. Carnegie
Institution of Washington, Washington, DC.
355p.

McArthur, E.D., A.C. Blauer, A.P. Plummer, and
R.  Stevens 1979.  Characteristics and
hybridization of important intermountain shrubs.
III. Sunflower family. Research Paper INT-220.
U.S. Department of Agriculture, Forest Service
USDA Forest Service, Intermountain Forest and
Range Experiment Station, Ogden, UT. 82 p.

McArthur, E.D., C.L. Pope, and D.C. Freeman.
1981. Chromosomal studies of subgenus
Tridentatae  of  Artemisia:  evidence for
autopolyploidy. American Journal of Botany 68:
589-605

McArthur, E.D. and S.C. Sanderson. 1999.
Cytogeography and chromosome evolution of
subgenus Tridentatae of Artemisia (Asteraceae).
American Journal of Botany 86: 1754-1775.

Morris, M.S., R.G. Kelsey, and D. Griggs. 1976.
The geographic and ecological distribution of big
sagebrush and other woody Artemisias in
Montana. Proceedings Montana Academy of
Sciences 36: 56-79.

Tisdale, E'W. and M. Hironaka. 1981. The
sagebrush-grass region: a review of the
ecological literature. Bulletin no. 33. University
of Idaho, College of Forestry, Wildlife and
Range Sciences, Forest, Wildlife and Range
Experiment Station, Moscow, ID. 31 p.

Ward, G.H. 1953. Artemisia, section Seriphicum,
in North America. A cytotaxonomic study.
Contributions from the Dudley Herbarium 4:
155-205.



Artemisia rothrockii Gray.
ASTERACEAE

rothrock sagebrush

Synonyms: Artemisia tridentata ssp. rothrockii Hall & Clements
Artemisia tridentata var. rothrockii McMinn

Sally A. Reynolds and Eric L. Berlow

General Description.—Rothrock sagebrush, also
known as timberline sagebrush, is a low, aromatic,
evergreen shrub, spreading to ascending from a
narrow trunk, 20 to 60 cm tall. Bark is gray to dark
grayish brown, becoming fibrous with age. Young
twigs are densely tomentose. Leaves are dark
green, narrowly cuneate, ranging from 0.5 to 2 cm
long and 0.2 to 1.5 cm wide. Vegetative leaves are
three-toothed but, leaves on flowering stalks are
generally entire. Young leaves are canescent,
becoming glabrous with age (Shultz 1993).

Range.—Rothrock sagebrush is native and
endemic to California. It occurs at high elevations
in the Sierra Nevada and the White and San
Bernardino Mountains. This species is commonly
found in the southern Sierra Nevada on the Kern
Plateau, at Monache Meadows, Big Meadows,
Ramshaw Meadows, Templeton Meadows, and
Mulkey Meadow. It is also found at Mono Pass,
Tuolumne Pass and Mount Dana in Tuolumne
County, Angora Peak, and near Fallen Leaf Lake
in El Dorado County (McMinn 1951). Its
northernmost extent is Placer County (Sawyer and
Keeler-Wolf 1995).

Ecology. —Rothrock sagebrush generally vegetates
well-drained, gravelly soils on the margins of
montane meadows from 2,000 to 3,500 m. In the
southern Sierra Nevada, evidence suggests
rothrock sagebrush was historically limited to dry
soils in the areas between the meadows and

surrounding slopes of lodgepole or red fir forest
but has expanded into mesic meadows since the
onset of livestock grazing in the 1850’s (Ratliff
1985, Odion and others 1988, Dull 1995). Grazing
and trampling along stream banks are proposed to
have caused channel incision and an associated
lowering of the water table in the adjacent meadow
(Kattelmann and Embury 1996, Kirchner and
others 1998, Knapp and Mathews 1996, USDA
Forest Service 1998, 2000). While more often
found on drier soils, rothrock sagebrush appears to
be tolerant of very high soil moisture as
individuals survive periods of standing water
following spring snowmelt (Berlow and others
2002). Additionally, in a pot experiment, rothrock
sagebrush seedlings showed 100 percent survival
after 2 weeks and over 60 percent survival after 4
weeks of complete immersion in flowing water
(Swartz, Berlow and D’ Antonio unpublished data).
The highest potential germination and seedling
growth rates were observed in mesic, rather than
xeric, meadow habitat. However, in these areas
micro-site availability and seed dispersal limit
establishment, with seedlings preferentially
associated with small soil disturbances within 0.5
m of a seed source (Berlow and others 2002).

Reproduction.—Flowers develop on narrow
inflorescences. Heads are sessile to short-
peduncled, 3 to 5 mm in diameter. Phyllaries
(involucre bracts) occur in two series. Both series
are shiny with wide margins. The outer phyllaries
are canescent with acute tips, whereas the inner
phyllaries are elliptic and only sparsely tomentose.
Discoid flowers (ray florets are absent) have
between eight and 20 fertile florets. Seeds are
small and resinous, ranging from 0.8 to 2 mm,
with pappus present on outer seeds (Shultz 1993).
Inflorescences begin development in late spring.
Flowering takes place at the end of the growing
season in early to late fall, and seed dispersal
begins soon after. Seeds are primarily wind
dispersed and do not appear to travel far, as
seedlings tend to be aggregated within 0.5 m of
adult shrubs (Berlow and others 2002).
Germination occurs immediately following spring
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snow-melt. Rothrock sagebrush does not form a
large soil seedbank (Reynolds unpublished data).
An average sized adult plant can produce over
5000 seeds (Reynolds unpublished data).
However, field germination rates are low (< 1
percent), and seed viability appears to decline
rapidly after 1 year (Berlow and others 2002, and
unpublished data).

Growth and Management.—The growing season
for rothrock sagebrush in montane habitats is
relatively short, beginning in early spring and
continuing until the soil moisture is depleted in
late summer. Under mesic conditions, rothrock
sagebrush can begin flowering within 5 years of
establishment (Berlow and others 2002). While
age to senescence is unknown, individuals up to 40
years old have been documented by counting
growth rings (Bauer and others 2002). Rates of
increase in stem diameter have been observed to
vary between 0.10 to 0.14 mm/year. Faster growth
rates were found in microhabitats characterized by
moist surface soil and a shallow water table,
suggesting that this woody species can use similar
water sources as herbaceous species (Bauer and
others 2002, Berlow and others 2003). Rothrock
sagebrush seedlings are not palatable to livestock
or native grazers, which may contribute to their
encroachment into intensively grazed meadows.
While large areas of sagebrush expansion are
associated with stream incision, rothrock
sagebrush also has the demonstrated potential to
invade un-incised, mesic meadow habitat given the
presence of exposed soil and a nearby seed supply
(Berlow and others 2002). Thus, on a large scale,
preventing further stream incision is critical to
slowing sagebrush invasion. Within mesic
meadow habitat, removal of scattered individual
shrubs that serve as local seed sources may be the
most effective way to prevent rapid expansion into
un-incised areas.

Benefits.—Rothrock sagebrush contributes to the
diversity of  California’s montane  plant
communities. It stabilizes sandy soil on the slopes
of meadow fringes and provides habitat for a
variety of birds and small mammals.
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Artemisia spinescens Eaton
ASTERACEAE

Syononyms:

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Budsage, also known as
spring sage and bud sagebrush, is a low,
spinescent, pungently aromatic, rounded shrub 10
to 50 cm high and profusely branched at the base.
Young branches and leaves are covered with a
white-tomentose pubescence that becomes stiff
and gray with age. Leaves are small and normally
2 cm or less in length. Leaves are three- to five-
palmately parted, again divided into three linear-
spatulate lobes. Leaves are crowded on short
stems, with those near the apex being smaller and
more entire. Unlike most members of the genus,
budsage is deciduous, losing most leaves by
midsummer. Flowerheads are small and arranged
in glomerate racemes of one to three heads in leaf
axils on flower branches. Each head contains two
to six fertile, pistilate ray flowers and five to 13
perfect, but sterile, disc flowers. Four to eight
rounded involucral bracts subtend each flowerhead
(Cronquist 1994, McArthur and others 1979).

Taxonomy.—Budsage is distinct from closely

related Artemisia species and is sometimes
considered a separate monotypic genus although
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Picrothamnus desertorum Nutt.

budsage

(Cronquist 1994) states that “despite this proposed
segregation, its affinity with Artemisia is not in
question”. The inclusion or exclusion of segregate
genera from Artemisia including Picrothamnus has
not been confirmed by molecular genetic studies
as of yet (Vallés and McArthur 2001). Polyploidy
within the budsage has been documented; both
diploid, 2n = 18, and tetraploid, 2n = 36,
populations occur (McArthur and Pope 1979).

Range.—The range of budsage extends from
Wyoming to western Montana, southern Idaho,
and easten Oregon south to northwestern New
Mexico, northern Arizona, and southeastern
California (Cronquist 1994, McArthur and others
1979).

Ecology.—Budsage is well adapted to xeric
conditions. It is quite common in semiarid valley
bottoms, benches, and foothills throughout the
Interior Western United States (Hall and Clements
1923, Wood and Brotherson 1986). Mean annual
precipitation throughout its habitat varies between
150 and 250 mm. It has an extensive root system
that grows primarily within the top 15 to 56 cm of
the soil. Interxylary cork is formed over the
previous year’s wood that restricts the upward
movement of water to the narrow zone of wood
formed by the current year’s growth. The corky
tissue develops during the early summer and
reduces water loss during dormancy (Wood 1966).

Summer dormancy is an adaptation that
reduces the effects of drought stress. Early in the
spring, when budsage first shows signs of breaking
dormancy and prior to bud elongation, the
previous season’s bark growth can be removed
easily. This condition is known as “slipping” and
is used as a sign to tell when the plant is palatable
to sheep (Wood and Brotherson 1986). Shrubs
subsequently produce new, bright-green leaves as
soon as February or March. Terminal and lateral
buds generally expand and begin to clongate in
late March and early April. Although budsage
ordinarily begins to grow in early spring and
becomes dormant by midsummer, it occasionally
may break summer dormancy after late summer
storms.



Reproduction—Blooming  normally  begins
during the last week in April and continues through
the last week in May. Exceptions, however, have
been documented where blooming began as early
as late March or has extended as late as mid-June
(Wood 1966). Seeds normally mature in early
June. There are about 3 million cleaned seeds per
kg (Meyer 2003). Freezing temperatures in early
spring frequently kill developing embryos. Intact
heads regularly fall from the plant without breaking
apart to release seeds, although some seeds are
usually dispersed independently. Abundant natural
reproduction occurs in years when seed production
is plentiful and moisture conditions are favorable.

Management.—Budsage is a palatable, nutritious
winter forage for upland birds, small game, big
game, and domestic sheep. It is particularly
preferred just after dormancy. Budsage is high in
calcium, magnesium, phosphorous, and protein
(Wood and Brotherson 1986). It is usually more
palatable in late winter than early winter
(Holmgren and Hutchings 1972). Palatability
again decreases once twigs have elongated and
volatile oil content increases (Cook and others
1954). Budsage is especially important to grazing
animals during late winter in areas where there is
an abundance of dry grass. Unfortunately, it does
not tolerate grazing well, and continual heavy
grazing may eliminate it from certain areas
(Holmgren and Hutchings 1972). In order to
maintain the species in plant communities,
periodic rest from grazing is needed. This allows
seed and seedlings to develop.

Benefits.—Budsage is an important native shrub
because of its forage value to various species of
wildlife and domestic livestock. Wildlife species
that utilize budsage include mule deer (Odocoileus
heminonus Rafinesque), pronghorn (Antilocapra
Americana Ord), mountain sheep (Ovis canadensis
Shaw), black-tailed jackrabbits (Lepus californicus
Gray), and chucker partridge (Alectoris graeca
Meisner) (Wood and Brotherson 1986). In areas
of local abundance, budsage can be an important
source of protein during late winter months.
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Artemisia tridentata Nutt.
COMPOSITAE

big sagebrush

Synonyms: Artemisia tridentata var. angustifolia Gray

Artemisia angusta Rydb.

Artemisia tridentata ssp. typica Hall & Clements

Bruce L. Welch

General Description.—Big sagebrush is an erect,
aromatic, evergreen species, that lacks winter
buds. It has numerous ecotypes that range in size
from 0.4 to 4.5 m tall (Beetle 1960, Beetle and
Young 1965, Diettert 1938, McArthur and others
1979). Growth forms are of two types;
multistemmed and single trunks and are correlated
with subspecific taxonomy. This species produces
two types of branches, vegetative and flowering
(Diettert 1938). The bark on older vegetative
branches is stringy and black or dark brown in
color. Bark on younger vegetative and
inflorescences is heavily covered with trichomes
that give the branches a silvery green to gray color.
The leaves are also silvery green or gray. Principal
leaves are narrowly cuneate or oblanceolate, 1.0 to

6.5 cm long and 2 mm to 2 cm wide, and usually
are three-toothed at the apex (McArthur and others
1979). Leaf arrangement is spiral with a 2/5
divergence (Diettert 1938). Internodes are often so
short that the leaves form dense, rosette-like
clusters at the shoot tips (Diettert 1938). The
haploid chromosome number of big sagebrush is
nine (Diettert 1938, McArthur and Sanderson
1999). Two levels of ploidy have been reported
among the three subspecies of big sagebrush—
diploid (2n = 2x = 18) and tetraploid (2n = 4x =
36) (Diettert 1938, McArthur and Sanderson
1999). All three subspecies of big sagebrush
contain polyploid populations (McArthur and
Sanderson 1999).

Taxonomy.—There are three widely recognized
subspecies of big sagebrush (Beetle 1960, Beetle
and Young 1965). These are Wyoming big
sagebrush (4. ¢ ssp. wyomingensis), basin big
sagebrush (4. t. ssp. tridentata), and mountain big
sagebrush (4. t. ssp. vaseyana). Subspecies can be
separated on morphological, chemical, and
ecological characteristics (McArthur and others
1979, Welch 2002). Wyoming big sagebrush
occupies the drier sites that range from 20 to 32
cm of precipitation, 31 to 149 cm for mountain big
sagebrush with basin big sagebrush somewhat
between the other two subspecies (Welch 2002).
Some authorities have divided mountain big
sagebrush into three forms, varieties, or subspecies
depending on the authority being quoted. One is
called subalpine big sagebrush, A. ¢ ssp.
spiciformis, (McArthur and Goodrich 1986) or A.
t. ssp. vaseyana f. spiciformis (Beetle and Johnson
1982). The second is referred to as “X” big
sagebrush, or xeric big sagebrush or 4. z ssp.
xericensis (Welch 2002). Lastly, a variety of
mountain big sagebrush is called 4. ¢ ssp.
vaseyana var. pauciflora (Welch 2002).

Range.—Beetle (1960) describes the range or
distribution of big sagebrush in these terms:
“occupying a great variety of sites at scattered
localities in southern Montana and central to
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western  Wyoming;  southern-central  British
Columbia, south through central Washington, to
the Columbia River; from the south side of the
Blue Mountains in northeastern  Oregon,
throughout central and southeastern Oregon,
southwestern and central Idaho to northern Utah,
Nevada, and northwestern California; from the
northern great basin areas of California, Nevada,
and Utah, extending southward at elevations from
5,000 to 7,000 feet and extending into western
Colorado, northwestern New Mexico, northern
Arizona; at much lower elevations in southern
California and northern Lower California,
Mexico.” It also occupies areas of the northern
Great Plains in the States of North and South
Dakota, Montana, Wyoming, and Nebraska
(Welch 2002).

Ecology.—Big sagebrush grows in a variety of
soils throughout its range from arid plains, valleys,
foothills, to mountain slopes, from 500 to 3,400 m
elevation (McArthur and others 1979, Welch
2002). It has been found growing on five soil
order: Alfisols, Aridisols, Entisols, Inceptisols, and
Mollisols. It can be found growing on all 12 soil
textural classes, but it is most often found on
loams or sandy loams (Welch 2002). Chemical
properties of big sagebrush soils are highly
variable (pH 5.9 to 10.0 and organic carbon 0.62 to
4.14 percent) but two characteristics are common:
they are well-drained and contained low
concentrations of salts (Welch 2002). Depending
on subspecies, as many as 40 plant species
(grasses and forbs) can grow with big sagebrush
(Welch 2002). Big sagebrush is not fire tolerant
and can be killed by a number of pathogenic fungi,
insects, and environmental conditions such as
winter kill or winter induced drought (Welch
2002).

Reproduction.—The growth of inflorescence
starts in late spring and is complete by late
summer to early fall (Welch 2002). Flowering
occurs during early to late fall with fruit
development commencing almost simultaneously
with flowering. Thus reproductive growth occurs
when water supplies and temperatures are not
particularly favorable; in fact, during this period
big sagebrush plants have started shedding
ephemeral leaves and neighboring plants species
are largely dormant (Welch 2002). However,
inflorescences do  generate  positive  net
photosynthesis at a time when whole plant is in a
water conservation mode (Welch 2002). Big
sagebrush achenes or seeds are small, weighing
from 0.00018 to 0.00025 g (Welch 2002). Time of
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seed dispersal is highly variable among stands and
somewhat dependent on elevation; some starting in
mid-fall other not until early winter. Most seeds
germinate immediately after snow melt or after
late-winter or early spring storms (Welch 2002).
The seeds possess no special adaptations for wind
dispersal, but are wind dispersed to a maximum
distance of 30 m from the mother plant. Hence
seedlings placement is heavily depended on wind
direction (Welch 2002). Big sagebrush forms a
weak soil seed bank (Welch 2002). A single
mature big sagebrush plant can produced upward
of 500,000 seeds, although, excessive browsing
can reduce inflorescences production by a factor of
20 (Welch 2002). The seeds must lie on the soil
surface or be buried not more than 5 mm for
successful emergence (Welch 2002).

Growth and Management.—Vegetative growth
starts in early spring and declines when soil
moisture becomes deficient. In general, Wyoming
big sagebrush, the smallest of the subspecies, has
the slowest vegetative growth rate and produces
the least amount of biomass. Basin big sagebrush
has the fastest growth rate and is the largest of the
subspecies (McArthur and others 1979, Welch
2002). In the past 50 years or more, management
has erroneously perceived big sagebrush to be a
highly competitive, dominating, and suppressive
species of grasses and forbs (Welch 2002). Thus
a variety of techniques have been developed to kill
big sagebrush (Welch 2002). As more studies
show the importance of big sagebrush in
maintaining it’s ecosystem, techniques have been
and continue to be developed to restore big
sagebrush to its native sites (Welch 2002).

Benefits.—Big sagebrush is the keystone species
of a large and highly variable ecosystem of
Western United States (Welch 2002). It is literally
a “nursing mother” to a host of organisms ranging
from microscopic to large mammals and is what
supports life in Bailey’s (1896) description: “One
never recovers from his surprise that there should
be so much life where apparently there is so little
to support it.” Species that depend directly or
indirectly on big sagebrush are many: 31 species
of fungi, 52 species of aphids, 10 species of insects
that feed on aphids, 42 species of midges and fruit
flies that induce galls, 20 species of insects that
parasitize the gall inducers, 6 species of insects
that hibernate in big sagebrush galls, 18 species of
beetles, 13 species of grasshoppers, 13 species of
shield-back katydids, 16 species of thrips, 74
species of spiders, 24 species of lichens, 16 species
of paintbrushes, 7 species of owl-clovers, 5 species



of bird’s beaks, 3 species of broom rapes, and a
host of large and small mammals, birds, and
reptiles (Welch 2002). Soil fertility is higher
under big sagebrush canopy cover than outside the
canopy (Welch 2002). Roots of other plants can
tap into these islands of fertility (Krannitz and
Caldwell 1995). Also, by a process known as
“hydraulic lift or hydraulic redistribution”
associated plants receive part of their needs from
water pumped by big sagebrush to the soil surface
from greater soil depths (Welch 2002). Lastly, big
sagebrush provides a safe haven for grasses and
forbs growing under its canopy from grazing
domestic livestock (Welch 2002).
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Artemisia tripartita Rydb.
ASTERACEAE

Synonyms:  Artemisia trifida Nutt.

threetip sagebrush

Seriphidium tripartitum (Rydb.) W.A.Weber

E. Durant McArthur and Jeffrey R. Taylor

General Description.—Threetip sagebrush is a
round, evergreen shrub up to 1.8 m tall. It may
have a simple, trunk-like stem or several, lesser
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stems arising from the base. The bark on young
branches is canescent but becomes shredded and
grayish, light brown to dark brown or black, on
older stems. This species can layer and resprout
after fire or herbicide treatment (Beetle 1960,
Pechanec and others 1965, Schlatterer 1973,
Winward 1980). Leaves on vegetative branches are
canescent, 0.5 to 4 cm long, and typically deeply
divided into three linear or narrowly linear-
lanceolate lobes, which in turn may be three-cleft.
Upper leaves are often entire. Crushed foliage
emits a pungent odor. Flowerheads contain three to
11 disc flowers typically arranged into panicles.
Ray flowers are lacking. Eight to 12 canescent
involucral bracts subtend each head. Achenes are
resinous-granuliferous (Cronquist 1994, McArthur
and others 1979).

Taxonomy.—The taxon includes two subspecies:
Artemisia tripartita ssp. tripartita and Artemisia
tripartita ssp. rubicola Beetle. This species, as is
quite common for other species in the subgenus
Tridentatae, includes populations that are diploid,
2n = 18 and tetraploid, 2n = 36 (McArthur and
Sanderson 1999).

Subspecies tripartita, also known as tall
threetip sagebrush, is a freely-branching shrub up
to 1.8 m high. It can layer when conditions are
conducive, but it is seldom found layering in the
field. It can stump-sprout after fire (Beetle 1960).
Leaves on vegetative branches are 1.5 to 4 cm long
and deeply divided into three linear lobes, each
less than 1 mm wide, that may be further divided
(Beetle 1960). Flower heads bear four to eight disc
flowers arranged into panicles that may be reduced
to a spicate form.

Subspecies rubicola, also known as
Wyoming threetip sagebrush, is a dwarf shrub
usually less than 15 cm tall with decumbent
branches. It layers frequently and may have a
crown diameter of 30 to 50 cm (Beetle 1960).
Leaves on vegetative branches are often 3 cm long
and deeply divided into linear lobes, each at least 1
mm wide (Beetle 1959, 1960). Flower heads bear
three to 11 disc flowers arranged in leafy,
narrowly racemose panicles.



Range.—Threetip sagebrush covers approximately
34,000 km” in the Northern Rocky Mountains and
Great Basin States. It usually grows at elevations
between 910 to 2,700 m. It extends from British
Columbia south through Montana and Wyoming to
Colorado, and west to Washington, Oregon,
northern Nevada, and northern Utah (Beetle 1960).
Subspecies rubicola, however, is limited to areas
of central and southeastern Wyoming and southern
Oregon (Brunner 1972).

Ecology.—Threetip sagebrush grows well on
moderate to deep, well-drained, loamy and sandy
loam soils (Winward 1980). In some places,
particularly in Idaho, this species grows between
the lower, hot, dry sites dominated by Wyoming
big sagebrush (Artemisia tridentata Nutt. ssp.
wyomingensis Beetle & Young) and the higher,
cooler sites dominated by mountain big sagebrush
[Artemisia tridentata ssp. vaseyana (Rydb) Beetle]
(Schlatterer 1973). It often grows intermixed, but
as separate stands, with mountain big sagebrush,
Wyoming big sagebrush, or alkali sagebrush
[Artemisia longiloba ([Osterh.) Beetle] in areas
with 300 to 600 mm of annual precipitation.
Wyoming threetip sagebrush grows on rocky
knolls at high elevations (2,100 to 2,700 m)
adjacent to mountain big sagebrush sites.

Reproduction.—Flowers bloom between July and
September and seed matures in October. Seeds are
wind dispersed and seedlings emerge during the
ensuing spring. Plants grow quickly and attain
maturity in 3 to 5 years. The seeds are smaller than
many Artemisia species; there are approximately 5
million cleaned seeds/kg (Meyer 2003).

Management.—This species is a vigorous seeder.
Some forms are more palatable than others.
Threetip sagebrush establishes well by direct
seeding, rearing, or transplanting. Seedlings are
able to persist with both a dense perennial and
annual understory, although it is no more effective
at excluding invasive annuals than other
sagebrushes. It frequently grows with a number of
other shrubs and herbs. It is compatible with many
introduced and native grasses including mountain
brome (Bromus carinatus H. & A.), slender
wheatgrass [Elymus trachycaulus (Link) Gould ex
Shinn], intermediate wheatgrass [Elymus hispidus
(Opiz) Meld], and orchard grass (Dactylis
glomerata L.).

Attempts to establish threetip sagebrush
on arid sites dominated by Wyoming big
sagebrush have been unsuccessful. Some ecotypes,
however, can extend into drier sites. Threetip

sagebrush  generally recovers well after
disturbance, but hot summer fires can kill large
stands, inhibit resprouting, and significantly delay
natural seedling recovery.

Benefits.—Three-tip sagebrush adds structural and
biological diversity to the landscape and reduces
the effects of wind and soil erosion. Although
Beetle (1960) reported it was not palatable to
livestock or game, Kufeld (1973) reported that elk
used it, and Kufeld and others (1973) also reported
that deer use it. A form near Salmon, Idaho, is
palatable to deer and may have introgressed into a
nearby population of Wyoming big sagebrush
(McArthur and others 1979).
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Arundinaria gigantea (Walt.) Muhl.

POACEAE

Synonyms: Arundinaria macrosperma Michx.
Arundinaria tecta (Walter) Muhl.

giant cane

Arundinaria tecta var. decidua Beadle

Arundo gigantea Walter

Arundo tecta Walter

Kristina Connor
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General Description.—Giant cane, also known as
cane or switchcane, is a perennial monocot, a
woody grass, and one of only two native bamboos.
With its stem-like rhizomes and hard, ‘woody’
stems, giant cane can grow to a height of 8 to 9 m
but is typically less. Lower sheaths are about half
as long as the culm internodes, while the upper six
to 10 sheaths culminate in 10 to 12 bristles that are
5 to 9 mm long (Hitchcock 1971). Leaves range
from 10 to 30 cm in length and from 2 to 3 cm
wide. They have rounded base, are lance shaped,
and have finely toothed margins (Bailey and
Bailey 1976). Leaves are typically pubescent
underneath and are either pubescent or glabrous
above. Leaves on stems 2 years and older grow on
side branches. Branches are short, less than 30 cm,
also with loose papery sheaths.

Range.—Giant cane is found at elevations ranging
from sea level in southern floodplains to 610 m
elevation in the Appalachian Mountains. It can
grow in dense thickets in the Mississippi Delta and
in other southern swamplands. Its range extends
from southern Maryland west into Ohio, Indiana,
and Illinois, south to the Gulf Coast and west to
Texas, Oklahoma, and Arkansas (Bailey and
Bailey 1976, Brickell and Zuk 1996, Walkup
1991). A recognized variety is A. gigantea subsp.
tecta (Walter) McClure.

Ecology.—Giant cane formerly occupied large
areas (canebrakes) in floodplains of southern
rivers; now these thickets are usually found only in
the Mississippi Delta where they form in low-
lying, shady moist areas. Elsewhere, giant cane is
usually intermixed with shrubs. It is fire dependent
and resprouts from rhizomes (Walkup 1991). It has
a broad tolerance for weather and can withstand
temperatures ranging from -23 to 41 °C. It grows
in a variety of soil types (muck lands to mountain
slopes and rich alluvial soils) and is rugged, cold-
hardy and adaptable.
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Reproduction.—Giant cane primarily spreads by
rapid vegetative reproduction from large rhizomes.
It flowers infrequently, and at irregular intervals,
in early spring, forming simple panicles on the
branches. The panicles consist of a few racemes of
five to 15 large, stalked spikelets, which may be
purple (Bailey and Bailey 1976, Brickell and Zuk
1996). The inflorescence may be a single axis or
have branches. Seed production from these flowers
is sparse and unpredictable.

Growth and Management.—Giant cane is a
short-lived, evergreen monocot. Individual stems
survive less than 10 years, but the species sprouts
prolifically from its rhizomes. In the presence of
fire and on the best-suited sites, it forms dense
thickets called canebrakes. While it can withstand
flooding, drought, and intense surface fires, giant
cane is sensitive to overgrazing (Grelen and
Duvall 1966, Hitchcock 1971). One source reports
rapid growth (Brickell and Zuk 1996), especially
after a fire. Fuel accumulates rapidly in a
canebrake, and, to eliminate the hazard, a short
burning cycle is advised (Hughes 1966, Walkup
1991).

