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Biological Invasions of Alien Plants in the Interior Columbia River Basin 

by George Wooten and Peter Morrison, Methow Research Station, Sierra Biodiversity 
Institute, February, 1995 

(Excerpted from Key Elements for Ecological Planning: Management Principles, 
Recommendations, and Guidelines for Federal Lands East of the Cascade Crest in 
Oregon and Washington, a report to the Interior Columbia Basin Ecosystem 
Management Project, Cara Nelson, ed., Columbia River Bioregion Campaign, Science 
Working Group, 41 S. Palouse St., Walla Walla, WA 99362, May 19, 1995. The authors 
can be contacted at Pacific Biodiversity Institute, Winthrop, WA 98862, ph. 509-996-
2490). 

INTRODUCTION 

Biological invasions of alien plants present one of the most serious threats to long-term 
maintenance of ecosystem health and biodiversity (Westman, 1990, Tyser and Key, 
1988, Mack, 1986, 1981) in the interior Columbia River basin (ICRB). Invasion and 
colonization by alien plants reduces the health and integrity of ecosystems in many 
ways. These invasions degrade resource values (Bucher, 1984, Pimental, 1986), alter 
ecosystem processes (Walker and Vitousek, 1991, Verstraete and Schwartz, 1991, 
Melgoza et. al., 1990), affect trophic levels (Vitousek et. al., 1987, Kerpez and Smith, 
1987, Harty, 1986), and can lead to endangerment and extinction of native species 
(Flather, 1994, Parenti and Guerrant, 1991). Interspecific interactions between native 
and introduced species adversely affect more than 50% of all threatened and 
endangered species in the United States (Flather, 1994). This is the second most 
important cause of species endangerment (after habitat loss). Given these impacts, 
prevention and control of alien plant invasions should be integral to ecosystem 
management policies in the ICRB.  

In most cases, biological invasions occur gradually and inconspicuously. By the time 
that public awareness develops, the effects are often irreversible and resources may be 
irretrievably committed, productivity lowered and biodiversity reduced (USDI-BLM, 
1994). Land management agencies have made some efforts to control a certain class of 
biological invaders (noxious weeds), but have never seriously addressed the causes of 
biological invasions or understood the depth and extent of this problem. Control of 
invading plants has proven to be difficult, expensive and often ineffectual (Warnock and 
Lewis, 1980). Land management agencies should emphasize prevention of invasion 
rather than control of established invaders (USDI-BLM, 1994).  
   
   
 
 

OBJECTIVES 
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Prevent further invasion of alien plants into uncolonized areas in the ICRB.  
Increase education and awareness about biological invasions of alien plants.  
Revise federal land management policies to emphasize prevention of invasion 
rather than control of invaders.  
Revise or eliminate land management practices which inadvertently contribute to 
the spread of alien plants.  
Eliminate land management practices which deliberately spread alien plants.  
Develop attainable control strategies to reduce or eliminate alien plants without 
causing disruption of ecosystem components and processes.  
Incorporate surveys for new invaders, and monitor trends of established invaders.  
Include all alien plant invaders as species of concern when analyzing impacts of 
management activities and developing control programs. The narrow focus on 
currently defined "noxious weeds" should be expanded to include all alien species.  
Provide funding and manpower for long-term programs of alien plant 
management, including increased cooperation between agencies and the public.  
Initiate further research into the causes and consequences of biological invasions 
in the ICRB.  

PRINCIPLES 

Many ecologists have expressed concern about invading plant taxa because of their 
adverse environmental impacts (Soulé, 1990, Temple, 1990, Bazzaz, 1986, Vitousek, 
1986). There is interest on the part of the public in these plants, as evidenced by the 
large number of popular books on weeds. There is a concern by some personnel in 
various agencies to focus attention on these important issues (USDI- BLM, 1994, 
Salwasser, 1989, Losensky, 1987).  

Land management agencies have failed to address the causes of biological invasions of 
alien plants and develop effective prevention and control strategies. Plant invasions 
remain one of the most serious threats to the long-term maintenance of regional 
biodiversity (Johnson et. al., 1994, Clary and Medin, 1990). Severe costs-degradation or 
even destruction of biological resources-have resulted from policies of nonaction and 
inappropriate action (Cottam and Stewart, 1940). To be effective, policies need to be 
based on an understanding of the biology of invading species and must place higher 
priorities on prevention of new introductions and stopping the further spread of invaders 
(Campbell, 1993).  

Terminology  
This paper attempts to adhere to a consistent terminology (Bazzaz, 1986, Lincoln et. 
al., 1990). "Colonizing" species are those that have recently entered unoccupied 
habitats, while "invaders" are those colonizers that have gone on to displace native 
components or which have become dominant in parts of their new environment. 
"Noxious weeds" are used with reference to legally defined plant entities. "Alien" or 
"exotic" taxa refer to any species generally viewed as non- native, on non-indigenous to 
new parts of its present range, while "introduced" taxa will refer to those aliens 
disseminated by man.  
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Effect of Alien Plants on Ecosystems in the ICRB  
Alien plants alter ecosystem function and composition in several ways:  

native species are displaced through competitive exclusion by invaders (Thompson 
and Grime, 1979, Weaver et. al., 1989, Harris, 1967).  
changes occur in the outputs of ecosystem processes (Hobbs and Huenneke, 
1992), e. g., nutrient cycling (Vitousek, 1986), erosion (Lacey et. al., 1989), 
disturbance frequency (Young and Evans, 1978), net primary productivity 
(Vitousek, 1986, Nadelhoffer et. al., 1985), evapotranspiration (Kerpez and Smith, 
1987, Horton, 1977).  
habitat for native organisms may be reduced or eliminated (Nee and May, 1992, 
Brothers and Spingarn, 1992).  
food webs may be disrupted by elimination of important native primary producers 
(Orians and Solbrig, 1977, Marks and Bormann, 1972) or replacement by 
maladaptive herbivores (Edwards and Gillman, 1987, Daubenmire, 1940).  

