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Abstract. Invasions by non-native plants threaten the preservation of many plant and animal species and
communities throughout North America. These pest species compete with and displace native plants and

Northwest Pai

animals and may substantially alter ecosystem functions (e.g., fire occurrence and frequency, nutrient 1 Audubon,
cycling). Awareness of these threats among wildland managers has greatly increased in the last decade. Whole Earth |
In a recent poll of National Park superintendents, 61% of 246 respondents indicated non-native plant { Sierra

invasions were moderate or major problems at their parks. Likewise, over 60% of Nature Conservancy
stewards nationwide polled in 1992 indicated weeds were among their top 10 management problems,
listing nearly 200 problem species. Over 12% indicated weeds were their worst problem. Weed control
: programs are now in place in wildlands across the continent, employing techniques ranging from manual
% removal, mechanical methods, prescribed fire, judicious use of herbicides, the release of biological
control agents, and encouragement of native competitors. The most successful endeavors follow an
adaptive management strategy in which plans based on the goals of the preserve are developed, weeds
that interfere with those goals are identified and prioritized, and control measures are selected and
implemented where appropriate. Emphasis is placed on preventing new weeds from becoming estab-
lished and on early detection and elimination of incipient infestations. Managers must focus on the

Los Angeles T

i National Publ
Things Consic

Hartford Cour

| Hartford Cour

{ The Atlantic }

vegetation or community desired in place of the weeds and periodically re-evaluate whether their may be dr

programs are moving them toward this objective. Control of weeds in wildlands poses unusual problems disruptive

not ordinarily met in other systems which offer challenging research opportumtles for weed scientists can chestr

and ecologists. ing the in

Additional index words: Biological diversity, conservation biclogy, exotic species, non—natlve species. j parasitica

( into wild|

i INTRODUCTION rising CO, concentrations, climate change, and decreasing | Situations
{ Invasions by non-native plants degrade biological com- stratospheric'ozor'le leV‘els (132).' In additism, unlike habitat z:t?leés)/

E munities and threaten the survival of many native species 108_5 or pollution, invasive orgam.sms-contmue t_o spreadon | recognize;

; in North America and elsewhere around the world. Such their own and do not d;egrade- with tl.me; once‘lntrodiuced, wildlands

E plants, commonly regarded as wildland weeds, alter the they can spread frgm site to site, region to region, without Concer

ecosystems and communities they infest, using resources further human assistance. plants anc

that would have been consumed by native species. In some When viewed at the scale of a national park or nature | decade an

cases they completely alter patterns of resource availability ~ PTeserve, it is clear some invaders reduce or eliminate the i ed report;

(47, 131). Viewed on a global scale, invasions by non-na-  species and communities that these sites were set asideto cept Anta

tive plants, animals, fungi, and microbes are believed tobe ~ protect (93). Non-native species are responsible for most | The prob

responsible for greater losses of biological diversity than ~ damaging invasions of wildlands, but in certain situations | ;g005. Ct

any other factor except habitat loss and direct exploitation ~ native species invade and alter habitats they did not pre- ’ of hundre

of organisms by humans (97). In fact, when biological ~ viously occupy, outcompeting or otherwise excluding = (pile ren
invasion is considered as a single phenomenon, it is clear  other species. For example, native woody plants have . jpvasion

it has had greater impacts on the world’s biota than more  invaded many prairie remnants, especially where natural | wise, Fre

notorious aspects of global environmental change such as  fires have been suppressed or excluded (2). Rare species . need for

appear to be particularly vulnerable to the changes wrought ' actions w

" TReceived for publication May 3, 1995 and in revised form Dec. 15, 1995. by non-native invaders. For example, the California Natui-  out by co

*Weed Spec., The Nature Cor}servancy., Wi!dland Weeds Management & ral Heritage Database indicates that 30 of the state’s 53 i large dist

Reséiv?:rckuglosissgﬁ’gg‘;%ggg; if;:ﬁ;l Clingf: l;iliisgigage pivi.  Federally listed endangered plant species are threatenedby Yearbook

sion, California Department of Fish and Game, Sacramento, CA 95814. non-native invaders®. Even relatively common species of introdu

Weed Technology. 1996. Volume 10:370-383 Volume 10,
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RANDALL: WEED CONTROL TO PRESERVE BIOLOGICAL DIVERSITY

on the topic and helped educate federal legislators and
policymakers.