Benefits.—The dense thickets of giant cane
provide cover for nesting birds and small
mammals. In addition, the young shoots are edible,
sometimes used as a potherb (Hitchcock 1971),
and of good nutritional quality. The leaves are a
preferred food for southern pearly eye butterfly
caterpillars (University of Florida 2001). The
leaves extend well above the ground, plants can be
completely defoliated by cattle and are also
uprooted by swine (Hitchcock 1971, Walkup
1991). Thus, while grazing capacity of cane is
high, careful management is required to prevent
deterioration of the plants (Grelen and Duvall
1966).
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Atriplex canescens (Pursh) Nutt.
CHENOPODIACEAE

Synonyms:  Calligonum canescens Pursh

fourwing saltbush

E. Durant McArthur, Stewart C. Sanderson, and Jeffrey R. Taylor

Illustration source: USDA—Forest Service collection,
Hunt Institute

General Description.—Fourwing saltbush, also
known as costilla de vaca and chamizo, is an
upright shrub between 10 and 200 cm tall. Stature
varies with site conditions and genotype. Branches
arise freely from the base and are brittle and hard at
maturity. Young branches and leaves are covered
with inflated or collapsed bladder hairs that create
a scurfy, grey-green appearance. Leaves are
evergreen, linear to oblanceolate or spatutulate,
usually 1 to 4 cm long and 0.1 to 1.0 cm wide. The
species is usually dioecious, although some are
monoecious or trioecious. Pistillate (female)
flowers are small and inconspicuous. A pair of
small bracts united along their edges encloses each
pistil. Each of these bracts has two ridges down the
face that expand into “wings,” giving the utricle
(fruit) four “wings” at maturity. Staminate (male)
flowers are small, yellow to red to brown, and

borne in glomerules 2 to 3 mm wide (Blauer and
others 1976). Sexual expression varies between
populations and with ploidy level. Diploids are
usually monoecious, with a few exceptions. At
higher ploidy levels (tetraploids and hexaploids),
fourwing saltbush is trioecious (three sexual
states). In the trioecious condition, some plants are
consistently female and others are consistently
male and some are able to switch during stressful
conditions from the less physiologically taxing
female state to the male state (McArthur 1977,
McArthur and others 1992). Gender differences
appear to be adaptive and allow for greater species
radiation (Freeman and others 1993).

Taxonomy.—Fourwing saltbush is composed of a
number of polyploid races with a base chromosome
number of x = 9 (Sanderson and Stutz 1994, 2001).
Many have been named as varieties. It appears that
many of these are autopolyploids (Stutz 1978). The
common form of fourwing saltbush in the
Intermountain  region (race Occidentalis) is
tetraploid (Sanderson and Stutz 2001). Of the
several distinct diploids the most widespread are
race Angustifolia of the Chihuahuan Desert and
race Linearis of the Sonoran Desert. Hexaploids
are also generally southern in distribution (Nevada,
New Mexico and Mexico) (Sanderson and Stutz
2001). Polyploids higher than 6x (up to 20x) are
usually restricted endemics (Sanderson and Stutz
2001).

The North American perennial saltbushes
form a group of related species. Fourwing saltbush
apparently hybridizes, at least to some extent, with
all of these species (Blauer and others 1976, Stutz
1978).

Range.—Fourwing saltbush is a widespread shrub
throughout much of Western North America. It
grows from the Great Plains to the Pacific Coast
and from Canada to Mexico at elevations ranging
from below sea level to 2,400 m. Fourwing
saltbush has been planted in various parts of
Eurasia and Australia but naturalization has not
been documented.

Ecology.—Fourwing saltbush is adapted to desert
climates. Mean annual precipitation within its
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distribution usually ranges between 150 and 400
mm. It grows on deep, usually halophytic, well-
drained sandy soils, gravelly washes, mesas,
ridges, and slopes. Soil salts enhance growth of
fourwing saltbush by increasing days to wilting,
organic matter production, water use efficiency,
and ability to extract water by means of osmotic
adjustments (Glenn and Brown 1998). It often
grows intermixed with a wide variety of shrubs,
grasses and forbs.

Reproduction.—Flowering  generally  occurs
between May and September (Blauer and others
1976). This period can vary, however, with
genotype and location. Flowers are wind
pollinated, and seed matures in October. Most
wildland stands of fourwing saltbush produce
abundant seed 3 out of every 5 years.

Seed fill in high quality lots may only
reach 50 percent, although rates of 40 percent or
lower are generally considered substandard (Meyer
2003). Like many species of saltbush, Atriplex
canescens exhibits high levels of dormancy
controlled by multiple and complex mechanisms
(Meyer 2003). Woody bracts inhibit germination
mechanically and also contain water-soluble
substances, salt and perhaps saponin, which inhibit
germination (Clor and others 1989). Seed normally
requires 20 to 30 days of stratification to assure
uniform germination. There are about 120,000
cleaned, dewinged seeds (utricles)/kg (Blauer and
others 1976).

Artificial seeding should take place during
the fall or winter unless spring frosts threaten
seedling survival. Fall and winter seeding promotes
seed stratification and overall germinability. When
sown, seeds should remain within the top 1.25 cm
of soil. Broadcast seeding followed by chaining
has produced excellent stands. Shrubs can also be
established using drills alone or in separate rows
among other species. Care should be taken to keep
herbs from displacing fourwing saltbush seedlings.
Seedlings grow vigorously and quickly produce a
dense canopy although interspecific competition
can reduce stand densities.

Shrubs can also be grown from nursery
stock, container stock, or by stem cuttings (Shaw
and Monsen 1984). Rooted stem cuttings have
been used successfully to establish shrub seed
orchards with desirable traits (McArthur and others
1978, 1992). Some populations reproduce
asexually through root sprouting (Barrow 1997).

Management.—Fourwing saltbush is a valuable

forage shrub because it is abundant, palatable,
provides large quantities of forage, is nutritious,
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and grows rapidly (Cibils 1998, McArthur and
others 1983, Peterson and others 1987). Leaves,
stems, and fruits provide browse throughout the
year. Winter protein content has been shown to
vary between accessions (Welch and Monsen
1981). Relative saponin concentrations may affect
palatability.  In mixed species communities,
herbage production of fourwing saltbush and forbs
remains quite high. Fourwing saltbush is a
facultative selenium absorber, making it mildly
poisonous to browsing animals in selenium-rich
soils (Davis 1972).

When propagating fourwing saltbush, it is
important to select ecotypes that are adapted to the
site. If possible, seed should be from a source with
a similar climate unless the strain being planted is
known to have a broad ecological range. Climatic
and biological factors may affect plant persistence.
Plants established from southern seed sources have
not persisted in colder northern areas. However,
seed collected from colder areas have done well at
warmer sites (McArthur and others 1983, Plummer
and others 1966).

Benefits.—Fourwing saltbush is a valuable plant
that provides livestock and wildlife habitat and
food. It has been widely and successfully used in
revegetation and restoration projects including soil
stabilization (Blauer and others 1976, Plummer and
others 1966). Its ability to adapt and to hybridize
with other woody Atriplex can facilitate in situ
selection during revegetation (Stutz 1982).
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Atriplex confertifolia (Torr. & Frém.) S. Wats.

CHENOPODIACEAE

Synonyms:

shadscale

Obione confertifolia Torr. & Fremont

Atriplex collina Woot. & Standl.

Stewart C. Sanderson, E. Durant McArthur, and Jeffrey R. Taylor

Illustration source: USDA—Forest Service collection,
Hunt Institute

General Description.—Shadscale is a compact
spinescent shrub that is typically 15 to 120 cm tall
and 30 to 170 cm wide. Branches are scruffy when
young but become rigid, brittle, and spiny with
age. Leaves are nearly circular to elliptic, oval, or
oblong, 9 to 25 mm long and 4 to 20 mm wide
(Blauer and others 1976). Flowers are imperfect.
Staminate (male) flowers are arranged in
glomerate inflorescences borne in leaf axils.
Pistilate (female) flowers are enclosed by foliose
bracts, 5 to 12 mm long, broadly ovate to almost
round, united at the base, and have entire, free,
somewhat spreading margins. Staminate flowers
are small and inconspicuous. Populations may
have biased sex ratios and can include monocieous
as well as dioecious individuals (Freeman and
McArthur 1984).
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Taxonomy.—Shadscale includes several
chromosome races ranging from diploid (2n = 2x
= 18) to decaploid (2n = 10x = 90). Plant
similarities and the paucity of close relatives
suggest that these races are largely autoploid
(Stutz and Sanderson 1983). Of all the races,
tetraploids are most common (Sanderson and
others 1990). Generally, polyploid populations
occur in uniform stands at lower elevations and on
valley floors while diploid forms occur on uplands
in more diverse communities and are usually
larger in stature (Sanderson and others 1990, Stutz
and Sanderson 1983).

Range.—Shadscale is present throughout much of
Western North America, from Montana in the
north to Texas and Chihuahua in the south, and
from North Dakota in the east to California and
Oregon in the west (Stutz and Sanderson 1983). It
usually grows at elevations from 460 to 2,100 m.
Among the woody chenopods, it ranks next to
fourwing saltbush [Atriplex canescens (Pursh)
Nutt.] and winterfat [Ceratoides lantata (Pursh) J.
T. Howell] in frequency and distribution.

Ecology.—Shadscale usually grows on fine-
textured alkaline soils, although it can be found on
coarser, sandier soils (Blaisdell and Holmgren
1984, McArthur and others 1978). It can occur in
nearly pure stands, but also grows intermixed with
many other shrubs, especially of the chenopod
and sunflower families, and with junipers
(Juniperus L.) and grasses. It tolerates alkali soils
better than most of these associates (McArthur and
others 1978). Relationships between microhabitat,
synecology, and physiology have explained
differences in distribution patterns = within
intermixed stands of shadscale and winterfat
(Caldwell and others 1977, West and Gasto 1978).
Shadscale grows slowly, has a relatively short life
span and can be killed by drought or high water
(Blaisdell and Holmgren 1984, McArthur and
others 1978). High water can kill plants directly,
lead to anaerobiosis, induce abiotic disease, or
predispose plants to biotic pathogens, all of which
may have contributed to die-offs over the past
decades (Wallace and Nelson 1990). Shadscale



typically grows in arid climates where mean
annual precipitation can range between 180 and
360 mm.

Reproduction.—Shadscale usually blooms during
April and May. In isolated locations populations
may bloom as early as January and as late as June.
Utricles mature, in general about mid-October.
Shadscale seeds are largely dormant after
maturation but respond to cold treatment (chilling)
through dry after-ripening (Meyer and others
1998). Chilling and leaching soluble inhibitors
from seeds has been shown to increase
germination  (Garvin and  others  1996).
Interestingly, seeds from warm desert populations
responded to chilling more and after-ripened
quicker than those from cold deserts (Meyer and
others 1998). Ecotypic germination variation is
common in shadscale.

Shadscale spreads naturally through seed
but is difficult to establish by artificial seeding
(McArthur and others 1978, Monsen and
Richardson 1984). Low seed fill often compounds
seed dormancy and germination problems. Fall
seeding is recommended because it reduces the
effects of dormancy, and utricles are more likely to
break down before spring. Seeds should remain
between 6 and 13 mm of the soil surface to
improve the likelihood of germination and
establishment. Soil type and seedbed preparations
should be considered prior to seeding. Seed should
be planted at rates of 2.2 to 4.5 kg of pure live
seed/ha and in separate rows from other seeded
species. Seedlings grow slowly and compete
poorly with herbs and aggressive grasses,
particularly within the first 2 years. Diploid races
from pinyon-juniper woodlands and big sagebrush
communities establish more readily in biologically
diverse communities than other races.

Shadscale has also been successfully
transplanted when moisture conditions are right
during spring or fall (Luke and Monsen 1984).
Transplants can be from container or bare-root
stock. Survival is usually poor unless care is taken
during handling and planting. Young shrubs are
particularly ~ susceptible  to  overwatering.
Transplanting is most successful if plants are
dormant at the time of planting.

Management.—Despite  its  spiny  nature,
shadscale is grazed by livestock and game. Forage
value is directly related to leaf persistence, which
is a characteristic that varies by habitat. Many
species prefer the nutritious seeds (USDA 1937).
Livestock and wildlife tend to seek seed and leaf
accumulations under parent shrubs after leaves and

fruits have fallen in autumn. Grazing pressure can
reduce more palatable shrub species, such as
budsage and blacksage, resulting in increased
shadscale populations (Blaisdell and Holmgren
1984). Shadscale may be more -effective in
restoring and stabilizing salty areas than fourwing
saltbush or other saltbushes because it is more salt
tolerant (McArthur and others 1978). In large
stands, shadscale should be managed rather than
mechanically controlled. Managing for shadscale
is easier than reducing shrub densities and seeding
in new species because limited soil moisture and
precipitation make it difficult to manipulate these
plant communities (Bleak and others 1965).
Aggressive annuals, such as cheatgrass, usually
invade such areas if they are disturbed.

Benefits.—Shadscale is a genetically and
morphologically diverse native shrub that occupies
a considerable range throughout the West. It
provides soil cover, habitat for birds, and forage
for domestic livestock and wildlife. Some small
passerine birds, such as horned lark (Eremophila
alpestris), Brewer’s sparrow (Spizella breweri),
and sage thrashers (Oreoscoptes montanus) nest in
shadscale stands (Medin 1990). Healthy stands
also reduce the proliferation of exotic, undesirable
annuals. In addition, seeds were historically
ground into flour by Native-Americans for bread
(Stubbendieck and others 1997).
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Atriplex corrugata S. Wats.
CHENOPODIACEAE

Synonyms:
Obione corrugata Ulbr.

mat saltbush

Atriplex nuttallii var. corrugata A. Nelson

E. Durant McArthur, Stewart C. Sanderson, and Jeffrey R. Taylor

General Description.—Mat saltbush, also known
as matscale, is a low shrub that forms dense,
prostrate (15 cm tall) and nearly white mats five to
20 times wider than they are tall. Prostrate
branches often form adventitious roots when in
contact with the soil. The bark is soft, spongy, and
white. Leaves are sessile, evergreen, oblong,
linear-oblancelate, or spatulate, rounded at the
apex, opposite on the lower portions of stems, and
alternate above. Leaf blades are densely scurfy and
7 to 18 mm wide (Blauer and others 1976,
McArthur and others 1978, Welsh and others
1993). Individual shrubs are commonly dioecious
but may be monoecious. Staminate (male) flowers
are yellow to light-brown, 3 to 6 mm wide, and
borne in glomerulate spikes. Pistilate (female)
flowers are enclosed by sessile or subsessile
fruiting bracts. Fruiting bracts are 3 to 5 mm long,
4 to 6 mm wide, and united along two-thirds of
their length and densely tuberculate on the lower
one-third (Blauer and others 1976, McArthur and
others 1978, Welsh and others 1993).

Taxonomy.—This species will hybridize with
other saltbushes (Blauer and others 1976, Stutz
1978, 1984). Mat saltbush forms intermediates
with Atriplex confertifolia Torr. & Fremont and
Atriplex cuneata A. Nelson (Welsh and others
1993). Plants can be either diploid (2n = 18) or
tetraploid (2n = 36) (Sanderson and Stutz,
unpublished data).

Range.—Mat saltbush is an endemic of the
Colorado Plateau and Uintah Basin, found mainly
on Mancos shale formations in eastern Utah,
western Colorado, and northwestern New Mexico
between 1,200 and 2,100 m (Hall and Clements
1923; Hanson 1962).

Ecology.—Mat saltbrush grows on fine textured,
often saline, soils. It tolerates up to 13,000 ppm
soluble salts and is often the only perennial plant
present in such high-saline environments (Hanson
1962). Although it is probably the most halophytic
member of the genus, in less saline habitats,
patches of mat saltbush may alternate with patches
of winterfat [Ceratoides lanata  (Pursh)
J.T.Howell], cuneate saltbush (Atriplex cuneata A.
Nelson), shadscale (Atriplex confertifolia Torr. &
Fremont), black  greasewood  (Sarcobatus
vermiculatus Torr.), budsage (Artemisia
spinescens Eaton), and greenmolly summercypress
(Kochia americana S. Wats.). It grows in areas
with 150 to 280 mm of annual precipitation.

Reproduction.—Blooming occurs between March
and May and fruits (utricles) ripen 6 to 10 weeks
later. Seed production is usually modest, although
some seed is usually produced even during
drought.

Because germination is near zero without
cold treatment, fall is normally the recommended
season for artificial seeding. Where possible,
midwinter planting is also successful. Preparatory
measures are usually unnecessary if the site
previously supported mat saltbush and is not
infested with weeds. Recommended seeding rates
range between 2.2 and 4.5 kg of pure live seed/ha.
Seed should be sown in separate rows and covered
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with a drag or harrow. Seeds should be planted
near the soil surface and no more than 1.3 cm
deep. Seedlings emerge rapidly and grow
vigorously during the first year. Growth continues
until soil moisture becomes limiting (usually by
mid-summer). There are about 220,000 cleaned
seed per kg (Blauer and others 1976).

Transplants from bare root stock,
wildings, or containers have all established
successfully. Wildings and bare root stock tolerate
considerable  distress.  Transplants  survive
surprisingly well, even when planted on seemingly
infertile  soils. Young plants have been
successfully transplanted into former black
greasewood communities in the Great Basin
(Blauer and others 1976).

Management.—Mat saltbush is valuable winter
forage for wildlife and domestic livestock. It often
grows interspersed among other plant communities
on shale outcrops at medium elevations. Shrubs
often grow on windblown slopes and provide
important, accessible winter forage. Big game
have been known to congregate on these areas
during periods of deep snow accumulation. Shrubs
tolerate grazing and trampling and maintain vigor
even after serious abuse.

Mat saltbush has been seeded with
selected grasses including Russian wildrye
(Elymus  junceus  Fisch.), tall wheatgrass
[Agropyron elongatum (Host) P.Beauv.], and
crested wheatgrass [Agropyron cristatum (L.)
Gaertn.]. Although these species may increase
forage production, they do not usually persist in
dense stands. Grasses and forbs will suppress
shrub establishment, but grasses interseeded into
established shrub stands do not reduce shrub
density or vigor.

This species is useful in revegetation and
restoration projects and can help reclaim disturbed
areas with heavy textured soils such as road
construction sites or mine disturbances.

Benefits.—Mat saltbush is a native shrub that
occupies a specialized niche in Western
ecosystems. Its ability to grow on fine textured,
often saline soils helps reduce soil erosion on sites
that are inhospitable to many shrubs. It also
provides important forage for wildlife during
winter when other sources of forage may be
inaccessible.
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Atriplex cuneata A. Nels.
CHENOPODIACEAE

Synonyms:

Castle Valley clover saltbush

Atriplex gardneri var. cuneata (A. Nels.) S.L.Welsh

Atriplex acanthocarpa var. cuneata Jones
Atriplex nuttalli subsp. cuneata H.M. Hall & Clem.

E. Durant McArthur, Stewart C. Sanderson, and Jeffrey R. Taylor

General Description.—Castle Valley clover
saltbush, also known as Castle Valley saltbush and
cuneate saltbush, is a low shrub 10 to 45 cm tall
with a more or less prostrate, woody, much-
branched base with erect branches. Leaves are
evergreen, light-grey green, spatulate to broadly
elliptic, 2 to 6 cm long and 0.5 to 2.5 cm wide
(Hall and Clements 1923). Staminate (male)
flowers are dark, almost black, and are borne in
glomerules arranged in panicles. Pistilate (female)
flowers are borne in axillary clusters and consist of
pistils enclosed by wingless bracts. At maturity,
bracts are 5 to 9 mm wide, irregularly toothed
along their margins, and have numerous, crest-like
tubercles on their side. Sex expression in Castle
Valley clover saltbush is trioecious (Freeman and
McArthur 1984). In this system, some individuals
are consistently male, some are consistently
female, and others can switch between the less
energistically expensive male state, and the more

taxing female state,
conditions.

depending on climatic

Taxonomy.—Castle Valley clover saltbush is one
of several related saltbush species. It hybridizes
with a number of other saltbushes, particularly
with fourwing saltbush (Atriplex canescens
(Pursh) Nutt.). Atriplex cuneata is tetraploid (2n =
36). Some taxonomists consider it to be a variety
or subspecies of other woody saltbush species. Its
exact taxonomic distinction remains somewhat
unclear. Hanson (1962) described one subspecies
for Atriplex cuneata, ssp. introgressa, found to be
diploid (2n = 18) (Sanderson and Stutz,
unpublished data). It is now considered to be a
variant of A. welshii Hanson, also diploid. Atriplex
cuneata hybridizes with other perennial Atriplex,
especially with 4. confertifolia Torr. & Freemont,
a hybrid that has been named as 4. X
neomexicana. Populations of this hybrid and its
derivatives may expand enormously during
favorable years but are eradicated during drought
(Sanderson and Stutz, unpublished data).

Range.—The distribution of Castle Valley clover
saltbush includes portions of eastern Utah,
southwestern Colorado, and northern New
Mexico. It usually grows at elevations between
1,220 and 2,170 m (Welsh and others 1993).

Ecology.—This species often grows on fine
textured soils, typically clay or soils derived from
shale, that are moderately to highly alkaline. It
grows on variably saline soils and may be
associated with many other shrubby chenopod
species and several of the sagebrush (Artemisia L.)
species. It is often the dominant or codominant
shrub with shadscale (Atriplex confertifolia Torr.
& Frem.) or mat saltbush (Atriplex corrugata S.
Wats.). It grows in areas with 160 to 310 mm of
precipitation.

Reproduction.—Castle Valley clover saltbush

blooms in April and May, or sometimes later
depending upon rainfall. Fruits (utricles) ripen
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about 7 weeks after blooming (Hanson 1962).
Annual seed production is often erratic and only
about 50 percent of utricles contain viable seed.
Germination rates are also erratic and vary among
ecotypes. Fruits are small and generally number
about 180,000/kg (Blauer and others 1976).

This species should not be seeded in areas
beyond its natural distribution. It is poorly adapted
to big sagebrush (Artemisia tridentata Nutt.) and
other upland habitats but can be seeded into most
salt desert shrublands. Young plants grow
vigorously and are competitive but can be
suppressed by perennial grasses and annual weeds.
It should not be seeded directly with herbaceous
species but competes well when seeded with
fourwing saltbush [Atriplex canescens (Pursh)
Nutt.], green ephedra (Ephedra viridis Coville),
and spiny hopsage [ Grayia spinosa (Hook.) Moq.].

Management.—Castle Valley clover saltbush is
preferred by livestock throughout the year. It
remains green and succulent, even through winter.
It is an important source of protein in winter
months for both livestock and game when most
other forages are dry (McArthur and others 1978).
A stabilized hybrid between fourwing saltbush and
Castle Valley clover saltbush has great potential to
improve the forage quality on winter ranges. Such
a hybrid would be taller than Castle Valley clover
saltbush and retain more green foliage than
fourwing saltbush.

This species shows particular promise in
winter game range restoration and on disturbed
alkaline soils. Like other woody saltbushes, it
grows on freshly disturbed soils, such as exposed
substrata created by mining or road construction
activities (Blauer and others 1976, McArthur and
others 1978).

Benefits.—Castle valley clover saltbush is a native
shrub that is adapted to fine textured soils that are
inhospitable to many other shrubs. It adds
biological and structural diversity to the plant
communities on these otherwise difficult sites. It
helps stabilize the soil, can be useful in wildland
restoration projects, and provides valuable and
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nutritious forage for wildlife and livestock on
Western shrublands.
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Baccharis pilularis DC.
ASTERACEAE

Synonyms: None

Christopher Ross

General Description—Coyote brush, also known
as chaparral broom, is a shrub to 3 m tall, with
glabrous, sticky, oblanceolate to obovate leaves 8
to 55 mm long, with toothed or entire margins. It
may either be spreading or ascending in form
(Sundberg 1993).

Range.—Coyote brush occurs from Oregon to
northern Mexico. In California it ranges from the
northwestern coast south, including the peninsular
and transverse ranges and the Channel Islands, and
eastward to the Sierra Nevada foothills (Sundberg
1993).

Ecology.—Coyote brush is found on coastal bluffs
and oak woodlands from sea level to 1500 m. It
sometimes occurs on serpentine soils (Sundberg
1993). Coyote brush may invade stabilized dunes
in northern California, especially after yellow bush
lupine has established (Pickart and Sawyer 1998).
It has been very invasive in grassland areas near

coyote brush

Oakland, California, apparently as a result of
decreased grazing and fire, and appears to favor
areas of bare soil (McBride and Heady 1968). It
may be a seral stage leading to oak and bay
woodlands in the San Francisco Bay area (McBride
1974). The annual grass Bromus mollis L. has been
found to interfere competitively with Baccharis
seedlings, especially in dry conditions (Da Silva
and Bartolome 1984). In coastal regions of central
California, a cecidomyiid midge, Rhopalomyia
californica Felt forms terminal galls on coyote
brush, and the midges are in turn preyed upon by
various parasites (Latto and Briggs 1995).

Reproduction.—Flowers are headed in leafy
panicles, with staminate heads 3.2 to 5 mm long,
and pistallate heads 3.5 to 5 mm long. Phyllaries
(involucre bracts) are in five to six series, linear-
lanceolate, hairy, and glandular, with convex
receptacle. Staminate flowers are 19 to 26, with 4
to 7 mm corollas and 3.5 to 4.5 mm pappus.
Pistillate flowers number 19 to 43, with 2.5 to 3.5
mm corollas. Seeds are glabrous, 1 to 2 mm long
with 8 to 10 ribs and a 5.5 to 9 mm pappus
(Sundberg 1993). Seed dispersal begins in
November, with germination in winter and early
spring (McBride and Heady 1968). Coyote brush is
sometimes propagated horticulturally from tip
cuttings.

Fire Effects.—Coyote brush has been observed to
burn readily in coastal California, despite the fact
that it is sometimes marketed as a fire-resistant
species. Coyote brush seedlings and young plants
are susceptible to fire damage, but older plants
quickly resprout from their base after fire (McBride
and Heady 1968).

Growth and Management—Coyote brush
seedlings are adversely affected by grazing and
trampling by livestock, although grazing animals
may also foster its spread by decreasing grass
cover (McBride and Heady 1968). However,
Williams and others (1987) found no proximal link
between decreased grazing and fire and coyote
brush invasion. Mowing of specimens used as
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ground cover is effective in controlling height
without long-term detrimental effects (Hodel and
Pittenger 1994). Coyote brush may be removed by
burning and then pulling out the roots.

Benefits.—Although several cultivated varieties
are often sold as a landscaping shrub or ground
cover, some growers caution that it is neither an
especially attractive plant, nor as fire-proof as
sometimes stated. It is of low value as livestock
forage (McBride and Heady 1968). Coyote brush
was used by Native Americans as a tea for use on
poison oak rash (Timbrook 1987). It is considered
problematic in recreation areas due to its
impenetrability and frequent association with
poison oak (Rhus diversiloba T. & G.) (McBride
and Heady 1968).
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Barleria prionitis L.
ACANTHACEAE

Synonyms:  none

John K. Francis

General Description.—Porcupine flower, also
called espinosa amarilla, and picanier jaune, is a
flowering, spiny invader that reaches 1.5 m in
height and 2.5 cm in basal diameter. It has a tap
and lateral root system. Plants commonly have a
single stem but may have multiple stems or
branches from near the ground. The stems and
branches are stiff, round, and light tan or light gray.
The shrub is armed with 5- to 20-mm long spines
in the leaf axils. Leaves are elliptic to oblong, 3 to
10 cm long and 1.5 to 4 cm broad. The yellow,
tubular flowers, 3 to 4 c¢cm long and broad, are
sessile in the leaf axils or in terminal branched
spikes. The two-celled capsule is ovate-lanceolate
and 1.3 to 2 cm long, with a sharp-pointed beak
about 6 mm long. The seeds are 8 by 5 mm,
flattened and covered with matted hairs (Howard
1989, Liogier 1997).

Range.—Porcupine flower is a native of Tropical
East Africa and Asia (Burkill 1985). It is widely

porcupine flower

cultivated as an ornamental and has escaped in
many tropical countries including Hawaii (Neal
1965) and Puerto Rico (Liogier 1997).

Ecology.—Porcupine flower grows in a wide
variety of well-drained soils derived from igneous,
metamorphic  (including  ultramafics)  and
sedimentary (including limestone) rocks. In the
Puerto Rican naturalized range, it grows in areas
receiving from about 750 to 900 mm of mean
annual precipitation (author’s observation). Within
the native range, it probably tolerates both higher
and lower precipitation, but no data are available.
Porcupine flower is found throughout the hotter
parts of India and defoliates annually during the
dry season (Parrotta 2001). The species is
moderately intolerant of shade, growing in both
full sunlight and under light forest canopies.
Porcupine flower may grow as single plants or in
large, tangled thickets. Dense stands eliminate
most other ground vegetation. However, the
species does not compete well in dense stands of
tall grass. It is most often found on roadsides,
bluffs and bars above streams, overgrazed range,
disturbed areas, and farmsteads.

Reproduction.—In the deciduous tropical forest
zone of central India, these shrubs flower from
September to December and fruit from January to
April (Parrotta 2001). The flowering and fruiting
seasons are about the same in Puerto Rico. Sixty
fruits collected in Puerto Rico averaged 0.0998 +
0.0044 g/fruit. Air-dried seeds separated from the
same collection averaged 0.0305 + 0.0005 g/seed
or 33,000 seeds/kg. Forty-four percent of the seeds
sown on commercial potting mix germinated
between 13 and 77 days following sowing. Natural
regeneration generally occurs within 1 or 2 m of
the parent plant in Puerto Rico, perhaps because
animal vectors for seed dispersal are lacking.
Seedlings can be abundant near fruiting plants.

Growth and Management.—Seedlings of
porcupine flower grow slowly at first. However,
established plants add up to 0.5 m per year to their
height and nursery seedlings reach 0.6 m in 6
months. In Puerto Rico, these shrubs live about 4
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years. Because it is spiny and generally ignored by
cattle, the species is considered a weed in much of
its range. Mowing, followed by spraying of the
sprouts with broadleaf herbicide, is a general
control measure for low shrubs and would probably
be effective against porcupine flower.

