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Alien invasive species 
(Convention on Biological Diversity)—An alien 
species whose introduction and/or spread 
threaten biological diversity by becoming 
established in natural or semi-natural 
ecosystems or habitat; an agent of change.

Asset management (City of Portland 2009)— 
Any system that monitors and maintains 
things of value to an entity or group; asset 
management informs asset acquisition, 
maintenance and operations, renewal 
and adaption, and asset disposal.

Best management practices—Methods 
or techniques found to be the most effective 
and practical means in achieving an objective 
while making the optimum use of resources.

Biological control agent—(International 
Plant Protection Convention) A natural 
enemy, antagonist or competitor, and 
other self-replicating biotic entities.

City of Portland Special Status Habitat—
Habitats designated in the Terrestrial Ecological 
Enhancement Strategy as needing protection, 

conservation and/or restoration: Herbaceous 
wetlands; Open Water-Lakes, Rivers, and Streams; 
Urban and Mixed Environs; Westside Upland 
Grasslands; Westside Lowlands Conifer-Hardwood 
Forest; Westside Lowlands Conifer-Hardwood 
Forest; Westside Oak and Dry Douglas-fir Forest 
and Woodlands; Westside Riparian-wetlands. 

Climate resilience—The capacity for a socio-
ecological system to: (1) absorb stresses and 
maintain function in the face of external stresses 
imposed upon it by climate change and (2) adapt, 
reorganize, and evolve into more desirable 
configurations that improve the sustainability of the 
system, leaving it better prepared for future climate 
change impacts (Nelson et al. 2007, Folke 2006).

Combined Sewer Overflow—An event where 
the volume of combined untreated stormwater and 
wastewater exceeds the capacity of a combined 
sewer system and discharges into local waterbodies.

Containment (International Plant 
Protection Convention)—Application of 
phytosanitary measures in and around an 
infested area to prevent spread of a pest.

Glossary of Terms
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Continuous improvement—An ongoing effort 
to improve products, services or processes. 

Control (Convention on Biological Diversity)—
Suppression, containment, or eradication of
a pest population.

Early Detection Rapid Response (US Geological 
Survey)—A coordinated set of actions to find and 
eradicate potential invasive species in a specific 
location before they spread and cause harm.

Ecosystem (Convention on Biological Diversity, 
International Plant Protection Convention)—A 
dynamic complex of plant, animal, and micro-
organism communities and their non-living 
environment interacting as a functional unit.

Ecosystem services—The benefits people 
obtain from ecosystems; includes four categories 
of ecosystem services, where supporting services 
are regarded as the basis for the services of the 
other three categories (provisioning, regulating, and 
cultural) (Millennium Ecosystem Assessment 2005).

Established species—A species with a 
self-sustaining, reproducing population.

Establishment (Convention on Biological Diversity, 
International Plant Protection Convention)—
The process of an alien species in a new habitat 
successfully producing viable offspring with the 
likelihood of continued survival. Perpetuation, for 
the foreseeable future, of a pest within an area.

Exotic species (United Nations Environment 
World Conservation Monitoring Centre)—An 
organism that exists in the free state in an area 
but is not native to that area. Also refers to 
animals from outside the country in which they 
are held in captive or free-ranging populations.

Green assets—All natural, semi-natural, and 
artificial ecological systems within and around a city 
that comprise a range of habitat types, from remnant 
patches of native vegetation, brownfields, vacant 
lots, gardens, yards, bioswales and green roofs 
(Aronson et al. 2017). Green assets include natural 
assets, enhanced assets, and engineered assets.

Integrated Pest Management (University of 
California Integrated Pest Management Project)—A 
science-based, ecosystem function-driven approach 
that focuses on long-term prevention of pests or 
their damage through a combination of techniques, 
such as biological control, habitat manipulation, 
modification of cultural practices, and use of 
resistant varieties, and is applied in a manner that 
minimizes risks to human health, beneficial and 
nontarget organisms, and the environment.

Introduced species (International Council for the 
Exploration of the Sea)—Any species transported 
intentionally, or accidentally, by a human-mediated 
vector into habitats outside its native range.

Invasive species—An alien species 
whose introduction does or is likely to cause 
economic or environmental harm or harm to 
human health (Executive Order 13312).

Monitoring (International Plant Protection 
Convention, World Organization for Animal Health)—
An official ongoing process to verify phytosanitary 
situations. The continuous investigation of a given 
population, or subpopulation, and its environment, 
to detect changes in the prevalence of a disease, 
or characteristics of a pathogenic agent.

Native species (Bern Convention)—Species 
native to a given territory means a species that has 
been observed in the form of a naturally occurring 
and self-sustaining population in historical times.

Natural assets (United Nations)—Assets of the 
natural environment. These consist of biological 
assets (produced or wild), land and water areas with 
their ecosystems, subsoil assets and air. The term, 
“green assets,” is synonymous with natural assets.

Novel ecosystem (Hobbs 2009)—A system of 
abiotic, biotic, and social components, and their 
interactions that, by virtue of human influence, 
differs from those that prevailed historically, having 
a tendency to self-organize and manifest novel 
qualities without intensive human management.

Nuisance species (Aquatic Nuisance Species 
Task Force 1994)—Aquatic and terrestrial 
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organisms, introduced into new habitats 
throughout the United States and other areas 
of the world, that produce harmful impacts 
on natural resources in these ecosystems and 
on the human use of these resources.

Pathway (International Plant Protection 
Convention)—Any means that allows 
the entry, or spread, of a pest.

Pest (International Plant Protection Convention)—
Any species, strain, or biotype of plant, animal, or 
pathogenic agent injurious to plants or plant products.

Pest risk assessment (International Plant 
Protection Convention)—Evaluation of the probability 
of the introduction and spread of a pest and of the 
associated potential economic consequences. 
Evaluation and selection of options to reduce 
the risk of introduction and spread of a pest.

Priority landscapes and aquatic areas—
In the context of the proposed national EDRR 
Framework, priority landscapes and aquatic 
areas are generally regarded as those lands 
and waters (freshwater, coastal, and marine) 
identified by Federal, state, tribal entities, and 
municipalities, including the City of Portland, as 
areas of importance, such as for natural resource 
stewardship, conservation, or biodiversity purposes.

Protect the Best—A program initiated by 
the City of Portland in 2007 as part of the Grey 
to Green Initiative. The program has a goal of 
preventing small infestations of invasive plants 
from spreading in Portland Parks & Recreation’s 
most ecologically healthy natural areas.

Risk (World Organization for Animal Health)—The 
likelihood of the occurrence and the likely magnitude 
of the consequences of an adverse event to public, 
aquatic animal or terrestrial animal health in the 
importing country during a specified time period. 

Risk analysis—The set of tools or processes 
incorporating risk assessment, risk management, and 
risk communication, which are used to evaluate the 
potential risks associated with a species or pathway, 
possible mitigation measures to address that risk, 

and the information to be shared with decision-
makers and other stakeholders (USDOI 2016).