Because the terms biological diversity, natural area,
wildland, weed, and pest may be poorly understood and/or
have slightly different meanings in agricultural settings, I
will first define how they will be used in this paper.
Following the definitions I will: (a) describe how weed
invasions degrade biological communities and displace
native species; (b) outline how wildland managers ap-
proach weed control, and; (c) present examples of difficult
and unusual weed problems wildland managers face in the
hope of encouraging more weed scientists and ecologists
to develop research programs designed to address these
problems.

DEFINITIONS

Biological diversity, or “biodiversity” may be defined
as the variety of life on earth (140). This variety has several
components (54, 103): (a) genetic diversity, or variations
in genetic structure among individuals of a species or
population; (b) species diversity, or the variety of species
(and subspecific taxa) in a given area (from local to global);
(c) higher taxonomic diversity, or the variety of higher
taxonomic levels (e.g., families or orders) in a given area;
(d) community diversity, or the variety of identifiable
groups of species that occupy and interact in the same
habitats; and (e) ecosystem diversity, or the variety of
ecological units composed of biological communities in-
teracting with the physical environment.

With rare exceptions, conservation programs are dedi-
cated to the preservation of native species and communi-
ties. The addition of non-native species rarely contributes
positively to this unless they alter the environment in ways
that favor native species as some grazers and biological
control agents do.

The ‘term natural area refers to lands and waters set
aside to protect and preserve undomesticated organisms,
biological communities and/or ecosystems. Examples in-
clude most national parks, state and federally designated
wilderness areas and preserves held by private organiza-
tions such as The Nature Conservancy (TNC)*, and the
National Audubon Society. Wildlands include natural areas
and other lands managed at least in part to promote game
and/or non-game animals or populations of native plants

4Abbreviations: BLM, Bureau of Land Management; TNC, The Nature
Conservancy.
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and other organisms. Examples include federal wildlife
refuges, some National and State Forests and portions of
Bureau of Land Management (BLM)* holdings, including
some areas used for grazing.

The terms pest plant and weed are used interchangeably

below to refer to native and non-native species, popula- |

tions, and individual plants that are unwanted because they
interfere with management goals and objectives. Plants
regarded as pests in a particular wildland may be valued or
viewed with indifference in other situations. For example,
the Chinese tallow tree [Sapium sebiferum (L.) Roxb.]isa

pestin wetlands and bottomland forests in northern Florida

and across the Gulf coastal plain to southern Texas (17, 57,

58) but it is not known to escape from cultivation in

California where it is used as an ornamental landscape tree.
On the other hand, some species that are troublesome in

agricultural or urban areas rarely, if ever, become wildland .

pests. The term environmental weeds is used by many

Australians (41, 53) to refer to wildland pest plants but few |

authors in North America use this term.

Most wildland weeds are invasive and non-indigenous.
Invasive species are those that can move into an area and
become dominant numerically or in terms of cover, 1e-
source€ use, or other ecological impacts (103). Non-indige-
nous species were defined by the U.S. Congress Office of
Technology Assessment (93) as species beyond their natu-
ral range or natural zone of potential dispersal including
all domesticated and feral species and all hybrids except
for naturally occurring crosses between native species,
Other terms which are often used as synonyms of non-in-
digenous include exotic, alien, introduced, non-native,
non-aboriginal, and naturalized. Careful consideration of
these terms reveals that each carries different connotations
(101).