The following examples illustrate how plant invasions have recently altered ecosystems 
in the Pacific Northwest: 

Displacement of native plants and reduced plant diversity resulted following entry 
of Centaurea maculosa (spotted knapweed) (Tyser and Key, 1988).  
Increased surface runoff and sediment yield occurred in areas infested with 
Centaurea maculosa (spotted knapweed) (Lacey et. al., 1989).  
Interference by Cirsium vulgare (bull thistle) resulting in lowered growth rate and 
survival of Pinus ponderosa in forest plantations (Randall and Rejmánek, 1993).  
Displacement of native bunchgrasses by Bromus tectorum (cheatgrass) following 
fire (Melgoza et. al., 1990).  
Bromus tectorum (cheatgrass) dominance caused permanent changes in fire 
regime, increased frequency and severity of stand-destroying fires, eliminated 
shrub cover, increased erosion, and lowered outputs of forage (Billings, 1983, 
Peters and Bunting, 1994, Humphrey, 1984, Young and Evans, 1976, Harniss and 
Murray, 1973, Wright and Klemmedson, 1965).  
Changes in uptake and cycling of soil nutrients have resulted from elimination of 
cryptobiotic crusts, which accompany species changes resulting from soil 
disturbance (Bolton et. al., 1993, Anderson et. al., 1982, Kleiner and Harper, 
1972).  
Loss of species diversity occurred in timberline vegetation with exotic invasion by 
Poa pratensis (Kentucky bluegrass) and Phleum pratense (timothy) (Weaver et. al., 
1989).  
Steady increases in the spread of Acroptilon repens (Russian knapweed) patches 
appear to be caused by allelopathy, or plant chemical defense (Kelsey and 
Bedunah, 1989).  
Reductions in survival and growth of Pinus lambertiana (sugar pine) seedlings 
were correlated with reductions in the formation of beneficial ectomycorrhizal 
fungi following seeding of the non- mycorrhizal grass Lolium multiflorum (annual, 
or Italian rye) (Amaranthus and Perry, 1994).  
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Causes of Plant Invasions in the ICRB  
Plant invasions are largely caused by human activities which disturb native ecosystems 
(Sheley, 1994, USDI-BLM, 1994, Harrod, 1994). Vegetation removal and ground 
disturbing activities create opportunities for colonization by alien plants (Orians, 1986, 
Bazzaz, 1983). Transportation of alien plant propagules is often accomplished through 
deliberate or inadvertent human activities or the behavior of livestock (Guillerm 1991, 
Durgan, 1989). On public lands, the primary activities which promote the spread of 
alien plants are road building and road use, logging, grazing, forage seeding, and some 
erosion control and fire rehabilitation measures (Saunders et. al., 1991, Tyser and 
Worley, 1990, Wilcove, 1989, Le Houérou, 1987). 

Consequences of Plant Invasions  
Management activities associated with logging, roads, and grazing are rapidly 
accelerating the rate of plant invasions on public lands in the ICRB (Johnson et. al., 
1994, Tyser and Worley, 1992, Scott et. al., 1988). Infestations of noxious weeds (only 
a small subset of alien taxa) are doubling every 5-6 years on BLM lands in the ICRB 
(USDI-BLM, 1994). A total of approximately 393 taxa have currently been identified as 
invaders within the North Cascades and Columbia Basin (Wooten and Morrison, in 
prep.) These alien plants have already lead to great resource damage resulting in 
considerable economic costs (USDI-BLM, 1994, O'Toole, 1988). Alien plant invasion 
have led to endangerment of native species and plant communities (Weaver et. al., 
1989, Chicoine et. al., 1988, Tyser and Key, 1988). Numerous cases exist where 
environmental and legal thresholds for degradation and disturbance have been 
exceeded (Penders, 1995, Warnock and Lewis, 1980). Public agencies are unprepared 
to face coming land management challenges in this rapidly changing field. Prevention of 
further spread into unroaded, unmanaged and relatively pristine areas is critical to long-
term conservation of ecosystem resources, as these areas still retain undisturbed native 
flora and natural resilience to management-induced disturbances (DeAngelis and 
Waterhouse, 1987, Johnson et. al., 1994, Hobbs and Huenneke, 1992, West, 1993, 
Wilson, 1989).  

Environmental Effects of Weed Control with Herbicides  
In 1989, a five year injunction against herbicide spraying by the Pacific Northwest 
Region Forest Service was lifted after preparation of the Final EIS and Accompanying 
Record of Decision on Managing Competing and Unwanted Vegetation (Torrence, 1988), 
and the associated mediated agreement between the USDA and plaintiffs Northwest 
Coalition for Alternatives to Pesticides (O'Brien, 1989), in which provisions for priority of 
prevention strategies and use of herbicides only as a last resort, were stipulated along 
with government requirements to perform site-specific analysis and monitoring.  

The excessive reliance on chemical control measures commonly found in federal land 
management policies has no place in an integrated weed management strategy and 
sound ecosystem management. This emphasis also dominated the scientific contract 
report on noxious rangeland weeds for the Interior Columbia Basin Ecosystem 
Management Project (Sheley, 1994). This violates both the letter and intent of the 
mediated agreement in which herbicide use is to be used only as a last resort.  
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For years herbicides were widely used to control plant invasions. Adverse environmental 
and human health effects associated with herbicide application are becoming 
increasingly apparent (Feldman, 1991, Warnock and Lewis, 1980, Katan and Eshel, 
1973, Pimental, 1982), as in the following examples:  