Sanitary, or phytosanitary, measure (World 
Trade Organization)—Any measure applied: (a) 
to protect animal or plant life or health within the 
territory of the Member from risks arising from the 
entry, establishment or spread of pests, diseases, 
disease-carrying organisms or disease-causing 
organisms; (b) to protect human or animal life or 
health within the territory of the Member from 
risks arising from additives, contaminants, toxins 
or disease-causing organisms in foods, beverages 
or feedstuffs; (c) to protect human life or health 
within the territory of the Member from risks 
arising from diseases carried by animals, plants or 
products thereof, or from the entry, establishment 
or spread of pests; or (d) to prevent or limit other 
damage within the territory of the Member from 
the entry, establishment or spread of pests.

Science (The Science Council)—The pursuit and 
application of knowledge and understanding 
of the natural and social world following a 
systematic methodology based on evidence.

Terrestrial Ecological Enhancement 
Strategy—A strategy to achieve watershed 
health goals and objectives in the Portland 
Watershed Management Plan. The Terrestrial 
Ecological Enhancement Strategy is a common 
body of information and agreed-upon priorities 
for conservation and restoration of terrestrial 
plant and animal species and habitats in 
Portland in a regional and state context.

Total Maximum Daily Load—A 
regulatory term in the U.S. Clean Water 
Act, describing a plan for restoring impaired 
waters that identifies the maximum amount 
of a pollutant that a body of water can receive 
while still meeting water quality standards.

Vector—Any living or non-living 
carrier that transports living organisms 
intentionally or unintentionally.
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Climate change, an increasing human population, and 
development are a few of the many challenges and 
stressors urban environments and communities are 
facing. Cities are authorized to and play a significant 
role in protecting urban natural areas and maintaining 
these important green assets for public health and 
well-being. Investments in green assets are long-
term commitments that ensure consistent delivery of 
services and values to society (City of Portland 2017a) 
and the economy (SEQC 2017). Poorly supported 
green assets contribute to reduced levels of public 
service and degradation and loss of these green 
assets through time. These reductions and losses 
negatively affect quality of life as well as the industries 
and businesses that fuel a city’s economic engine.

Invasive species pose one of the most significant 
threats to biodiversity (Simberloff 2000, Venter et 
al. 2006). Invasive species reduce property values, 
increase risk of erosion that can cause landslides, 
threaten downstream ecosystems, and they exclude 
native plants that other native species depend upon 
for survival (Mattsson pers. comm). Sustainable 
investments in invasive species prevention and 
control efforts are an investment in landscape 
resilience that can help address climate change 

and other stressors on urban natural spaces (van 
Wassenaer et al. 2011). These investments are 
more cost effective than restoration of degraded 
ecosystems (Schoettle and Sniezko 2007). 

The City of Portland Bureau of Environmental Services 
initiated an effort in 2018 to audit and revise its 2008 
Invasive Plants Strategy, a strategy that resulted 
in substantial changes to city policy code, and 
management practices of natural areas, developed 
parks, hybrid parks, and rights of way. The 2008 
strategy identified regional capacity for managing 
invasive plants and made recommendations for 
implementation, including cost estimates and 10-
year goals. 

Creative Resource Strategies, LLC was hired to work 
with a city project manager to audit the 2008 Invasive 
Plants Strategy, report on the findings and develop 
a new 10-year invasive species strategy. The audit 
(Appendix A) includes a literature review, internal 
and external stakeholder surveys, interviews and 
meetings with city staff and technical groups, and 
internal and external stakeholder reviews of the draft 
strategy. The audit also includes a legal review of 
the key pathways of introduction undertaken by the 

Forward
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National Sea Grant Law Center at the University of 
Mississippi. The findings of the audit are foundational 
to the development of Invasives 2.0.

Invasives 2.0 promotes support and expansion of 
strategic invasive species programs, incorporating 
a comprehensive all-taxa approach, and recommends 
adequate and sustainable funding and resources. 
The strategy outlined in Invasives 2.0 strengthens 
our protection of built and engineered assets as well 
as green assets that are continually threatened by 
development and stressors in the urban environment. 
In particular, the strategy will foster biodiversity, 
reduce environmental hazards, mitigate the impacts 
of extreme weather events, and improve the overall 
health and well-being of Portland’s 650,000+ 
residents (World Health Organization 2017). 

The alternative to strategic, long-term sustainable 
investments in invasive species prevention and 
control efforts would be unacceptable to most 
Portland residents. A lack of adequate financial 
commitment and political support would result 
in the loss of forward progress achieved to date, 
the erosion in the confidence of regional partners 
and stakeholders that have worked with the city to 
develop and implement proactive invasive species 
programs, and the negation of past investments—
which would ultimately result in significant future 
economic, environmental, and social costs.

Portland has served as a model for municipalities 
across the United States to take a proactive, 
coordinated approach to working with regional 
partners to address existing and emerging threats 
posed by invasive species. Investing in and supporting 
Invasives 2.0 will ensure the city continues its wise 
commitment to maintain its green assets and 
support a high quality of life for all residents.
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The Bureau of Environmental Services initiated an 
effort in 2018 to audit and revise its 2008 Invasive 
Plants Strategy, a strategy that resulted in substantial 
changes to city policy, code, management of natural 
areas, developed parks, hybrid parks, other city 
properties, and streets. The strategy identified 
regional capacity for managing invasive plants 
and made recommendations for implementation, 
including cost estimates and 10-year goals. 

The city sought to review the 2008 Invasive Plants 
Strategy and develop Invasives 2.0, a new strategy 
that addresses key gaps, builds on lessons learned, 
updates best management practices based on 
emerging science and technology, and articulates 
a cohesive, coordinated, collaborative effort across 
all of Portland’s city bureaus. Managing Portland’s 
green assets using an integrated multi-jurisdictional 
approach (both within city bureaus and with 
stakeholders in the region) for plants, animals, and 
microorganisms is a cornerstone of Invasives 2.0. 

The audit conducted in 2018 (see Appendix 
A) incorporated a 10-year retrospective that
documented program accomplishments as well as

gaps and shortcomings identified through strategy 
implementation. The 2008 Invasive Plants Strategy 
had 4 goals: (1) Program Development; (2) Outreach, 
Education, and Coordination; (3) Inventory and 
Assessment; and (4) Invasive Species Control. Of 
the 44 actions listed under these goals, 27 were 
completed, 13 were partially completed, and four 
were not completed. Those activities that remain 
relevant moving forward have been incorporated into 
Invasives 2.0 goals and actions.

Priority shortcomings and gaps described in the 
2008 Invasive Plants Strategy that are addressed and 
incorporated into Invasives 2.0 include:

• Funding and resources;

• Full integration of green assets into the
Portland’s asset management plans;

• Establishment of performance metrics to 
assess progress in achieving levels of service;

• Use of a comprehensive invasive species database
or portal to document and share information;

• Long-term monitoring of green assets;

Executive Summary
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• Enhanced public engagement;

• An all-taxa approach to invasive species
prevention and management efforts;

• Establishment of continual
improvement processes;

• Consensus regarding the philosophy 
and approaches to invasive species 
prevention and management efforts;

• Prioritization based on risk assessments
and pathways of introduction;

• Enhanced clarity of invasive species regulations;

• Development of rapid response plans
and prevention strategies; and 

• A watershed-based, zero-based 
budgeting approach. 