Benefits.—Porcupine flower furnishes cover for
wildlife and protects the soil against erosion. It is
widely planted as an ornamental and cultivated in
Asia as a hedge plant (Burkill 1985). Whole-plant
extracts of porcupine flower contain iridoid
glycosides, barlerin, and verbascoside, which have
shown potent activity against respiratory syncytial
virus in vitro and may account for the plant’s use in
treating fever and several respiratory diseases in
herbal medicine (Balick and others 1998). Extracts
of the plant have also been shown to effectively
suppress the fungi Trichophyton mentagrophytes in
vitro (Panwar and others 1979). A mouthwash
made from root tissue is used to relieve toothache
and treat bleeding gums (Burkill 1985). The whole
plant, leaves, and roots are used for a variety of
purposes in traditional Indian medicine. For
example, the leaves are used to promote healing of
wounds and to relieve joint pains and toothache
(Parrotta 2001). Because of its antiseptic
properties, extracts of the plant are incorporated
into herbal cosmetics and hair products to promote
skin and scalp health (Prakruti 2002, Probiotics
New Zealand 2002, Vaipani 2002).
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Batis maritima L.
BATACEAE

Synonyms:  none

John K. Francis

General Description.—Saltwort, also known as
turtleweed, pickleweed, barilla, planta de sal,
camphire, herbe-a-crabes, and akulikuli-kai, is a
low, yellow-green shrub with succulent leaves. It
is prostrate or upright and occasionally reaches 1
m in height, 2 m in lateral extent, and 5 cm in
basal diameter. Stems are usually multiple as
sprouts from the root crown, and as they become
tall and heavy, lie down and root along the stems
forming loose mats. Weak roots with light-tan,
corky bark form tap and lateral root systems. The
bark is grayish white; stem wood is weak and
brittle. The glabrous leaves are succulent, linear or
narrowly oblanceolate and round or three- to four-
angled in cross section. Tiny, white male and
female flowers occur on different plants. Fruits are
axillary drupaceous, yellow-green syncarps 1 to 2
cm long (Liogier 1985, Stevens and others 2001,

saltwort

Wiggins and Porter 1971).

Range.—Saltwort is native to coastal areas of
southern United States including California,
Mexico, Central America, South America to Brazil
and Peru, the West Indies, and the Galapagos
Islands (Howard 1988, Wiggins and Porter 1971).
It has been planted in a number of areas in the
tropics and has naturalized in at least Hawaii (Neal
1965).

Ecology.—Saltwort is uncommon to abundant in
low-laying areas near seashores. It grows in salt
marshes, at the upper edge of tidal flats, at the
edge of mangrove stands, and between scattered
mangroves. It is recognized as a major colonizer
after mangroves are destroyed by hurricanes.
Although it is not a water plant, it can endure brief
flooding and long periods of waterlogged soils
(Nelson 1996). Saltwort grows slowly in soils
with high salt concentrations and areas with
seawater overwash where it suffers little
competition from other plants. The species
manages salts by sequestering them in cell
vacuoles and eventually shedding the leaves
(Barbuda Turf Company 2002). It also grows in
soils without salt but is vulnerable to competition
from nonhalophytes. The soils are usually sandy,
marly, or gravely. Deposits of wrack (dead plant
material) by high tides have been shown to be
beneficial to the species (Pennings and Richards
1998). Saltwort is intolerant of shade. The species
is not seriously affected by insects, disease, or
grazing.

Reproduction.—In Florida, saltwort flowers in
the spring and fruits in the summer (Long and
Lakela 1976). Flowering and fruiting occurs year-
round in Puerto Rico. Little is known about seed
production or germination. Most effective
reproduction of the species appears to be
vegetative. Sprouting from the root crown occurs
with and without disturbance. Layering is a
constant process of prostrate stems. New plants
can be started by cuttings and probably broken
pieces of plants are carried to new habitat by water
and machinery. It is speculated that whole plants
washed to sea during torrential rains in South
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America were carried by currents to establish the
species in the Galapagos Islands (Trillmich 2002).

Growth and Management.—Saltwart plants
established in experiments from cuttings and
irrigated with fresh and brackish water grew 65 cm
and reached plant dry weights of 120 g in 13
weeks. Plants receiving saltier water grew much
less but still added height and weight with water
almost twice as salty as sea water. Tissue ash
concentrations did not differ significantly between
treatments (Miyamoto and others 1996). Wild
plants in stands in Puerto Rico appear to extend
their stems about 1 m/year. Leaf succulence
increases as much as 1.5 times during the dry
season to maintain a near static solute (chiefly Na',
CI', and S0,7) concentration (Liittge and others
1989). Probably all planting for landscaping and
environmental restoration is by rooted cuttings or
uprooted wild plants. Except in Hawaii, where it is
being suppressed as an exotic plant (Big Island
Invasive Species Committee 2002), there is little
reason to control stands of saltwort. It grows in
disturbed areas where few other plants can survive.

Benefits.—The principal benefit of saltwort is that
it grows in, covers, and protects salty low-laying
areas where few other species will grow. It is used
as an ornamental and ground cover on similar
sites. Salt tolerance of the species allows it to be
irrigated with brackish and sea water, as well as
fresh water (Miyamoto and others 1996). Ashes of
the plant were once used in the manufacture of
glass and soap. The leaves are sometimes eaten as
a salad (Neal 1965). However, it is toxic in large
quantities (Austin 1998). Saltwort serves as the
larval and adult hosts for the great Southern white
and Eastern pigmy blue butterflies (Florida
Cooperative Extension Service 2002) and is an
important food source for the Galapagos marine
iguana (Amblyrhynchus cristatus) (Wrege 2002).
The species has applications in herbal medicine to
treat eczema, psoriasis, and other skin conditions,
rheumatism, gout, blood and vein disorders
(Liogier 1990).
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Bidens menziesii (Gray) Sherff
ASTERACEAE

Synonymns: Coreopsis menziesii A. Gray

ko'oko'olau

Bidens menziesii subsp. filiformis (Sherff) Ganders & Nagata

Bidens m. var. filiformis Sherff

Bidens lepida Degener & Sherff

Sarah A. Taylor and Randy S. Senock

General Description.—Bidens menziesii, known
as ko'oko'olau, is a sparingly branched shrub with
erect stems reaching 1 to 4 m in height. Leaves are
4 to 26 cm long, including petiole, bipinnately
divided into long linear divisions and may be
glaborous or pubescent. Margins are entire.
Densely branched compound cymes terminate the
main stem and lateral branches. Flowers measure 5
to 7 cm in diameter. Ray florets are 4 to 5 per
head, disk florets 6 to 8 per head. Corollas are
yellow. Fruits are indehiscent, dry, grayish black,
straight, wingless or very rarely winged, barbless
and 9 to 12 mm long (Wagner 1990).

Range.—Ko'oko'olau can be found on Molokai
and West Maui scattered on arid, leeward slopes
and cliffs in shrubland vegetation, generally
between the elevations of 200 to 750 m. On
leeward sides of Mauna Loa and Mauna Kea of
Hawaii, this species is common on slopes of cinder
cones in montane a'ali'i shrublands, and in
subalpine forest, from elavations of 750 to 2,200
m. The species is one of 19 Bidens unique to the
Hawaiian islands (Wagner 1990).

Ecology.—Ko'oko‘olau is an important dryland

shrub and forest plant of ecosystems seriously
under threat by agriculture and development. On
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the island of Hawaii, the species is a minor
component of the Ohi'a forest. In montane dry
shrublands of leeward Mauna Kea and Mauna Loa,
ko'oko'olau becomes structurally codominant with
a'alii. Due to its tall growth habitat, it appears
dominant over other species when it is in flower.
Ko'oko'olau appears intollerant of wildfire and is
conspicuously absent from burned areas on
leeward Hawaii. Ko'oko'olau does not resprout
following fire (Sherry and others. 1999). The plant
is  worth preserving because, like the
honeycreepers, Loxops spp. and Hemignathus spp.,
ko'oko'olau serves as an example of the adaptive
radiation that occurred in Hawaii, with all 19
species of Bidens having a single ancestor.

Reproduction.—Seed production is fairly prolific
as the inflorescence is a large terminal panicle
composed of 8 to 100 disc florets. Fruits are
achenes. Chromosome number has been identified
as 2n = 72 (Wagner 1990). Interestingly, the
species hybridizes readily and for this reason
individuals unique to a particular local should not
be introduced to a different zone, in order to
protect the integrity of endemic species.

Growth and Management.—Reasonably fast
growing, ko'oko'olau may not be long-lived.
Ko'oko'olau can be grown easily from seeds or
from terminal cuttings using a root hormone. It
prefers light to moderate watering and full sun
(Krauss 1998).

Benefits.—Ko'oko‘olau was widely used by
Hawaiians prior to European arrival and is still
sold as tea, although the introduced pantropical B.
pilosa is usually the species incorrectly labeled
and sold as the traditional Hawaiian tea.
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Bixa orellana L.
BIXACEAE
Synonym: Bixa katagensis Delpierre

John K. Francis

General Description.—Annatto, which grows as
a shrub or a small tree, is known by many other
common names including lipstick plant, roucou,
achiote, bija, urucu, and shambu (Little and others
1974). Its single or multiple stems are light brown.
The bark is more or less smooth with many warty
lenticels, but may become fissured in old

individuals. If given ample space, annatto
generally branches several times near the ground
and develops a dense, spreading crown. The plant
roots firmly with a thick taproot and finer laterals.
The alternate leaves have long petioles, thin ovate
blades with long-pointed tips. Panicles at the
branch tips have few to many pink or white
flowers. The fruits are spiny capsules that dry and
split open in two parts to expose red seeds on their
inner surfaces (Howard 1989, Liogier 1995).

Range.—Although annatto is native to continental
tropical America, it is unclear where the original
native stands of the species were located because
the shrub has been cultivated since ancient times.
It now grows in cultivation and naturalized from
Mexico to Argentina and throughout the Caribbean
Islands. The plant is also widely cultivated and
naturalized in tropical and subtropical regions
throughout the rest of the world.

Ecology.—Annatto is shade-intolerant and must
have disturbance or a broken forest canopy to
become established. All the naturally growing
annatto shrubs in Puerto Rico are found on
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neglected or abandoned farmland, some of which
has grown up to early secondary forest. Rainfall
ranges from 1000 mm to 3000 mm per year in
areas where the species grows naturally or under
cultivation. Soils with textures from sands to clays
are colonized. The species tolerates relatively low
base saturation and moderate compaction. Anatto
is vulnerable to overtopping and smothering by
trees, shrubs, vines, and grass. Plants that have
become overtopped and shaded cease to flower
and bear fruit. The species is frost sensitive (von
Carlowitz 1991).

Reproduction.—Annatto plants flower and fruit
heavily and almost continuously in favorable
habitat. Cuttings taken from flowering plants will
produce flowers and fruits and a smaller shrub than
plants of seed origin (Bailey 1941). Belfort and
others (1992) report that seeds dried to moisture
contents of 10 to 15 percent germinated at from 8
to 58 percent compared to fresh seeds (65 percent
moisture) that gave 96 percent germination.
Scarification was reported to improve germination
of fresh seeds in another study. Mechanical
scarification proved superior to acid or hot water
treatments (Amaral and others 1995). Air-dry fruits
collected in Puerto Rico weighed an average of
1.701 + 0.078 g. Seeds from that collection
averaged 0.029 + 0.008 g/seed or 35,000 seeds/kg.
Of these seeds that received no pregermination
treatment, 60 percent germinated between 11 and
110 days after sowing. The resulting plants were
ready to prick out (10 cm in height) about 3 months
after germination. Success in air layering of shoots
ranged from 93 to 100 percent except when
sawdust was used as substrate (7 percent) (Barbosa
e Silva and others 1993). Stem cuttings rooted (up
to 60 percent) when treated with TAA or IBA.
Untreated cuttings did not root (Thirunavoukkarasu
and Saxena 1997). Annatto can be grafted by
several techniques. The best method is budding (70
percent success in tests) (Bruckner and others
1991).

Growth and Management.—Annatto shrubs will
bear fruit when 2 years old in Hawaii (Neal 1965).



Under good management, plants will fruit within 1
year of planting (Nepstad and others 1991). An
Indian plantation yielded 529 kg/ha of seed at 2
years old and 2,483 kg/ha of seed at 3 years old
(Kanjilal and Singh 1995). Annatto seldom
reaches more than 5 m in height and 10 cm in stem
diameter (Little and others 1974). Pruning of
ornamentals is recommended to shape and thicken
the crowns (Warren 1997).

Benefits.—Annatto, obtained from the oily arils of
the seeds is the world’s second most important
(after caramel) natural colorant (Mercadante and
Pfander 1998), yielding yellow to red colors. The
colors are produced by several apocarotenoides
and may reach up to 7 percent of the seed’s dry
mass (Katzer 1999). World production of annatto
seed, both for commercial and home use, was
estimated in 1990 at 10,000 tons per year (Arkcoll
1990). Brazil is the world’s largest exporter
(Katzer 1999). Not only was the dye used
anciently to color food, but also to dye cloth and
paint the skin (which is still done today). The
species is also planted as an ornamental,
particularly the varieties with bright pink pods.
Branches with the dry pods are used in dry floral
arrangements (Warren 1997). Bees collect nectar
from its flowers to make honey. The wood is light-
weight (specific gravity 0.4), weak, and not
durable. It was used in former times to start fires
by friction. Ropes and twine were made from the
fibrous bark (Little and others 1974). The pulp
surrounding the seeds is widely used in herbal
medicine to treat burns, bleeding, dysentery,
gonorrhea, constipation, and fever (Parrotta 2001).
Extracts of leaves, bark, and roots are reported to
be antidotes for poisoning from Manihot esculenta
Crantz, Jatropha curcas L., and Hura crepitans L.
(Liogier 1990).
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Bocconia frutescens L.
PAPAVERACEAE

Synonyms:
Bocconia glauca Salisb.
Bocconia pearcei Hutch.
Bocconia quercifolia Moench
Bocconia sinuatifolia Stokes

pan cimarron

Bocconia frutescens var. cernua Moc. & Sessé ex DC.

Bocconia subtomentosa L’Hér. ex Stahl

John K. Francis

General Description.—Pan cimarrén is also
known as parrot weed, celadonia, plume-poppy,
palo de toro, panilla, llorasangre, curarador, palo
amarillo, sauco, yagrumito, chocolate blanco,
gordolobo, guacamayo, trompeto, tabaquillo,
grande chelidoine, and bois codine. It is a shrub or
small tree, usually 2 to 3 m in height and 2 to 3 cm
in stem diameter. Branching near the ground
normally results in multiple stems. The plant is
supported by a tap and lateral system of orange-red
roots that are fleshy outside and fibrous within.
There are relatively few branches. The outer bark is
light brown, smooth to lightly fissured; the inner
bark is orange-red and bitter. An orange or yellow
sap exudes from wounds. The deeply lobed and
toothed leaves are alternate but usually clustered at
the ends of older branches. Petioles are stout, 1.5 to

3 cm long, and blades are 14 to 50 cm long.
Panicles up to 50 cm long have lax branches. The
numerous small flowers are yellow-cream in color.
The fruits are ellipsoidal capsules each containing a
black seed with a red, fleshy aril running along one
side (Howard 1988, Liogier 1985, Little and others
1974).

Range.—Pan cimarrén is reported to be native
from the middle of Mexico through Central
America to Argentina and Bolivia in South
America, and throughout the Caribbean (Howard
1988, Liogier 1985, Stevens and others 2001, New
York Botanical Garden 2002). It has naturalized in
forests in the islands of Maui and Hawaii in the
State of Hawaii (University of Hawaii Botany
2002).

Ecology.—Pan cimarrén grows in a wide variety
of soil types at middle elevations up to 2,150 m in
Mexico (Secretaria de Madio Ambiente y Recursos
Naturales 2002). In Puerto Rico, it grows in
subtropical dry forest along streams (750 to 1000
mm/year precipitation), in subtropical moist forest
(1000 to 2000 mm/year precipitation), and in
subtropical wet forests (2000 to 3000 mm/year
precipitation). In Nicaragua, the species grows
even in the cloud forests (Stevens and others 2001).
In Puerto Rico, pan cimarrén is most common
along streams, road cuts, and landslides. The
species also grows widely scattered in brush lands,
which develop from abandoned fields and pastures,
and in secondary forest. Pan cimarron is intolerant
of shade. It competes vigorously with herbs and
brush after establishment. The shrub does not form
continuous stands in Puerto Rico, but occurs as
scattered individuals or small patches. However, as
an invader in Hawaii, it does form large, dense
stands in dry and mesic habitat (University of
Hawaii Botany 2002).
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Reproduction.—Pan cimarron flowers and fruits
throughout the year (Little and others 1974,
Stevens and others 2001). The infrutescences may
contain tens to hundreds of fruits. Fruits in the
infrutescences mature a few at a time beginning at
the top and proceeding downward. A collection of
seeds from Puerto Rico weighed (air-dried) an
average of 0.0146 + 0.0002 g/seed (author’s
observation). Germination begins in 25 to 55 days
with 40 percent germinating. Germination is
epigeal (Ricardi and others 1977). The seeds are
dispersed by birds (Environmental Protection
Agency 2002). Damaged plants usually resprout.

Growth and Management.—Once established,
pan cimarron has relatively rapid growth (Jardin
Botanico de Bogotd José¢ Mutis 2002). Only in
Hawaii is the species mentioned as a nuisance
where it displaces native vegetation and threatens
the endangered Blackburn’s sphinx moth
(Environmental Protection Agency 2002). In the
absence of tests of control measures, such standard
practices as grubbing and spraying with broadleaf
herbicides are recommended.

Benefits.—Pan cimarron contributes to
biodiversity, helps protect the soil, and furnishes
food and cover for wildlife. The sap has been used
as a dye (Little and others 1974). The orange wood
is soft and brittle with a thick pith, and is of little
use. Extracts of various tissues of pan cimarron are
employed in herbal medicine to control mange,
lice, and intestinal worms, to treat ulcers of the
eyes, to treat wounds, and to treat edema and
jaundice (Pérez-Arbelacz 1978). A dose of 15
drops of the sap causes a strong purgative effect
(Guzman 1975). The sap will cure warts and if
injected under the skin acts as a local anesthetic
although the injection itself causes considerable
pain. The bark contains the alkaloids,
bocconietrine, cocconichlorine, bocconiyoidine,
and bocconixatine (Secretaria de Madio Ambiente
y Recursos Naturales 2002). Pan cimarrén is being
evaluated as a species for restoration of disturbed
sites (Jardin Botanico de Bogota José Mutis 2002).
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Bontia daphnoides L.
MYOPORACEAE

Synonyms:  Bontia daphnifolia Salisb.

white alling

Bontia daphnoides var. menor (Gaertn. f.) A. DC.

Bontia menor Gaertn. f.

John K. Francis

General Description.—White alling, also known
as wild olive, mangle bobo, aceituna Americana,
olivier bard, and oliba, is a shrub or small tree
usually 3 or 4 m in height, occasionally reaching 9
m and 15 cm in stem diameter. Although seedlings
have a tap and lateral root system, older plants rely
on shallow lateral roots that are stiff and brittle
with a brown, corky bark. Trunks of white alling
are usually covered with a thick, light brown,
furrowed bark. The heartwood is light gray-brown,
hard, heavy, and somewhat brittle; the sapwood is
tan in color. Multiple stems commonly diverge
from the base of the principal stem. The crowns are
vertical and narrow with a thin complement of
foliage. Leaves are oblong to linear-lanceolate, 3 to
11 cm long by 1 to 2 cm broad, and pointed at both
ends. The usually solitary, axillary tubular flowers
are yellow blotched with purple and 2 cm long.
Drupes are ovoid, tapering to a point with a
permanently attached style. Their corky-textured
flesh is yellowish-green to yellow at maturity, has a
slightly bitter taste, and contains a single hard-

shelled stone (Howard 1989, Liogier 1997, Little
and others 1974).

Range.—White alling is native to the Bahamas, the
Greater and Lesser Antilles, Trinidad, Venezuela,
and Guyana (Howard 1989, Little and others
1974). 1t is cultivated as an ornamental in Hawaii
(Hawaiian Ecosystems at Risk 2001) and Spain
(Sanchez 2001) and has naturalized in Florida
(Nelson 1996).

Ecology.—White alling is most common in coastal
thickets between the tidal mangroves and the
upland forests. These areas are flooded during
storm surges and receive a moderate amount of salt
spray. The soils vary from sandy to clayey, are
usually high in organic matter, and range in pH
from 7.0 to 8.5. The water table is usually within 2
m of the surface. In Puerto Rico, the species grows
in areas that receive from 750 to 1800 mm of mean
annual precipitation. White alling plants are
moderately intolerant of shade, generally starting in
openings. Seedlings and saplings survive in
relatively sunny understories. Adults flower and
fruit in intermediate crown positions. The species
is rare in uplands, probably because of competition.
It has been cultivated successfully at elevations up
to 1,500 m (Little and others 1974). White alling
grows as rare to common components of stands but
does not form pure or nearly pure stands.

Reproduction.—White alling flowers and fruits
throughout the year (Little and others 1974). Fruits
collected in Puerto Rico averaged 0.311 + 0.015
g/fruit. Air-dried seeds cleaned from the above
collection averaged 0.0898 + 0.0033 g/seed or
11,000 seeds’kg. Sown in commercial potting mix,
44 percent of the seeds germinated between 12 and
68 days after sowing (author’s observation). Seeds
are dispersed by water and presumably by birds
and mammals that eat the fruits. Fruit production is
usually good and seedlings are common in small
openings near seed sources. Although white alling
are often tipped in hurricanes, they sprout from the
trunks and reform vertical crowns.
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Growth and Management.—A small group of
white alling seedlings grown in the nursery in
Puerto Rico ranged in height from 21 to 86 cm, 8
months after being pricked into containers. Sapling
and sprout growth rate is moderate (about 0.5
m/year) and individual plants live 10 to 30 years.
Although no management experience has been
published, the species can probably be established
with nursery seedlings and be managed like other
short-statured species.

Benefits.—White alling helps protect the soil and
provides food and cover for wildlife. The wood is
useful for fuel and stakes. Ethanol extracts of white
alling showed promising insecticidal activity
against Boophilus microplus, Cylas formicarius,
and Tribolium confusum (Mansingh and Williams
1998, Williams and Caleb-Williams 1997,
Williams and Mansingh 1993). White alling is
frequently used to control diabetes in Trinidad
(Mahabir and Gullifor 1997). Extracts of the plant
are used to control intestinal worms, treat herpes,
treat inflammation, insect bites, scarring, ulcers,
and wounds (Liogier 1990).
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Borrichia arborescens (L.) DC.
ASTERACEAE

Synonyms:  Buphthalmum arborescens L.
Borrichia argentea DC.
Borrichia glabrata Small.

John K. Francis

General Description.—Sea ox-eye, also known as
tree oxeye, silver sea ox-eye, oxeye daisy, sea
daisy, seaside tansy, gull feed, clavelon de playa,
and fleur-sorleil bord de mar, is an evergreen, low
shrub usually 1 m or less in height with stem
diameters of 1 cm, which forms mounds and mats.
Older plants have numerous stems. The plants are
supported by short rhizomes and a moderate
number of lateral roots. The stems are gray with a
white, brittle wood and a 3-mm pith. Twigs bear
deep leaf scars. The foliage tends to be crowded at
ends of twigs. The simple, opposite, sessile leaves
are fleshy and yellow-green, light-green, or gray-
green, oblanceolate to spatulate, entire, and 3 to 8
cm long. The foliage is resinous and aromatic. Sea
ox-eye flowers are usually solitary, terminal heads
about 2.5 cm across on peduncles 2 to 5 cm long.
The corolla and the ray florets are bright yellow
and the disk florets are orange-yellow. The black
achenes are 3 to 4 mm long with a pappus in the
form of a dentate cup less than 1 mm long. The
chromosome number is 2n = 28 (Howard 1989,
Liogier 1997, Long and Lakela 1976, Nelson 1996)

Range.—Sea ox-eye is native to southern Florida,
the Bahamas, Bermuda, the West Indies, Mexico
and Guatemala (Liogier 1997). Although it is

sea ox-eye

planted as an ornamental, it is not known to have
naturalized outside the native range. Borrichia x
cubana of southern Florida is believed to be a
natural hybrid of sea ox-eye and Borrichia
frutescens (L.) DC. (Nelson 1996).

Ecology.—Natural sea ox-eye grows near the
seashore, usually within the influence of salt spray.
Because the species is low in stature, grows slowly,
and is intolerant of shade, it must occupy areas
with low competition from other vegetation. It
finds these conditions on headlands, seaside rocks,
dunes, beach strands, low hammocks, and the
edges of mangroves and brackish marshes. Sea ox-
eye will grow in more favorable conditions if
artificially protected from competition. Almost any
soil will do, including both acid and alkaline soils.
Sea ox-eye tolerates both excessively drained and
poorly drained conditions. Mean annual rainfall
may range from 900 to 1500 mm. It is drought
resistant (Gillman 1999).

Reproduction.—Sea ox-eye blooms in spring and
summer in Florida (Long and Lakela 1976) and
throughout the year in Puerto Rico (author’s
observation). It is pollinated by insects. Seeds
collected in Puerto Rico averaged 0.00115 g/seed
or 870,000 seeds’kg. Only 16 percent of this
collection germinated when placed in moist potting
mix. Workman (1980) recommends propagating
sea ox-eye by sowing in pots. Also, the plant can
be propagated by cuttings (Gillman 1999). Seed
dispersal appears to be by water (storm surges) and
strong winds. Once established, plants widen by
constant layering of the semiprostrate stems. New
clumps probably are established by the rooting of
broken stems moved by storms.

Growth and Management.—Growth of sea ox-
eye is slow. Branch extension is about 10 to 30
cm/year. Although, stems and branches die, as long
as conditions remain favorable, clonal plants may
live almost indefinitely. Newly established plants
should be protected from overtopping by grass,
brush, and trees. It is important not to regularly
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irrigate sea ox-eye plants used in landscaping
(Gillman 1999).

Benefits.—Sea ox-eye is available commercially
and is widely planted as an ornamental. It is
recommended for foundation plantings and as a
border shrub (Workman 1980), particularly where
salt and salt spray are prevalent and in xeric
(unwatered) gardens (Knox 2002). It also attracts
butterflies (Gilman 2002). A tea is prepared from
branch tips and leaves to relieve colds, coughs, and
fish poisoning (Garland 2002).
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Bourreria virgata (Sw.) G. Don
BORAGINACEAE
Synonyms:  Ehretia virgata Sw.

John K. Francis

General Description.—Roble de guayo, also
known as palo de vaca, hoja menuda, guazumilla,
raspalengua, and cafecillo, is an evergreen shrub or
small tree sometimes reaching 9 m in height and
15 cm in stem diameter at breast height. It is
somewhat branchy and may have single or
multiple stems emerging from the ground. The
stem bark is gray and smoothish to slightly
fissured. The wood is light brown, hard, heavy,
and relatively brittle. Roble de guayo is deeply and
solidly rooted with a tap and lateral root system of
brown, somewhat stiff roots. Twigs are slender,
hairless to densely hairy, green when young,
becoming gray. The coriaceous, shiny, green
leaves are alternate but may be crowded near twig
ends. Blades are elliptic, oblong, or obovate, 1.5 to
7 cm long by 0.7 to 2.5 cm broad, rounded to
slightly notched at the apex, and have a short
petiole. The terminal inflorescence is a corymb or
a cyme with two to 15 tubular, white flowers with
five corolla lobes. Fruits are orange or red-orange,
subglobose, 5 to 8 mm in diameter, often three-
lobed, drupes with persistant calyx and style. Each
fruit contains four or fewer light brown, hard
nutlets. The nutlets are a quarter sphere with the

roble de guayo

outer surface deeply grooved (author’s
observations, Liogier 1995, Little and others
1974).

Range.—Roble de guayo is native to Cuba,
Hispaniola, and Puerto Rico, including the Island
of Vieques (Little and others 1974). It is not
known to have been planted or naturalized
elsewhere.

Ecology.—Roble de guayo grows in areas that
receive about 700 to 2000 mm of mean annual
precipitation. Elevations of habitat in Puerto Rico
range from 30 to 300 m (Little and others 1974). It
colonizes well- to excessively well-drained soils
with a wide range of textures and pH’s from about
5.5 to 8.0. Most of the hillside, ridge, and hilltop
soils are shallow and rocky. In Puerto Rico, roble
de guayo is locally common in the moist and dry
limestone hills and in dry foot hills of igneous and
metamorphic  (including  ultramafic)  rocks
(Breckon and Garcia 2001, Little and others 1974).
The species is an important component of the
cactus scrub vegetation type in Cuba (World
Wildlife Fund 2001). It is moderately intolerant of
shade, growing in the understory of low basal area
forests but needs overhead sun to produce good
fruit and seed crops. The species survives best in
harsh environments where competition is minimal.

Reproduction.—Roble de guayo flowers and
fruits throughout the year (Little and others 1974).
Production of fruits and seeds is moderate. Two
collections of fresh fruits from Puerto Rico
weighed an average of 0.453 + 0.093 g/fruit
(Francis and Rodriguez 1993) and 0.423 + 0.012
g/fruit. Air-dried seeds separated from the
respective groups of fruits averaged 43,500
seeds’kg and 51,500 seeds’kg. Sown without
pretreatment, the first sample of seed failed to
germinate and the second gave only 2 percent
germination (author’s observation). Germination is
epigeal. The seeds are undoubtedly dispersed by
birds that eat the fruits of this as well as other
species of the genus. Seedlings are relatively
common.