Much of our native fauna is threatened by the synergistic effects of synthetic 
compounds on living estrogenic activity. These estrogenic compounds are 
associated with many herbicides and pesticides (Guillette in press, Colburn et al. 
1993, Fox 1992).  
Herbicide application is implicated as one of the causes in the global decline of 
amphibian populations (Blaustein and Wake 1995).  
Replacement of beneficial mycorrhizal flora and the iron chelators they produce 
with allelopathic actinomycetes resulted in the conversion of productive forestland 
to unforested openings (Perry and Amaranthus, 1994, Amaranthus and Perry, 
1987, Perry 1984).  
Persistence of herbicides through soil and humus binding is unaccounted for in 
most quantitative measurements of toxicity used to determine safe exposure levels 
(Bordeleau and Bartha, 1971), and the possibility exists that they may be released 
at unexpected times in the future (Pramer and Bartha, 1980).  
Transport of pesticides up food chains and concentration in lipid tissues of 
secondary consumers can result in exposures to fish 49,000 times higher than to 
target organisms (Reinert, 1967).  
Destruction of plants seeds resulted in declines of nontarget gophers (Brown, 
1978).  
Destruction of nontarget plants resulted in lowered species richness and 
replacement by introduced species following 2,4-D treatment of native Veratrum 
californicum in an alpine plant community (Anderson and Thompson, 1993).  
So-called "inert" ingredients laws allow the application of toxic compounds such as 
kerosene, diesel fuel or fungicides to be used as 98% of a mixtures application 
rate (Grier, 1994).  
Surfactants in different commercial preparations of glyphosate result in 400-fold 
greater toxicity to sockeye salmon fry (Monroe, 1988).  
Human and other nontarget mammalian effects are well-documented in all 
herbicides used on public lands. Organ systems prone to suffer damage are the 
nervous system, immune system, cellular respiration cycle, electron-transport 
chain, cell membrane function and diverse oncogenic and teratogenic effects 
(O'Brien, 1984).  
As a result of chemical exposure, reproductive sterility has resulted in females, 
reduced sperm counts has resulted in males (Sharpe and Skakkebaek, 1993) and 
birth defects have occurred in children (Kurzel and Cetrulo, 1981, Wilson, 1977).  
The most comprehensive weed management plans still may cause irreversible and 
irretrievable resource commitments, such as crop losses associated with drift of 
supposedly non-toxic chlorosulfuron (Fletcher et. al., 1993) or the 1995 herbicide 
spill resulting from the crash of an herbicide truck into a creek (and release of 
herbicides into water) on the Okanogan National Forest in Washington.  

Environmental Effects of Integrated Weed Management  
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Biological controls are insects or pathogens that control populations of undesirable 
species. Such pathogens may be natural components in the original habitat of a weed, 
that are absent in the new environment. After confirmation of specificity to target 
plants, biological controls have resulted in spectacular effects on target organisms 
(Piper, 1984, Kelleher, 1984), as exemplified by the following example. Tansy ragwort 
(Senecio jacobaea), a noxious weed affecting much of Oregon and Washington, has been 
reduced to about 10% of mid-1970 infestation rates by a biological control program. 
Benefits of the program, utilizing cinnabar moth, ragwort seedhead fly and ragwort flea 
beetle, approximate $5 million annually, a return on investment of 83%, a benefit-to-
cost ratio of 13:1 (USDI-BLM, 1994). 

Mechanical controls such as mowing are effective on obligate outbreeders such as 
diffuse knapweed (Centaurea diffusa) when the treatment is timed to preceed 
flowering (Harrod, 1991).  
Manual controls are the most selective methods toward target organisms and may 
be the only available method in certain situations, for example wilderness, along 
riparian areas or in rocky areas.  
Cultural controls that affect revegetation are important, and are often specified in 
treatments. However the indiscriminate use of nonnative seeding mixtures has 
resulted in great damages occurring as a result of treatment. In Hell's Canyon RNA 
yellow star thistle (Centaurea solstitialis) was present in a seed mix applied after 
the 1988 TeePee fire (Bob Williams - Wallowa Whitman NF, personal 
communication) resulting in over $200,000 in ongoing control costs. The regular 
seeding of strongly competitive and aggressive alien grasses or clover following 
National Forest management causes dramatic displacement of native vegetation 
(Ralphs and Busby, 1979).  

RECOMMENDATIONS AND GUIDELINES 

Program Development and Cooperative Agreements  
Each agency or jurisdiction in charge of maintaining land-based resources needs to 
develop and maintain an alien plant program with funding and manpower responsible 
for the prevention and control of invading species. Individual programs should be 
designed to be compatible with ecosystem processes for the particular area, and be 
specific to the invading plants and characteristic causes of invasions for each area.  

Cooperative agreements between private interests, non-governmental organizations, 
federal, state and local governments should be encouraged in countering the invasion of 
alien plants. Land managers, field personnel, ecologists, botanists and biologists should 
be consulted about the nature and spread of invading taxa, as well as invaded 
ecosystems. Public interest and environmental groups should be allowed a chance to 
contribute. These groups can give invaluable support and manpower in solutions to 
weed spread. Efforts should be made to contact and educate all groups whose activities 
may increase the spread of alien plants.  

Information Gathering  
Identification of the nature and extent of plant invasions in each jurisdiction should be 

Page 6 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



conducted by combining a review of known occurrences with additional surveys for new 
invaders. Baseline monitoring data will allow subsequent surveys to determine 
population trends, causative factors, rate of spread, persistence and potential for 
further spread into adjacent ecosystems. Review and amend lists of invading taxa and 
policies for their prevention and control following analysis of this data.  

Prevention Strategies  
Prevention strategies should be stressed over control measures, as control measures 
are futile once a certain population threshold is attained in the invading species. 
Prevention should be based on prioritization of areas based on a combination of 
ecosystem values and the threat of invasion as follows:  

Priority 1 are those areas with intact ecosystem processes, essentially free of invaders. 
No management activities should be allowed which cause deliberate or inadvertent 
introduction of alien plants. Management objectives should put maintenance of 
unpolluted flora as a top priority.  

Priority 2 are intact ecosystems which possess only a few invading taxa. Invaders 
threaten the ecosystem, plant community structure or landscape-level processes, but 
control efforts may be successful. No management activities should be allowed which 
cause further introduction of alien plants. Management objectives should emphasize 
environmentally benign but aggressive biological and mechanical control measures to 
reduce or eliminate alien plant populations.  

Priority 3 are intact native ecosystems which possess only a few invading taxa that do 
not appear to threaten the ecosystem, but the spread of which may still be worth 
controlling. No management activities should be allowed which cause further 
introduction of alien plants. Management objectives should emphasize environmentally 
benign biological and mechanical control measures to reduce or eliminate alien plant 
populations.  