Invasives 2.0 is the city’s next 10-year invasive species 
strategy, which identifies a set of 30 strategies (16 high 
priority, 11 medium priority, three low priority) grouped 
into seven goals that address the key takeaways, 
lessons learned, and priority gaps revealed during the 
implementation of the 2008 Invasive Plants Strategy 
as well as actions that address emerging invasive 
species issues and pathways. 

Invasives 2.0 goals include:
Goal I: Prevent the Spread
Prevent the introduction and spread of priority 
species and identify existing and potential 
introduction pathways for known threats. 

This goal is intended to strengthen the city’s 
comprehensive watershed-based approach to 
managing the city’s green assets based on desired 
levels of service, fully integrating green assets 
into the city’s asset management plan. Five-year 
implementation actions are focused on watershed-
based, zero-based budgeting1, incorporation of 
green assets into the city’s asset management 
plan, articulation of desired levels of service for 
green assets, lessening pathways of introduction, 
development of a biannual all-taxa risk assessment, 
use of a data portal to document and share 

1 Zero-based budgeting allocates funding based on program efficiency and necessity versus budget history (Deloitte 2015).

information, articulation of protocols and taxa for 
priority surveys, and implementation of actions to 
address priority pathways of introduction. 

Goal II: Detect New Introductions
Survey and monitor city-owned properties and high 
priority pathways to detect new introductions of 
invasive species. 
This goal is intended to establish and implement 
an all-taxa monitoring program. The five-year 
implementation action focuses on identifying 
taxa and protocols for surveys based on the 
highest risk invasive species and pathways.

Goal III: Control
Control invasive species to minimize their spread 
and deleterious effects.

This goal is intended to manage new and established 
populations of invasive species to achieve desired 
levels of services associated with the city’s green 
assets. Five-year implementation actions include 
developing teams of watershed-based city staff 
to budget, articulate desired levels of service, 
prioritize and implement treatments, implement 
rapid response, share information, and consistently 
implement best management practices.

Goal IV: Restore and Rehabilitate
Support functional urban ecosystems impacted by 
the introduction of invasive species by restoring 
and rehabilitating those systems. 

This goal is intended to maintain desired levels of 
service of Portland’s priority green assets through 
restoration and rehabilitation actions. Five-year 
implementation actions include prioritizing green 
assets and achieving desired levels of service through 
restoration and rehabilitation activities.

Goal V: Engage People
Provide equitable, diverse, and inclusive public 
engagement and stewardship opportunities that 
enhance civic capacity, improve awareness, foster 
natural resource-friendly attitudes and behaviors, 
and contribute to public health and well-being. 

Five-year implementation actions are focused on 

Executive Summary
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increasing community stewardship and participation 
in invasive species control and prevention efforts, 
evaluating how invasive species and prioritization 
of treatments may affect historically or currently 
marginalized communities, and hosting a regional 
summit every five years with partners and 
stakeholders to celebrate successes, evaluate 
progress, and identify gaps and emerging trends.

Goal VI: Continuously Improve
Continually assess the ability to manage invasive 
species to achieve desired levels of service, and 
implement course corrections to ensure the latest 
science and best management practices. 
Five-year implementation actions include improving 
the process to update the Portland Plant List, 
evaluating and making needed changes to improve 
regulatory mechanisms, and implementing an 
adaptive management approach to achieve desired 
levels of service efficiently and effectively.

Goal VII:Fund Sustainable Efforts
Ensure Invasives 2.0 is adequately funded to meet 
the ecosystem function goals and desired levels of 
service of the Portland’s green assets. 

This goal will ensure adequate funding to achieve the 
goals and implementation actions of Invasives 2.0. 
Five-year implementation actions include (i) using 
zero-based budgeting on a site-by-site basis within 
each watershed, (ii) hiring additional staff to address 
existing budget gaps, (iii) supporting an expanded all-
taxa approach to invasive species, and (iv) expanding 
outreach and engagement with the public. 
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Human-dominated landscapes in urban areas 
influence ecosystem health and function such that 
cities have some of the most profoundly altered 
ecosystems on the planet (Collins et al. 2000). Invasive 
species are continually being introduced into urban 
environments because they are hubs for global trade 
of commodities (Seebens et al. 2016, Gaertner et al. 
2017). Urban areas possess valuable natural resources 
in the form of urban tree canopies, watersheds, parks, 
riparian areas, wetlands, natural areas, street trees, 
community gardens, and bioswales, which collectively 
provide a suite of beneficial ecosystem services 
that warrant a modern approach by recognizing 
them as green assets that require management and 
protection. Invasive plant and animal species threaten 
to harm and degrade these green assets, directly and 
indirectly, by reducing a variety of ecosystem services. 

Urban Canopies 
Urban canopies provide ecosystem services at tree, 
street, watershed, and city scales (Livesley et al. 
2015). Trees intercept rainfall and reflect irradiance. 
Trees provide shade, favorable microclimates, habitat 
for birds and other wildlife, uptake carbon dioxide, 

water, and nutrients. At the street level, trees provide 
thermal comfort to people and create a complex 
urban forest habitat for wildlife. Trees also enhance 
energy savings by shading buildings, reducing runoff, 
and enhancing water quality. At the watershed level, 
trees provide shade, stabilize riverbanks, prevent 

Introduction: 
Ecosystem Services and Invasive Species in Urban Areas
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erosion, and provide food and cover to fish and aquatic 
species. At the city level, a forest canopy is an integral 
component of riparian areas, and can reduce the urban 
heat island, particulate pollution, and runoff as well 
as increase filtration. Invasive species, such as wood-
boring insects, climbing vines, and pathogens, can 
cause the loss of urban trees and forests, drastically 
reducing the benefits of ecosystem services as well 
as interrupt urban wildlife connectivity corridors. 

Intact Watersheds 
Intact watersheds provide clean drinking water, 
provide natural flood protection, reduce the 
need for downstream drinking water treatment 
and infrastructure costs2, absorb sediments 
and transform pollutants (Washington State 
Department of Natural Resources 2012), provide 
habitat for native fish and wildlife (Washington 
State Department of Natural Resources 2012), 
and increase property values of nearby homes 
(Maine DEP 2005). Healthy and intact watersheds 
also provide essential services in addressing total 
maximum daily loads (TMDL), and combined sewer 

2   In 2004, Clean Water Services in the Tualatin River Basin began implementing a watershed-based approach to water quality 
improvement through water quality credit trading. Credits are awarded to agricultural producers who partake in riparian planting 
and other stream enhancement activities. By 2011, this program resulted in 35 miles of restoration projects in the basin, allowing 
Clean Water Services to avoid investing in a multi-million dollar artificial chiller to cool effluent from the water treatment plant. 

overflows (CSO) and infrastructure in natural areas 
(City of Portland 2017b). Watersheds impacted 
by invasives species experience degradations in 
water quality (McCormick et al. 2009) and disrupted 
water delivery (Hosler 2011). For example, zebra and 
quagga mussels clog water pipes, reducing the flow 
of water and altering the taste of drinking water. 