Growth and Management.—Both seedlings and
adult plants grow slowly. Apparently, roble de
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guayo lives for several decades. No management
experience has been published. The species is not
weedy in agricultural land or forest plantations and
will rarely need control.

Benefits.—Roble de guayo helps protect the soil
and furnishes food and cover for wildlife. The
stems are too small for use as lumber but should
make excellent fuel. The species would probably
be a good ornamental for landscaping xeric
gardens.
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Brickellia californica (Torr. & Gray) Gray

ASTERACEAE

Synonyms:
Brickellia wrightii A. Gray

California brickellbush

Bulbostylis californica Torr. & Gray

Coleosanthus californicus Kuntze

Coleosanthus albicaulis Rydb.

Brickellia tenera A. Gray

John K. Francis

General Description.—California brickellbush is
a suffruticose shrub 0.5 to 1.2 m in height. Stem
bases reach a maximum diameter of about 2 cm,
and clumps may reach a diameter of 1 m. Plants
usually have multiple stems arising from the root
crown or short, near-surface horizontal stems. The
branches are slender, upright, with even finer
twigs. Current-year branches, which annually die
back to a few cm from the ground-line, have a
white to silver-gray bark, and older branches are
fine-furrowed gray or gray-brown. The wood is
yellowish white, medium density, and brittle with
annual rings. California brickellbush shrubs are

supported by tap and lateral roots that are covered
by corky brown, finely-furrowed bark. The
alternate aromatic, gray-green leaves are deltoid-
ovate with a rounded or cordate base and a short-
acute tip and a crenate-dentate margin. They are 1
to 5 cm long and almost as wide with petioles 4 to
20 mm long. Inflorescences are heads in terminal
clusters on small lateral branches of leafy panicles.
The fragrant heads are 7 to 10 mm long and
contain eight to 18 greenish-cream florets. The
olive green achenes are 3 mm long tipped with a
white to brownish pappus. There is a base number
of n = 9 chromosomes (author’s observation,
Abrams and Ferris 1960, Harrington 1964, Munz
1974).

Range.—California brickellbush occurs in two
varieties. Variety californica grows in Oregon,
Idaho, California (including Santa Catalina,
Anacapa, and Santa Cruz Islands), Nevada, Utah,
Colorado, Arizona, New Mexico, Oklahoma,
Texas, and at least Chihuahua State in Mexico.
Variety jepsonii B.L. Robins is found only in
California (Abrams and Ferris 1960, Munz 1974,
Natural Resources Conservation Service 2003).
Although the species is planted as an ornamental,
it has not been reported to have naturalized outside
its native range.

Ecology.—California brickellbush is intolerant of
shade and does not grow under tree or closed
shrub canopies. Stands observed by the author
were along trails, intermittent streams, and steep,
north-facing colluvial slopes. Abrams and Ferris
(1960) say that California brickellbush grows in
dry canyons and streambeds. It grows in soils
derived from a wide range of parent materials,
through the whole range of textures, and with pH’s
of 5 to 8. California brickellbush grows in habitat
that receives annual rainfall amounts ranging from
220 to 640 cm (Las Pilitas Nursery 2003). The
species grows at between 915 and 2,290 m in
elevation in Arizona (Dittman 2003). It grows in
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coastal and island vegetation types in California
(Munz 1974) and therefore at low elevations.
Disturbance  is  probably = required  for
establishment.

Reproduction.—California brickellbush flowers
August through October (Tarweed Native Plants
2003). The species flowers abundantly and
potentially produces vast numbers of seeds. Air-
dried seeds collected in Utah averaged 3.525
million/kg. Hand-sorted seeds placed without any
pretreatment on moist blotter paper germinated at
71 percent beginning between 5 and 14 days after
sowing. Germination is epigeal (author’s
observation). Seed will have to be harvested by
hand because wild plants are scattered. Stems layer
(root) when covered by soil or colluvial material.
The seeds are wind-dispersed. Seedlings probably
appear and survive only when conditions are
nearly ideal.

Growth and Management.—Save for a few
centimeters of caudex, California brickellbush
adds and loses its entire height (0.5 to 1.0 m) each
growing season. The aerial portion of the caudex
also dies back about every 3 to 5 years while
others are produced each year. Plant may live for
one to several decades, renewing themselves with
suckers. The species is rarely abundant and
probably does not require control. Management
experience has not been published.

Benefits.—California brickellbush helps protect
the soil and furnishes food and cover for wildlife.
It has been reported to be a larval food plant for
the tiger moth, Dysschema howardi Hy. Edwards
(Walsh 2003). The species has been planted as an
ornamental, particularly for the floral fragrance, in
natural landscaping (Oklahoma Biological Survey
2003). Native Americans used infusions of the
leaves as a ceremonial emetic, as a lotion to treat
infant skin sores, and for coughs and fevers
(Moerman 1986).
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Bromelia pinguin L.
BROMELIACEAE

Synonyms:  none

John K. Francis

General Description.—Maya is a pineapple-like
plant with large, sword-shaped, dark-green leaves
that have alternate curved spines about 5 mm long
on their edges. The name used is Spanish
meaning “net” which derives from its use as a
barrier or possibly because its fibers may have
been used for making nets. Other common names
are karatas, pingouin, bayonette, and pinguin
(Howard 1979). Although it is mostly fleshy,
maya is classed as a shrub because it is perennial,
of shrub size, and has a woody core at its base
and fibrous leaves. The plants are formed of a
large basal rosette and rarely develop a
discernible stem. The roots are shallow, relatively
fine, all of a similar size, and radiate in all
directions. At the start of a plant’s last year, it
grows a stout scape inflorescence with many
wooly red-orange flowers. The new leaves
surrounding the inflorescence are also intensely
red-orange. A few months later, 3.5-cm-long
elliptical yellow berries ripen. After the fruits
have withered, about 1 year after the start of
fruiting, the plant dies.

Range.—The native range of maya extends from
Mexico through tropical South America and the
Caribbean islands (Howard 1979). In Puerto Rico
nearly all the stands are on or near abandoned
farmland, which may indicate a relatively recent
introduction. It has been planted and naturalized
in Hawaii (Neal 1965) and many other tropical
areas.

maya

Ecology.—Maya is intermediate in shade
tolerance. Although it sometimes grows in open
areas, the most vigorous stands are found under
forest stands with moderate basal areas. In Puerto
Rico, natural stands occur in areas with from 850
to 2000 mm of rainfall and from near sea level to
600 m of elevation. All types of soils except very
poorly drained and saline soils are colonized.
Maya is sensitive to fire. Although many plants in
a colony will recover from a burn, they do so
slowly. Usually flowering is synchronized,
although an occasional plant flowers out of phase,
especially in moist habitat.

Reproduction.—Maya reproduces vegetatively
and by seeds. The fruits, whose fresh weight
averaged 12.26 + 0.35 g in a Puerto Rican
collection, contain 0 to over 100 seeds, depending
on their size. The fruits have a tough, fibrous rind.
In Puerto Rico, most of the fruits are eaten by
fine-toothed animals (probably rats, mice, or fruit
bats) and it is assumed that the seeds are dispersed
by these small mammals. The black, teardrop-
shaped seeds averaged 0.245 + 0.006 g (air dry).
Seventy-five percent of these seeds germinated
between 133 and 175 days after sowing. The
plants are very fragilely rooted at first and develop
at a moderate rate. After maya plants have reached
their full size and before flowering, most healthy
individuals produce one or sometimes two stiff
horizontal stolons about 0.5 m long. A new plant
forms at the terminus. The new plants grow
rapidly and reach roughly half the parent plant’s
height and diameter and become independent in
about a year. Consequently, (with the exception of
those planted by humans) new colonies are started
as seedlings from dispersed seeds and most plants
within colonies arise vegetatively. Maya has been
propagated with apical bud explants with a high
degree of success (Mesa and Lajonchere 1996)

Growth and Management.—Maya plants grow
to full size (1 to 2 m in height and 2 to 3 m in
diameter) in 2 or 3 years. Mature stands can be
dense with interlacing crowns and little clear
space. Five stands inventoried in Puerto Rico
ranged from 723 to 1,948 plants/ha. Four whole
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plants averaged 81.6 percent water and ranged
from 0.3 kg to 1.6 kg dry weight. The maya
portion of total stand dry biomass would run from
about 500 to 2,000 kg/ha. For the most part, maya
is undesirable in forests and pastures because it
takes up valuable space, restricts access, inhibits
grazing, and provides nesting habitat and cover for
rats (Vélez and van Overbeek 1950). Maya stands
may be controlled by uprooting and piling the
plants. If management objectives so dictate, maya
can be established by transplanting top-trimmed
wildlings.

Benefits.—Historically, and to some extent
today, maya was used as a hedge or living fence
to inhibit entry into fields and homesteads (Crane
1945). These hedges were never more than
marginally effective—cattle and many species of
animals pass relatively easily and people can
ignore the spines or cut a path with a machete.
The fruit, which has a white flesh, is bitingly acid,
and tastes like pineapple, is eaten occasionally out
of hand and used to make a refreshing drink (Neal
1965). The long, parallel leaf fibers were found to
be of good quality and proposed for commercial
production (Guzman 1975). Maya offers food and
cover for wildlife, such as small mammals and
birds.
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Brunfelsia lactea Krug & Urban
SOLANACEAE
Synonyms:  none

John K. Francis

General Description.—Jasmin del monte (a
Puerto Rican name), also known as aguacero, vega
blanca, dama de noche, is an evergreen shrub or
occasionally a small tree. It has been recorded to 7
m in height and 10 cm in stem diameter but
usually measures only 1 to 3 m in height. Older
plants tend to have multiple stems and many, often
intertwining branches. The bark is light brown,
slightly furrowed, and usually covered with
mosses and liverworts. The inner bark is white.
The wood is light brown, hard, and brittle. Plants
are supported by a tap and lateral root system of
light brown, somewhat brittle roots. Roots
sometimes arise from the lower trunk. The leathery
foliage is moderately abundant. Dark green leaves
are elliptic, oval, or obovate, 5 to 15 cm long and
2.5 to 6.5 cm broad, and have petioles 5 to 15 mm
long. The flowers are solitary at the terminus of
twigs. They are strikingly fragrant, particularly at
night. White or pale yellow, later tinged with
purple, the corolla is trumpet shaped, 5 to 7 cm
long and 5 to 6 cm across, with five rounded lobes.
Purple to light brown, fleshy fruits (berries) are
globose, 2 to 2.5 cm in diameter and contain many

jasmin del monte

4-mm brown, elliptic seeds (Liogier 1995, Little
and others 1974).

Range.—Jasmin del monte is endemic to high-
elevation forests in eastern Puerto Rico (Liogier
1995, Little and others 1974) and is confined to
only a few locations. The species has been grown
widely in greenhouses and gardens, but there is no
record of it naturalizing.

Ecology.—Dwarf forests at the summits of
mountains are the habitat of jasmin del monte.
These areas lie between 980 and 1,100 m in
elevation (Little and others 1974) and receive more
than 3000 mm of mean annual precipitation. The
soils are clayey over igneous rocks with pH’s
between 5 and 6 and are saturated in their subsoils
most of the time. As an ornamental, jasmin del
monte blooms in partial shade (Gehrke 2000). In
natural habitat, the species can survive under forest
canopies but requires broken or full sunlight to
flower and fruit. Hurricane-force winds impact the
mountain tops where the species grows every one
to few decades, uprooting trees and defoliating the
forest. This disturbance, plus occasional
landslides, probably allows adult plants of jasmin
del monte to flower and fruit and seedlings to
establish themselves. In recent years, the
disturbance of road cuts and other construction
have created additional habitat for the species. The
minimum overwintering temperature for jasmin
del monte as an ornamental is 10 °C
(Kuipplantenkwekerij Gommer 2003).

Reproduction.—Jasmin del monte flowers
throughout the year (Little and others 1974). There
are good fruit and seed production. A collection of
fresh fruits weighed from 2 to 8 g each. Air-dried
seed separated from those fruits averaged 0.0062 +
0.0002 g/seed. Sown without pretreatment in
commercial potting mix, 13 percent germinated
between 1 and 3 months after sowing. Germination
is epigeal. Seedlings are relatively common in
disturbed patches near seed-bearing shrubs but rare
elsewhere. Stems layer (root) whenever they come
in contact with the ground. Cut roots and stems
produce sprouts.
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Growth and Management.—Jasmin del monte
grows slowly in its natural habitat and appears to
be long-lived. The author knows of no wildland
plantings or intentional management. Because the
species reproduces after disturbance, soil
unavoidably exposed during construction and road
work should be left in good tilled condition to
encourage seedling establishment.

Benefits.—Jasmin del monte helps hold the soil,
provides cover and probably food for wildlife, and
adds to the aesthetics of the forest. The species is
planted as an ornamental in gardens and
greenhouses and is available for purchase from a
number of commercial nurseries.
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Caesalpinia bonduc (L.) Roxb.
FABACEAE

Guilandina bonduc L.
Guilandina bonducella L.

Synonyms:

gray nicker bean

Caesalpinia bonducella (L.) Fleming
Caesalpinia crista of Small and other authors

Guilandina crista (L.) Small

John K. Francis

General Description.—Gray nicker bean, also
known as nicker nut, wait-a-bit, hold back, fever
nut, hava de San Antonio, mato de playa, z’yeux a
chatte, canique grise, and wuri, is a spiny,
scrambling shrub to 1.5 m in height (unsupported)
and 6 m or more in extension, and has stems up to
5 c¢m in diameter or more. Plants usually have a
single stem arising from the ground but often
branch low on the stem. Seedlings form taproots
and may retain them later; lateral roots are
extensive. The stems grow stiffly upright for 0.75
to 1 m before curving into a more horizontal
direction. The stems, twigs, and leaf rachises are
covered with straight or curved prickles. The 25- to
80-cm-long leaves are bipinnately compound with
four to nine pairs of pinnae, each with four to eight
pairs of oblong to elliptic leaflets. Racemes of
yellow flowers are lateral or terminal. Prickley,
inflated legumes are flattened oval shaped, 5 to 10
cm long, and reddish-brown when dry. Within each
pod are one to three (usually two) smooth, hard, 2-
cm long seeds that are olive drab in the pods and
remain so until exposure to the sun bleaches them
to a light gray color. The pods open partially upon
drying and eventually release the seeds (author’s
observation, Howard 1988, Liogier 1988, Nelson
1996). There are 2n = 24 chromosomes (Long and
Lakela 1976).

Range.—Gray nicker bean is established in nearly
every tropical shore worldwide, including Florida,
Louisiana, Puerto Rico, the U.S. Virgin Islands,
Hawaii, Guam, and American Samoa (Howard
1988, Liogier 1988, Pacific Island Ecosystems at
Risk 2002, Vermillion 2001). It has apparently
arrived at these locations by natural means,
although unrecorded accidental or intentional
introductions cannot be ruled out.

Ecology—Gray nicker bean is intolerant of shade
and is usually open-grown or at least grows in
broken sunlight. It tolerates salt spray, salty soils,
and occasional flooding with seawater. The species
grows in all textures of mildly acid to alkaline soil.
Annual rainfall in the areas where gray nicker bean
grows in Puerto Rico ranges from 750 mm to 1800
mm. The species grows from sea level to 850 m in
elevation in India (Parrotta 2001). It grows most
frequently on the beach strand, on coastal dunes,
and at the better-drained edge of mangroves. Gray
nicker bean also grows inland in disturbed areas. It
competes well with grass and herbs and may
ascend into the crowns of low trees.

Reproduction.—Gray nicker bean flowers and
fruits year-round in Florida (Nelson 1996). A
collection of seeds from Puerto Rico weighed an
average of 2.444 + 0.034 g/seed or 409 seeds/kg.
Twenty-five seeds each of weathered-scarified (by
nicking), weathered-unscarified, fresh-scarified,
and fresh-unscarified treatments were incubated in
plastic bags of moist potting mix. Most of the
scarified seed germinated within a few days and
had all germinated within 1 year. By 16 months, 23
of the fresh, unscarified seeds had germinated and
just one of the weathered, unscarified seeds had
germinated. Germination is hypogeal (author’s
observation). Gray nicker bean seeds are
apparently carried to sea by floods and storm
surges where they float until deposited on shore.
The seeds are found on beaches in northern
Scotland and are known to be able to float in sea
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water for as long as 19 years (Markland 2002). The
scarifying action of sand, weathering, insects, or
rodents eventually allows water to enter the seeds
and they germinate and establish themselves in the
new environments. A seed collected at Macquarie
Island, Antarctica, a drift of not less than 1 year,
was scarified and grown successfully (Costin
1965). The stems layer (root) whenever they come
in contact with the ground. Stems sprout when cut
and lateral roots sometimes sucker. Clonal plants
tend to remain attached to one another.

Growth and Management.—Growth of gray
nicker beans is fairly rapid at all stages. Seedlings
reached 26 cm in 40 days after sowing. Older
plants grow a meter or more per year. Individual
stems live at least 4 years. The author knows of no
published management experience. Plantations
undoubtedly could be established with potted
seedlings or by direct seeding scarified seeds.
Control could probably be obtained by lopping
with a machete followed by herbicide treatment of
the sprouts.

Benefits.—Gray nicker bean contributes to the
biodiversity of the forests where it grows, helps
protect the soil, and furnishes cover for wildlife.
The seeds have been used for centuries and are still
used as jewelry, prayer beads, good luck charms,
and worry stones (Rancho Leona 2002, Workman
1980). They were anciently used as standards of
weight in India (Vijayanagara Coins 2002). The
ancient African game of mancala traditionally
employs gray nicker beans as game pieces
(Driedges 1972). The species is sometimes planted
as a hedge to prevent undesired entry into property
(Nelson 1996) and could be planted for dune
stabilization. Preparations of the seeds and other
plant parts are used to treat a large range of
ailments  (Burkill 1995, Parrotta  2001).
Triterpenoids, fatty acid triglicerides, and sterols
isolated from seeds may possibly explain some of
the activity (Ali and others 1997, Rostogi and
others 1996). Seed extracts have been shown to
lower blood sugar in laboratory animals (Biswas
and others 1997, Sharma and others 1997) and
effectively suppress or cure infections of several
species of round worms (Amarsinghe and others
1993, Rastogi and others 1996). The fat content of
gray nicker nut seeds was measured at 34 + 0.83
percent. The semidrying oil extracted would be
useful for manufacture of high-quality alkyd resins,
polishes, and paint (Ajiwe and others 1996).
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Cajanus cajan (L.) Millsp.

FABACEAE

Synonyms:  Cystisus cajan L.
Cajanus bicolor DC.
Cajanus flavus DC.

Cajanus indicus Spreng.
Cajanus luteus Bello

John K. Francis

General Description.—Pigeon pea, also known as
red gram, Congo pea, gungo pea, no eye pea, dhal,
gandul, gandure, frijol de arbol, and pois cajan,
occurs in several varieties. The old varieties in
cultivation and semicultivation in the West Indies
treated here are semideciduous, short-lived shrubs
usually 1 to 4 m in height and 1 to 4 cm in basal
stem diameter. They are usually single stemmed,
freely branching, and become woody after a few
months. The wood is moderately hard and brittle.
They have a deep taproot (to 3 m) with lateral roots
and nodulated fine roots. The branches and fine
twigs support abundant light-green or yellow-green
foliage. Spirally arranged, silky-pubescent,
trifoliolate leaves have narrowly elliptic, lanceolate
or oblong leaflets, 2.5 to 9 cm long, the center
leaflet being slightly longer than the laterals. The
five- to 12-flowered racemes are axillary. Flowers
are about 2 cm long, yellow, the standard often
being orange to purple outside. The legumes,
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which are flattened, somewhat constricted between
seeds, and 4 to 8 cm long, are mottled bronze-
purple when immature, drying to brown. They
contain two to nine mottled brown (white, red,
brown, gray, or black in improved varieties) seeds,
7 to 8 mm long by 6 mm broad. There are 2n = 22,
44, or 66 chromosomes (Liogier 1988, Long and
Lakela 1976).

Range.—Pigeon pea probably originated in India,
but may have come from Africa. Both are centers
of diversity for the genus Cajanus. It is clear that
the species has been under cultivation for a long
time and was spread by traders thousands of years
ago. The wild progenitor may be Cajanus
cajanifolius (Haines) van der Maesen of India and
Myanmar (van der Maesen 1990). Today, pigeon
pea is cultivated throughout the tropics and has
naturalized in many areas including Florida, Puerto
Rico, and the U.S. Virgin Islands (Liogier 1988,
Long and Lakela 1976).

Ecology.—Pigeon pea grows on a broad range of
well-drained soils, from sands to clays over
sedimentary, igneous, and metamorphic parent
materials. It tolerates pH’s of from 4.5 to 8.4 and
some varieties tolerate 6 to 12 mmhos/cm of
salinity. However, the species is sensitive to
waterlogging. Pigeon pea will grow in areas that
receive from 530 to 4000 mm of mean annual
precipitation (Van Den Beldt 1988). Pigeon pea
grows best in temperatures of 18 to 30 °C. It is
subject to frost damage (Skerman and others 1988).
The species is grown under cultivation from near
sea level to 3,000 m in elevation (Van Den Beldt
1988). Although a large number of insects and
diseases affect it (American Phytopathological
Society 2002), the actual incidence of attack is low
(Center for New Crops and Plants Products 2002).
Pigeon pea is intolerant of shade and tolerates only
moderate competition. It does best in full sun on
bare ground but can grow with side shade or
broken shade from trees and a low cover of grass



and forbs. Growth is moderately slow during the
first 2 to 3 months of life during which time
seedlings are not competitive with grass and
weeds; afterwards pigeon pea competes well with
vegetation equal or lower in height (van der
Maesen 1990). In Puerto Rico, the species persists
for a generation or two after cultivation and grows
along roadsides and in waste places where seeds
have fallen, but the populations are not sustained
indefinitely. Although seldom devastating, a large
number of insects and diseases affect pigeon pea
and can reduce yield or shorten a plant’s life
(American Phytopathological Society 2002).

Reproduction.—Pigeon pea flowers nearly
throughout the year (Red de Grupos de Agricultura
de Cobertura 2002). The flowers are self-
compatible and usually self-pollinated (Smartt
1976). Insects visit and pollinate the flowers (5 to
40 percent cross pollination), but it is not known
whether they increase seed yield (McGregor 2002).
Upon drying, the pods spring and coil to release the
seeds. Pigeon pea seeds weigh about 0.1g and
germinate in about 2 weeks (Center for New Crops
and Plants Products 2002).

Growth and Management.—Pigeon pea is
normally sown directly into prepared ground.
Seeding rates for pure stands are 12 to 25 kg of
seed/ha (Smartt 1976). Seeding depths of 2.5 to 5
cm are recommended (Center for New Crops and
Plants Products 2002). No pregermination
treatment of the seed is needed. Although some
varieties mature seed in 5 to 6 months, longer-
lived, tall varieties including those that are more
competitive in the wild take 10 to 12 months to
mature seed. These plants live about 5 years
(Smartt 1976). Experimental yields of 50 dry
t/ha/year have been demonstrated; yields of 3 to 8
dry t/ha/year are obtained under normal
management (Van Den Beldt 1988).

Benefits.—Pigeon peas are an important food in
developing tropical countries. An excellent source
of protein, the seeds (and sometimes the pods) are
eaten as a vegetable, as a flour additive to other
foods, in soups, and with rice (Center for New
Crops and Plants Products 2002). Although they
vary slightly, typical nutritional values for seeds
are: moisture, 10.1 percent, protein 19.2 percent,
fat, 1.5 percent, carbohydrates, 57.3 percent, fiber
8.1 percent, and ash, 3.8 percent (Smartt 1976).
About 3.4 million ha were under cultivation in
1978-1988 period, 88 percent of it in India (Nene
and Sheila 1990). Although pigeon pea makes
excellent forage, because of the brittleness of its

stems, the plant is damaged by browsing,
especially by cattle (Department of Primary
Industries 2002). The species is planted as a green
manure crop, nurse crop, cover crop, a windbreak
hedge, as a host for lac insects, and as food for silk
worms. The stalks are used for fuel, thatch, and
basketry (Center for New Crops and Plants
Products 2002). Pigeon pea forms root nodules in
association with Rhizobium sp. bacteria and is
capable of fixing 41 to 280 kg/ha of nitrogen (Red
de Grupos de Agricultura de Cobertura 2002).
Preparations of the leaves are used to treat
jaundice, inflammation, and sores of the mouth
(Parrotta 2001).
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Callicarpa americana L.

American beautyberry

VERBENACEAE (also placed in LAMIACEAE alt. Labiatae)

Synonyms: None

Kristina Connor
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Ilustration source: UDA [no date]

General Description.—American beautyberry,
also known as beauty-berry, Bermuda mulberry,
French mulberry, sourbush, sow-berry, or Spanish
mulberry, is a shrub that can reach 2.4 to 2.7 m in
height but is typically shorter, averaging 0.9 to 1.8
m. The irregular, spreading bush has an open
growth habit and grows as a single plant or in
colonies. Bark is brown and raised lenticels are
found on older stems. Branches are scurfy or
tomentose, gray to reddish brown in color. The
opposite, short-petioled, simple, deciduous leaves
are ovate to elliptic in shape. They are pointed at
both the base and the apex, and the margins are
coarsely serrate. Leaves are glabrous or slightly
pubescent above and pubescent with stellate
trichomes below (Radford and others 1968, Martin
and Mott 1997). Leaf size is variable, ranging from
7.6 to 20.3 cm in length and 5 to 12.7 cm in width.

Range.—American beautyberry ranges through the
Southeastern United States from Maryland and
Virginia south to Florida and west to Arkansas,
Oklahoma, and Texas. It also grows in the
Bahamas, Bermuda, Cuba, northern Mexico, and in

the West Indies (Bailey and Bailey 1976, Brickell
and Zuk 1996).

Ecology.—American beautyberry is a drought-
tolerant perennial shrub. Classified as a pioneer
species (Odenwald and Turner 1988), it is
common along forest edges and fence rows, and is
also a common understory plant in open pine
plantations in the southeastern United States. It is
found in openings after clear-cutting (Odenwald
and others 1996) and in moist thickets and
bordering swamps (Kriissman 1976). American
beautyberry is very tolerant of fire and resprouts
easily. However, it is intolerant of deep shade and
is only found in the better drained areas of
bottomland hardwood stands. It will grow in a
variety of soil textures and in a wide pH range
(USDA-NRCS 2001). Tolerant of temperatures
ranging from —17 °C to over 37.8 °C (Martin and
Mott 1997), it is cultivated for its fall display of
purple to violet fruits.

Reproduction.—The perfect, bluish white to
white axillary flowers first appear in early spring.
The bloom period can continue through late
summer. It is not uncommon to see both flowers
and fruits on the same plant (Grelen and Duvall
1966). The flowers are borne in dichotomous
cymes 8 to 36 mm long (Bonner in press). The 3-
to 6-mm fruits are violet to purple berry-like
drupes, formed in clusters that encircle the stem.
Each drupe contains four small seeds that
germinate without scarification or stratification,
although germination can be slow. If seeds are
sown in the fall, germination the following spring
may be excellent (Dirr and Heuser 1987). Bonner
(in press) reported that seeds can be easily cleaned
using any type of macerator, even a kitchen
blender for small lots. Seeds average 600 per
gram. Longevity of seeds in storage is unknown,
but they survive for at least 1 year in the soil seed
bank and are thought to be orthodox. Orthodox
seeds can be dried to a moisture content of less
than 12 percent and stored under refrigeration for
long periods (Roberts 1973). These seeds are
transported by animals and birds. American
beautyberry may also be propagated from
softwood stem cuttings taken in the summer and
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fall that are treated with indol-3-butyric acid (IBA;
1000 ppm) and put in a mist bed (Dirr and Heuser
1987).

Growth and Management.—American
beautyberry is a short-lived shrub that is easy to
grow and widely distributed in the Southeastern
United States. It can be used as a landscape border
and makes a good mass planting. However, regular
pruning is required if it is to maintain its form and
produce masses of the fruits so attractive in the fall
of the year. The fruits occur only on new growth,
and plants should be heavily pruned in early spring
(Martin and Mott 1997). It will not do well in
areas that experience flooding but can be used to
restore surface-mined sites (Martin and Sick
1995). It will resprout after fire (Martin and Mott
1997) and can be easily transplanted.

Benefits.—American beautyberry is a good source
of food for deer and the fruits attract birds. It can
be used in reclamation work and for erosion
control (Brown 1945). It easily reseeds in nature.
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Calotropis procera (Ait.) Ait. f.
ASCLEPIADACEAE
Synonym: Asclepias procera Ait.

John K. Francis

General Description.—Giant milkweed is also
known as sodom apple, calotrope, French cotton,
small crown flower (English), algodon de seda,
bomba (Spanish), cotton-france, arbre de soie, and
bois canon (French) (Howard 1989, Liogier 1995,
Neal 1965, Parrotta 2001).