Integrated Weed Management  
Strategies for control are both more complicated and more costly. Control is a 
treatment strategy-not a prevention strategy. In general, control measures should be 
undertaken based on a prioritization procedure combining nature, quantity and number 
of invading species, their potential for spread to adjacent ecosystems, the nature of 
affected ecosystems, loss of values because of their spread, and long-term costs of 
control. Strategies based on these attributes are documented in USDI-BLM (1994), 
Harrod (1994), USDA Forest Service (1990), Torrence (1988, and the associated 
mediated agreement) and Hoglund et. al. (1991). Control strategies come under agency 
guidelines for integrated weed management (IWM). IWM begins with information 
gathering, surveying, and determination of a damage threshold (Hoglund, 1991). For 
control measures, action strategies are then further developed that incorporate 
education, prevention, mitigation, and control alternatives (USDI-BLM, 1994). 
Environmentally benign mechanical and biological control methods should be used in 
almost all cases on public lands. Herbicide use should be considered as a last resort 
only after biological consultation to ensure no damage will occur to native flora and 
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fauna and human health is not endangered. All other measures must be exhausted 
before herbicide use is contemplated.  

Adaptive Management  
Deleterious management practices that contribute to the spread of alien taxa should be 
reexamined and revised. These would include seeding invasive species, using 
contaminated seed mixes, feeding with contaminated grain, transporting of weeds on 
stock, gear and clothing, and avoidable disturbances to soil, water and nutrients. Some 
of these are ingrained practices that will require infrastructure changes of land 
management agencies.  

Further plant invasions caused by vegetation removal and ground disturbance (e.g. 
roading, logging and grazing), can be prevented by restricting these activities from 
intact native ecosystems (e.g. roadless areas and wilderness), where the effects of man 
are still largely unfelt. These areas are the highest priority for prevention strategies, and 
retain the last vestiges of resiliency present in native ecosystems of the ICRB. There is 
little moral or ethical ground for degrading these last remnants of pristine landscape. In 
other areas where alien plants are already well established, there must be some 
acceptance that biological invasions are often irreversible.  

Education  
The need for management of invading plants requires a long-term commitment to 
education and awareness of the nature and extent of this problem. Plant and weed 
identification needs to be routine for land managers and should also be available to the 
public. Signs, brochures, posters and news articles offer a chance for communication 
about the problem. Workshops and classes are recommended that bring interested 
people together in informative, problem-solving formats.  

Research  
There is an overwhelming need for more data on the ecology and biology of plant 
invasions in the ICRB. Agencies and educational institutions need to invest in research 
and methods that have the potential for solving the problems of invading species. 
Through cooperative agreements, cost-sharing and data-sharing, a better understanding 
of plant invasions will produce more effective prevention strategies and control 
techniques. Affected ecosystem components need to be studied, and at-risk ecosystems 
such as riparian areas should receive high priority. Specific topics that deserve 
attention include nutrient cycling, mycorrhizal connections, effects on wildlife, effects 
on biodiversity, biological controls, cultural (ecological) controls, research on target-
specific or non-toxic herbicides, mechanisms of spread, genetics and reproductive 
biology of invading species, and the effects of varying the nature, severity and kind of 
causative disturbances.  
   
   
 
 

FEDERAL AND STATE LAW ADDRESSING PLANT INVADERS 
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Numerous federal laws, regulations and policies have been established that address 
management of plant invaders on public lands. Designated "noxious weeds" receive 
individual consideration through several of these policies. A recent USDI publication (US 
Department of the Interior, BLM, 1994, Appendix 2), lists those laws pertaining to the 
agency's role in their management, and includes brief interpretations of the intent of 
those laws:  

Federal Land Policy and Management Act (FLPMA) of 1976. Directs the BLM to 
‘take any action necessary to prevent unnecessary and or undue degradation of 
the public lands.’  
Public Rangelands Improvement Act (PRIA) of 1978. Requires that BLM will 
manage, maintain and improve the condition of the public rangelands so that they 
become as productive as feasible.  
Carlson-Foley Act of 1968. Directs agency heads to enter upon lands under their 
jurisdiction with noxious plants and destroy noxious plants growing on such land.  
Federal Noxious Weed Act of 1974, as amended by Sec. 15, Management of 
Undesirable Plants on Federal Lands, 1990. Authorizes the Secretary ‘to cooperate 
with other federal and state agencies, and others in carrying out operations or 
measures to eradicate, suppress, control or prevent or retard the spread of any 
noxious weed. Each Federal agency shall 1) designate an office or person 
adequately trained to develop and coordinate an undesirable plants management 
program for control of undesirable plants on federal lands under the agency's 
jurisdiction, 2) establish and adequately fund an undesirable plants management 
program through the agency's budgetary process, 3) complete and implement 
cooperative agreements with State agencies regarding the management of 
undesirable plant species on federal lands, and 4) establish integrated 
management systems to control or contain undesirable plant species targeted 
under cooperative agreements.’  
BLM Final Supplemental Environmental Impact Statement for Noxious Weeds 
(1987). Declares that the BLM has the statutory duty to control and eradicate 
noxious weeds on public lands.  
BLM Departmental Manual 517. Prescribes policy for the use of pesticides on the 
lands and waters under the jurisdiction of the BLM and for compliance with the 
Federal Insecticide, Fungicide, and Rodenticide Act, as amended.  
BLM Departmental Manual 609. Prescribes policy to control undesirable or 
noxious weeds on the lands, waters, or facilities under the jurisdiction of the BLM, 
to the extent economically practicable and as needed for resource protection and 
accomplishment of resource management objectives.  
BLM Manual 9011. Provides policy for conducting chemical pest control programs 
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under an integrated pest management approach.  
BLM Manual 9014. Provides guidance and procedures for planning and 
implementing biological control in Integrated Pest Management Programs.  
BLM Manual 9015. Provides policy relating to the management and coordination 
of noxious weed activities among the BLM, organizations and individuals.  
BLM Manual 9220. Provides guidance for implementing integrated pest 
management on lands administered by the BLM. The objective is to ensure 
optimal pest management with respect to environmental concerns, biological, 
effectiveness, and economic efficiency while achieving resource management 
objectives.  
Additional policies are directed toward other federal or state agencies (Hoglund et. 
al., 1991):  
The National Environmental Act (NEPA) of 1969. (Sec. 102(C)(v)). Planners are 
required to describe any ‘irreversible and irretrievable commitments of resources.’ 
Most biological invasions are nearly irreversible and any actions which may 
promote the spread of alien plants can be viewed as an irretrievable commitment 
of resources.  
National Forest Management Act of 1976. (Sec. 6, 90 Stat. 2949). The principal 
legislative mandate directing the conservation of biological diversity and 
recognizing the value of adapted plant and animal communities. This legislation 
also prohibits stand conversions, the process of management-induced irreversible 
change from one ecosystem to another. The inadvertent or deliberate conversion 
of a plant community dominated by natives to one dominated by aliens can be 
viewed as a stand conversion.  
Code of Federal Regulations, Title 36, Part 219, Section 27, Subsection G. 
‘Management prescriptions, where appropriate and to the extent practicable, shall 
preserve and enhance the diversity of plant and animal communities, including 
endemics and desirable naturalized plant and animal species, so that it is at least 
as great as that which would be expected in a natural forest and the diversity of 
tree species similar to that existing in the planning area. Reductions in diversity of 
plant and animal species from that which would be expected in a natural forest, or 
from that similar to the existing diversity in the planning area, may be prescribed 
only where needed to meet overall multiple-use objectives. Planned site conversion 
shall be justified by an analysis showing biological, economic, social, and 
environmental design consequences, and the relation of such conversions to the 
process of natural change.’  
Forest Pest Management, 1990. A Guide to Conducting Vegetation Management 
Projects in the Pacific Northwest Region. USDA-FS, PNW Region.  
Northwest Coalition for Alternatives to Pesticides, et. al. v. Clayton Yeutter, et. al. 
Civil No. 83-6272-E-BU, (U.S.D.C. Oregon) Stipulated Order of May 24, 1989 (here 
referred to as the mediated agreement).  
Managing Competing and Unwanted Vegetation, Final EIS and Accompanying 
Record of Decision, USDA-FS, PNW Region, Portland, OR. (Torrence, 1988).  
Memorandum for the Heads of Executive Departments and Agencies, 1994, 
Presidential direction to use regionally native plants for landscaping and 
construction.  
WAC 16-750 State Noxious Weed List and Schedule of Monetary Penalties. 
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Washington Administrative Code Olympia, WA. (Nov. 28, 1994).  