Urban Natural Areas
Urban natural areas offer recreational opportunities 
(Baur and Tynon 2010), provide natural stormwater 
management, provide wildlife habitat (Larry 2013), 
provide access to nature and help sustain public 
health and well-being (Jennings and Gaither 2015, 
Svendsen et al. 2016), improve air quality (Nowak and 
Heisler 2010), assist with temperature management 
(Nowack and Heisler 2010), and ameliorate the 
effects of climate change stressors (Nowack and 
Heisler 2010). The existence of natural areas creates 
opportunities for people to connect with nature, 
enhancing the potential for a community to have 
scientifically literate residents who can contribute to 
informed policy decisions and conservation actions 
(Lepczyk et al. 2017). Degradation of natural areas 
by invasive species lessens habitat resilience and 
biodiversity (Trentanovi et al. 2013, City of Portland 
2018), affects the quality and type of recreational 
experiences available (Marbuah et al. 2014), and 
increases costs for land management (Funk et al. 
2014). Urban natural areas are also degraded because 
of development, which threatens ecological integrity, 
recreational experiences, aesthetic quality, public 
investment, and safety because of increased edge 
effects (Arroyo 2000) that occur adjacent to these 
areas. Development adjacent to urban natural areas 
exposes native fish and wildlife to introduced and 
invasive species (Arroyo 2000).

Urban areas and ecosystems are especially 
vulnerable to invasive species because of the 
significant habitat disturbance that occurs in heavily 
populated and developed areas as well as the 
numerous pathways of invasive species introduction 
(Hennings 2005). Globalization of commerce and the 

Invasives 2.0
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existence of a major port and international airport in 
the Portland metropolitan area continually expose 
the city’s green assets to a suite of invasive pests, 
such as Japanese beetle (Popillia japonica). Because 
of the valued ecosystem services green spaces 
provide in urban areas, it is important to identify and 
manage pathways of introduction, focusing efforts 
on prevention of introduction and spread, which is 
the least expensive and most effective approach 
to invasive species management (National Invasive 
Species Council 2016).

Although most peer-reviewed science indicates that 
invasive species can have deleterious effects, several 
studies support the concept of “novel ecosystems” 
(Hobbs 2009). For example, in highly urbanized and 
fragmented systems where native species may be 
rare, the presence of a non-native fruiting shrub 
provides essential food resources to migratory birds 
(Gleditsch and Carlo 2010). Aronson et al. (2017) 
document the tension that exists relative to tolerance 
expressed for non-native species and a lack of science 
to inform management targets and goals (Murcia et 
al. 2014). One solution proposed is a decision tree for 
restoration action that integrates novel ecosystem 
components with modern restoration ecology 
perspectives (Miller and Bestelmeyer 2016) and 
incorporates a broader definition of restoration that:

• Allows for potentially increasingly uncertain 
environmental circumstances and unprecedented
challenges associated with managing 
green assets in an urban environment;

• Focuses on restoring ecosystem function 
versus historical species assemblages, which
may not be viable restoration targets;

• Can provide and maximize, in certain contexts,
biodiversity on the landscape; and

• Requires clear statements of restoration goals
and strategies as well as best practices.
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The Era of Globalization has accelerated 
transportation of commodities throughout the 
world, contributing to the quantity of biological 
invasions (Hulme 2009). The major challenge 
associated with invasive species ecology is 
management of introduction vectors (Sylvester 
et al. 2011). Therefore, focusing on vectors, or 
pathways of introduction, helps to identify the 
potential sources of invasive species (Convention 
on Biological Diversity 2014). A focus on species, 
such as quagga and zebra mussels, should be 
balanced with a focus on pathways of introduction 
and spread, such as transporting watercraft, to 
prevent propagules from arriving and disbursing 
(McGeoch et al. 2015).

The primary pathways of introduction to Portland 
are: Air transportation/cargo, water transportation, 
land transportation, items used in shipping, travel 
tourism/relocation, plant pathways-plant trade, 
food pathways, non-food animal pathways, and 
ecosystem disturbances.

Table 1 illustrates the framework used to describe 
invasive species pathways and threats to the City 

of Portland, including the primary pathways of 
introduction as well as the techniques commonly 
used to manage the threats, and the priorities for 
protection from threats.

The 2018 audit of the 2008 Invasive Plants Strategy 
(Appendix A-4) further analyzes the pathways of 
invasive species introduction, including pathway 
specifics, organisms transported, and examples of 
invasive species associated with pathways. The audit 
also describes the responsible city departments, 
state laws or regulations, local authorities, and 
recommendations for the city based on  the authority 
it has to enhance prevention efforts to stem the 
introduction and spread of invasive species to the city.

A comprehensive approach is required to addressing 
pathways of introduction, including public outreach 
and engagement, best management practices 
(Appendix A), incentives, policies at the local, state, 
and federal level, and other approaches. Although 
some activities, such as international commerce, lie 
outside the jurisdiction of the City of Portland, the 
city can influence the outcomes of these activities 
through partnerships, political will, and its own 
policies and regulations. 

Pathways of Introduction
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Based on the 2018 audit, each of Portland’s major 
pathways of introduction have at least one “sub-
pathway” that is deemed a priority based on risk 
assessments completed by federal and state 
agencies, and emerging threats identified to the 
region by agencies, Canadian partners, and others. 

The identified pathways are those that the city can 
influence, and the suggested actions are those that 
the city could take to enhance prevention efforts 
focused on pathway introduction.