IMPACTS OF WEED INVASIONS
ON WILDLANDS

Plant invasions can have a variety of effects on wild
lands. Their impacts include: alteration of ecosystem proc-

esses; displacement of native species without otherwise |

changing the structure of the system; support of non-native
animals, fungi, or microbes; and hybridization with native
species and subsequent alteration of gene pools. Invasions
by native species are not included in the examples below
although they too can have extremely detrimental impacs
on valued species and communities. Invasions by natives
often appear to be triggered by human-induced changes in
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RANDALL: WEED CONTROL TO PRESERVE BIOLOGICAL DIVERSITY

of southern Florida (56), where it reportedly facilitates
erosion which results in steeper, narrower beaches (25).
Some upland habitat invaders also alter erosion rates.
Lacey et al. (59) found that runoff and sediment yield under
simulated rainfall were 56% and 192% higher on plots in
western Montana dominated by spotted knapweed (Cen-
taurea maculosa Lam.) than on plots dominated by the
native bunchgrasses bluebunch wheatgrass [Agropyron
epicatum (Pursh.) Scribn.] and/or rough fescue (Festuca
scabrella Torr. in Hook.). They concluded that spotted
knapweed invasion of bunchgrass rangelands in the region
is detrimental to the protection of soil and water resources.
Habitat dominance and displacement of native species.
Grave damage is also caused by invaders that move into
and dominate habitats without obviously altering ecosys-
tem properties. They may outcompete native species, sup-
press native species recruitment and thus alter community
structure, degrade or eliminate habitat for native animals,
or provide food and cover for undesirable non-native ani-
mals (see below). Norway maple (Acer platanoides 1..) has
invaded forested preserves in the northeastern U.S. and is
likely to become a canopy dominant in some (135).
Invasive vines are troublesome in forested areas across
the continent. The most destructive climb into the canopy
and shade out or topple overstory trees. One well known
example is kudzu [Pueraria lobata (Willd.) Owhi], which
forms large monospecific stands in open sites, disturbed
areas, and along forest edges in the southeastern U.S. (35,
36). Japanese honeysuckle (Lonicera japonica Thunb.)
thrives in forest openings and edges from New York to
Georgia but it also can invade deeply shaded sites where it
spreads slowly until a treefall, blowdown, or other distur-
bance opens the canopy (33, 121, 122). English ivy (Hed-
era helix 1.) is troublesome in forest fragments and
disturbed forests at scattered sites in the mid-Atlantic states
and the Northwest (120, personal observation). Skunk vine
(Paedaria foetida 1..) infests scattered forests in central
Florida and Hawaii’ (126). German ivy (Senecio mikanoi-
des Walp.) infests riparian areas in coastal California (30).
Evenin situations where vines do not climb into the canopy
they may blanket and displace native understory trees,
shrubs, and ground layer herbs. For example, Japanese

Gann, G. and D. Gordon. n.d. Element Stewardship Abstract for Paederia
foetida (skunk vine) and P. cruddasiana (sewer vine): threats and management
strategies. Unpublished document on file at The Nature Conservancy, 1815 North
Lynn St., Arlington, VA 22209.

%Tom Wood. 1994. Personal communication. Preserve Manager, Ramsey
Canyon Preserve, Hereford, AZ 85615.
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honeysuckle infestations of the forest floor at two sites in |
South Carolina threaten to smother and eliminate popula- |

tions of rare native Trillium sp. (102).

Several non-pative subcanopy trees and shrubs invade
forest understories, particularly in the eastern and mid-
western states. Non-native bush honeysuckles [Lonicera
maackii (Rupr.) Maxim, L. morrowii Gray, L. tatarica L.

and L. X bella Zabel] and buckthorns (Rhamnus cathartica |
L. and R. frangula L..) notoriously form dense monospeci- |

fic stands (44, 46, 66, 67, 92, 138). In some areas these
species have done such a thorough job of excluding native
shrubs, that some native songbirds appear to have become
dependent on them for food and nesting sites (55, 136). In
fact, Whelan and Dilger (136) advised wildland managers
to control shrub infestations in midwestern forests slowly,
section by section, to insure nesting sites were available
for songbirds until native species re-colonized or were
restored on cleared sites. Additional research is needed to
determine how bush honeysuckle invasions have impacted
populations of resident birds in these forests and on popu-
lations of invertebrates that feed on native plants. Barber-
ries (Berberis thunbergii DC., B. vulgaris 1..) and privets
(Ligustrum sinense Lour. and L. vulgare L.) also invade
forests-in the eastern half of the nation while oneseed-haw-
thorn (Crataegus monogyna Jacg.) and Scotch broom
[Cystisus scoparius (L.) Link] infest forests and adjacent
openings in the northwest (13, 82, 111).