REFERENCES 

Amaranthus, M. P. and D. A. Perry. 1994. The functioning of ectomycorrhizal fungi 
in the field: linkages in space and time. Plant and soil 159:133-140.  
Amaranthus, M. P. and D. A. Perry. 1987. The effect of soil transfers on 
ectomycorrhizal formation and the formation and the survival and growth of 
conifer seedlings on old, nonreforested clearcuts. Can. J. For. Res. 17:944-950.  
Anderson, David C., K. T. Harper and R. C. Holmgren. 1982. Factors influencing 
development of cryptogamic soil crusts in Utah deserts. J. Range Mgt. 35:180-
185.  
Anderson, Val Jo, R. M. Thompson. 1993. Chemical and mechanical control of 
false hellebore (Veratrum californicum) in an alpine community. Res. Pap. INT-
469, USDA-FS Intermt. Res. Sta., Ogden, UT. 6 p.  
Bazzaz, F. A. 1986. Life history of colonizing plants: some demographic, genetic, 
and physiological features, Pp. 96-110 in Mooney, H. A. and J. Drake, eds., 
Ecology of Biological Invasions of North America and Hawaii. Springer-Verlag, New 
York, NY.  
Bazzaz, F. A. 1983. Characteristics of populations in relation to disturbance in 
natural and man-modified ecosystems. Pp. 259-275 in Mooney, H. A. and M. 
Godron, eds., Disturbance and Ecosystems. Springer-Verlag, Berlin, West 
Germany.  
Billings, W. D. 1983. Ecological impacts of cheatgrass and resultant fire on 
ecosystems in the western Great Basin. Pp. 22-30 in Monsen, S. B., and N. Shaw, 
comps., Managing Intermountain Rangelands-- Improvement of Range and Wildlife 
Habitats: Proceedings of Symposia Sept. 15-17, 1981, Twin Falls, ID, June 22-24, 
1982, Elko, NV. Gen. Tech. Rep. INT-157, USDA-FS Intermt. For. and Range Expt. 
Sta., Ogden UT. 194 p.  
Blaustein and Wake. 1995 The puzzle of declining amphibian populations. 
Scientific American April 1995, v272 n4:52-57.  
Bolton, H., Jr., J. L. Smith and S. O. Link. 1993. Soil microbial biomass and 
activity of a disturbed and undisturbed shrub-steppe ecosystem. Soil Biol. 
Biochem. 25:545-552.  
Bordeleau, L. M. and R. Bartha. 1971. Ecology of herbicide transformation: 
synergism of two soil fungi. Soil Biol. Biochem. 3:281.  
Brothers, Timothy S. and A. Spingarn. 1992. Forest fragmentation and alien plant 
invasion of central Indiana old growth forests. Cons. Biol. 6:91-99.  
Brown, A. W. A. 1978. Ecology of Pesticides. Wiley-Interscience. New York, NY.  
Bucher, R. F. 1984. The potential cost of spotted knapweed to Montana range 
users. Coop. Ext. Serv. Bull. 1316. Montana St. Univ., Bozeman, MT. 18 p.  
Campbell, F. T., Exotic Pest Plant Council, Wash., D.C. 1993. The need to control 
exotic (non-indigenous) invasive plants in Natural Areas. Proceedings of the 
Southern Weed Science Society. P. 287-290.  
Chicoine, Tim, P. Fay and J. Nielsen. 1988. Predicting spotted knapweed 
migration in Montana. Montana AgResearch Spring 1988, pp. 25- 28.  
Clary, Warren P. and D. E. Medin. 1990. Differences in vegetation biomass and 