GREEN ASSET Note: Pathways highlighted in 
orange are considered priorities 

based on their risk of introduction, 
establishment, and spread as well as 
economic, environmental, and social 

costs once established. Medium 
priorities are highlighted in blue. Low 

priorities are highlighted in purple.
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AIR TRANSPORTATION

X X X X X X        Cargo X X X

WATER TRANSPORTATION

X Ballast X X X

X X X Hull fouling X X X

X X X X X X Stowaways X X

X X X X X Structures above water line X X X

X X X X X Dredge spoil material X X

X X Anglers X X

LAND TRANSPORTATION

X X X X X X Cars and trucks X X

X X X Boat trailers X X X

X X X Trains X

X X X X X Equipment X X

X X X X X X Hikers, horses, pets, recreationists X X

X X X X X X Forest workers X X X

ITEMS USED IN SHIPPING

X X X X X Port containers/crates X X X

X X X X X Wood packing material X X X X

Seaweed X X

Table 1. Pathways of invasive species threats to Portland’s green assets.
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GREEN ASSET Note: Pathways highlighted in 
orange are considered priorities 

based on their risk of introduction, 
establishment, and spread as well as 
economic, environmental, and social 

costs once established. Medium 
priorities are highlighted in blue. Low 

priorities are highlighted in purple.
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TRAVEL TOURISM/RELOCATION

X X X X X X Travel/relocation X X

X X X X Baggage/gear X

X X X X X X Smuggling X

X X X X X X       Plant pathways - Plant trade X X X X

FOOD PATHWAYS

Seafood market X X X X

X X X X X X Live animals X X

NON-FOOD ANIMAL PATHWAYS

X X X X Bait industry X X X X X

X X X X Pet/aquarium trade X X X X X X

X Aquaculture X X X X

OTHER PATHWAYS

X X X X X X
Minimally processed products 

(e.g., firewood)
X X X X

X X X X X X Natural spread of populations X

Air transportation/cargo
Water transportation—ballast, hull fouling, dredge spoil materials, and anglers 
Land transportation—cars and trucks, all-terrain vehicles, boat trailers, equipment, and hikers, horses, and pets 
Shipping—port containers/crates, wood packing material 
Travel tourism/relocation—plant pathways, plant trade 
Food pathways—live animals 
Non-food animal pathways—bait industry, pet/aquarium trade 
Other pathways—minimally processed products, such as firewood
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The economic, environmental, and social costs of 
invasive species were well documented in the city’s 
2008 Invasive Plants Strategy and continue to be well 
documented (Marbuah et al. 2014) as science and new 
technology help to further define the risks invasive 
species pose to our economy, natural resources, and 
human well-being.

In addition to the threat invasive species pose to 
natural ecosystems, invasive species pose significant 
threats to grey infrastructure. The infestation of 
zebra mussels (Dreissena polymorpha) in the Great 
Lakes has cost the power industry $3.1 billion 
between 1998–1999, including a total economic 
impact of more than $5 billion (Western Regional 
Panel on Aquatic Nuisance Species 2009). The power 
generation industry in the Great Lakes experiences 
costs of $1.2 million annually per power plant to 
monitor and control zebra mussels, and $1.7 million 
annually to research better zebra control methods. 
Water treatment plants pay $480,000–$540,000 
annually, and municipal water treatment facilities 
pay $353,000 annually, to control zebra mussels 
(Colautti et al. 2006). The estimated cost to install 
sodium hypochlorite systems and anti-fouling paint 

infrastructure in hydropower facilities in the Columbia 
River Basin is $23,621,000 (PSMFC 2005).

When comparing grey and green assets, it is more 
straightforward to assign asset status, condition, 
and value to the city’s grey infrastructure than to 
assign value to green assets. This is because the cost 
to install, replace, assign condition, and resources 
needed to maintain or restore an asset to a described 
condition is intuitively quantifiable, whereas the 
myriad benefits of green assets are often less direct 
(City of Portland 2017a).

Portland’s goal of achieving a healthier human 
population and green assets is reflected in numerous 
city plans (Appendix A-7) that make distinct 
correlations between the well-being of its residents 
and the condition of the city’s green assets.

Asset management is an approach that includes 
inventorying a community’s existing assets, 
determining the current state and value of those 
assets, evaluating the risks by analyzing the 
likelihood and consequences of failure of those 
assets, and developing and implementing plans 
to maintain or replace those assets to ensure 

Asset Management

Asset Management
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sustainable service delivery to a community (Brooke 
et al. 2017). Generally, local governments lack policies 
and methods to measure green assets, which 
have neither been considered nor valued similar to 
engineered assets, and have not been included in 
asset management plans (Brooke et al. 2017). The 
town of Gibsons in British Columbia determined that 
failure to protect green assets, such as aquifers and 
forests, could result in signifi cant risk and cost to the 
community (Brooke et al. 2017). Two key elements 
of the process Gibsons used to incorporate green 
assets into its management framework were to 
create a defi nition of those assets, and to develop 
a methodology to determine ecological function, 
condition, and capacity of the assets, and how they 
would change when challenged with stressors, 
such as development, or climate change. Ultimately 
Gibsons incorporated the costs of maintenance, 
monitoring, land acquisition, restoration, rehabilitation, 
environmental management, and other actions into 
their asset management framework by defi ning the 
value of services from green assets (Brooke et al. 2017).

The Municipal Natural Assets Initiative in Canada 
describes green infrastructure as the designed and 
engineered elements that are intended to mimic 
natural functions and processes in the service of 
human interests and the natural resources and 

ecosystems that yield a fl ow of benefi ts to people 
(Brooke et al. 2017).

Invasives 2.0 recommends strengthening and 
supporting the city’s watershed-based approach to 
managing green assets and incorporating green assets 
into the city’s asset management plan. Numerous city 
documents describe different types of green assets 
(Appendix A-8). For example, the Portland Watershed 
Management Plan describes four classes of habitats 
that support fi sh and wildlife, the Portland Plant List 
describes plant communities, and the Portland Natural 
Resource Inventory describes different types of assets 
and the ecosystem services they provide. None of 
these plans document the often-overlooked green 
assets—backyards, vacant lots, brownfi elds, and other 
acreages that provide green space and values. These 
green assets are essential in providing sustainable 
levels of service yet can also provide their own risks via 
the introduction of and spread of invasive species.

The social values of green assets are rarely described 
and incorporated into valuation of assets. These 
include, but are not limited to, recreation, existence 
values (i.e., the benefi ts people receive from knowing 
that an environmental resource, organism, or entity, 
exists), human well-being, noise abatement, and 
other services. 

Natural Assets
Wetlands, forests, natural areas, 
lakes, rivers, streams, fi elds, soil

Enhanced Assets
Rain gardens, urban trees, urban parks, 
biomimicry, stormwater ponds

Engineered Assets
Permeable pavement, green roofs, rain 
barrels, green walls, bioswales, cisterns

Figure 1. Green assets include natural assets, 
enhanced assets, and engineered assets 
(Municipal Natural Assets Initiative 2017).

Green Assets
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Inherent in each of the city’s important plans 
(Appendix A-7) is the understanding that healthy 
green assets equate to livability and sustainability. 
Green assets produce a flow of goods and services 
that has value for people living in the city; degradation 
of these assets impedes the ability of a municipality 
to deliver cost-effective services (Natural Value Joint 
Venture 2010). 

Despite the ability to describe grey infrastructure 
assets quantifiably, it is recognized that asset 
management is more of an art than a science (Asset 
Management Council 2017). This is particularly true 
for green assets that support community well-being 
and delivery of ecosystem services, which are core to 
sustainability and livability (SEQC 2017).

The next three pages of this report are intended 
to mimic an existing city brochure focused on gray 
assets—but using green assets in its stead. The 
potential exists to use this type of framework to 
incorporate green assets into the city’s overall asset 
management plan. 