This plant is a soft-wooded, evergreen,
perennial shrub. It has one or a few stems, few
branches, and relatively few leaves, mostly
concentrated near the growing tip. The bark is
corky, furrowed, and light gray. A copious white
sap flows whenever stems or leaves are cut. Giant
milkweed has a very deep, stout taproot with few
or no near-surface lateral roots. Giant milkweed
roots were found to have few branches and reach
depths of 1.7 to 3.0 m in Indian sandy desert soils
(Sharma 1968). The opposite leaves are oblong-
obovate to nearly orbicular, short-pointed to blunt
at the apex and have very short petioles below a
nearly clasping, heart-shaped base. The leaf blades
are light to dark green with nearly white veins.
They are 7 to 18 cm long and 5 to 13 cm broad,
slightly leathery, and have a fine coat of soft hairs
that rub off. The flower clusters are umbelliform

giant milkweed

cymes that grow at or near the ends of twigs. The
flowers are shallowly campanulate with five sepals
that are 4 to 5 mm long, fleshy and variable in
color from white to pink, often spotted or tinged
with purple. The fruits are inflated, obliquely ovoid
follicles that split and invert when mature to
release flat, brown seeds with a tuft of white hairs
at one end (Howard 1989, Liogier 1995, Little and
others 1974).

Range.—Giant milkweed is native to West Africa
as far south as Angola, North and East Africa,
Madagascar, the Arabian Peninsula, southern Asia,
and Indochina to Malaysia (Rahman and Wilcock
1991). The species is now naturalized in Australia,
many Pacific islands, Mexico, Central and South
America, and the Caribbean islands.

Ecology.—Giant milkweed favors open habitat
with little competition. This condition is most
completely met in overgrazed pastures and
rangeland. Other common habitats are beachfront
dunes, roadsides, and disturbed urban lots. The
species grows in dry habitat (150 to 1000 mm
precipitation) and sometimes in excessively
drained soils in areas with as much as 2000 mm of
annual precipitation. Giant milkweed may be found
in areas up to 1,000 m in elevation in India
(Parrotta 2001). It roots very deeply and rarely
grows in soils that are shallow over unfractured
rock. Soils of all textures and derived from most
parent materials are tolerated, as well as soils with
high sodium saturation. Beachfront salt spray is not
detrimental. Competition with tall weeds, brush,
and especially grass weakens existing plants, and
being overtopped and shaded by trees soon
eliminates them. During droughts in Puerto Rico,
giant milkweed is attacked by the orange aphid,
Aphis nerii Boyer de Fonscolombe, which causes
defoliation, death of branches, and aborted fruits
(Little and others 1974).

Reproduction.—Flowering and fruiting takes
place throughout the year (Little and others 1974).
Hundreds to thousands of seeds may be produced
per plant each year. The seeds in a Puerto Rican
collection averaged 0.0095 + 0.0027 g/seed or
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about 100,000 seeds/kg (author’s observation).
Eighty-nine percent germination took place in
potting mix between 7 and 64 days after sowing.
Half the seed weight was found in the wing (silk).
The seeds are dispersed by wind and may fly for
several hundred yards in gentle breezes. Seedlings
may arise in abundance after rainy periods, but
only a few survive the first season. Using the
reserves in its large taproot, giant milkweed can
resprout year after year when burned or cut.

Growth and Management.—Giant milkweed
usually reaches heights of about 2 m, but may
occasionally reach 5 m in height and stem
diameters of 25 cm (Little and others 1974).
Growth is about 1 m the first year after sprouting
in Puerto Rico. Senescence of individual stems
takes place in about 5 years, but plants often
resprout afterwards. Giant milkweed does not form
dense stands, normally occurring as scattered
individuals. It can be a serious weed in pastures,
overgrazed rangelands, and poorly managed hay
fields. Although it probably is not possible to
eliminate existing stands through management
without ceasing grazing and harvest, it may be
possible to prevent their establishment. Some form
of chemical control would seem to be the only
practical option for eliminating existing stands but
no specific guidelines are available. Establishing
giant milkweed has been advocated for
environmental protection and as a nurse crop for
more valuable species (Campolucci and Paolini
1990). This can be done easily by planting
containerized seedlings or rooted cuttings.

Benefits.—Giant milkweed tissues, especially the
root bark, are used to treat a variety of illness
including leprosy, fever, menorrhagia, malaria,
and snake bite (Parrotta 2001). The latex is toxic
and can cause blisters and rash in sensitive
persons. The plant is occasionally grown as an
ornamental in dry or coastal areas because it is
handsome, of a convenient size, and is easy to
propagate and manage. It is recommended as a
host plant for butterflies (Mikula 2001). In the
past, the silky hairs were used to stuff pillows
(Little and others 1974). Giant milkweed was
tested as a host for sandalwood, Santalum album
L., a partial root parasite. It resulted in greater
growth of sandalwood than all other species tested
(Shinde and others 1993). Extracts, chopped
leaves, and latex have shown great promise as
nematicides, in vitro and in vivo (Anver and Alam
1992, Charu and Trivedi 1997). Sheep, goats, and
camels will eat the leaves of giant milkweed
during droughts, but consumption is low. If the
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leaves are chopped and mixed with other feed,
consumption greatly increases with no ill effects.
(Abbas and others 1992, Nehra and others 1987).
Shade-dried giant milkweed leaves contained 94.6
percent dry matter, 20.9 percent ash, 19.6 percent
crude protein, 2.2 percent fat, 43.6 percent acid
detergent fiber, and 19.5 percent neutral detergent
fiber (Abbas and others 1992).  Although it is
lightweight, the wood is used in impoverished
desert areas for a cooking fuel (Varshney and Bhoi
1988).
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Capparis indica (L.) Druce
CAPPARACEAE

Synonyms:
Breynia indica L.
Capparis breynia L.
Capparis amygdalifolia Jacq.
Capparis amygdalina Lam.

sapo prieto

Capparis indica (L.) Rawc. & Rendle

Linnaeobreynia indica (L.) Hutch.

John K. Francis

General Description.—Sapo prieto, a name used
in Puerto Rico that means black toad in Spanish, is
also known as caper, linguam, burro, white willow,
colorin, vara prieta, palo zapo, taiche, endurece
maiz, curumo, guacoco, naranjuelo, pachaca, olivo
macho, olivo, bois de méche, bois-puant, bois-noir,
pois a mabou, paaloe pretae, and raba stokki (Little
and others 1974, Zamora 1989). It is a shrub or a
small tree, which under favorable circumstances
may reach 8 m in height and 15 cm in diameter at
breast height. Sapo prieto usually has a single stem
unless it has been damaged, but the species is very
limby and may have major branches emerging low
on the trunk. The stem and branch bark is gray or
light brown and smooth with a bitter, yellow or
reddish inner bark. The twigs, petioles, and
undersides of leaves are covered with silvery, gray,
or golden scales. The alternate, simple leaves are
supported by 6- to 10-mm petioles and have
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narrowly elliptic, leathery blades 4 to 11 cm long
and 2 to 4.5 cm broad. The inflorescences
(corymbs) are near the ends of branches and
contain a few small, white flowers with long white
stamens and short yellow anthers. The fruits are
silvery-brown legume-like pods 4 to 26 cm long
that split along one side at maturity to expose a
bright-red interior and pulp-covered seeds. The
seeds are black, elliptic, and 5 to 7 mm in diameter
(Howard 1988, Liogier 1985, Little and others
1974, Zamora 1989).

Range.—The range of sapo prieto includes
Jamaica, Hispaniola, Puerto Rico, the Virgin
Islands, the Lesser Antilles, the Dutch Antilles,
Trinidad, Venezuela, Southern Mexico to Costa
Rica and possibly Panama (Liogier 1985, Little and
others 1974, Zamora 1989).

Ecology.—Sapo prieto grows in a wide range of
well-drained soils derived from both sedimentary
(including limestone), igneous, and metamorphic
rocks. It may be found from near sea level to about
600 m on steep as well as level slopes, and in areas
receiving from 750 to about 1700 mm of
precipitation in Puerto Rico. In Costa Rica, sapo
prieto grows from sea level to 300 m in elevation
in very rocky soils (Zamora 1989). The species is
reported to root deeply (Zoologico Virtual de
Barranquilla 2002). Sapo prieto may be found
growing in secondary and remnant forests. It is not
a pioneer and will rarely be found in abandoned
fields or areas where all vegetation has been
removed. It is moderately intolerant of shade and
consequently does not grow under dense forest
canopies. It most frequently grows in an
intermediate crown position in relatively open dry
forests or as a codominant in clumps of shrubs and
low trees in disturbed secondary forests.

Reproduction.—Little and others (1974) state that



sapo prieto flowers and fruits intermittently.
Flowers were observed in Costa Rico in May and
September and fruits were present from May to
September (Zamora 1989). A collection of sapo
prieto fruits from Puerto Rico weighed an average
0f 6.948 + 0.773 g/fruit. The air-dry seeds collected
from these fruits weighed an average of 0.0838 +
0.0021 g/seed or 12,000 seeds’kg. Sown on
commercial potting mix without any pre-treatment,
the seedlings began to emerge in 7 days and
reached a maximum germination of 49 percent in
64 days (author’s observation). The seeds are
covered with a thin, pasty, scarlet pulp that is
presumably eaten by birds that transport the seeds.

Growth and Management.—Sapo pricto has been
referred to as slow growing (Zooldgico Virtual de
Barranquilla 2002). Weaver (1990) measured one
tree in St. John, U.S. Virgin Islands, as a part of a
larger study and found a 0.4 mm annual diameter
increment over a 5-year period. Increases in sapo
prieto density can probably be encouraged by
treatments to dry and moist forests near seed
sources to eliminate dense shade and create brush
patches and small openings. No wildland planting
experience has been reported.

Benefits.—Sapo prieto makes a good ornamental
that is evergreen, with attractive bicolor leaves. It
has showy flowers and fruits, and a crown that can
be shaped by pruning. However, the species is not
commonly used because it grows very slowly
(Virgin Islands Wetlands Reserve 2002, Zoologico
Virtual de Barranquilla 2002). The wood is heavy
and hard and useful for fuel, stakes, and small-
diameter fence posts. Sapo prieto contributes to the
biodiversity of the forests it inhabits, helps protect
those sites from erosion, and furnishes minor
amounts of food and cover for wildlife. The
flowers are nectar sources for butterflies (Debrot
and others 1999).
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Capraria biflora L.
SCROPHULARIACEAE

Synonyms:  Capraria lanceolata Vahl

John K. Francis

General Description.—Goatweed, also known as
wild tea, savadilla, té del pais, thé du pays, ditay
paye, and balsaminha, is an evergreen (or
sometimes suffruticose) shrub to 1.5 m in height
and 6 mm in basal stem diameter. The plant is
supported by a well-developed taproot with laterals
through its length. The shrub usually has multiple
stems and many fine branches and twigs. The
degree of hairiness is variable. Most plants have
foliage the full length of their stems. The leaves are
subsessile, narrowly lanceolate to obovate, 2 to 12
cm long, with entire to serrate margin. The white,
five-lobed, campanulate, 5 mm-long flowers are
borne in groups of one to three in the leaf axils.
Ovoid, 5-mm capsules contain many tiny, yellow
seeds about 0.4 mm long (Howard 1989, Liogier
1995, Stevens and others 2001).

Range.—Goatweed is native to Florida and Texas,

the Bahamas, the West Indies, Trinidad, Mexico
through Central America, South America as far
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goat-weed

south as Bolivia, and the Galapagos Islands (Flora
of Texas Consortium 2002, Grisebach 1963,
Pezzatti and others 1998). The species has
naturalized in Ghana, the Cape Verde Islands, and
Mauritius (Burkill 2000).

Ecology.—Goatweed is intolerant of shade. It is
usually open-grown but may be found in stands of
brush and in the understory of open forest. It will
die as the shade becomes dense. In Puerto Rico, it
grows in pastures, occasionally burned grasslands,
dry, early secondary forest, rocky coasts, and sandy
areas behind beaches. It is reported to grow on
beaches, sandy soils, and disturbed areas in Florida
(Long and Lakela 1976). The species grows on
soils derived from both sedimentary and igneous
rocks in a wide range of soil textures and fertility
but requires well-drained conditions. In Puerto
Rico, goatweed occurs in areas that receive from
750 to about 1700 mm of precipitation. It grows at
elevations from near sea level to 1,000 m in
Nicaragua (Stevens and others 2001). Disturbance
is probably required for establishment. Once
established, goatweed competes relatively well
with grass, weeds, and low brush. It is little
browsed by cattle.

Reproduction.—Goatweed blooms and fruits all
year (Long and Lakela 1976, Stevens and others
2001). A collection of seeds from Puerto Rico
averaged 42,300 seeds/g. Placed on moist filter
paper, 21 percent germinated between 10 and 35
days after sowing. Germination is epigeal. The tiny
seeds are apparently dispersed by wind and water,
or by fortuitously sticking to animals or machinery.
Natural seedlings are not abundant. Plants readily
sprout from the lower stem or root when cut or
burned.

Growth and Management.—Individual goatweed
stems live 2 or 3 years or more and are replaced by
other sprouts. The plant may live for many years.
Sprouts grow about 0.5 m in their first year, much
less in succeeding years. Large numbers of seeds
can be collected by picking unopened capsules,
drying them in a paper bag, and separating with a
fine screen. Nursery procedures have not been



published. Goatweed is considered weedy in
pastures. In the absence of tested procedures for its
control, standard techniques of grubbing or spot
spraying  with  broadleaf  herbicides s
recommended. Mowing has little lasting effect on
stands.

Benefits.—Goatweed helps revegetate disturbed
areas, protects the soil, and furnishes cover for
wildlife. It is a nectar source for butterflies and is
recommended in natural landscaping (University of
Florida Extension 2002). Goatweed has many uses
in herbal medicine. A tea prepared from the leaves
is used as an eyewash (Burkill 2000), to soothe
skin itch (Secritaria de Medio Ambiente vy
Recursos Naturales 2002), and as a general tonic.
However, overindulgence can result in stupor,
disorientation, and paralysis (Guzman 1975). The
infusion is also used to treat fever, flu, vomiting,
childbirth  recovery, diarrthea, hemorrhoids,
rheumatism, and swelling (Scofield 2002). The
alkaloid, biflorine, present in the leaves has
antibiotic  properties  (Burkill 2000), and
sesquiterpenoids, caprariolides A and B from aerial
parts, have demonstrated strong insecticidal
activity against adult sweet potato weevils, Cylas
Jformicarius elegantulus (Collins and others 2000).
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Capsicum annuum L.
SOLANACEAE

Synonyms:

bird pepper

Capsicum indicum microcarpum var. aviculare Dierb.

Capsicum bacatum of authors, not of L.

John K. Francis

General Description.—Bird pepper is also known
as red pepper, wild pepper, wild chili, pimiento,
and aji de gallina (Liogier 1995). The current
growth is herbaceous, but it later hardens and
becomes woody. The wood is brittle. Older plants
are multistemmed and very branchy, with a thick,
leafy crown. The leaves are dark green, ovate to
lanciolate, 4 to 15 cm long, with petioles 0.5 to 3
cm long. The twigs are stiff and straight between
nodes. The flowers are mostly solitary or in pairs.
The corolla is greenish-white or yellowish-white, 1
to 2 cm broad, with blue, violate, or yellow
anthers. The fruits, which are ellipsoidal berries
with thin flesh, are 0.4 to 3 cm long (usually about
0.8 cm in wild plants) and red or orange-red. The
seeds are cream to yellow in color (Howard 1989,
Liogier 1995). The variety growing as a shrub in
wildland vegetation in Puerto Rico, Florida, and
elsewhere is C. annuum var. glabriusculum
(Dunal) H. Pickersgill (Liogier 1995).

Range.—Bird pepper ranges today from the
Southern United States to Argentina and
throughout the West Indies (Liogier 1995). The
species has been widely spread and cultivated by
Native Americans and European settlers. Escapes
from cultivation have masked the original range.
Bird pepper may be found competing with native
vegetation in Puerto Rico (author’s observations),
Florida (Nelson 1996), Texas (Everitt and Drawe
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1993), and Arizona (Tewksbury and other 1999). It
is felt that the species was introduced into Puerto
Rico by the aboriginal inhabitants (Barrett 1925).
Bird pepper is also widely cultivated and escaped
in the tropical and subtropical Eastern Hemisphere
(Bailey 1941). It is the wild ancestor of the
pimento, the bell pepper, and some of the hot
peppers (Bailey 1941). The domestication of these
pepper varieties from bird pepper is reported to
have taken place in Mexico or Central America
(Hawkens 1991).

Ecology.—In Puerto Rico, bird pepper inhabits the
subtropical moist forest and the wetter portion of
the subtropical dry forest (about 800 to 2000 mm
of annual precipitation). It is cold sensitive, and
hot, dry weather is desirable for fruit ripening
(California Antilles Trading Consortium 2001). In
favorable habitat, bird pepper can grow under a
broken canopy or in disturbed areas without tree
cover. However, in Arizona, the plants were found
exclusively under partially shading (nurse) plants
(Tewksbury and other 1999). Under conditions of
low fertility, moisture, and light, bird pepper plants
do not become large and probably do not live more
than 1 year. The species favors a near-neutral soil
reaction and a generous supply of bases. Well-
drained soil with a sandy loam or silt loam texture
is best (California Antilles Trading Consortium
2001). After it is well established, bird pepper can
survive dry seasons of 2 to 4 months. During this
period, it will partially defoliate and take on a
wilted appearance, but will refoliate and grow
vigorously after the rains return.

Reproduction.—When conditions are favorable,
bird pepper begins flowering at about 3 months of
age (California Antilles Trading Consortium 2001)
and flowers and fruits throughout the year. A
sample of fruits collected in Puerto Rico weighed
an average of 0.0926 + 0.0057 g/fruit. Seeds from
the sample weighed an average of 0.0039 + 0.0001
g/seed or 260,000 seeds/kg. Bird pepper plants are
prolific seed producers. Large plants may produce
hundreds of fruits per year. Fruits in the above
sample contained an average of 8.2 seeds/fruit.



Twenty-eight percent of the seeds in this collection
germinated between 17 and 118 days after being
sown in potting mix. Seedlings may be established
by sowing in prepared seed spots in the field or
grown in the nursery and transplanted. The seeds
are dispersed by birds that are immune to the
capsaicin the fruits contain. Rodents that would
otherwise chew up and destroy the seeds will not
eat the fruits (UniSci 2001). Seedlings and plants
are common but scattered in early secondary forest
in Puerto Rico. However, bird pepper may
occasionally form small thickets.

Growth and Management.—Because the species
name ‘“annuum” means annual and because
cultivated forms are, or are treated as, annuals, bird
pepper has been assumed to be an annual (see
Liogier 1995). In its wild state, it is, in fact, a
short-lived perennial (Floridata 2001), living 3 or 4
years, if conditions are favorable. Plants may
occasionally reach 5 m in height (Howard 1989).
Heights in Puerto Rico are commonly 2 to 3 m.
The stems are slender, about 1 cm in diameter, in
larger plants (author’s observation).

Benefits.—Bird pepper has been cultivated for
thousands of years and is the wild ancestor for
hundreds of named varieties of cultivated peppers.
However, the wild fruits are still harvested and
used today. Bird pepper fruits are “hot” to very
“hot” with a slight musky flavor. They are used to
flavor food and make sauces. Capsicum
derivatives are used in a wide variety of medicinal
applications, mostly related to pain relief (eg: sore
muscles, toothache, phantom limb pain).
Capsaicin causes the brain to release endorphins
that promote a sense of well-being and deadens
pain receptors (Floridata 2001). Concentrated
pepper sprays are used for riot control and
personal defense. Gardeners also use pepper
extracts to protect crops from insects and animals.
Extracts of leaves and fruits of bird pepper have
shown insecticidal and fungicidal properties in
laboratory tests (Hongo and Karel 1986, Patil and
Joi 1992, Williams and Mansingh 1993).
However, to sensitive individuals, exposure to C.
annuum fruits can be dangerous. This species
ranked fourth in plant poisoning incidents reported
to  American poison information centers
(Krenzelok and Provost 1995). In Texas and
Arizona, several species of birds including the Rio
Grande turkey and the curve-billed thrasher eat the
fruits (Everitt and Drawe 1993, UniSci 2001).

References

Bailey, L.H. 1941. The standard cyclopedia of
horticulture. Vol. 1. The MacMillan Co. New
York, NY. 1,200 p.

Barrett, O.W. 1925. The food plants of Puerto
Rico. The Journal of the Department of
Agriculture of Puerto Rico 9(2): 168.

California Antilles Trading Consortium. 2001.
Capsicum  peppers. www.calantilles.com/
capsicum_peppers.htm. 9 p.

Everitt, J.H. and D.L. Drawe. 1993. Trees, shrubs
and cacti of South Texas. Texas Tech University
Press. 213 p.

Floridata. 2001. Capsicum spp-
www.floridata.com/ref/c/caps_spp.cfm. 6 p.

Hawkens, J.G. 1991. The centers of plant diversity
in Latin America. Diversity 7(1/2): 7-9

Hongo, H., and A.K. Karel. 1986. Effects of plant
extracts on insect pests of common beans.
Journal of Applied Entomology 102(2): 164-
169.

Howard, R. A. 1989. Flora of the Lesser Antilles,
Leeward and Windward Islands. Vol. 6. Arnold
Arboretum, Harvard University, Jamaica Plain,
MA. 658 p.

Krenzelok, E.P., and F.J. Provost. 1995. The ten
most common plant exposures reported to
poison information centers in the United States.
Journal of Natural Toxins 4(2): 195-202.

Liogier, H.A. 1995. Descriptive flora of Puerto
Rico and adjacent islands. Vol. 4. Editorial de la
Universidad de Puerto Rico, San Juan, PR.

617 p.

Nelson, Gil. 1996. The shrubs and woody vines of
Florida. Pineapple Press, Inc. Sarasota, FL.
391 p.

Patil, B.H. and M.B. Joi. 1992. Inhibition of
tomato spotted wilt virus with leaf extracts of

some plants. Journal of Maharashtra
Agricultural University 17(2): 340-341.

145



Tewksbury, J.J., G.P. Nabhan, D. Norman, H. http://unisci.com/stories/20013/0726015.htm.

Suzan, J. Tuxill, and J. Donovan. 1999. In situ 3p.
conservation of wild chilis and their biotic
associates. Conservation Biology 13(1): 98-107. Williams, L.A.D. and A. Mansingh. 1993.
Pesticidal potential of tropical plants—I.
UniSci 2001. Zing in the flavor helps chili pepper Insecticidal activity of leaf extracts of sixty
plants survive. Daily University Science News. plants. Insect Science and its Application 14(5):
697-700.

146



Capsicum frutescens L.
SOLANACEAE

Synonyms:  Capsicum fastigiatum Blume

red pepper

Capsicum annuum L. var. frutescens (L.) Kuntze

John K. Francis

General Description.—Red pepper, also known as
bird pepper, chili pepper, Cayenne pepper, Guinea
pepper, aji, and aji picante, is a short-lived
evergreen shrub usually 1 to 1.5 m in height and 1
to 3 cm in basal stem diameter. The shrub is
supported by a short to long taproot (depending on
soil conditions), many spreading lateral roots, and
moderately abundant fibrous roots. The stem and
larger branches of mature plants are woody but
moderately soft and weak. Bark of stems and older
branches is light gray. The form is upright, the
abundant branching is often dichotomous, and the
branches and twigs are slender. The ovate to ovate-
lanceolate leaves vary in size. The larger of them
are 4 to 12 cm long and 1 to 4.5 cm broad.
Greenish-white to yellowish-white flowers with
blue, violet, or yellow anthers occur in groups of
two or more at the nodes. The berries are red or
red-orange at maturity, elongated with a pointed or

rounded tip, 1.5 to 3.5 cm long and 0.5 to 1.2 cm
thick. The fruits are somewhat dry and contain few
to many (depending on fruit size) cream to yellow
lenticular seeds about 3 mm in diameter. The fruits,
especially the seeds and placenta, have a biting,
pungent taste. The species has 2n = 24
chromosomes (Bailey 1941, Bentley and Trimer
1880, Bosland and Votava 2000, Liogier 1995).

Range.—The original range of red pepper is
unknown, but it is believed to have been
domesticated in Central America, possibly Panama,
thousands of years ago. It spread throughout the
Neotropics before Columbus and has since become
almost pan-tropically cultivated and naturalized
(Bosland and Votava 2000). Unlike C. annuum L.,
which has many widely varying varieties,
domesticated red pepper has relatively few
varieties with a minimum of variation (Bentley and
Trimer 1880) and is not greatly different from the
wild type.

Ecology.—Red pepper grows on soils of all
textures in a wide range of fertilities. Moist, well-
drained conditions and loose structure is best for
rapid growth. Soil pH’s of 4.3 to 9.7 are tolerated
(Center for New Crops and Plant Products 2002).
The species is intolerant of shade: it will grow with
broken overhead shade and moderate competition
from grass and forbs, but fruits best in full sun. Red
peppers can be cultivated in areas that receive from
30 to 430 cm of annual precipitation at elevations
from near sea level to more than 2,000 m. The
species is not frost tolerant and does not grow in
temperatures below 7 °C (Center for New Crops
and Plant Products 2002). Wild red pepper grows
as individuals or groups in gardens, fields, vacant
lots, river flood plains, abandoned fields, roadsides,
and early secondary forest. Although damping-off
fungi, various species of insects, and nematodes
sometimes damage or kill individual plants, serious
effects are rarely widespread.

Reproduction.—After about 3 months of growth,

red pepper plants flower (Center for New Crops
and Plant Products 2002) and fruit continuously as
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long as they live. The flowers are insect pollinated
(Bosland and Votava 2000). Production of fruits
and seeds can be abundant. Fresh fruits from
several plants in a stand in Puerto Rico averaged
0.3668 + 0.0242 g/fruit. The variability was high
(CV = 39.5 percent). They ranged from 2 to 35
seeds/fruit and averaged 16.6 + 2.9 seeds/fruit. Air-
dried seeds averaged 0.0041 + 0.0001 g/seed or
244,000 seeds/kg. Placed in moist potting mix, 72
percent of the seeds germinated between 13 and 34
days after sowing. Germination is epigeous. The
seeds can be safely stored under refrigeration after
air-drying and need no treatment before planting.
The seeds are dispersed by birds that eat the fruits
and are immune to the pungent chemicals they
contain. Young plants coppice when cut or broken.
Rooting of cuttings and tissues has been
demonstrated for Capsicum (Bosland and Votava
2000).

Growth and Management.—Under continually
favorable conditions, red peppers live about 2
years. They grow rapidly during the first year, then
much more slowly, and finally dwindle and die.
Red peppers grown commercially are managed as
annuals, much as other Capsicum peppers but for a
longer season. Plants that arise spontaneously in
gardens and vacant land are usually allowed to
grow for occasional future harvest.

Benefits.—Red pepper is used and loved the world
over as a condiment, added to food fresh, dried,
refined, and ground (for Cayenne pepper and
curry), and as the principal or incidental ingredient
in sauces. The source of the popular biting
sensation are the capsaicinoids, principally
capsaicin, which ranges from 600 to 13,000 ppm in
the fruits (Center for New Crops and Plant
Products. 2002). The fruits are an excellent source
of vitamins A and C (Bosland and Botava 2000). A
few thousand hectares are grown commercially,
and probably even more are grown in gardens or
harvested from the wild in rural areas of the
tropics. Coatings and powders are used with
varying degrees of success to deter browsing
animals and insects, and break children of thumb
sucking and nail biting. Pepper spray, whose active
ingredient is capsaicin, is used widely for personal
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protection, law enforcement, and defense. Acetone
and petroleum ether extracts caused complete
mortality of rice weevil (Sitophillus oryzae) in 15
days. Fruit powder was much less effective (EI-
Lakwah and others 1997). Red pepper has many
medicinal applications. Some of the most widely
used and reliable are as a salve to relieve muscle,
joint, and toothache pain, to treat cough, asthma,
and sore throat, as a stimulant, and to treat stomach
ache, seasickness, and flatulence. Anciently, it was
even used as an instrument of torture (Bentley and
Trimer 1880, Bosland and Votava 2000, Center for
New Crops and Plant Products 2002,
Gardenguides.com 2002).
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Casearia decandra Jacq.
FLACOURTIACEAE
Synonyms:  Casearia parvifolia Jacq.
Casearia parvifolia Will.
Casearia albicaulis Risby

tostado

Samyda lancifolia Sessé & Mog.

John K. Francis

General Description.—Tostado (a name used in
Puerto Rico) is also known by wild honey-tree,
wild-cherry, pipewood, biscuitwood, jumbie-apple,
palo blanco, caracolillo, cerezo, corcho blanco,
cotorrerillo, duro-duro, guia mansa, machacomo,
tapaculo, limoncaspi, bois jaune, coco-ravet, jaune
d’ocuf, and fortuga caspi. It is a shrub or small tree
usually 2 to 6 m in height and 2 to 8 cm in diameter
at breast height (d.b.h.). Tostado is supported by a
strong taproot, somewhat finer lateral roots, and
abundant near-surface fine roots. The roots are stiff
and ivory-colored. The species usually has a single
stem, unless disturbed, and smooth gray bark. The
stemwood is moderately hard and moderately
heavy. The branches and twigs are numerous,
slender, and form a relatively dense crown. The
alternate leaves have petioles 2 to 5 mm long,
elliptic blades 3 to 9 cm long, with a finely saw-

toothed margin. The small white, cream, or
greenish-white flowers are born in nearly sessile
clusters at the defoliate leaf nodes. The globose
fruits are capsules about 8 to 10 mm in diameter,
opening on three valves. The fruits are ripe when
they turn from greenish-white to cream with a
salmon-colored blush or light brown. The fleshy
part of the fruit is orange to red. There are one to
four, 4- to 5-mm seeds per fruit, depending on fruit
size (Howard 1989, Liogier 1994, Little and
Wadsworth 1964).