Page 11 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



structure due to cattle grazing in a northern Nevada riparian ecosystem. Res. Pap. 
INT-427, USDA-FS Intermt. Res. Sta., Ogden, UT. 8 p.  
Colborn, T., vom Saal, F.S., and Soto A. M. 1993. Developmental effects of 
endocrine-disrupting chemicals in wildlife and humans. Environ. Health Perspect. 
101, 378-384.  
Cottam, W. P. and G. Stewart. 1940. Plant succession as a result of grazing and of 
meadow desiccation by erosion since settlement in 1862. J. Forestry 38:613-626.  
Daubenmire, Rexford F. 1940. Plant succession due to overgrazing in the 
Agropyron bunchgrass prairie of southeastern Washington. Ecology 21:55-64.  
DeAngelis, D. L. and J. C. Waterhouse. 1987. Equilibrium and nonequilibrium 
concepts in ecological models. Ecol. Monog. 57:1-21.  
Durgan, Beverly R. 1989. Spotted knapweed - distribution, spread, and control in 
Minnesota. Pp. 119-124 in Fay, Peter K., J. R. Lacey, eds., Proceedings of the 
1989 Knapweed Symposium, 1989 April 4-5, Bozeman, MT. Ext. Bull. 45, 
Montana St. Univ., Plant and Soil Dept. and Ext. Serv., Bozeman, MT.  
Edwards, P. J. and M. P. Gillman. 1987. Herbivores and plant succession. Pp. 
295-314 in Gray, A. J., M. J. Crawley and P. J. Edwards, eds., Colonization, 
Succession and Stability, the 26th Symposium of the British Ecological Society 
Held Jointly with the Linnean Society of London. Blackwell Sci. Publ., Oxford, 
Boston. 482 p.  
Feldman, Jay. 1991. Statement of Jay Feldman, National Coordinator, National 
Coalition Against the Misuse of Pesticides, Before the Subcommittee on Toxic 
Substances, Environmental Oversight, Research and Development Committee on 
Environmental and Public Works. U. S. Senate, May 9, 1991.  
Flather, Curtis H.; Linda A. Joyce and Carol A. Bloomgarden. 1994. Species 
Endangerment Patterns in the United States. USDA Forest Service Rocky Mountain 
Forest and Range Experiment Station General Technical Report RM-241, Fort 
Collins, Colorado.  
Fletcher, John S., T. G. Pfleeger and H. C. Ratsch. 1993. Potential environmental 
risks associated with the new sulfonylurea herbicides. Env. Sci. and Tech. 
27:2250-2252.  
Fox, G.A. 1992. Epidemiological and pathobiological evidence of contaminant-
induced alterations in sexual development in free feeding wildlife. In: Chemically-
induced Alterations in Sexual and Functional Development: The Wildlife/Human 
Connection, pp. 147-158. (T. Colborn and C. Clement, eds.). vol. XXI. Princeton, 
Princeton Sci. Publ. Co. Inc.  
Grier, Norma. 1994. EPA shouldn't accept trade secret claims about "inerts". J. 
Pesticide Reform 14:19.  
Guillerm, J. J. 1991. Weed invasion in agricultural areas. Pp. 378-391 in Groves, 
R. H. and F. DiCastri, eds., Biogeography of Mediterranean Invasions. Cambridge 
Univ. Press. New York, NY.  
Guillette, L.J. Jr. in press. Endocrine-disrupting contaminants and wildlife. Human 
and Ecological Risk Assessment. March 1995.  
Harniss, Roy O. and R. B. Murray. 1973. 30 Years of vegetal change following 
burning of sagebrush-grass range. J. Range Mgt. 26:322-325.  
Harris, Grant A. 1967. Some competitive relationships between Agropyron 
spicatum and Bromus tectorum. Ecol. Monog. 37:89-111.  

Page 12 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



Harrod, Richy J. 1994. Pp. 47-49 in Everett, Richard L., comp., Eastside Forest 
Ecosystem Health Assessment, Volume IV: Restoration of Stressed Sites, and 
Processes. Gen. Tech. Rep. PNW-GTR-330, USDA-FS, Portland, OR.  
Harrod, Richy J. 1991. Pollination ecology of Centaurea diffusa (Compositae). M.S. 
thesis, Western Washington Univ., Bellingham, WA.  
Harty, Francis M. 1986. Exotics and their ecological ramifications. Nat. Areas J. 
6:20-26.  
Hobbs, R. J., Huenneke, L. J. 1992. Disturbance, diversity and invasion: 
implications for conservation. Cons. Biol. 6:324-337.  
Hoglund, Georgia E., J. Stiverson, H. Knorr and J. Stiverson. 1991. Integrated 
Weed Management, a Guide for Design and Implementation. Volunteer Contract, 
Okanogan National Forest, Okanogan, WA.  
Horton, J. S. 1977. The development and perpetuation of the permanent tamarisk 
type in the phreatophyte zone of the Southwest. Pp. 124-127 in Johnson, R. R. and 
D. A. Jones, Importance, Preservation and Management of Riparian Habitat: A 
Symposium. USDA-FS Gen. Tech. Rep. RM-43, Rocky Mt. Region, Fort Collins, CO.  
Humphrey, L. David. 1984. Patterns and mechanisms of plant succession after fire 
on Artemisia-grass sites in southeastern Idaho. Vegetatio 57:91-101.  
Johnson, Charles G., Jr., R. R. Clausnitzer, P. J. Mehringer and C. D. Oliver. 1994. 
Biotic and abiotic processes of eastside ecosystems: the effects of management of 
plant and community ecology, and on stand and landscape vegetation dynamics. 
USDA-FS Gen. Tech. Rep. PNW-GTR-322, PNW Region, Portland, OR. 66 p.  
Katan, J. and Y. Eshel. 1973. Interactions between herbicides and plant 
pathogens. Resid. Rev. 45:145-177.  
Kelleher, J. S. and M. A. Hulme, eds. 1984. Biological Control Programmes 
Against Insects and Weeds in Canada 1969-1980. Commonwealth Agricultural 
Bureaux.  
Kelsey, Rick G. and D. J. Bedunah. 1989. Ecological significance of allelopathy for 
Centaurea species in the northwestern United States. Pp. 10-32 in Fay, Peter K., J. 
R. Lacey, eds., Proceedings of the 1989 Knapweed Symposium, 1989 April 4-5, 
Bozeman, MT. Ext. Bull. 45, Montana St. Univ., Plant and Soil Dept. and Ext. 
Serv., Bozeman, MT.  
Kerpez, T. A. and N. S. Smith. 1987. Saltcedar control for wildlife habitat 
improvement in the southwestern United States. USDI Fish and Wildlife Service, 
Res. Publ. 169, Wash. D.C. 16 p.  
Kleiner, Edgar F. and K. T. Harper. 1972. Environment and community 
organization in grasslands of Canyonlands National Park. Ecology 53:299-309.  
Kurzel, Richard B. and C. L. Cetrulo. 1981. The effect of environmental pollutants 
on human reproduction. Envir. Sci. and Tech. 15:626-640.  
Lacey, John R., C. B. Marlow and J. R. Lane. 1989. Influence of spotted knapweed 
(Centaurea maculosa) on surface runoff and sediment yield. Weed Technology 
3:627-631.  
Le Houérou, H. N. 1991. Plant invasions in the rangelands of the isoclimatic 
mediterranean zone. Pp. 393-404 in Groves, R. H. and F. DiCastri, eds., 
Biogeography of Mediterranean Invasions. Cambridge Univ. Press. New York, NY. 
485 p.  
Lincoln, R. J., G. A. Boxshall and P. F. Clark. 1990. A Dictionary of Ecology, 