Many herbaceous species colonize and dominate the
groundlayer in forests. Garlic mustard [Alliaria petiolata
(Bieb) Cavara & Grande], a member of the mustard family,
invaded and now dominates the forest groundlayer on
preserves from New England through the midwest and
from southern Ontario to Tennessee (18, 89, 91). Popula-
tions of native herbs typically decline slowly following
garlic mustard invasion. Nuzzo (90) found that coverof the
native ephemeral toothworth [Cardamine concatenata

(Michx.) Sw.] in an Illinois forest declined from an average |

of 79% to 31% in infested plots. It is not clear whether such
declines are due to competition for resources, from the
release of allelopathic compounds by garlic mustard or

both. Garlic mustard also may, in the long term, affect .

species composition of the overstory by suppressing the
regeneration of certain tree species. Other herbaceous
groundlayer invaders include: periwinkle (Vinca major L.)
which infests mid-elevation riparian forests in Arizona®; V.
minor L. in midwestern and northeastern forests (5, 117);
black swallowwort [Cynanchum nigrum (L.) Moench] in
mesic forests in central New York state (personal observa-
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RANDALL: WEED CONTROL TO PRESERVE BIOLOGICAL DIVERSITY

Table 2. Species most frequently reported as pests of TNC preserves in 1992 Weed Survey, from (102, Randall unpublished data).

Number

of states
Species Life history reporting
Lonicera japonica Semi-evergreen vine 13
Alliaria petiolata Forest understory, biennial forb i1
Lythrum salicaria Wetland emergent (perennial dicot) 11
Melilotus alba & M. officianalis Biennial forbs 10
Phragmites australis® Wetland emergent (perennial grass) 10
Robinia pseudoacacia L. Tree, canopy dominant 10

Ailanthus altissima [P. Mill.] Swingle

Tree, canopy dominant 9

Cirsium arvense [L.] Scop. Rhizomatous perennial forb 8
Tamarix spp. Riparian tree (canopy dominant) 8
Sorghum halepense [L.] Pers. Perennial grass 7
Centaurea maculosa Biennial forb 6
Elaeagnus angustifolius L. Shrub 6
Microstegium vimineum [Trin.] A. Camus Annual grass 6

Native species, all others are non-native to the sites they infest.

Non-native feral pigs (Sus scrofa) in Hawaii destroy
native plants and promote non-native invaders in a variety
of ways (118). While rooting to unearth tubers and grubs,
feral pigs kill and damage native species not adapted to
vertebrate herbivores and disturb the soil, creating excel-
lent seed beds for ruderal species: The pigs, in turn, benefit
from the spread of fruit producing invasive plants, particu-
larly guava (Psidium guajava L.), strawbeiry guava (P,
cattleianum Sabine) and lillikoi [Passiflora mollissima
(Kunth) Bailey]. They return the favor by avidly consum-
ing the fruits and dispersing the seeds in their scat. Hollows
created by pig rooting harbor introduced mosquitos that
carry bird malaria, an introduced pathogen to which many
native birds succumb because they lack resistance (130).

THE EXTENT OF WILDLAND WEED PROBLEMS
IN THE U.S.

When U.S. National Park superintendents were sur-
veyed about conditions in their Parks, 61% of the 246
respondents indicated that non-native plants were a mod-
erate or major problem (63). Parks with severe plant inva-
sions problems include Everglades, Great Smoky
Mountains, Zion, Channel Islands, Hawaii Volcanoes, and
Haleakala (3, 43, 60, 62, 63, 64, 65, 126).