Citywide Asset Manage-
ment Work Plan

Citywide Asset Manage-
ment Work Plan

Citywide Asset 
Management 
Work Plan
APPLYING ASSET MANAGEMENT 
PRINCIPLES WILL:
• improve the ability to make
sound decisions at all levels;

• promote e!ective use of resources;

• improve bureau support and accountability;

• improve and coordinate planning
across bureaus; and

• support the e"cient delivery of
services with assets that are cost-
e!ective, well maintained, accessible,
energy e"cient, and safe.

ELEMENTS FOR 
MANAGING ASSETS:
• good documentation of life-cycle costs,
and optimum renewal strategies that
ensure the lowest life-cycle cost;

• a needs assessment to evaluate current
practices, asset risks, and opportunities;

• links between service outcomes,
bureau programs, plans, and
performance measures;

• community engagement to better de#ne
desired and a!ordable levels of service;

• information systems that provide data on
asset inventories and their condition; and

• clear assignment of roles and
responsibilities to guide e!orts.
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Inherent in each of the city’s important plans
(Appendix A-7) is the understanding that healthy 
green assets equate to livability and sustainability.
Green assets produce a flow of goods and services
that has value for people living in the city; degradation
of these assets impedes the ability of a municipality
to deliver cost-effective services (Natural Value Joint
Venture 2010).

Despite the ability to describe grey infrastructure
assets quantifiably, it is recognized that asset
management is more of an art than a science (Asset
Management Council 2017). This is particularly true
for green assets that support community well-being
and delivery of ecosystem services, which are core to
sustainability and livability (SEQC 2017).

The next three pages of this report are intended
to mimic an existing city brochure focused on gray
assets—but using green assets in its stead. The
potential exists to use this type of framework to
incorporate green assets into the city’s overall asset
management plan. 

Citywide Asset Manage-
ment Work Plan

Citywide Asset Manage-
ment Work Plan

Citywide Asset Manage-
ment Work Plan

Citywide Asset Manage-
ment Work Plan
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The River View Natural Area is a 146-acre parcel 
in southwest Portland that is part of the westside 
wildlife corridor. It is home to  wetlands, diverse native 
plant communities, and seven fl owing streams, all of 
which provide an important forested ecosystem link 
with Forest Park, Tryon State Natural Area, and the 
Willamette River (City of Portland 2012b). The area is 
jointly owned by BES and PP&R, and Metro retains a 
conservation easement.

Level of service describes the condition land 
managers seek to achieve through time in a given 
geographic area (City of Portland 2012b). The steps 
to achieve level of service include 1) a description 
of green assets, 2) an assessment of existing 
conditions, 3) conditions land managers seek to 
achieve over time in a defi ned area, 4) a gap analysis 
that identifi es the stressors, 5) project plans that 
describe measures of success, 6) a budget to restore 
and maintain the asset, 7) project implementation, 
and 8) monitoring. 

The River View Natural Area Management Plan 
describes a level of service that includes a matrix of 
evergreen-dominated and mixed deciduous forest; 
pockets of seasonally-fl ooded deciduous forests at 

headwaters and depressional wetlands; protected 
and enhanced riparian buffers; and invasive species 
control to minimize impacts to forest canopy 
and ecosystem health. Level of service should 
incorporate an integrated ecosystem assessment 
to watershed health, including landscape condition, 
habitat, hydrology, geomorphology, water quality, 
biological condition, and vulnerability (Environmental 
Protection Agency 2012).

Goals for the River View Natural Area include 
protecting aquatic and terrestrial wildlife and their 
habitats; protecting water quality and hydrology 
in the natural area and adjacent Willamette River 
confl uence areas; and improving forest health and 
structural diversity. Ecological prescriptions to 
achieve these goals include invasive-species related 
tasks to achieve ecological uplift, including treating 
invasive species patches, manually removing En-
glish ivy, and continued mapping and treatment of 
Early Detection Rapid Response (EDRR) species.

The projected cost to implement ongoing and Phase 1 
(0–5 years) ecological prescriptions is $960,000.

Photo credit: Harold Hutchinson.

River View Natural Area: A Case Study

River View Natural Area: A Case Study
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Current measures of success for invasive species 
management relate to EDRR and percent cover of 
targeted invasive species on city-owned land as well 
as adjacent properties: 

• Early Detection/Rapid Response Program: 
Control or extirpate target species within 2–5
years of identifi cation.

• Long-term invasive species management plan:
Reduce invasive species to 10–15% cover across
the entire site and less than 10% within the
habitat preserve; adjacent property owners are
to reduce invasive species on their properties
to less than 20% in the next 10 years.

The River View Natural Area serves as a case study 
for how a natural area is managed in an asset 
management context. The management plan 
describes levels of service, includes an assessment 
of current conditions, describes a set of strategies 
to achieve levels of service, and includes a dollar 
estimate to manage the land and achieve those levels 
of service. Monitoring the tract through time to assess 
if levels of service are being achieved is integral to plan 
success and asset management. Documenting this 
type of information for tracts of land the city manages 
in each watershed could signifi cantly advance asset 
management within the city.

Figure 2. Key elements in a natural asset management framework.

River View Natural Area: A Case Study
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Invasive species prevention and control efforts 
are distributed throughout several of Portland’s 
bureaus. In addition to the 10 bureaus and programs 
that directly implement invasive species prevention 
and control efforts because of their public land 
management responsibilities3, additional bureaus 
play important supporting and administrative roles. 
The implementation actions described in Invasives 
2.0 include an expanded role for several of these 
supporting bureaus. For example, the Office of 
Equity and Human Rights can play a lead role in 
evaluating how the prioritization of treatments for 
invasive species may affect historically or currently 
marginalized communities. The Division of Asset 
Management in the Office of Management & Finance 
could play a helpful, supportive role implementing a 
city-wide, watershed-based, zero-based budgeting 
approach to management of green assets.

3  Bureau of Environmental Services, Portland Parks & Recreation, Portland Development Commission, Portland Bureau 
of Transportation, Portland Water Bureau, Portland Fire Bureau, Portland Police Bureau, Bureau of Planning, Office of 
Management & Finance, and Bureau of Development Services.

Invasives 2.0 promotes a watershed-based approach 
to invasive species prevention and control efforts on 
city properties (Figure 3). To effectively implement 
such an approach will require key bureau staff across 
all land management bureaus to convene and develop 
mutually desired levels of service for city-owned and 
city-managed green assets within each watershed. In 
addition, shared philosophies for management and 
enhanced collaborative practices, such as building 
budgets together and developing watershed-based 
performance metrics, will ensure the effective and 
efficient use of staff and operational resources.

Teams of watershed-based staff comprised of 
employees from relevant bureaus should be created 
to develop a framework for goal setting, budget 
development, implementation actions, and tracking 
of activities and performance metrics. Critical to this 
process is adopting a zero-based budgeting approach 
for each watershed. 

Collaboration and Coordination 
Among City Bureaus

Collaboration and Coordination Among City Bureaus
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Adopting a zero-based budgeting approach would:

• Ensure that all bureaus focus on the 
highest priorities within each watershed, 
regardless of which bureau is designated
responsible for management.