Range.—The native range of tostado covers the
islands of the West Indies from Hispaniola south
and extends from Honduras through Panama and
into South America as far south as Paraguay,
Bolivia, and Northern Argentina (Howard 1989,
Liogier 1994, Little and Wadsworth 1964).

Ecology.—Tostado grows on well-drained soils
ranging from coastal sands to upland clays, and on
soils derived from sedimentary (including
limestone), igneous, and metamorphic rocks.
Annual precipitation in habitat in Puerto Rico
ranges from about 900 mm to about 2200 mm. The
species grows to altitudes of at least 1,120 m in
Brazil (Silva and others 2002). In Bolivia it occurs
from 230 to 650 m in elevation (Killeen and others
1993), and in Puerto Rico, it grows from near sea
level to over 600 m. Tostado is moderately
intolerant of shade. It grows in disturbed areas,
forest openings, very rocky sites, and the
understories of lower density forests. In southern
Brazil, it occurs in the third canopy layer of
Araucaria forests (Silva and others 2002), and in
Bolivia in Amazon forests and savanna woodlands
(Killeen and others 1993). In Venezuela, the
species functions as a gap-filling species in bush
island savannas (San José and others 1991).

Reproduction.—Tostado flowers and fruits
irregularly throughout the year in Puerto Rico
(Little and Wadsworth 1964), only a minority of
plants being in flower or fruit at any time. It is
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reported to flower from August to October in
Bolivia (Killeen and others 1993). Plants 1 m or
more in height in partial or full sunlight bear fruits.
Shrubs and small trees bear from hundreds to
thousands of fruits each year. A collection of fruits
from Puerto Rico weighed an average of 0.340 +
0.031 g/fruit. They are extremely variable (CV =
69.9 percent), even within the same plant. Seeds
separated from the above collection weighed (air-
dried) an average of 0.0406 + 0.0005 g/seed or
24,600 seeds/kg. Without pre-treatment, these
seeds were sown on commercial potting mix and
91 percent germinated 7 days later (author’s
observation). Tostado sprouts when cut or burned.

Growth and Management.—Although tostado is
usually a shrub, if it survives several decades in
fertile sites with sufficient sunlight, it may
occasionally become a tree 12 to 18 m in height
(Howard 1989, Liogier 1994). Weaver (1990)
reported an average S-year annual diameter
increment of only 0.05 cm for plants 4 to 9 cm
d.b.h. in St. John, U.S. Virgin Islands. The air-
dried specific gravity of stemwood was measured
at 0.630 + 0.031. The above-ground average
carbon content was measured at 0.508. Total
above-ground dry weight in plants up to 5 cm
d.b.h. can be estimated by the model: Wt =
34.356(DS), where Wt is weight in grams, D is
diameter in cm at 30 cm above the ground-line, S is
total stem length in meters, and adjusted r-squared
equals 0.977 (Francis 2000).

Benefits.—The stems of tostado are sometimes
used as fuel and fenceposts. This is an important
honey plant. The small fruits are edible, but almost
tasteless according to Little and Wadsworth (1964).
However, the author found them sweet and
pleasantly flavored. The species furnishes food and
cover for wildlife, contributes to biodiversity, and
helps stabilize the soil.
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Casearia sylvestris Sw.
FLACOURTIACEAE

Synonyms:  Samyda parviflora L.
Casearia parviflora L.

Anavinga samyda Gaertn. f.

John K. Francis

General Description.—Wild-coffee, also known
as crack-open, cafeillo, café silvestre, sarnilla,
corta-lengua, guayabillo, guassatonga, and
papelite, is a shrub or small tree usually 2 or 3 m in
height, but occasionally reaching 10 m or more. On
clay soils, the plant relies for absorption and
support on extensive lateral roots that are white,
moderately stiff, and have a corky bark. The plant
may have a single or multiple stems with nearly
smooth, thin gray bark and a moderately branchy
habit. The sapwood is light brown and the
heartwood is dark-brown, fine-textured, hard,
heavy, and strong. The twigs are long and slender,
often horizontal or drooping. The previous year’s
growth often has tufts in the leaf axils of what were
the fruit stalks. The alternate leaves have petioles 2
to 8 mm long and ovate to lanciolate blades 4 to 13
cm long by 2 to 5 cm broad with a wavy edge and a
long-pointed tip. Tiny white, cream, or greenish
flowers are crowded (20 to 50) on short stalks in
the leaf axils. The flowers smell like a mixture of
honey and urine. The fruits are globose or slightly
flattened, 3 to 4 mm in diameter, splitting open on

wild-coffee

three valves to reveal usually three brown seeds
covered with a red or red-orange aril (author’s
observations, Croat 1978, Howard 1989, Liogier
1994, Little and Wadsworth 1964).

Range.—Wild-coffee is native to Cuba, Jamaica,
Hispaniola, Puerto Rico, the Virgin Islands, the
Lesser Antilles, Trinidad and Tobago, Mexico
through Central America, and South America as far
south as northern Argentina, Uruguay, and Bolivia
(Howard 1989, Instituto de Botanica Darwinion
2002, Killeen and others 1993, Little and
Wadsworth 1964).

Ecology.—Wild-coffee grows on soils of all
textures derived from nearly all parent materials.
However, it does not grow on swampy ground and
usually not on excessively drained sites. In Puerto
Rico, wild-coffee grows in areas receiving from
about 900 to over 3000 mm of annual precipitation
(author’s observation). However, in southern
Brazil, wild-coffee grows even in annually flooded
areas called varzeas (Universidad do Extremo Sul
Catarinense 1999). In Nicaragua, the species grows
from near sea level to 1,300 m in elevation
(Stevens and others 2001). Wild-coffee
demonstrates an intermediate tolerance to shade,
being able to survive and grow slowly under a
forest canopy that is not too dense but requiring
partial sunlight to reproduce. Plants growing in
pine plantations and natural secondary forests in
Puerto Rico held similar concentrations of N, P,
and ash in their leaves, but K levels were nearly
twice as high in natural forest (Lugo 1992). Wild-
coffee is common in brushy pastures, early
secondary forests, roadsides, fence rows, and
gallery forests of stream bottoms (author’s
observation, Little and Wadsworth 1964). It is one
of the principal arborescent species of the Llanos
(plains) of the Orinoco area of Venezuela (van Os
2000).

Reproduction.—Under favorable conditions, wild-

coffee is able to flower and fruit at a young age,
about the second year as a sprout or at about 1 m in
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height. Although individual plants do not flower
continuously, members of the population may be
seen flowering throughout the year (Little and
Wadsworth 1964, Stevens and others 2001). In
Panama, the species flowers principally in August
to December with sporadic flowering during the
dry season. The fruits mature in about 1 month
(Croat 1978). A collection of fresh fruits (seed +
aril) from Puerto Rico weighed an average of
0.0286 + 0.0021 g/fruit. They vary considerably in
size (coefficient of variation = 60.5). Air-dry seeds
from the same collection averaged 0.0011 + 0.0001
g/seed or 909,000 seeds/kg. Sown on peat, these
seeds germinated at 31 percent between 20 and 103
days after sowing (author’s observation). In
southern Brazil, 84,000 seeds/kg were reported and
a low rate of germination (Universidad do Extremo
Sul Catarinense 1999). Germination is epigeal. Just
one or two fruits per inflorescence are ripe at any
time. The only method of seed collection known to
the author is to hand-pick the tiny ripe fruits
(capsules split exposing the red aril) and wet sieve
to separate the seeds. Birds disburse the seeds.
Natural seedlings are rare to common. Plants past
the seedling stage have a high survival rate.
Damaged plants coppice readily.

Growth and Management.—Wild-coffee has a
moderate growth rate and lives for at least 20
years. Artificial reproduction is usually by seeds,
but cuttings can also be rooted. Recommended
spacing for plantings in Brazil is 4 by 4 m
(Universidad do Extremo Sul Catarinense 1999).
Because it becomes established as part of the early
secondary forest or in disturbed openings of more
advanced forest, management to promote
regeneration of the species might include the use of
clearcuts or group selection in closed forest and
protection of open land from fires.

Benefits.—The wood of wild-coffee is used for or
is suitable for fuel, fence posts, stakes, small poles,
rustic carpentry, and tool handles (Little and
Wadsworth 1964). The species is recommended for
urban planting as a food source for birds (Rio
Grande Energia 2002). It is a honey plant (Little
and Wadsworth 1964). Leaves of wild-coffee
contains 2.5 percent essential oils with a pleasant
aroma. They also contain caprionic acid, saponins,
alkaloids, flavonoids, and a host of other
chemicals. Extracts (particularly of the leaves) are
used in traditional herbal medicine to treat a large
number of different ailments (Universidad do
Extremo Sul Catarinense 1999). Laboratory
experiments have confirmed antiseptic, antitumor,
antiulser, and abortive activity (Basile and others
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1990, Carvalho, and others 1999, Itokawa and
others 1990, Silva and others 1988). A commercial
perfume and a weight-loss product contain extracts
of wild-coffee (Fontovit 2002, Multinivel do Brasil
S.A. 2002).
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Cassine xylocarpa Vent.
CELASTRACEAE

Synonyms:
Freziera dioica Macfad.

marble tree

Elaeodendron xylocarpum (Vent.) DC.

Elaeodendron dioicum (Macfad.) Griseb.
Elaeodendron attenuatum A. Rich.
Elaeodendron xylocarpum (Vent.) DC.
Cassine rotundata (DC.) Kuntze

John K. Francis

General Description.—Marble tree, also known as
spoon tree, poison tree, wild nutmeg, coscorron,
aceituno, guayarote, mate prieto, pinipinche de
sabana, bois-tan, bord-de-mer, and grosse-peau, is
an evergreen shrub or small tree commonly 2 to 4
m in height and 5 to 8 cm in diameter at breast
height. The plant is supported by an extensive
shallow and deep lateral root system with sinkers
and sometimes a discernable taproot. The roots are
orange and stiff. Marble tree often has several
stems emanating from the root crown or low on the
trunk. The crowns are fairly dense (especially
when open-grown), branchy, and often contorted.
The bark is gray, smooth to finely fissured, with
inner bark that is purplish or pinkish. The twigs are
slender and green, becoming gray with age. Leaves
are variable, whitish-green to yellow-green, mostly
opposite, but sometimes alternate, thick and stiff.
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They are entire or with a few teeth, elliptic to
obovate, 2.5 to 12.5 cm long, with a rounded to
spine-tipped apex. The inflorescences are tiny-
flowered, branched axillary cymes. The fruit is a
yellow (at maturity), rounded drupe, 1.5 to 3 cm
long with a thin, hard-fleshy exocarp and hard,
thick-walled stone with one to three cells and
elliptic seeds (Howard 1989, Liogier 1994, Little
and others 1974).

Range.—The range of marble tree consists of the
Bahamas, the Greater and Lesser Antilles, Mexico,
Belize, Costa Rica, Nicaragua, Panama, and
Venezuela (Howard 1989, Instituto Nacional de
Biodiversidad. 2000, Liogier 1994, Missouri
Botanical Garden 2002a, 2002b).

Ecology.—Marble tree is moderately intolerant of
shade. It can persist and grow slowly under low
forest but needs to be open-grown or at least have
broken sunlight to flower and fruit. The species is
drought-tolerant and usually grows on excessively
well-drained situations—beaches, bluffs, rocky
headlands, and rocky ridges. Marble tree often
grows out of cracks in rocks. It is most often seen
in areas of limestone and ultramafic (serpentine)
rocks. The species is reported to be a nickel
accumulator (Medina and others 1994). Colonized
areas in Puerto Rico range from 750 to about 1800
mm of mean annual rainfall and at elevations from
near sea level to 300 m or more. The species may
be found in remnant and late secondary forests.

Reproduction.—Marble tree flowers and fruits
intermittently throughout the year (Little and
others 1974). A collection of air-dried seeds in
Puerto Rico averaged 3.19 + 0.076 g/seed or 313
seeds/kg. Sown in commercial potting mix, they
began germinating in 26 days and completed 82
percent germination. The species can also be
propagated by asexual means. Fifty-six and 21



percent, respectively, of air layers and misted
cuttings treated with IBA rooted. The newly
formed roots are fragile and easily broken off
during transplanting (author’s observation). The
seeds are probably dispersed by fruit bats.
Seedlings and saplings are relatively common in
and around Puerto Rican stands of the species.

Growth and Management.—Marble tree grows
slowly. A 1-m tall sapling with a basal diameter of
1.5 cm growing in the understory of low basal area
moist forest had 37 annual rings (author’s
observation). Individuals as large as 20 cm in
diameter at breast height (Little and others 1974)
must be several decades old. Management of the
species should include protection from fire and
from commercial development of habitat. Existing
understory seedlings and saplings could be
released from competition by thinning or
eliminating the overstory in patches.

Benefits.—Marble tree is pretty enough to make a
good ornamental but has rarely been used as such.
It is an important component of the plant
community in the harsh environment where it is
most common and furnishes food and cover for
animals. The fruits of marble tree are listed as a
food item for the endangered Anegada iguana
(Cyclura pinguis) (Zoological Society of San
Diego 2002). The wood is light-brown, hard,
heavy, fine-textured, strong, and durable (Little
and others 1974). It is certainly useful for fuel and
fence posts and possibly carving and turnery. The
fruits are reported to be edible, and extracts of the
plant are a stimulant (Liogier 1990).
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Castela erecta Turp.
SIMAROUBACEAE

Synonyms:  Castela nicholsoni Hook.

cockspur

Castelaria micholsoni (Hook.) Small

John K. Francis

General Description.—Cockspur, also known as
goat-bush, retama, and urupagiiita, is an evergreen,
spiny shrub 1 to 4 m in height and up to 10 cm on
stem diameter. The plant is multi-stemmed and
branchy. The twigs are stiff, sometimes zig-zag,
whitish from fine hairs, and end in spines. There
are also short spines at the leaf bases. The foliage
is sometimes dense, composed of alternate simple
oblong to elliptic, almost sessile leaves, 0.6 to 2.5
cm long by 0.3 to 1.2 cm broad, dark green and
glabrous above, and hairy below. The foliage and
twigs are bitter. Flowers are tiny, whitish to red
and tightly clustered in the leaf axils. The fruits are
6- to 10-mm, red, fleshy drupes, one to four
developing from a flower. Each fruit contains one
hard seed (Howard 1988, Liogier 1988, Little and
others 1974).

Range.—Cockspur is native to Puerto Rico, the
Virgin Islands, Antigua, Barbuda, Anguilla,
Curacao, Aruba, northern Venezuela and northern
Colombia (Howard 1988, Little and others 1974).
It is not known to have been planted or naturalized
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elsewhere.

Ecology.—Cockspur is a coastal species. It grows
in beach strand vegetation, in sandy soils behind it,
and on rocky escarpments and hills somewhat
inland (Fundacion La Salle de Ciencias Naturales
2002), a dominant to minor part of local xeric
scrub communities (Locklin 2002). It occurs to an
elevation of about 100 m in Puerto Rico (Little and
others 1974). These areas receive annual rainfall
totals of about 700 to 900 mm. Soil type does not
appear to be critical except that because of the
species’ short stature and slow growth, it tends to
be more successful in poor sites. Although
cockspur tolerates salt spray and mild salt in the
soil, it does not grow in very salty soils.

Reproduction.—In Puerto Rico, cockspur flowers
and fruits in the spring. The species bears male and
female flowers on different plants (dioecious).
Fleshy, red fruits are probably eaten and the seeds
dispersed by birds.

Growth and Management.—Cockspur is a slow-
growing species. No management experience has
been published.

Benefits.—Cockspur helps protect the soil and
furnishes food and cover for wildlife. The sister
species C. texana (T.&G.) Rose, once considered a
part of cockspur as C. erectas subsp. texana (T. &
G.) Crong., is considered an important browse
species (Secretaria de Medio Ambiente y Recursos
Naturales. 2002). The common name, goat-bush,
suggests that it is browsed by goats.
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Ceanothus velutinus Dougl. ex Hook.
RHAMNACEAE
Synonyms:  none

John K. Francis

Drawing source: Britton and Brown 1913

General Description.—Snowbush ceanothus is
also known as shiny-leaf ceanothus, varnish-leaf
ceanothus, sticky laurel, tobacco brush, mountain
balm, buckbrush, deerbush, and snowbrush. It is
an evergreen, upright to semiprostrate shrub 1 to 2
m (rarely to 4 m) in height. The shrub has one to
many stems with reddish-brown bark. The twigs
are rigid, slightly flattened, and olive green. The
plant is supported by a taproot and a deep,
spreading root system. Simple, alternate leaves are
shiny dark green above, and pale beneath leathery,
and covered with a sticky resin. The 2- to 8-cm
blades are broadly elliptical to ovate with rounded
tips and rounded or subcordate bases. They have a
fine serrate margin and three prominent veins
proceeding from the base. The foliage is strongly
aromatic, especially when crushed. Some have
described it as being similar to cinnamon or
balsam. Inflorescences, which are borne on short
lateral branches on the previous year’s growth,
contain many small white, five-maris, perfect
flowers. Fruits are three-lobbed capsules 3 to 6
mm long. The seeds are shiny and tan to dark
brown. There are 2n = 24 chromosomes (Anderson
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2001, Banner 2002, Brayshaw 1996, Harrington
1964, Nobs 1963, Pollock 2003, Welsh and others
1987).

Range.—The native range of snowbush ceanothus
includes British Columbia and Alberta south to
California and east to South Dakota and Colorado
(Abrams 1951, Anderson 2001, Natural Resources
Conservation Service 2003). There are two
varieties: hookeri and velutinus. The former, of the
Coast and Cascade ranges, in glaberous beneath
the leaves. The latter, occurring farther inland, is
finely hairy on the underside of the leaves
(Brayshaw 1996). The species is not known to
have naturalized outside its native range.

Ecology.—Snowbush ceanothus is a member of a
large number of plant associations (Anderson
2001). It favors well-drained soils and is
susceptible to root rot in more poorly drained
conditions (Hansen 2002). These are moderately
acid to neutral, often rocky or gravely soils, poor
in nutrients, and of granitic parent material. The
taproot penetrates 1.8 to 2.4 m deep (Pollock
2003), and with the moisture-conserving leaf
structure, impart the plant a great deal of drought
resistance. Snowbush ceanothus grows in
relatively low coastal habitat and in mountain sites
up to 2,900 m in elevation (Welsh and others
1987). Although found on all aspects, it is more
likely to occur on southerly exposures (Anderson
2001). Precipitation and length of growing season
vary a great deal because of the wide elevational
and latitudinal range of the species. Snowbush
ceanothus is a pioneer species. Large numbers of
seedlings often appear after logging and especially
after fires. The species generally grows in small to
large thickets, usually as the dominate species. It
develops best in full sun but can persist in open
forest stands. It grows more rapidly than conifer
seedlings and will suppress them for a time.
However, after 10 to 75 years, conifers overtop it,
and its vigor and abundance declines (Pollock
2003).

Reproduction.—Snowbush ceanothus flowers
from May through July and the fruits mature in



August and September (Banner 2002). The flowers
are pollinated by at least bees (Clark 1976). There
is an average of 207,000 seeds’kg. When seeds
mature, beginning in August, they are ejected from
the pod and dispersed a short distance (Anderson
2001). Good seed production begins when plants
are about 8 years old. As many as 1,250,000
seeds/ha/year can be produced. However, as much
as 99 percent of the annual seed crop can be
consumed by ants, birds, and rodents. (Pollock
2003). Seeds still accumulate in large numbers in
the soil seed bank and can apparently remain
viable for 200 to 300 years until conditions
become favorable. Germination is epigeal (Reed
1974). Heat, as from forest fires, appears to scarify
the seeds. Burned or damaged plants sprout from
the root crown. Layering also occurs when
branches come in contact with the soil (Anderson
2001).

Growth and Management.—The natural life
span of snowbush ceanothus is longer than 25
years, and plants sometimes reach 50 years old.
However, stands sometimes begin to deteriorate
after 15 years (Anderson 2001). A 17-year-old
stand in the Cascade Mountains in Oregon
contained over 4,000 stems/ha and averaged
34,000 kg/ha of above-ground biomass (Pollock
2003). Seeds may be sown in the late summer and
will germinate in the spring. Pretreatments are
necessary for good germination of spring-planted
seeds. A hot water soak (90 °C until the water
cools) followed by cold stratification at 1 to 5 °C
for 30 to 90 days. Seeds should be sown in flats at
depths of twice the diameter of the seed in
amended mineral soil. Germination may be as high
as 82 percent. Seedlings should be pricked into
pots when they have gained several sets of true
leaves (Reed 1974). Plants can be propagated with
stem cuttings. Survival of transplanted seedlings is
low (about 9 percent). Small seedlings survive
better than large ones (Pollock 2003). Snowbush
ceanothus stands are difficult to control. Broadleaf
herbicides such as 2,4-D tend to top-kill rather
than eliminate it. Opening the brush canopy also
allows seeds to germinate and grow. Glyphosate
and hand slashing result in greater densities of the
species in the long run (Anderson 2001).

Benefits.—Snowbush ceanothus adds to the
beauty of the forest, helps protect the soil,
furnishes food and cover for wildlife, and is a
useful ornamental and medicinal plant. The
species is little used by cattle and horses. Sheep
browse it only when other forage is unavailable.
Deer and elk browse snowbush ceanothus year-

round, although it makes up only a small portion
of their diet. It is important fall and winter moose
browse in some areas. It has an in vitro dry matter
digestibility of about 57 percent and a crude
protein content of 7 to 18 percent (Anderson
2001). Snowbush ceanothus is important resting
and escape cover for many types of wildlife
(Pollock 2003). Nitrogen is fixed by actinomycetes
of the genus Frankia in root nodules (Dalton
1997). Snowbush ceanothus makes a beautiful and
hardy ornamental that can be pruned and shaped
(Hansen 2002). Native Americans used the leaves
as a deodorant, smoke of the plant to kill bedbugs,
and decoctions to treat flu, pain, and gonorrhea
(Moerman 1986). They also used the leaves as a
tobacco substitute (Pollock 2003).
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Celastrus orbiculatus Thunb.
CELASTRACEAE

Celastrus articulatus Thunb.
Celastrus insularis Koidz.
Celastrus jeholensis Nakai
Celastrus lancifolius Nakai

Synonyms:

oriental bittersweet

Celastrus stephanotiifolius Makino

Celastrus strigulosus Nakai
Celastrus tatarinowii Rupr.
Celastrus versicolor Nakai

Jinshuang Ma and Gerry Moore

General Description.—Oriental bittersweet is the
name used most often in North America to refer to
this nonnative vine. Other common names include
Asian or Asiatic bittersweet and round-leaved
bittersweet. The woody roots can be up to 2 cm

thick and are yellow to orange. Oriental
bittersweet is multistemmed with brown, round
twigs; the pith is solid and white. It can behave
like a shrub but it is usually a climbing woody vine
that can reach up to 20 m in height. Oriental
bittersweet is able to climb and effectively cover
other woody vegetation. The plant lacks tendrils or
aerial roots. The leaves of oriental bittersweet are
deciduous, alternate, spiral, stipulate, and measure
(including the petiole) 2.8 to 13.7 by 2.9 to 7.6 cm,
with the blades suborbicular to broadly obovate in
outline with crenulate to serrulate margins. The
leaf blades can have white hairs along the midvein
on the underside but are otherwise glabrous; the
lateral veins are ascending. The leaf scars are flush
with the stem, not raised. The small, greenish-
white, five-parted flowers are in axillary cymes of
three or four functionally unisexual flowers, with
the partially fused sepals 3 to 7 by 1 to 2 mm and

the petals 2.6 to 5.0 by 0.9 to 2.0 mm. The
functional male flowers have five stamens about as
long as the petals and a vestigial pistil. The
functional female flowers have a syncarpous pistil
with a three-lobed stigma, short columnar style,
and well-developed superior ovary. The fruit of
Oriental bittersweet is a bright orange, three-
valved, globose capsule, with each valve covering
one or two seeds that are enclosed in a fleshy,
crimson aril. The seeds (sans aril) are smooth, light
orange, oblong, 2.5 to 2.6 mm by 1.5 to 1.6 mm
(Clemants 2003). The genus name is derived from
the ancient Greek name Celastros (Kelastros),
which in Greek was applied to a different
Mediteranean evergreen tree probably in the genus
now known as Phillyrea (Rehder 1940).

Range.—Oriental bittersweet is native to east Asia
in Japan, Korea, and China, its southern limit
occurring along the Yangtze River watershed in
China. In its native range it occurs in areas with
elevation ranges from 450 to 2200 m (Cheng and
Huang 1999). The plant has become widely
established in the Eastern United States, occurring
in 25 states (Shetler and Orli 2000, USDA 2003).
It is also known in Canada from Ontario and
Quebec (Scoggan 1978).

Systematic Botany.—Oriental bittersweet is
similar to American Dbittersweet (Celastrus
scandens L.), and can be distinguished from it on
the basis of its leaves and inflorescences (Hou
1955). The leaves of oriental bittersweet are
suborbicular to obovate and are usually less than
twice as long as wide, whereas the leaves of
American bittersweet are elliptic to oblong and are
usually twice as long as wide. The flowers (and
fruits) of oriental bittersweet are in short axillary
clusters; the flowers (and fruits) of American
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bittersweet are in long terminal clusters. Both
species have the same chromosome number (n =
23; Bowden 1945) and they can be hybridized
(White and Bowden 1947, Pooler and others
2002). The presence of some intermediate material
in the wild with both axillary and terminal
inflorescences has led to the speculation that the
two species may hybridize in the wild (Dreyer and
others 1987, Mehrhoff in Pooler and others 2002).
Some spell the specific epithet “orbiculata” instead
of “orbiculatus” used here. This is because
botanists disagree as to whether the genus name
Celastrus L. should be treated as feminine
(“orbiculata”) or masculine (“orbiculatus”) (Paclt
1998). In classical Greek, the generic name was
treated as feminine; however, Linnaeus treated the
genus as masculine. The matter is now being
reviewed by a formal nomenclatural committee
(Brummitt 2000).

Ecology.—Oriental bittersweet grows in a wide
variety of habitats, including, dune thickets,
fencerows, forests, forest edges, and roadsides. It
seems to do particularly well in disturbed habitats
(Dreyer 1994, Steward and others in press). This
species was perhaps first introduced in the New
World during the 1860s and was later popularized
for ornamental plantings (Patterson 1973, Rehder
1940). Oriental bittersweet is an aggressive
invader that can dominate all vegetation levels of
forested and open areas (Bergmann 2003). It
grows over other vegetation, completely covering
it. It can kill other plants by preventing them from
photosynthesizing and through girdling and
uprooting. Based on its native range and habitat
types, Oriental bittersweet can be expected to
spread to additional areas in the United States and
Canada (J. Ma, personal observation). Oriental
bittersweet is a shade tolerant species, able to
acclimate to low light levels under heavy shading
and grow explosively if shading is reduced. Once
large clones are established, it is difficult to
eliminate since it has developed such an extensive
root system. While oriental bittersweet is
spreading and increasing in abundance, the native
American bittersweet is concurrently declining
(Dreyer and others 1987, Forman and Stark 2001,
Steward and others in press). Pooler and others
(2002) have hypothesized that the spread of
Oriental bittersweet and its hybridization with
American bittersweet may be threatening the
genetic identity of the American bittersweet. The
very properties—faster growth (Bailey 1922,
Rehder 1940), greater fecundity (Clemant and
others 1991, Dreyer and others 1987, Hart 1928),
greater tolerance of environmental heterogeneity
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(Baker 1974, Newsome and Noble 1986, Sakai
and others 2001)-that made early horticulturists
prefer oriental bittersweet over American
bittersweet (C. scandens L.) are the same
characteristics that enable oriental bittersweet to be
an extremely successful invasive plant.

Reproduction.—Oriental bittersweet blooms in
the spring and is pollinated by hymenopterous
insects, especially bees, although wind may also
be involved (Brizicky 1964). The fruit ripens in
the fall. The seeds are dispersed by birds and small
mammals (Dreyer 1994). Humans are also
important dispersal agents since the fruiting stems
are commonly used in dried flower arrangements
and subsequently discarded in compost and brush
piles (Dreyer 1994). Oriental bittersweet can also
reproduce asexually through root suckering.

Growth and Management.—Due to the plant’s
highly invasive nature, it is not recommended that
this plant be grown. Small infestations can be
controlled by cutting the stems and removing the
roots. Larger infestations require the application of
glycophosphate herbicides (Miller 2002).
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Celastrus scandens L.
CELASTRACEAE

Synonyms:  Celastrus bullata L.

American bittersweet

Euonymoides scandens (L.) Medic.