Similarly, when TNC stewards from around the nation

were surveyed in 1992, 59% ranked pest plants among their

YJerry E. Asher. 1995. Personal communication. Research Coordinator,
Bureau of Land Management, Oregon/Washington State Office, Portland, OR
97208.
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top-ten conservation concerns, including 13% who consid- -

ered it the greatest challenge they face (102). Stewards
from 46 states reported pest plant problems, but those from
California, Florida, and Hawaii reported the greatest num-
bers of pests. A total of 197 non-native pest species was
reported. Several of these species are native to North
America but were reported as pests beyond their original
ranges [e.g., Robinia pseudoacacia L., Hemizonia pungens
(Hook. & Arn.) Torr. & Gray]. The status of one species
[Phyla nodiflora (L.) Greene] is unclear. Several native
species were also listed as pests. The most common report
of this type involved Phragmites australis (Cav.) Trin. ex
Steud. which is native to the northeastern U.S. and adjacent
Canada, where it is regarded as severe problem in many
wetlands, and to western North America where it is rarely
regarded as a pest (14, 72, 88). Pests reported in the 1992
survey included ferns, gymnosperms, and flowering plants
ranging from annual, biennial, and perennial herbs, float-
ing, emergent, and submersed aquatics, vines, shrubs, un-
derstory trees, and canopy dominants (102). The species
reported most frequently in the survey are listed in Table
2. Another 14 non-native pest species were reported from
TNC preserves informally or in earlier surveys.

The continuing spread of weeds on BLM acreage con-
stitutes what a research coordinator for the agency, Jerry
Asher, has termed an “explosion in slow motion.”!% The
area of BLM lands infested with weeds increased from an
estimated 2.5 million acres in 1985 to roughly 6 million
acres in 1991 and an estimated 8.5 million acres in 1994
(127, 128, 129). These estimates are considered conserva-
tive because careful inventories have not been carried out
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RANDALL: WEED CONTROL TO PRESERVE BIOLOGICAL DIVERSITY