• Encourage bureau staff to assess existing and
emerging priorities and budget accordingly, 
versus expending funds on legacy programs 
that may not achieve watershed goals/desired
levels of service, or address core priorities.

• Catalyze communication and collaboration 
among city staff and bureaus.

• Better align strategic investments with 
performance metrics based on specifi c goals 
versus individual bureau or program interests.

• Improve operational effi ciencies by 
rigorously challenging assumptions.

• Ensure that spending increases or that reductions
are not simply distributed evenly across
bureaus, rather strategic decisions are made to
ensure the highest priorities are addressed.

• Potentially result in a reduction of costs by
increasing organizational effi ciencies. Note: 
Digital zero-based budgeting generally produces
cost-savings of 10—20% (Deloitte 2015).

In 2014, the City Council adopted a Citywide Assets 
Management Group (CAMG) that includes the Bureau 
of Environmental Services, Bureau of Planning & 
Sustainability, Portland Bureau of Transportation, 
Portland Housing Bureau, Offi ce of Management 
& Finance, Portland Parks & Recreation, Portland 
Development Commission, and Portland Water 
Bureau. Thus, the infrastructure exists for bureaus to 
convene, develop an asset management framework 
that incorporates green assets, and initiate zero-
based budgeting to effi ciently and effectively 
manage green assets in the city. An Interbureau 
Invasive Species Planning Team will advance the asset 
management framework and advance collaborative 
invasive species priorities across city bureaus.

Figure 3. Portland’s watersheds include Bull Run, 
Lower Columbia River, Columbia Slough, Lower 
Willamette River, Forest Park streams, Johnson 
Creek, Tryon Creek, and Fanno Creek.
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The following guiding principles are philosophical 
cornerstones of Invasives 2.0 and were derived 
from the 10-year review of the 2008 Invasive 
Plants Strategy, a survey of internal and external 
stakeholders, and interviews with city staff 
(Appendix A). The guiding principles reflect important 
philosophies and perspectives of people responsible 
for implementation of city and regional invasive 
species programs.

• Protection of green assets requires a
long-term investment by the city.

• Actions are driven by desired levels of
service and enhanced ecosystem function 
and not simply the degree to which a 
target invasive species is suppressed.

• Integrated Pest Management is foundational
to invasive species management. 

• Sharing invasive species information 
via a database, or portal, enhances 
collaboration and will allow for a thorough
evaluation of activities and outcomes.

• Prioritization of invasive species that 
cause profound disruptions to ecosystems
and the suite of desired ecosystem 
services they provide is necessary.

• Science-based risk assessments help 
identify and prioritize emerging threats
and pathways of introduction.

• Adopting a system for linking expenditures 
to outcomes as well as developing 
standardized performance metrics helps 
the city evaluate return on investments.

• Equitable, diverse, and inclusive public 
engagement and stewardship programs enhance 
civic capacity, improve awareness, foster natural 
resource-friendly attitudes and behaviors, and 
contribute to public health and well-being.

Invasives 2.0 Guiding Principles

Invasives 2.0 Guiding Principles
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Invasives 2.0 addresses key gaps, builds on lessons 
learned, incorporates updated best management 
practices based on emerging science and technology, 
and articulates a cohesive, coordinated, collaborative 
effort across city bureaus to address all invasive 
species taxa. Such an approach will position the city 
to engage the public in community stewardship and 
appreciation of the suite of ecosystem services and 
functions that healthy green assets provide, which 
can foster natural resource-friendly attitudes and 
behaviors (Welsch and Heying 1999). There are seven 
goal statements in Invasives 2.0 that address the 
core elements of an invasive species prevention and 
control program.

I. Prevent the Spread—Prevent the introduction and
spread of priority species and identify existing and
potential introduction pathways for known threats.

II. Detect New Introductions—Survey and monitor
city-owned properties and high priority pathways
to detect new introductions of invasive species.

III. Control—Control invasive species to minimize
their spread and deleterious effects.

IV. Restore and Rehabilitate—Support functional
urban ecosystems impacted by the introduction

of invasive species by restoring and rehabilitating 
those systems.

V. Engage People—Provide equitable, diverse, and
inclusive public engagement and stewardship
opportunities that enhance civic capacity, improve 
awareness, foster natural resource-friendly
attitudes and behaviors, and contribute to public
health and well-being. 

VI. Continuously Improve—Continuously assess
the ability to manage invasive species to achieve
levels of service, implementing course corrections
to ensure the latest science, best management
practices, and approaches are being used.

VII. Fund Sustainable Efforts—Ensure Invasive s 2.0 is
adequately funded to meet the ecosystem function 
goals and desired levels of service of the city’s
green assets.

The next section of the document includes a set of 
priority strategies to inform the completion of each 
goal. These priorities were determined based on the 
2018 audit, which included surveys and interviews 
with city employees and regional stakeholders. 
These strategies detail how the City of Portland 
will maintain and protect the investments it has 

Invasives 2.0 Goals and Strategies

invasives 2.0 Goals and Strategies
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made in reducing risks to green, enhanced and grey 
infrastructure and how it will address future threats.

I. Prevent the Spread
Prevent the introduction and spread of priority 
species and identify existing and potential 
introduction pathways for known threats. 

10-Year Goal: Strengthen Portland’s comprehensive 
watershed-based management approach to 
managing the city’s green assets based on desired 
levels of service and reducing risks imposed by 
invasive species; fully integrating green assets into 
the Portland’s asset management plan. 

5-Year Implementation Actions:
Ia. Describe the funding needed within each 
watershed to address invasive species issues to 
achieve site-specific desired ecosystem services for 
the city’s green assets and incorporate these goals 
into the city asset management plan.

Ib. Annually describe the condition of green assets, 
as well as funding gaps that exist relative to achieving 
desired condition.

Ic. Assess existing and emerging risks to the city’s 
green assets by evaluating pathways of introduction, 
with a focus on species that are ecosystem 
disruptors (pathways described in Appendix  A-4). 
Develop mechanisms and a schedule to implement 
options available to drastically reduce likelihood 
of introduction, including policy, outreach, and 
prevention efforts.

Id. Enhance prevention efforts for non-plant invasive 
species by incorporating other taxa into biannual 
risk assessment, and prioritizing based on species 
designated as ecosystem disruptors.

Ie. Identify and use a data portal that allows city and 
regional partners to document and share information 
that is scalable relative to invasive species asset 
management, inventory, assessment, control, 
monitoring, and outcomes.

If. Review the recommendations for local actions 
(Table 3, Appendix A), and implement actions to 
minimize the risk of the introduction of new invasive 
species via pathways.

Ig. Rewrite city construction specifications, including 

sanitation and materials, to address and reflect 
current city invasive species policy. 

II. Detect New Introductions
Survey and monitor city-owned properties and high 
priority pathways to detect new introductions of 
invasive species.