Page 13 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



Evolution and Systematics. Cambridge Univ. Press, New York, NY. 298 p.  
Losensky, B. J. 1987. An evaluation of noxious weeds on the Lolo, Bitterroot and 
Flathead Forests with recommendations for implementing a weed control program. 
USDA-FS, Lolo NF, Missoula, MT. 64 p.  
Mack, Richard N. 1986. Alien plant invasion into the intermountain west: a case 
history. Pp. 191-213 in Mooney, H. A. and J. Drake, eds., Ecology of Biological 
Invasions of North America and Hawaii. Springer- Verlag, New York, NY.  
Mack, Richard N. 1981. Invasion of Bromus tectorum L. into western North 
America: an ecological chronicle. Agro-Ecosystems 7:145-165.  
Marks, P. L. and F. H. Bormann. 1972. Revegetation following forest cutting: 
mechanisms for return to steady-state nutrient cycling. Sci. 176:914-915.  
Melgoza, Graciela, R. S. Nowak and R. J. Tausch. 1990. Soil water exploitation 
after fire: competition between Bromus tectorum (cheatgrass) and two native 
species. Oecologia 83:7-13.  
Monroe, David H. 1988. Ecotoxicity of surfactants used in vegetation management. 
Environmental Consultants Northwest, Stanwood, WA.  
Nadelhoffer, Knute J., J. D. Aber and J. M. Melillo. 1985. Fine roots, net primary 
production, and soil nitrogen availability: a new hypothesis. Ecology 66:1377-
1390.  
Nee, Sean and R. M. May, 1992. Dynamics of metapopulations: habitat 
destruction and competitive coexistence. J. Animal Ecol. 61:37-40.  
O'Brien, Mary H. 1989. There goes the injunction: herbicides, the Forest Service, 
and citizens. J. Pesticide Reform 9:54-56.  
O'Brien, Mary H. 1984. On the Trail of a Pesticide, a Guide to Learning About the 
Chemistry, Effects, and Testing of Pesticides. Northwest Coalition for Alternatives 
to Pesticides, Eugene, OR. 166 p.  
Orians, G. H. 1986. Pp. 133-148 in Mooney, H. A. and J. Drake, eds., Ecology of 
Biological Invasions of North America and Hawaii. Springer- Verlag, New York, NY.  
Orians, Gordon H. and O. T. Solbrig. 1977. A cost-income model of leaves and 
roots with special reference to arid and semiarid areas. Am. Naturalist 111:677-
690.  
O'Toole, Randal. 1988. Reforming the Forest Service. Island Press, Covelo, CA. 
248p.  
Parenti, Robert L. and E. O. Guerrant, Jr. 1991. Down but not out: reintroduction 
of the extirpated Malheur wirelettuce, Stephanomeria malheurensis. Endangered 
Species Update 8:62-63.  
Penders, Laurie L. 1995. Report of the Washington State Noxious Weed Control 
Board with Recommendations for the Continued Best Use of State Funds for 
Noxious Weed Control. Washington State Noxious Weed Control Board, Kent, WA.  
Perry, David A. and M. P. Amaranthus. 1994. The use of mycorrhizal fungi and 
associated organisms in forest restoration. Pp. 87-91 in Michael Pilarski, ed., 
Restoration Forestry, an International Guide to Sustainable Forestry Practices. 
Kivakí Press, Durango, CO. 525 p.  
Perry, David A., S. L. Rose, D. Pilz and M. M. Schoenberger. 1984. Reduction of 
natural ferric iron chelators in disturbed forest soils. Soil Sci. Soc. Am. J. 48:379-
382.  
Peters, Erin F. and S. C. Bunting. 1984. Fire conditions pre- and post-occurrence 