Jinshuang Ma and Gerry Moore

Illustration source: Britton and Brown 1897

General Description.—American bittersweet is
the name used most often in North America to
refer to this native vine. Other common names
include climbing orange root, false bittersweet,
fever twig, staff-tree, waxwork, and yellow-root
(Dillingham 1907). The woody roots can be up to
2 cm thick and are yellow to orange. American
bittersweet is multistemmed with brown, round
twigs; the pith is solid and white. It can behave
like a shrub but it is usually a climbing woody vine
that can reach up to 10 m in height. The plant lacks
tendrils or aerial roots. The leaves of American
bittersweet are deciduous, glabrous, alternate,
spiral, stipulate, and measure (including the
petiole) 4.5 to 14.8 by 2.7 to 5.5 cm, with the
blades elliptic to ovate in outline with serrulate
margins. The lateral veins are ascending. The leaf
scars are flush with the stem. The small, greenish-
white, five-parted flowers are in terminal racemes
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of 14 to 50 functionally unisexual flowers, with
the partially fused sepals 3 to 7 by 1 to 2 mm and
the petals 1.8 to 4.0 by 0.9 to 1.2 mm. The
functional male flowers have five stamens about as
long as the petals and a vestigial pistil. The
functional female flowers have a syncarpous pistil
with a three-lobed stigma, short columnar style,
and well-developed superior ovary. The fruit of the
American bittersweet is a bright orange, three-
valved, globose to ellipsoid capsule, with each
valve covering one or two seeds that are enclosed
in a fleshy, crimson aril. The seeds (sans aril) are
smooth, light orange, ellipsoid, 3.5 to 4.5 by 1.8 to
2.0 mm (Clemants 2003). The genus name is
derived from the ancient Greek name Celastros
(Kelastros), which in Greek was applied to a
Mediterranean evergreen tree probably in the
genus now known as Phillyrea (Rehder 1940).

Range.—American bittersweet has been reported
throughout most of the United States, except
Florida and the Western States of Arizona,
California, Colorado, Idaho, Nevada, New
Mexico, Oregon, Utah and Washington (USDA.
2003). It is also known in Canada from Manitoba,
New Brunswick and Quebec (Scoggan 1978).
Reports (Bailey 1949, Britton and Brown 1897) of
this plant from New Mexico (then a territory with
the same area as the present state) are probably in
error. No voucher specimens exist for these reports
and there has been no other report of American
bittersweet from New Mexico.

Systematic Botany.—American bittersweet is
similar to the Oriental bittersweet (Celastrus
orbiculatus Thunb.) and can be distinguished from
it on the basis of its leaves and inflorescences
(Hou 1955). The leaves of American bittersweet
are elliptic to oblong and are usually twice as long
as wide, whereas the leaves of Oriental bittersweet
are suborbicular to obovate and are usually less
than twice as long as wide. The flowers (and
fruits) of American bittersweet are in long terminal
clusters; the flowers (and fruits) of Oriental
bittersweet are in short axillary clusters. Both
species have the same chromosome number (n =



23, Bowden 1945) and they have been hybridized
(White and Bowden 1947, Pooler and others
2002). The presence of some intermediate material
in the wild with both lateral and terminal
inflorescences has led to the speculation that the
two species may hybridize in the wild (Dreyer and
others 1987, Mehrhoff in Pooler and others 2002).

Ecology.—American bittersweet grows in a wide
variety of habitats, including dune thickets,
fencerows, forests, forest edges, and roadsides.
The native American bittersweet is declining,
while the nonnative Oriental bittersweet (Celastrus
orbiculatus Thunb.) is spreading and increasing in
abundance (Dreyer and others 1987, Forman and
Stark 2001, Steward and others in press). Pooler
and others (2002) have hypothesized that the
spread of Oriental bittersweet and its hybridization
with American bittersweet may be threatening the
genetic identity of the American bittersweet. The
very properties--faster growth (Bailey 1922,
Rehder 1940), greater fecundity (Clemant and
others 1991, Dreyer and others 1987, Hart 1928),
greater tolerance of environmental heterogeneity
(Baker 1974, Newsome and Noble 1986, Sakai
and others 2001)--that made early horticulturists
prefer Oriental Dbittersweet over American
bittersweet are the same characteristics that enable
Oriental bittersweet to outcompete American
bittersweet.

Reproduction.—American bittersweet blooms in
the spring and is pollinated by hymenopterous
insects, especially bees, although wind may also
be involved (Brizicky 1964). The fruit ripens in
the fall. The seeds are dispersed by birds and small
mammals (Dreyer 1994). American bittersweet
can also reproduce asexually through root
suckering.

Growth and Management.—American
bittersweet does well in many conditions. It is a
rapid grower, adding up to several meters in one
growing season. Adequate sun is important for
fruit production. It can be planted in Hardiness
Zones 3 to 8, in soils with pH ranges from 3.7 to
6.5. It cannot tolerate saturated soils. Propagation
can be effected either through layering or seed
(Chittenden and Synge 1956). Seeds should be
stratified in the dark at about 4 °C for 3 months
(Young and Young 1992)

Benefits.—The branches of American bittersweet
were used by Native Americans, including the
Chippewa, as a last resort food source (Dillingham
1907, Palmer 1871). The leaves have been

reported as being poisonous to cattle (Brizicky
1964). Fruiting stems of the species are often used
in dried arrangements.
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Celtis reticulata Torr.
ULMACEAE

Synonyms:  Celtis douglasii Planch.

netleaf hackberry

C. occidentalis L. var. reticulata (Torr.) Sarg.
C. laevigata Willd. var. reticulata (Torr.) L. Benson

Ann M. DeBolt

Illustration credit: J.R. Janish in Hitchcock and
others 1964.

General Description.—Netleaf hackberry is also
known as western or Douglas hackberry. It is a
deciduous shrub to small tree from 3 to 20 m tall.
Near the northern edge of its range in Idaho, its
maximum height is 12 m (DeBolt and McCune
1995). This species’ growth form varies from a
singular, reasonably straight-stemmed tree to a
gnarled shrub with multiple stems. The bark is
gray, hard, and moderately thick, forming
protruding corky ridges with age (Elias 1980).
Leaves are 3 to 9 cm long, alternate, simple, ovate
to ovate lanceolate, and somewhat leathery with
scabrous surfaces and entire to serrate margins.
The specific epithet reticulata comes from the

reticulate or netlike pattern of prominent venation
on the leaf underside (Lanner 1983). Twigs and
leaves are frequently infested by insect galls, but
vigor is not seriously affected (Hayward 1948).
The small, green, apetalous, polygamo-
monoecious flowers number from one to several in
the leaf axils. Pea-sized fruits are fleshy, reddish-
orange to purple globose drupes, each with a
single large seed. Some authorities consider the
highly variable netleaf hackberry to be a variety of
sugarberry (C. laevigata Willd.) (Natural
Resources Conservation Service 2003, Stephens
1973). Others recognize many intergrading forms,
and it is possible that future distribution maps of
C. reticulata, if the name is retained, will not
resemble those available today.

Range.—Netleaf hackberry is found east of the
Cascade and Sierra Nevada Mountains from
central Washington south to northern Mexico and
east to central Kansas, Texas, and Oklahoma
(Lanner 1983, Little 1976).

Ecology.—At elevations ranging from 100 to
2,000 m, netleaf hackberry grows in a variety of
habitats including mountain shrub, deciduous
riparian woodlands, live oak-mixed shrub and
wash scrub communities, rocky ravines, and as
scattered individuals in semi-desert grasslands,
pinyon-juniper, and Joshua tree woodlands (Albee
and others 1988, Brown 1982, Carmichael and
others 1978, Plummer 1977). Populations can be
small or highly localized, particularly at the
northern latitudes (Daubenmire 1970), or they can
comprise the dominant vegetation matrix. On the
Edwards Plateau of Texas, netleaf hackberry
grows as an overstory codominant in many
riparian woodlands (Van Auken and others 1979).
A hackberry association was presented by Dick-
Peddie and Hubbard (1977) for the mixed
deciduous series of their riparian classification
scheme for New Mexico, and several ecologists
have recognized it as a vegetation type on the
lower Snake and Salmon Rivers in Idaho and
Oregon (Huschle 1975, Tisdale 1986), where
warm canyons are adequate for its existence. At
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northern latitudes stands are often associated with
rock (DeBolt and McCune 1995), which provides
extra moisture and some protection from wildfire.

Reproduction.—Wind-pollinated, nonshowy
flowers appear in spring, just before or as the
leaves unfold, depending on latitude. Fruits ripen
from September to November and persist on the
trees until midwinter. They are dispersed by birds,
rodents, and other small mammals. Netleaf
hackberry exhibits low germination percentages
(37 percent) and high seed dormancy (Bonner
1974). Seeds are hard and thick-walled, probably
the major impediment to rapid germination.
Germination is epigeal. Dormancy can be
overcome with stratification at 5 °C in moist sand
or other suitable media for 120 days (Bonner
1974).  Mechanical  scarification  enhances
germination after 45 days (DeBolt 1992). Netleaf
hackberry can reproduce vegetatively by sprouting
from the root crown, stem base, or lateral roots. It
can also be propagated by cuttings (Bonner 1974).

Growth and Management.—Seedlings establish
from animal-, gravity-, or water-dispersed
propagules in sites free of herbaceous competition,
often in rocky areas or in the duff of an existing
stand. Plummer (1977) found netleaf hackberry
useful in stabilizing disturbed areas in pinyon-
juniper and mountain brush types of Utah. In
Texas and Arizona, it is increasingly being used
for riparian restoration and wildlife plantings. It
currently receives limited use in artificial plantings
in the northern portion of its range, though once
established, young plants are hardy and persistent.
Netleaf hackberry is generally slow-growing, but
plants may live for 300 to 400 years (DeBolt and
McCune 1995).

Benefits.—Netleaf hackberry provides cover and
food for a host of wildlife species. Its fruits are
particularly important for birds during winter
(Hayward 1948, Lanner 1983), and its leaves and
twigs are browsed by bighorn sheep, mule deer,
whitetail deer, elk, and occasionally by livestock.
It could be used more widely for domestic
landscaping as it requires little maintenance and is
drought tolerant. Its hard wood is still used today
on a limited basis for tool handles and firewood.
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Cephalanthus occidentalis L.
RUBIACEAE

Synonyms:

Kristina Connor

General Description.—Buttonbush, also known
as buttonball, button willow, common buttonbush,
honey-bells, globe-flower, and riverbush, is a
deciduous, wetland shrub or small tree that can
reach 6 m in height but generally averages 1 to 3
m tall. The trunk base is often swollen (Snyder
1991). Branches are generally green when young
but darken upon maturity and have conspicuous,
raised lenticels (Brown and Kirkman 1990). The
short-petioled glossy green leaves are elliptic or
lanceolate-oblong; they are mostly opposite but,
on the same plant, can occur in whorls of three or
four. Leaves range in size from 7 to 18 cm in
length and are 4 to 10 cm wide.

Range.—Buttonbush is common along stream and
pond borders, in swamps, floodplains and other
riparian areas throughout the eastern half of the
United States. It occurs naturally in southern Nova
Scotia, New Brunswick, Quebec, and Ontario as
well as through the eastern half of the Great Plains
States; scattered populations and varieties are
found in Arizona, New Mexico, southern
California, and Texas. It also grows in Mexico,

buttonbush

Cephalanthus berlandieri Wernh.

Cuba, Central America, and in the West Indies

(Little 1979). Recognized varieties are C.
occidentalis L. var. californicus Benth., C.
occidentalis  var. pubescens Raf,, and C.

occidentalis var. angustifolius Dippel.

Ecology.—Buttonbush is a wetland species that
cannot tolerate drought. It commonly grows in
thickets in areas that have intermittent flooding.
The open, rangy plant is not particularly attractive
and is seldom found in cultivation today, although
Van Dersal (1938) and Vines (1960) reported that
it was cultivated as early as 1735 as a honey plant.
The creamy white summer flowers of buttonbush
attract butterflies, honeybees, and hummingbirds.
While it is common in natural environments, its
habitat is threatened in California and it grows
poorly along manmade waterways (Holstein
1984). Faber-Langendoen and Maycock (1989)
state that buttonbush abundance increases with
increasing depth of water and light levels, while
Holstein (1984) suggests distribution may be
limited by mean July temperatures of 20 °C. It is
classified as a pioneer species and grows best in
wet areas that receive full sun. It is able to tolerate
some salinity that might result from hurricane
storm surges but will not survive long-term
exposure to salt water (McCarron and others
1998).

Reproduction.—The perfect, creamy white
terminal and axillary flowers of buttonbush occur
in dense spherical heads 2 to 3.5 cm in diameter.
The flower balls stand on stalks that are 5 cm long.
The fragrant individual flowers have corollas 6 to
10 mm long, with pubescent lobes, and four
stamens that extend 5 to 8 mm beyond the
corollas. Flowers are produced over a long period,
from late spring, throughout the summer months,
and into early autumn. Flowers are thought to be
self-incompatible (Imbert and Richards 1993). The
long-stemmed fruits are clusters of achenes. The
hard nutlets are 4 to 7 mm long and turn reddish-
brown when mature (August to November). Fruit
balls may persist throughout the winter. Bonner
(1974a) reported an average of 295,000 seeds/kg.
Seeds are high in carbohydrates (Bonner 1974b).



Longevity of seeds in storage is unknown but they
are thought to be orthodox. Thus, if seeds are dried
to a moisture content of 12 percent or less, they
can be stored under refrigeration for long periods
(Roberts 1973). Germination is epigeal, cotyledons
forced above ground, and no pretreatment is
required. DuBerry (1963) and Bonner (1974a)
reported germinations from 78 to 86 percent while
Vines (1960) reported a low germination
percentage. Seeds may be transported by animals,
birds, or by water. Buttonbush may also be
propagated from tip cuttings in the spring or
mature-wood cuttings in the winter.

Growth and Management.—Buttonbush is a fast
growing but short-lived shrub. It can be used as a
landscape shrub border but if not planted in moist
soil, it must be watered frequently. It must also be
pruned to maintain a good form. In nature,
buttonbush occurs in dense thickets. It will
resprout after fire (Vogl 1973, Wade and others
1980). It has no reported pest problems but is
moderately sensitive to herbicides. Thickets can be
reduced by cutting.

Benefits.—Buttonbush seeds are an important
food for water birds but can be toxic to other
animals (Snyder 1991). Dense buttonbush thickets
provide a safe nesting ground for many wetland
birds. Buttonbush also serves as a source of honey
for butterflies, bees, and hummingbirds. A
decoction of the inner bark was used by Native
Americans as an emetic. The bark was also used as
a substitute for quinine. The wilted leaves, which
contain  bitter  glycosides, cephalin  and
cephalanthin (ACES 2001), are reportedly toxic to
some animals, especially cattle that eat them when
other foliage is scarce. However, buttonbush
leaves are eaten by deer (Bramble and Goddard
1943), apparently with no ill effects. Other plant
parts are less toxic.

References

ACES, Alabama Cooperative Extension System.
2001. Poisonous Plants of the Southeastern
United States.ANR-975 http://www.aces.edu/
dept/extcomm/ publications. 56 p.

Bonner, F.T. 1974a. Cephalanthus occidentalis L.,
common buttonbush. In: C.S Schopmeyere,
tech. coord. Seeds of woody plants in the United
States. United States Department of Agriculture
Forest Service Agriculture Handbook 450,
Washington, D.C. 883 p.

Bonner, F.T. 1974b. Chemical components of
some southern fruits and seeds. United States
Department of Agriculture Forest Service Res.
Note SO-183, New Orleans. 3 p.

Bramble, W.C. and M.K. Goddard. 1943. Seasonal
browsing of woody plants by white-tailed deer
in the bear oak forest type. Journal of Forestry
41(7): 471-475.

Brown, C.L. and LK. Kirkman. 1990. Trees of
Georgia and adjacent states. Timber Press,
Portland, OR. 292 p.

DuBerry, A.P., Jr. 1963. Germination of
bottomland tree seed while immersed in water.
Journal of Forestry 61: 225- 226.

Faber-Langendoen, D. and P.F. Maycock. 1989.
Community  patterns and  environmental
gradients  of  buttonbush,  Cephalanthus
occidentalis, ponds in lowland forests of
southern Ontario. Canadian Field-Naturalist
103(4): 479-485.

Holstein, G. 1984. California riparian forests:
deciduous islands in an evergreen sea. In: R.E.
Warner and K.M. Hendris, eds. California
riparian systems: Ecology, conservation, and
productive management Proceedings of a
conference; 1981 Sept. 17-19, Davis CA.
University of California Press, Berkeley, CA.
p. 2-22.

Imbert, F.M. and J.H. Richards. 1993. Protandry,
incompatibility, = and  secondary  pollen
presentation in  Cephalanthus occidentalis
(Rubiaceae). American Journal of Botany 80:
395-404.

Little, E.L., Jr. 1979. Checklist of United States
trees (native and naturalized). Agriculture
Handbook 541. United States Department of
Agriculture, Forest Service, Washington, D.C.
375 p.

McCarron, J.K., K.W. McLeod, and W.H. Conner.
1998. Flood and salinity stress of wetland
woody species buttonbush (Cephalanthus
occidentalis) and swamp tupelo (Nyssa sylvatica
var. biflora). Wetlands 18: 165-175.

Roberts, E.H. 1973. Predicting the storage life of
seeds. Seed Science and Technology 1: 499-514.

171



Snyder, S.A. 1991. Cephalanthus occidentalis. In:
United States Department of Agriculture, Forest
Service, Rocky Mountain Research Station Fire
Sciences Laboratory. Fire Effects Information
System, http://www.fs.fed.us/database/feis. 10 p.

Van Dersal, W.R. 1938. Native woody plants of
the United States: their erosion-control and
wildlife values. United States Department of
Agriculture Miscellaneous Publication 393,
Washington, D.C. 362 p.

172

Vines, R.A. 1960. Trees, shrubs, and woody vines
of the Southwest. University of Texas Press,
Austin, TX, 1,104 p.

Vogl, R.J. 1973. Effects of fires on the plants and
animals of a Florida wetland. American Midland
Naturalist 89: 334-347.

Wade, D., J. Ewel, and R. Hofstetter. 1980. Fire in
South Florida ecosystems. United States
Department of Agriculture  Forest Service
General Technical Report SE-17. Asheville, NC.
125 p.



Cercocarpus intricatus Wats.
ROSACEAE

Synonyms:

Stanley G. Kitchen

General Description.—Littleleaf  mountain-
mahogany, also known as little leaf cercocarpus
and dwarf mountain-mahogany, is a long-lived,
unarmed, intricately branched and occasionally
tree-like, evergreen shrub. Height of mature plants
varies from 0.5 to 2.5 m. Mature bark is smooth
and light gray. Dark brown heartwood is dense and
extremely hard. Persistent leaves are 3 to 18 mm
long, 0.8 to 1.4 mm wide (oblong to linear) and
leathery with strongly revolute margins (Welsh
and others 1987). Leaf pubescence varies from
glabrous to villous. Perfect, apetalous flowers, 3 to
9 mm long, occur singularly or in small clusters

littleleaf mountain-mahogany

Cercocarpus ledifolius var. intricatus (Wats.) Jones
Cercocarpus arizonicus Jones

arising primarily from short spur branchlets on
second-year growth. Hard, light brown fruits are
cylindrical achenes, approximately 1 mm wide and
4 to 10 mm long with a persistent twisted or
spiraling tail (style) 1 to 3 cm long (Welsh and
others 1987). Fruit body and especially the tail are
covered with short (1 mm) hairs that extend from
the axis when dry and facilitate wind dispersal.

Taxonomy.—The evolutionary process by which
Littleleaf mountain-mahogany segregated from
curlleaf mountain-mahogany (C. ledifolius Nutt.
var. ledifolius) appears to still be in progress with
intermediates between the species widespread
(Stutz 1990). The shorter and more compact
littleleaf mountain-mahogany is more drought
tolerant, has fewer stamens and shorter tails on
fruits than does curlleaf mountain-mahogany
(Stutz  1990). Although hybridization occurs
between the two species, littleleaf mountain-
mahogany appears to exhibit much greater
reproductive  isolation from true mountain
mahogany (C. montanus Raf.) than does its
ancestral species (Stutz 1990). Walker and Turley
(1999) cited examples of hybrids between littleleaf
and true mountain-mahoganies, suggesting that a
lack of hybridization may be due, at least in part,
to limited interspecies contact.

Range.—Littleleaf mountain-mahogany is found
throughout most of Nevada and Utah and in parts
of eastern California, northern Arizona, and
extreme western Colorado at elevation of 900 to
3,000 m (Davis 1990). Limited populations have
also been reported for New Mexico and Wyoming
(NatureServe Explorer 2002).

Ecology.—Within desert shrub, pinyon-juniper,
and mountain brush communities, littleleaf
mountain mahogany is typically found rooted in
cracks and crevices of exposed sedimentary and
metamorphic  rocks; commonly limestone,
dolomite, and quartzite in the Great Basin and
sandstone in the Colorado Plateau (Davis 1990). It
is also found in shallow, poorly developed soils
derived from these substrates. It grows best in full
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sun. Soil pH of littleleaf mountain-mahogany
habitat is neutral to slightly basic, (Fairchild and
Brotherson 1980). Annual precipitation is 200 to
500 mm. Although undocumented, it is believed
that this species possesses nitrogen fixing root
nodules similar to those reported for close relatives
(Davis 1990). Littleleaf mountain-mahogany is
browsed heavily by wild ungulates and domestic
sheep when it can be reached.

Reproduction.—Flowering occurs from mid-May
to late June (Walker and Turley 1999). Fruits ripen
and disperse in July and August. Years of
abundant seed production are rare. A high
percentage of empty fruits is common. Plummer
and others (1968) reported 112,000 cleaned seeds
(fruits with tails removed) per kg. Seed dispersal is
by wind.

Growth and Management.—Although
information on seed germination for this species is
lacking in the literature, primary dormancy at seed
dispersal is probably similar to that of curlleaf
mountain-mahogany. Kitchen and Meyer (1990)
observed almost no germination for this species
without prechill (1 °C). They reported germination
of six seed collections after 6 weeks of prechill
ranged from 53 to 96 percent of viable. Seedling
growth rate is slow, and plants require 10 to 30
years to reach maturity. Management alternatives
for littleleaf mountain-mahogany are limited due
to the nature of the sites it occupies.

Benefits.—Littleleaf mountain-mahogany
provides cover and year-round forage on harsh
landscapes. It is of particular value to native
ungulates that depend on rugged escape terrain
such as mule deer (Ococolius hemionus), bighorn
sheep (Ovis Canadensis), and mountain goat
(Oreamnos americanus).
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Cercocarpus ledifolius Nutt.
ROSACEAE

Synonyms: None

Christopher Ross

General  Description.—Curl-leaf  mountain
mahogany is a large-sized shrub to small or
medium tree. Young stems are smooth and gray,
becoming rough and brown in mature specimens,
and often scaly in older trees. The evergreen leaves
are narrowly lanceolate, often revolute, about 1 to
1.5 cm long with a 1- to 3-mm petiole. They are
densely white-wooly underneath. (Lis 1993). The
trees are extremely long lived in the absence of
external sources of mortality and are often by far
the oldest members of the communities in which
they occur (Ross 1999).

Range.—Curl-leaf ountain mahogany is widely
distributed in North America, from Montana to
Baja California and from near the Pacific Coast in
southwestern Oregon to the Bighorn Mountains in
Wyoming and near Chadron, Nebraska. It occurs at
elevations of 610 to 1,372 m in the north, and to
3,000 m or higher in the south (USDA USFS 1937,
Martin 1950).

Ecology.—Curl-leaf mountain mahogany occurs in
a variety of plant associations, including sagebrush,

curl-leaf mountain mahogany

pinyon/juniper, scrub oak/mountain brush, aspen,
ponderosa, jeffrey and other pines, and spruce/fir
(Martin 1950, Ross 1999). It occurs on a wide
variety of soils (Davis and Brotherson 1991),
including decomposed granite and limestone,
altered andesites (Billings 1976) and others. Curl-
leaf mountain mahogany often occurs in rock
outcrops and talus slopes with no apparent soil
development. In pine and spruce/fir forests it may
eventually be overshadowed by tall trees and
shaded out. It often forms dense, closed canopy
stands that permit little understory or interspecific
competition. Sapsuckers and other woodpeckers
may attack intermediate age class trees, girdling
the stems and causing extensive stand mortality in
some cases (Ross 1999). Other predators include
the bark beetle Renoci’s heterodoxus (Kraft 1960)
and the leaf defoliater Anacamtodes clivinavia
profanata (Furniss and Barr 1969). A variety of
other insects also attack the species at times.

Reproduction.—Flowers are one to three per
inflorescence, axillary, and more or less sessile,
with a straight stigma and 15 to 25 stamens. Fruits
are unusual for a member of the rose family, 4 to 8
mm long, hard, with a 2.4 to 3.5 cm plume style
(Lis 1993). Seed production is episodic but may be
very heavy at times, with the seeds forming drifts
beneath trees. Seed predation by insects in fall may
be nearly complete at times (Dealy 1975).
Reproduction is sporadic, occurring usually on bare
mineral soil, including fresh road cuts, but very
uncommon in established plant communities. The
increase in cheatgrass (Bromus tectorum L.) and
other annuals over its range has apparently reduced
reproduction in many areas (Ross 1999). Under
established stands, germination is common but the
seedlings usually damp off and die (Ross 1999).
Episodic regeneration and mortality, especially
from fire and sapsuckers, may create even-aged
stands with almost no diversity of age class.

Fire Effects.—Although curl-leaf mountain
mahogany is sometimes referred to as a weak
resprouter after fire, this is very uncommon. In the
western Great Basin, it is invariably killed by fire
regardless of intensity, and never resprouts. Even
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very light burns that do no apparent damage to
mature trees result in full mortality within 1 year.
Closed mature stands may have insufficient
understory to carry fire, so that the fire and
resulting mortality are confined to the edges of the
stands. Regeneration by seed may occur after fire
if the soil is not colonized by other species. In
some cases, the resulting stands occupy essentially
the same area as the burned stand. Historic fire
lines and burns are often clearly demarcated by the
sharp boundaries of living stands. The wood is
rarely consumed by fire and often persists for
decades after, offering precise information about
past distribution and age classes. With changes in
fire intensity and return interval, usually related to
increases in exotic annuals, curl-leaf mountain
mahogany in many areas is decreasing and is
increasingly restricted to higher elevations, steeper
slopes, and cooler aspects (Ross 1999).

Growth and Management.—Although curl-leaf
mountain mahogany is very long lived and
eventually assumes a tree form, young specimens
grow quickly as multistemmed shrubs. Stands are
typically composed of a single age class, perhaps
with younger specimens on the edges. It may be
readily grown from seed for transplanting, although
young transplants are attractive to rodents,
lagomorphs, and large game. Seed collection is
easily done, although the hairy styles are a strong
respiratory and skin irritant. Management has
focused on increasing the forage production of old,
browsed stands via clipping and pruning (Davis
and Brotherson 1991), although this may result in
tree mortality (Garrison 1953, Thompson 1970).

Benefits.—Curl-leaf mountain mahogany has
found extensive use in the past as a fuel and
charcoal source. The very hard, beautiful wood
has been used for lathe work and parts for musical
instruments (Ross 1999). Living stands provide
significant blue grouse nesting habitat (Stauffer
and Petersen 1986). It is one of the few species that
meet protein requirements for wintering deer
(Welch and McArthur 1979) and is heavily favored
by bighorn sheep in summer (Rominger et al.
1988). Where present in even small amounts in
sagebrush, curl-leaf mountain mahogany allows
greater wildlife diversity and abundance than
would otherwise occur (Furniss et al. 1988). It is
also used increasingly as a commercial, residential,
and highway landscaping species.
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Cercocarpus montanus Raf.
ROSACEAE

Synonyms:

true mountain-mahogany

Cercocarpus betuloides Nutt. in T. & G.

Cercocarpus betulifolius Nutt. ex Hook.

Cercocarpus parvifolius Nutt.

Cercocarpus flabellifolius Rydb.

Stanley G. Kitchen

General Description.—True mountain-
mahogany, also known as mountain cercocarpus,
birchleaf  cercocarpus, birchleaf mountain-
mahogany, alderleaf mountain-mahogany,
blackbrush, deerbush, tallowbrush, and lintisco
(Spanish), is a long-lived, unarmed, mostly
deciduous shrub, with few to many ascending
stems generally 1 to 4 m tall and 0.5 to 5 cm in
diameter at the base. Mature bark is smooth and
light gray. Stout tap and lateral roots penetrate
deep into available soil and rock crevices. Leaves
are simple and alternate. Leaf length varies from 6
to 44 mm. Leaf blade shape is oblanceolate to
roundish with shallow forward-pointing teeth on
the terminal margin. The upper surface is glabrous
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while the lower surface is generally pubescent
(Welsh and others 1987). Perfect, apetalous
flowers, 10 to 17 mm long, occur singularly or in
small clusters arising from axiles or on short spur
branchlets along upper portions of 2-year-old
stems. Hard, pale green to light brown fruits are
pubescent, cylindrical achenes, approximately 1 to
2 mm wide and 8§ to 15 mm long with a persistent
twisted or spiraled style or tail 3 to 10 cm in
length. The numerous 1 to 2 mm long hairs present
on this appendage extend almost perpendicular to
the style axis when dry and facilitate wind
dispersal. Because of the reflective nature of these
hairs, abundant seed crops give plants a frosted
look in sunlight.