rectly kill valued non-target plants and/or indirectly impact ~ photo-monitoring from designated points on pre-deter- judicia
pative animals by reducing food supplies, eliminating  mined dates. The important factor is that analysis of the animal
cover, or otherwise altering the environment. Mechanical  information will help the manager to determine whether biocon
methods often disturb the soil and destroy vegetation al-  the objectives established for the control program are being (102).
lowing ruderal plants and “weedy” pioneer animal species ~ met and whether any modifications are necessary. - [N-(ph
to gain a foothold. Use of biological control and other = Established wildland weed control programs and their trichlo
biologically-based methods carries the risk that control ~ costs. Weed control, like other wildland management ac- monly
agents will attack or otherwise negatively impact non-tar-  tivities, is generally underfunded, but it nonetheless con- trichlo
get species. In addition, once established, biological con-  sumes a substantial portion of the resources available to | dichlos
trol agents cannot be recalled and may undergo genetic or ~ many managers. Over 2.8 million ha of land managed by basis. .
behavioral changes that allow them to feed on new hosts!!.  the National Park Service are infested with invasive are rel
In wildland settings it is also crucial to consider the setting: ~ weeds'®. Some 448 control projects encompassing roughly annual
is the weed in an old field or a pristine natural area with 0.6 million ha of the infested lands are deemed necessary'. nation
highly valued species and communities. No matter what  Completion of this work would require a total of $79 and us
method is selected, it should be clear that the risks of using ~ million over the next 4 yr, but under current projections, Ato
it are outweighed by the potential benefits of controlling ~ only $6.5 million will be available during that period. In 63 wee
the weed. fact, during fiscal year 1995 the National Park Service | teers i
There is the risk that when one pest is eliminated another ~ spent only $1.8 million on invasive weed control nation- | for we
will take its place, i.e., the infestation is merely the symp- ~ wide®. ' totals
tom of a more fundamental problem. For example, in Much of the funding for weed control goes to a few 1990 t
Douglas County, Oregon, St. Johnswort (Hypericum per- ~ parks with especially severe problems including Ever- dents 1
foratum L.) populations were sharply reduced by biocon-  glades, Great Smoky Mountains, Channel Islands, Hawaii ber ho
trol agents only to be replaced by tansy ragwort (Senecio ~ Volcanoes, and Haleakala. For example, the National Park | howev
jacobaea L.) which was in turn sharply reduced by biocon- ~ Service has treated 4.3 million stems of Melaleuca quin- amour
trol agents only to be replaced by Italian thistle (Carduus ~ quenervia on 31,000 ha in South Florida at a total costof |} from t
, pycnocephalus 1.)!2. Eric Coombs, an entomologist with $2.4 million since 1988. Seventy-five percent of this sions,
’1 the Oregon Dep. of Agriculture, believes that while bio- ~ money came from a wetland development mitigation fund awares
i logical control may eventually reduce Italian thistle, there ~ established by the state of Florida and currently all funding An ex
is a good chance the thistle will be replaced by anotherpest ~ for the program is from this source. Other parks have mite N
and thén another in an endless series, unless cultural prac-  sharply increased spending on weed control inrecentyears { is pres
tices in the area are changed'2. as the severity of the problem has become more widely wildla
No matter what control methods are chosen, wildland  recognized. Funding rose from approximately $20,000 in may u
managers are encouraged to monitor their impacts objec- FY 1992 to $93,000 in FY 1994 in Yellowstone where wildla
tively. Monitoring may be intensive, involving a fully control efforts focus on 24 of the 164 non-native species pose
replicated experimental design, or consist of as little as  present'®. Weed control in Yellowstone also benefited from The
support by volunteer crews and increased emphasis on the 1€
i vor. 1994, Persol o early detection and treatment in 'recent years. ! p}llled
Entomology, Oreg}(;n Stat;: L?niversit;?rgcr)?valhs, OR.97r303‘13.SS o repamen e The BLM bUd.geted ap.proxnnately $11 million for sty
12Eric Coombs. 1994. Personal communications. Entomologist, Oregon De- weed control on its lands in FY 95", Funding for weed (Xantr
Pafgfgléfi;)f}f{\-gﬂiﬁgori Slzgggn ’ IDOtaIr{S(Q)IZle(ibmmunications. Chief, Natural Re- COl’ltI"Ol has remained fairly C antant for th,e P ast decade’ also Pt
sources Programs Branch, National Park Service, P.O. Box 32127, Washington, ranging from roughly $0.9 million to $ 1.1 million annually, curran
DCi’4 data from National Park Service Resource M{magement P}an database. despite the alarming increase in infested area discussed pathog
Gary H. Johnston. 1995. Personal communications. Chief, Natural Re- .
sources Programs Branch, National Park Service, P.O. Box 32127, Washington, preVlOHSly' uses R
DC., data from Natjonal Park Service RMAP database. Weed control programs also are established on privately sible f
Terry Cacek. 1995. Personal communication. Natural Resources Staff, . .
National Park Service, Fort Collins, CO 80525, managed wildlands. In a 1992 survey, TNC stewards from native
_ 16Greg McClure. 1995. Personal communication. Box 86, Yellowstone Na- around the U.S.‘reported that they control weeds by pull-
thﬂﬁle;a;fl}: ,V\\)f\;?ergs?llgg'%i Personal communications. Bureau of Land Manage- ing’ cutting, using a host of mechanical means including ‘ "8Eliz
ment, Washington, DC. chainsaws and backhoes, by flooding impounded areas, !  ment, Yc
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RANDALL: WEED CONTROL TO PRESERVE BIOLOGICAL DIVERSITY

benefit from their interactions with feral pigs (131). How
widespread is the phenomenon of invasive animals facili-
tating the establishment and spread of invasive plants and
vice versa? One example, overlooked until recently, is that
some non-native plants may benefit because they are more
likely to be pollinated by introduced honeybees than are
the native species with which they compete!®.

Some pest species are favored by natural disturbances
such as hurricanes, floods, and landslides, as well as by
human caused disturbances. In many cases it has been
suggested that these invaders alter the course of succes-
sion. If so, can anything be done to insure that native
communities have a chance to recover?

Several recent studies offered generalizations about
characteristics that distinguish invasive plant species from
those that do not spread on their own when introduced to
a new area (52, 104, 105, 106, 108). Much of this work
stems from a renewed interest in predicting which species
will become invasive so policies can be devised to exclude
them. Can we, in fact, develop predictive schemes that will
allow us to prevent the entry of at least some invasive
species? Should such a program be coupled with efforts to
improve our capability to detect and eliminate newly es-
tablishing species?

Such questions offer exciting possibilities for research
as do the more straightforward needs for improved control
methods for many species that invade wildlands. It is my
hope that more weed scientists and ecologists will be
drawn to study wildland weeds and contribute their skills
and knowledge to this important work.
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