Page 14 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



of annual grasses on the Snake River Plain. Pp. 31-36 in Monsen, S. B., and N. 
Shaw, comps., Managing Intermountain Rangelands--Improvement of Range and 
Wildlife Habitats: Proceedings of Symposia Sept. 15-17, 1981, Twin Falls, ID, June 
22-24, 1982, Elko, NV. Gen. Tech. Rep. INT-157, USDA-FS Intermt. For. and 
Range Expt. Sta., Ogden UT. 194 p.  
Pimental, D. 1986. Plant and animal invasions in agriculture. Pp. 149- 162 in 
Mooney, H. A. and J. Drake, eds., Ecology of Biological Invasions of North America 
and Hawaii. Springer-Verlag, New York, NY.  
Pimental, David and C. A. Edwards. 1982. Pesticides and ecosystems. Bioscience 
32:595-600.  
Piper, Gary L. 1985. Biological control of weeds in Washington: a status report. 
Pp. 817-826 in: Delfosse, E. S., ed. Proceedings of the VI International Symposium 
on Biological Control of Weeds, 19-25 August 1984, Vancouver, Canada.  
Pramer, David and R. Bartha. 1980. How pesticides affect the soil. Ecologist 
10:83-86.  
Ralphs, Michael H. and F. E. Busby. 1979. Prescribed burning: vegetative change, 
forage production, cost, and returns on six demonstration burns in Utah. J. Range 
Mgt. 32:267-270.  
Randall, John M. and M. Rejmánek. 1993. Interference of bull thistle (Cirsium 
vulgare) with growth of ponderosa pine (Pinus ponderosa) seedlings in a forest 
plantation. Can. J. For. Res. 23:1507-1513.  
Reinert, R. E. 1967. The accumulation of dieldrin in an alga (Scenedesmus 
obliquus), Daphnia (Daphnia magna), and the guppy (Lebistes reticulatus) food 
chain. Ph.D. dissert., Univ. Mich., Ann Arbor.  
Salwasser, Hal. 1989. Conserving threatened, endangered, and sensitive species: a 
foundation for biodiversity and caring for the land. Presented at the USDA Forest 
Service National Meeting on Threatened, Endangered and Sensitive Species, 
Arizona, January 10, 1989.  
Saunders, Denis A., R. J. Hobbs and C. R. Margules. 1991. Biological 
consequences of ecosystem fragmentation: a review. Cons. Biol. 5:18- 32.  
Scott, J. Michael, B. Csuti, K. Smith, J. E. Estes and S. Caicco. 1988. Beyond 
endangered species: an integrated conservation strategy for the preservation of 
biological diversity. Endangered Species Update 5:43-48.  
Sharpe, Richard and Skakkebaek, Niels. 1993. Are oestrogens involved in falling 
sperm counts and disorders of the male reproductive tract? The Lancet. 341:1392-
1395. May 29, 1993.  
Sheley, Roger L. 1994. The Identification, Distribution, Impacts, Biology and 
Management of Noxious Rangeland Weeds, Scientific Contract Report. Order No. 
43-OEOO-4-9150, USDA-FS-Interior Columbia Basin Ecosystem Management 
Project, Walla Walla, WA. 366 p.  
Soulé, Michael E. 1990. The onslaught of alien species, and other challenges in the 
coming decades. Cons. Biol. 4:233-239.  
Strobel, G. A. 1991. Biological control of weeds. Sci. Am. July: 72- 78.  
Temple, Stanley A. 1990. The nasty necessity: eradicating exotics. Conserv. Biol. 
4:113-115.  
Thompson, K. and J. P. Grime. 1979. Seasonal variation in the seed banks of 
herbaceous species in ten contrasting habitats. J. Ecol. 67:893-921.  

Page 15 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



Torrence, James F., Director, Region 6. 1988. Managing Competing and Unwanted 
Vegetation, Final EIS and Accompanying Record of Decision. USDA-FS, PNW 
Region, Portland, OR.  
Tyser, Robin W. and C. H. Key. 1988. Spotted knapweed in natural area fescue 
grasslands: an ecological assessment. Northwest Sci. 62:151- 159.  
Tyser, Robin W. and C. A. Worley. 1992. Alien flora in grasslands adjacent to road 
and trail corridors in Glacier National Park, Montana (U.S.A.). Cons. Biol. 6:253-
261.  
USDI-Bureau of Land Management. 1994. Noxious Weed Strategy for 
Oregon/Washington. USDI-BLM Lakeview District Office, Lakeview, OR.  
USDA-Forest Service. 1990. A Guide to Conducting Vegetation Management 
Projects in the Pacific Northwest Region. USDA-FS, PNW Region, Portland, OR.  
Verstraete, M. M. and S. A. Schwartz. 1991. Desertification and global change. 
Vegetatio 91:3-13.  
Vitousek, Peter M., L. R. Walker, L. D. Whiteaker, D. Mueller-Dombois and P. A. 
Matson. 1987. Biological invasion by Myrica faya alters ecosystem development in 
Hawaii. Science 238:802-804.  
Vitousek, Peter M. 1986. Biological invasions and ecosystem properties: can 
species make a difference? Pp. 163-176 in Mooney, H. A. and J. Drake, eds., 
Ecology of Biological Invasions of North America and Hawaii. Springer-Verlag, New 
York, NY.  
Walker, Lawrence R. and P. M. Vitousek. 1991. An invader alters germination and 
growth of a native dominant tree in Hawaii. Ecology 72:1449-1455.  
Warnock, John W. and J. Lewis. 1980. The Other Face of 2,4-D, a Citizen's Report 
[includes updates from 1978 through 1980]. South Okanogan Environmental 
Coalition, Penticton, BC.  
Weaver, T., J. Lichthart, and D. Gustafson. 1989. Exotic invasion of timberline 
vegetation, northern Rocky Mountains, USA. Pp. 208-213 in Symposium on 
Whitebark Pine Ecosystems: Ecology and Management of a High-Mountain 
Resource, Bozeman, MT, March 29-31, 1989.  
West, Neil E. 1993. Biodiversity of rangelands. J. Range Mgt. 46:2-13.  
Westman, Walter E. 1990. Managing for biodiversity. Bioscience 1:26- 33.  
Wilcove, David S. 1989. Protecting biodiversity in multiple-use lands: lessons from 
the US Forest Service. Trends in Ecology and Evolution. Vol 4 (commentary).  
Wilson, Edward O. 1989. Threats to biodiversity. Sci. Am. Sept. 1989., pp. 108-
115.  
Wilson, James G. 1977. Teratogenic effects of environmental chemicals. Fed. Proc. 
36:1698-1703.  
Wright, Henry A. and J. O. Klemmedson. 1965. Effect of fire on bunchgrasses of 
the sagebrush-grass region in southern Idaho. Ecology 46:680-688.  
Young, James A. and R. A. Evans. 1978. Population dynamics after wildfires in 
sagebrush grasslands. J. Range Mgt. 31:283-288.  
Young, James A. and R. A. Evans. 1976. Responses of weed populations to human 
manipulations of the natural environment. Weed Sci. 24:186-190.  

Inquiries about this site can be directed to  

Page 16 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm



  
Design by Lightangel, 2006 center> 

Page 17 of 17

4/15/2007http://www.okanogan1.com/natural/ecology/weeds/biol_invasions_columbia-basin.htm