Taxonomy.—Nine varieties of true mountain
mahogany are recognized of which var. montanus
Raf. is most widespread (Marshall 1995,
NatureServe Explorer 2002). Varieties with
southwestern United States distributions include
vars. argenteus (Rydb) F.L. Martin, glaber (S.
Wats.) F.L. Martin, and the evergreen
paucidentatus (S. Wats) F.L. Martin. Closely
related species of the Southwest and Mexico
include: C. mexicanus Hendrickson, C. rzedowski
Hendrickson, and C. fothergilloides Kunth,
suggesting a southern North American origin
(Stutz 1990). Coastal California has varieties with
restricted distributions including the critically
imperiled (S1) Santa Catalina mountain-mahogany
or C. montanus traskiae (Eastw.) F.L. Martin,
which is sometimes treated as a separate species,
and the wvulnerable (S3) Island mountain-
mahogany or C. montanus blancheae (Schneid.)
F.L. Martin (NatureServe Explorer 2002). True
mountain-mahogany is known to hybridize with
other = mountain-mahogany  species  where
populations are in contact (Stutz 1990, Walker and
Turley 1999). Hybrids derived from crosses with
the more tree-like and evergreen curlleaf mountain
mahogany (Cercocarpus ledifolius var.
intermontanus N. Holmgren) are evergreen,
intermediate in stature and leaf shape, and usually



sterile. In contrast, hybrids formed with C.
ledifolius Nutt. spp. ledifolius, are quite fertile and
backcross with parent populations (Stutz 1990).

Range.—True mountain-mahogany, like other
members of the genus, is endemic to dry coastal
and interior foothills and mountains of the Western
United States and Mexico (Marshall 1995, Stutz
1990). In the United States, it is centrally located
in Colorado, Utah, and Wyoming and to lesser
degrees in South Dakota, Nebraska, Kansas,
Oklahoma, Texas, New Mexico, Arizona, Nevada,
California, Oregon, Idaho and Montana (Davis
1990, NatureServe Explorer 2002). Within its
range it grows at elevations of 1,000 and 3,000 m
(Davis 1990).

Ecology.—True mountain-mahogany grows in
solid, sometimes extensive stands, and in mixtures
in sagebrush and mountain shrublands and pinyon-
juniper woodlands. This species is also found in
openings of ponderosa pine, mixed conifer, and
aspen forests. It does best in full sun. Annual
precipitation ranges from 250 to 600 mm. Soils are
well drained, near-neutral to slightly basic, and
deep to absent (rock crevices). Nitrogen fixation in
root nodules and ectomycorrhizal facilitation of
phosphorus uptake (Hoeppel and Wollum 1971)
are probably critical for the success of this species
on infertile soils. Plants often appear hedged from
heavy winter use by wildlife. Regeneration by
crown sprouting is best after early season fires
(Marshall 1995). Ferguson (1983) suggested that
the ability to sprout following fire might be
ecotype dependent. Stand regeneration by seed is
slow.

Reproduction.—Anthesis for this wind pollinated
species occurs between April and early July
depending on elevation, latitude, and aspect. Fruits
ripen and disperse from July to October. A unique
pattern of resource partitioning is commonly
observed in which branches with few seeds and
long leader growth occur concurrently with
branches sporting many fruits and little leader
development (Walker and Turley 1999). Abundant
fruit production may occur at intervals of 1 to 10
years (Plummer and others 1968). A high
percentage of nonviable (empty) fruit is common
for this species and the genus Cercocarpus in
general. Means of 90,000 and 130,000 cleaned
seeds per kg (fruits with tails removed) have been
reported in the literature (Kitchen and others 1989,
Deitschman and others 1974). Primary seed
dispersal is by wind. However, seeds are also
gathered and likely cached by rodents. The

possible significance of rodents as secondary
dispersers of mountain-mahogany seeds is
unknown.

Growth and Management.—Although within-
plant flowering and fruit maturation are well
synchronized, some within-population asynchrony
is expected. Ripened fruits are easily dislodged
and collected by striking or shaking branches over
hand-held hoppers. Optimal season for harvest
varies from June to September. During harvest and
handling, fruit hairs dislodge and can cause
considerable discomfort to eyes and skin,
revealing the motivation for the cowboy moniker,
“hell feathers” (Plummer and others 1968).
Commercially available seed is typically cleaned
to 95 percent purity and 85 percent viability. Seeds
have been warehouse-stored for 7 years without
significant loss in viability (Stevens and others
1981). Although primary dormancy is apparently
absent for some collections of true mountain-
mahogany seed (Deitschman and others 1974),
moist chilling (stratification) treatments of 2 to 12
weeks are typically required to break dormancy
(Kitchen and Meyer 1990). In one study, seeds
germinated in chilling (2 °C) between 7 and 15
weeks of treatment (Kitchen and Meyer 1990). A
germination inhibitor may play a role in
germination regulation (Moore 1963). Laboratory
viability  evaluations using standard TZ
(tetrazolium chloride) tests can be problematic due
to difficulty in extracting undamaged embryos
from fruits (Kitchen and others 1989). Seeds are
used in restoration plantings of highly disturbed
sites (e.g. surfacing mines) and for wildlife habitat
improvement. Seedling vigor is fair and growth
rate is slow to moderate. Plants reach maturity in 5
to 15 years. Plants are tolerant of moderate to
heavy use by browsers (Turley 2000) and shoots of
true mountain-mahogany provide adequate
nutrition as winter forage for wildlife. Productivity
decreases when plants are protected from
herbivory over extended periods (Waugh 1990).
Decadent stands can be rejuvenated using light to
moderate top removal techniques such as one-way
chaining (Davis 1990). Both containerized and
bare-root stock (1 and 2 year old) is available from
select nurseries.

Benefits.—True mountain mahogany is an
important, often dominant shrub in many parts of
the Western United States. It provides valuable
winter forage for wildlife. It also provides
protection for, and increases the fertility of,
naturally occurring and human-caused (e.g. mine
spoils) infertile soils.
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Cereus greggii Engelmann
CACTACEAE

Synonyms:

night-blooming cereus

Peniocereus greggii (Engelm.) Britt. & Rose

Cereus greggii Engelmann var. roseiflorus Kuntze

Cereus pottsii Salm-Dyck

Juanita A. R. Ladyman

Illustration credit: Tonia Masaood

General Description.—The common names for
Cereus greggii are night-blooming cereus, Texas
night-blooming cereus, Arizona queen-of-the-
night, reina-de-la-noche, sweet-potato cactus, and
deer horn cactus. It is a perennial, succulent shrub
(Vines 1960). Night-blooming cereus is a Federal
Species of Concern and is listed as endangered by
the State of New Mexico (Sivinski and Lightfoot
1995, NMRPTC 2002). It is threatened by illegal
collection throughout its range. Although this plant
is cryptic and may be more common than verified
documentation suggests, many occurrences of
night-blooming cereus are known to have been
extirpated due to collection pressures, and its
range-wide abundance is believed to be declining.
Night-blooming cereus has erect or sprawling
stems that may grow to 2.4 m in length but are

typically less than 1.5 m. The gray-brown stems
are four to five ribbed and approximately 1.25 cm
in diameter. There are 11 to 13 dark spines that
tend to be swollen at the base, per areole. The
lower spines may have some white coloration. The
flower is particularly remarkable, having waxy
white, pointed “petals” with numerous white to
yellow-tipped stamens. It is fragrant and up to 5
cm in diameter and 15 cm long. The orange-red,
oblong fruit is up to 7.6 cm long and 3.8 cm in
diameter with short spines. The root is a fleshy
taproot and typically weighs 2.3 to 6.8 kg
(Weniger 1991, Earle 1963, Vines 1960). In old
plants it may be up to 0.6 m in diameter and weigh
125 lbs (Weniger 1991). In 1919 a specimen with
purplish flowers was collected in Organ, New
Mexico, but since then only plants with white
flowers have been recorded (Weniger 1969). There
are two varieties of night-blooming cereus, Cereus
greggii var. greggii and Cereus greggii var.
transmontanus. Variety transmontanus differs
from the typical variety in that the flowers are
larger, approximately 7.5 cm in diameter, and the
hypanthium is particularly spiny, and the spines
generally 1.5 to 3.0 cm long (Benson 1982, Martin
and Hutchins 1980). The hypanthium is the cup-
like enlargement of the floral axis below the calyx
that surrounds the ovary. The hypanthium of
variety greggii is covered by minute,
inconspicuous spines and the flowers are smaller.
These varieties are in need of further study
(NMNPPAC 1984). Some sources (Natural
Resources Conservation Service 2003) maintain
that the synonym, Peniocereus greggii (Engelm.)
Britt. & Rose is the correct name. Night-blooming
cereus provides an interesting evolutionary link. It
appears to possess anatomical characteristics that
are relictual from its nonsucculent, woody,
Pereskia-like ancestor (Mauseth and others 1998).

Range.—Night-blooming  cereus grows in
southern New Mexico, southeastern Arizona,
western Texas, eastern Chihuahua, northeastern
Durango, northern Zacatecas, and Coahuila,
Mexico (Kearney and others 1960, Powell 1998,
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Vines 1960). Benson (1982) defined the range of
variety transmontanus as the Arizona and Sonoran
Desert that possibly also includes Hildalgo County
in New Mexico, and that of variety greggii as the
Chihuahuan Desert of New Mexico, western Texas
and Mexico.

Ecology.—Night-blooming Cereus grows in dry
alluvial soils at elevations between 370 and 1,500
m. Again, the varieties are distinguished by variety
transmontanus growing at the lower end of the
elevation range (300 to 1,050 m) and variety
greggii growing above 1200 m (Benson 1982).
Night-blooming cereus generally grows in slightly
broken to level terrain in desert grassland or
Chihuahuan desert scrub. Typically it grows in
sandy to silty gravelly soils on upper to mid
bajadas among, depending upon the desert region,
creosotebush  (Larrea  tridentata), mesquite
(Prosopsis  glandulosa), paloverde (Cercidium
species), and knife-leaf condalia (Condalia
species). It is also commonly associated with
Ocotillo  (Fouquieria  splendens),  tarbush
(Flourensia cernua) and dropseed (Sporobolus
species). Habitat alteration such as that caused by
the high impact trampling of heavy grazing is
suspected to reduce population size (NMNPPAC
1984).

Reproduction.—As the common name suggests,
night-blooming cereus blooms only at night. Just
after dark the flowers open in a series of “jerks”
(Benson 1982). Individual flowers only bloom for
one night. The total flowering period of plants
within a population is also brief and generally all
flowers bloom within a 2-day period. However, in
unusual circumstances, flowers on different
individuals within a population may bloom
periodically over a period of almost one month.
Flowering occurs in late May into July depending
on geographic area (Earle 1963, Epple 1995,
Kearney and others 1960). The fragrance of the
flowers is pleasant, and humans can detect the
perfume of the flowers up to 30 m away from the
plant (Benson 1982, Epple 1995, Vines 1960).
Flowers are pollinated principally by hawk moths
(ASDM 2002) and possibly other night feeding
insects (Epple 1995) that search for nectar. The
flowers are not self-fertile and must be cross-
pollinated. Therefore the hawk moths (Sphingidae)
must fly hundreds of yards between the sparsely
distributed plants (ASDM 2002). In areas where
pesticides are heavily used for agriculture, the
hawkmoth populations are devastated, and most of
the flowers on plants in adjacent natural habitat
fail to fruit (ASDM 2002).
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Growth and Management.—The stems generally
grow up through, and later become supported by,
shrubs. It is likely that the shrubs provide
protection and a suitable microclimate for
germination and subsequent plant development.
Any activity that reduces shrub cover is a threat to
night-blooming cereus. Therefore, fire is a
potential hazard, although the direct effect of fire
on night-blooming cereus is not well documented.
The substantial tuberous root may provide the
plant the means to recover if the above-ground
stems are killed, and therefore, it is likely that
individual plants can tolerate light fires that do not
decimate the shrubs with which they are associated
(Thomas 1991). More severe fires that scorch and
heat the soil are likely to be more detrimental.
Herbivores such as white-throated woodrats
(packrats) and cactus borers (Cactobrosis
fernaldialis) eat the stems, but new stems soon
sprout from the tuberous root (ASDM 2002).
Many populations throughout its range have been
extirpated due to private and commercial
collection, and the time required for population re-
establishment is not known. However, although
slow growing, it is easily propagated by short stem
cuttings and from seed. Seeds of many cacti
species, including Cereus species, are subject to
physiological dormancy. For example, seeds of
Cereus griseus were dormant at maturity but
germinated after 8§ weeks in a dry environment
(Baskin and Baskin 2001). Cereus griseus seeds
have an absolute light requirement for germination
(Baskin and Baskin 2001). If the plant is dug up
for transplantation it is actually difficult to keep
alive (Weniger 1969). Apparently the root is
susceptible to fungus. Damp soil has to be
avoided, but even if root rot is prevented, the plant
tends to decline over a few years if kept in a pot or
in a greenhouse (Weniger 1969).

Benefits.—Night-blooming Cereus plants have
commercial value especially among cactus
collectors (Epple 1995). Not only is it an
aesthetically desirable cactus, but it has
considerable medicinal value. The root is generally
believed to be the organ that has medicinal
properties (Moerman 1998, Moore 1989, Powell
1998). However, the stems also have the same
properties although “more feebly” (Moerman
1998, Moore 1989, Powell 1998). Active
ingredients include penicerol, viperidone, desoxy
viperidone, viperidinone, B-sitosterol and, most
likely, caffeine (Moore 1989). It is likely that
night-blooming cereus is not unique in its
medicinal value as other species of Cereus contain
similar active ingredients (Ecdybase 2002). The



commercial toll on this species has not been
established, but wild-harvested material is
available on the Internet (Pacific West Botanicals
2002). It is called “pain in the heart” by the Death
Valley Shoshones (Moore 1989). This tribe
presumably uses it in a manner similar to Native
Americans of Nevada who ingest an infusion of
the roots as a cardiac stimulant (Moerman 1998).
Other Native Americans have used a decoction of
the roots for diabetes, the seedpods mixed with
deer fat as a salve for sores, and the cut slices of
root as an externally applied cure for chest colds
(Moerman 1998, Vines 1960). The fruits, flowers,
young stalks, and roots have been eaten for food
(Moerman 1998). This use of the root may account
for the common name “sweet potato cactus.”
Chewing the raw root has been reported to quench
thirst. Birds eat the seed and contribute to seed
dispersal (Vines 1960).
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Cestrum diurnum L.
SOLANACEAE

Synonyms:  Cestrum fastigiatum Jacq.

day jasmine

Cestrum diurnum L. var. fastigiatum (Jacq.) Stehlé in Fournet
Cestrum diurnum portoricense O.E. Schulz in Urban

John K. Francis

General Description.—Day jasmine is a single or
multistemmed shrub or rarely a small tree that is
also known as day cestrum, wild jasmine, ink-bush,
Chinese inkberry (English), dama de dia, rufiana,
galan de dia, and satco tintéreo (Spanish) (Little
and others 1974). The bark of day jasmine is nearly
smooth and gray. The inner bark is yellow-brown
and slightly bitter. The twigs are slender, greenish
gray, and sometimes drooping (Liogier 1995, Little
and others 1974). The leaves of day jasmine are
oblong or oblong-elliptic, and shiny green to
yellow green, and somewhat membranous. They
are about 15 by 6.5 cm and have petioles about 2.5
cm long. The small, white flowers are grouped in
panicles attached at the bases of the last leaves in
each branch. These develop into elliptical,
purplish-black berries about 6.5 mm long (Howard
1989, Liogier 1995, Little and others 1974).

Range.—Day jasmine is native to the Bahamas,
Cuba, Jamaica, Hispaniola, and the Cayman
Islands (Little and others 1974). It has been
introduced as an ornamental into most of tropical
and subtropical America. The species has escaped
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from cultivation in at least Florida, southern Texas,
Hawaii, Puerto Rico, Guam, and American Samoa
(Florida Exotic Plants Council 2001, Institute of
Pacific Islands Forestry 2001).

Ecology.—Day jasmine grows in gardens,
roadsides, fencerows, pastures, vacant lots, and
abandoned farmland in Puerto Rico (Liogier 1995).
The species is particularly associated with pasture
fencerows because its seeds are deposited there by
birds, vegetative competition is controlled by
grazing, and day jasmine is rarely eaten by cattle.
There is no mention in the literature of the types of
natural forest stands where day jasmine grows
within its native range. However, because the
species is intolerant of heavy shade and quickly
disappears when overtopped by forest, it can be
inferred that day jasmine is an opportunist that
invades disturbed areas and quickly completes its
life cycle ahead of encroaching forest. The species
may grow as individual plants or in thickets. Day
jasmine will grow in areas receiving from about
800 to 3000 mm of precipitation, but most
aggressively colonizes areas that receive from
about 1400 to 2400 mm of precipitation. It tolerates
soils of all textures, apparently from all parent
materials, but is most common in limestone areas
(Florida Exotic Plants Council 2001). Day jasmine
does not prosper on exposed subsoil nor grow on
swampy ground. The plant is salt tolerant if not
exposed to heavy salt spray or overwash from
storms (Florida Exotic Plants Council 2001).

Reproduction.—Day jasmine flowers and fruits
year-round (Florida Exotic Plants Council 2001).
The fruits from a Puerto Rican collection were
sweet and slightly bitter with little other flavor and
weighed (fresh) an average of 0.208 + 0.010
g/fruit. The seeds weighed an average of 0.0021+
0.0005 g/seed (air dry). The fruits are much more
variable in size (CV = 49) than the seeds (CV =
25). There are from four to 14 seeds/fruit (Florida
Exotic Plants Council 2001). Day jasmine seeds
are dispersed by frugiverous birds (Neal 1965,
Little and others 1974). Seventy-nine percent of the
seeds from the Puerto Rican collection cited above



germinated between 7 and 30 days after sowing.

Growth and Management.—Day jasmine rarely
reaches more than 4.5 m in height and 8 cm in
trunk diameter (Little and others 1974). Early
growth is relatively fast and life spans are
relatively short (5 to 20 years). Although seeds are
still sold by regional seed houses and ornamental
seedlings are offered by nurseries, nothing is
published about propagation and management.
With a plant so aggressive, few nursery and
planting problems seem likely. Because the species
is a weed in many situations, control may be
desirable. In the absence of control guidelines,
cutting followed by herbicide treatment of the
sprouts is suggested.

Benefits.—Day jasmine has long been planted as
an ornamental for its pleasing appearance,
moderate size, ease of establishment, and fragrant
flowers. The plant has the drawback of being
poisonous to livestock. The leaves contain a
calcinogenic glycoside called 1,25-
dihydroxycholecalciferol that leads to a vitamin D
toxicity that results in elevated serum calcium and
deposition of calcium in soft tissues. Fifteen to 30
percent of day jasmine leaves in an animal’s diet is
sufficient to cause symptoms (Animal Science at
Cornell University 2001). However, the fruits of
day jasmine are one of the three foods that make up
the bulk of the diet of the endangered plain pigeon
(Columba inornata) in Puerto Rico (Island
Resource Foundation 2001).
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Cestrum laurifolium 1’ Hér.
SOLANACEAE

Synonyms:

dama de noche

Cestrum citrifolium Ritz in Hoffm.

Cestrum alaternoides Poir. in Lam.

Cestrum lambertii Dunal in DC.

John K. Francis

General Description.—Dama de noche, also
known as candlewood, torch, galan de monte, bois-
flambeau, and citronnier, is an evergreen shrub
usually 1 to 2 m in height but sometimes reaching
4 m. Dama de noche is a Puerto Rican name
meaning lady of the night. It has one or a small
number of stems arising from the root crown or
low on the main stem. The plant tends to root
shallowly with stout lateral roots that are hard and
woody with a corky or fleshy bark. The stems and
branches are slender with gray bark and grow
vertically for 1 to 2 m and then curve horizontally.
The alternate, glabrous leaves are shiny green on
the upper surface, narrowly elliptic to obovate,
with a short petiole and blades that are 4 to 15 cm
long. The inflorescences are short axillary racemes
with three to five yellow or greenish-yellow, five-
lobed, tubular flowers 10 to 20 mm long. The fruits
are purple to black, ovoid to subglobose berries, 6
to 10 mm long, with a persistent calyx. There are
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one to three or more black seeds per fruit with an
ivory spot on the ventral side (author’s observation,
Howard 1989, Liogier 1995).

Range.—Dama de noche is native to Cuba,
Hispaniola, Puerto Rico, the Virgin Islands, the
Lesser Antilles, and Trinidad (Grisebach 1963,
Howard 1989, Liogier 1995).

Ecology.—Dama de noche is most common in
areas underlain by limestone rocks but also grows
in areas of igneous rocks. The soils are well
drained, often rocky with a wide range of textures.
In Puerto Rico, it may be found from a little above
sea level to about 500 m in elevation and in areas
that receive from about 900 to 2200 mm of annual
precipitation. Dama de noche has an intermediate
tolerance of shade. It usually grows in the
understory of medium- to low-density forest. The
species grows and fruits best when small openings
allow broken overhead sunlight to enter. Dama de
noche does not invade disturbed areas quickly and
so is mainly found in middle and late secondary
forests and remnant forests. It can be quite
common but does not form dense stands.

Reproduction.—Dama de noche is a good fruit
and seed producer and may yield a few to 100 or
more fruits per season. Flowering and fruiting
seem to be synchronized, at least within a given
area. Fruits were observed ripening in a forest in
the north of Puerto Rico during the dry season
(March). A collection of fruits from that area
averaged 0.290 + 0.012 g/fruit. Air-dried seeds
separated from them averaged 0.0169 + 0.0004
g/seed or 59,200 seeds/kg. Sown on commercial
potting mix, 93 percent germinated between 14 and
60 days after sowing. Seeds are apparently
dispersed by birds, and seedlings are well scattered
and not abundant. Plants resprout when cut or
damaged.

Growth and Management—Dama de noche
appears to have a moderate growth rate, probably
not exceeding 1 m of height growth per year. No



nursery, planting, or management experience has
been published. Protection of forests from fires and
development is recommended to encourage the
formation and development of natural stands.

Benefits.—Dama de noche contributes to the
biodiversity of the forests where it grows, helps
protect the soil, and furnishes food and cover for
wildlife. The stems are generally too small to use
for fuel.
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Chamaebatiaria millefolium (Torr.) Maxim.

ROSACEAE

Spiraea millefolium Torr.
Sorbaria millefolium Focke
Basilima millefolium Greene

Synonyms:

fern bush

Chamaebatiaria glutinosa Rydb.

Spiraea glutinosa Fedde

Nancy L. Shaw

Drawing source: Hitchcock and others 1961

General Description.—Fern bush or desert sweet,
the single species in its genus, is an upright,
multistemmed, sweetly aromatic shrub 0.3 to 2 m
tall. Bark of young branches is brown, becoming
smooth and gray with age. Leaves are leathery,
alternate, simple, twice pinnately divided, stipulate,
and clustered near the branch tips. Foliage and
young branches are viscid and pubescent with
simple and stellate, pointed and glandular-capitate
hairs. Southern populations are evergreen (Phillips
1949), while northern populations are largely
deciduous, retaining a few leaves though winter
and initiating new leaf growth in early spring. The
profuse, terminal, leafy-bracteate panicles are 5 to
20 cm long and produce abundant flowers that are
showy, creamy white, and insect-pollinated.
Flowers are complete, regular, and five-merous.
Follicles are pubescent and coriaceous. Seeds are
yellowish to brownish and linear to narrowly
fusiform. Germination is epigeal (Hickmann 1993,
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Hitchcock and others 1961, Welsh and others
1987). Chromosome number is x = n = 9
(McArthur and Sanderson 1985).  Variability
within the species appears low and hybridization
with other species has not been reported.

Range.—Fern bush is endemic to the Great Basin,
Colorado Plateau, and surrounding areas. It occurs
east of the Cascade and Sierra Nevada Mountains
from central Oregon eastward into Wyoming and
south to southeastern California, Nevada, Utah,
northern Arizona, and northern New Mexico
(Hitchcock and others 1961, Phillips 1949, Welsh
and others 1987).

Ecology.—Fern bush grows in fissures in rock
outcrops and cliffs and on well-drained soils of
dry, rocky, gravelly canyons and mountain slopes
at elevations ranging from 900 to 3,400 m
(Hickman 1993). It is often an early successional
species on cinder cones and basalt lava flows, but
it also grows on soils derived from limestone and
granite (Eggler 1941, Everett 1957, Merkle 1952).
Fern bush occurs in isolated populations or as an
associated species in Artemisia spp., Pinus spp.-
Juniperus spp., northern Juniperus, mountain
brush, Populus tremuloides Michx., Pinus flexilis
James, P. ponderosa Dougl., Picea spp. A.--Abies
spp., Pinus longaveva D. Bailey, and chaparrel
communities (Hickman 1993, Welsh and others
1987).

Reproduction.—Plants flower from June to
September (Hitchcock and others 1961, Phillips
1949) with irrigation prolonging the flowering
season (Shaw and Hurd 2001). Seeds ripen in
August to October. The follicles are hand
collected. They open as they dry, and seeds are
extracted by screening. Shaw and Hurd (2001)
found an average of about 3.7 million seeds/kg for
two seed lots grown under irrigation. Fresh seeds
are nondormant while stored seeds require a 1- to



3-month prechill (Phillips 1949, Shaw and Hurd
2001). The optimum temperature for germination

of southwestern populations is 18 to 26 °C
(Phillips 1949).

Growth and Management.—Seedlings establish
from shallow seeding on well-drained soils where
vegetative competition is limited (Shaw and Hurd
2001). Fall seeding or artificial prechilling is
required for seeds of northern populations.
Seedlings develop rapidly if adequate water is
available. Bareroot seedlings can be lifted
following one growing season. Irrigated plants
begin flowering during the second year (Shaw and
Hurd 2001). Unlike its namesake genus,
Chamaebatia Benth., fern bush is not nodulated by
nitrogen-fixing actinomycetes (McArthur and
Sanderson 1985). Fern bush is a rare host of
Phoradendron juniperinum A. Gray, the juniper
mistletoe (Hawksworth and Mathiasen 1978).

Benefits.—Fern bush provides cover for many
organisms. It is sometimes browsed by mule deer
(Odocoilus hemionus Rafinesque), sheep (Ovis
spp.), and goats (Capra hircus), but it receives
little use by cattle (Bos spp.). First cultivated in
1878 (Rehder 1940), fern bush is a valued
ornamental due to its showy flowers, long
flowering period, and fernlike foliage (Hitchcock
and others 1961, Phillips 1949). Mass plantings,
xeriscapes, screens, hedges, and specimen plants
thrive in full sun (Phillips 1949). Native
Americans used a tea made from its leaves for
treatment of stomachaches (Mozingo 1987). Plants
produce cyanic acids in their tissue (Fikensher and
others 1981).
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Chenopodium oahuense (Meyen) Aellen.
CHENOPODIACEAE

Synonyms:  Atriplex oahuensis Meyen,

'aheahea

Chenopodium oahuense var discosperma Fosb.,
Chenopodium pekeloi Degener, 1. Degener & Aellen,
Chenopodium sandwicheum Moq.

Randy S. Senock and Sarah A. Taylor

General Description.—Chenopodium oahuense,
known most commonly as 'aheahea or 'aweoweo,
is a nonscented to lightly scented shrub that
sometimes takes on the form of a small tree. Plants
may be erect, ascending or prostrate, branched,
and total height 0.5 to 2 m. Older branches turn
gray and woody with age, while younger tissue
remains mealy pubescent, thickened and somewhat
fleshy. Leaves are rhombic to broadly deltate, 2 to
4.2 cm long, and 1.3 to 2.5 cm wide, with both
surfaces pubescent, the upper surface less so and
greener. Leaves three-lobed, teeth rounded to
obtuse, base truncate to cuneate, petioles 1.3 to 2.5
cm long (Wagner and others 1990). The leaves are
strongly scented when crushed (Lamb 1981).
Flowers in small, dense clusters grouped into
terminal, almost leafless panicles. A calyx nearly 1
mm long, entirely surrounding the fruit at
maturity. Seeds are light to dark brown and may be
horizontal or sometimes vertical, about 0.8 mm in
diameter, the surface covered with short, blunt,
rounded projections (Wagner and others 1990).

Range.—While the genus is pantropical in
distribution, this species is indigenous to Hawaii.
‘Aheahea occurs on Laysan, French Frigate
Shoals, Necker, Nihoa, Lisianski, and all of the
main Hawaiian Islands except Kaho‘olawe
(Wagner and others 1990).
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Ecology.—‘Aheahea is dispersed across the full
range of dryland habitats in Hawaii, from coastal
to subalpine. It appears primarily as a shrub but
has been found on Mauna Kea on the island of
Hawaii 3.5 to 4.5 m tall (Lamb 1981). ‘Aheahea
behaves as a colonizer on old lava flows following
site disturbance. In many dry upper elevation
shrublands on the island of Hawaii, ‘aheahea
dominates woody plant density and may be found
sharing habitat with native naio, Myoporum
sandwicense Gray, and mamani, Sophora
chrysophylla (Salisb.) Seem, trees (Lamb 1981).
The US Army has documented 'aheahea as being
the most widespread woody plant species across
their 108,000 acre Pohakuloa Training Area.
Following wildfire in that same area, ‘aheahea
reestablishment was delayed for approximately 1
year. Within 4 years, however, it had exceeded its
preburn density approximately 15-fold (Sherry and
others 1999). 'Aheahea appears well adapted to
tolerate drought by dying-back during periods of
low moisture and then rapidly growing during
periods of higher available moisture.

Reproduction.—Seed production is extremely
high for this species. The inflorescence is a large
terminal panicle composed of many small, dense

glomerules of flowers. ‘Aheahea  peak
reproductive events appear correlated with
favorable environmental conditions such as

prolonged periods of available moisture. However,
plants can be found in