10-Year Goal: Establish and implement an all-
taxa monitoring program to detect threats to the 
Portland’s green and grey assets and infrastructure.

5-Year Implementation Action:
IIa. Identify taxa and protocols for surveys based on 
the highest risk invasive species to the region.

IIb. Provide additional training opportunities for 
staff and volunteers that increases awareness and 
reporting of these highest risk taxa.

 III. Control
Control invasive species to minimize their spread 
and deleterious effects.
Implementing best management practices to control 
and prevent further spread of invasive species 
is critical to long-term success in restoring and 
maintaining ecological function of Portland’s green 
assets and protecting the city’s grey and green 
infrastructure.

10-Year Goal: Manage new and established populations 
of invasive species to achieve desired levels of services 
associated with the city’s green assets.

5-Year Implementation Actions:
IIIa. Prioritize and implement treatments on a watershed 
basis, implement rapid response for new infestations, 
and report outcomes into a standardized city database. 
Develop teams of watershed-based staff comprised 
of employees from relevant bureaus to develop a 
framework for goal setting, budget development, 
implementation actions, and tracking of activities and 
performance metrics.

IIIb. Incorporate best management practices 
associated with equipment sanitation and 
prevention standards and protocols (Appendix A) 
into city policies and implement cross-bureau staff 
training to prevent the spread of terrestrial and 
aquatic invasive species. Review those standards 
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and protocols every other year to ensure the latest 
and most effective techniques are being used. 

IIIc. Develop rapid response plans for high priority 
species (based on risk assessments) that are 
predicted to deliver significant detrimental economic, 
environmental, and social effects. Ensure these 
plans align with any existing plans at larger scales, 
e.g., regional plans, statewide plans. Vet invasive 
species management plans with an interdisciplinary, 
community-based team.

IIId. Utilize the Terrestrial Ecological Enhancement 
Strategy, natural resource inventory updates, 
the Wetland Inventory Project, etc., to 
identify the highest value habitats and natural 
assets to direct targeted management.  

 IV. Restore and Rehabilitate

Support functional urban ecosystems impacted by 
the introduction of invasive species by restoring 
and rehabilitating those systems.

10-Year Goal: Maintain desired levels of service of 
Portland’s priority green assets through restoration 
and rehabilitation actions, and inter-bureau 
coordination.

5-Year Implementation Actions:
IVa. Prioritize green assets based on ecosystem 
services that protect human and ecosystem health. 
Seek opportunities to protect and/or enhance 
connectivity between green assets.

IVb. Maintain desired levels of service in high quality, 
intact green assets owned and managed by the city.

IVc. Re-inventory city-owned lands to determine the 
ecological health of waterways and natural areas.

V. Engage People
Provide equitable, diverse, and inclusive public 
engagement and stewardship opportunities that 
enhance civic capacity, improve awareness, foster 
natural resource-friendly attitudes and behaviors, 
and contribute to public health and well-being.

10-year goal: A public that is aware of 
invasive species and engaged in efforts to 
minimize their introduction and spread. 

5-Year Implementation Actions:
Va. Quantify the baseline understanding of 
invasive species impacts among a segment of the 
population (e.g. schoolchildren interacting with 
city environmental education programs). Increase 
community stewardship and participation in invasive 
species control and prevention efforts by creating or 
using a network that provides for the tracking and 
storing of information on invasive species as well as 
engagement with all people, including under-served 
populations and target audiences.

Vb. Evaluate how invasive species and prioritization 
of treatments may affect historically or currently 
marginalized communities.

Vc. Host a regional summit every five years with 
partners and stakeholders to celebrate successes, 
evaluate progress, and identify gaps and emerging 
trends.

Vd.Engage and coordinate with current environmental 
education programs and efforts at BES, PWB, and 
PP&R.

 VI. Continuously Improve
Continually assess the ability to manage invasive 
species to achieve desired levels of service, 
implementing course corrections to ensure the 
latest science, best management practices, and 
approaches are being used.

Integral to the success of any green asset 
management framework is continuous improvement 
and assessment driven by the precepts of adaptive 
management. Engaging regional partners in 
continually assessing the status of the city’s green 
assets and delivering the suite of ecosystem services 
expected by city residents and regional partners will 
result in improvements through time that create 
efficiencies in the ability of the city to deliver services 
through its green assets.

10-year goal: Implement an adaptive management 
approach to achieve desired levels of service efficiently 
and effectively.

5-year Implementation Actions:
VIa. Review Invasives 2.0 after five years of 
implementation, and revise to incorporate emerging 
issues, changes in policy, etc.
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VIb. Review the process for updating the Portland 
Plant List and, with stakeholders’ input, recommend 
improvements for updating future species lists.

VIc. Review and recommend changes to regulatory 
mechanisms related to how invasive species are 
managed within the city, including Titles 11 and 33 of 
Portland City Code.

VId. Revisit and incorporate city strategies 
and plans from the recent past to ensure 
previous efforts and findings are recognized, 
utilized, and ensure consistency in city policy. 

VIe. Develop an Interbureau Invasive Species Planning 
Team comprised of staff from PWB, BES, PPR, and 
PBOT. This team will identify common targets, 
quantify goals, and attempt to achieve coordinated 
context-specific management for invasive species 
work on city-owned lands.

VIf. Recognize the development and availability of 
sterile cultivars for several nuisance tree species, 
and their current prohibition under city code. 

 VII. Fund Sustainable Efforts

Ensure Invasives 2.0 is adequately funded to meet 
the ecosystem function goals and desired levels of 
service of the city’s green assets.

Several of the activities in the 2008 Invasive Plants 
Strategy were never achieved, or only partially 
achieved because of lack of funding and resources. 
Some of these actions remain relevant and 
important, such as evaluating the city’s equipment 
cleaning protocols, and have been incorporated into 
Invasives 2.0. Others, such as establishing 10 weed 
removal demonstration sites throughout the city, are 
no longer a priority based on existing and emerging 
priorities, thus they have not been incorporated 
into Invasives 2.0. Results from the 2018 internal 
and external stakeholder surveys expressed broad 
support for funding the actions described in 2008 as 
well as additional funding to meet demands placed 
on the city’s green assets. 

Although most internal and external stakeholders 
interviewed as part of this initiative were supportive 
of the city moving toward an all-taxa invasive species 
approach, reluctance was expressed by some that 

expansion of the program could potentially dilute 
existing plant-focused efforts, resulting in a poorly 
funded program for all taxa, versus a weakly funded 
program for plants. The loss of $300,000 in funding 
for the city’s Protect the Best program since 2014 has 
exacerbated these sentiments.

In addition to lack of funding, the implementation of 
invasive species activities across numerous bureaus, 
each of which is funded using different fund sources, 
has fostered siloed approaches to invasive species 
efforts and has diluted efforts to achieve a unified 
approach to implementing the goals of the 2008 
Invasive Plants Strategy.

10-year goal: Adequate funding to achieve the goals 
and implementation actions of Invasives 2.0.

5-year Implementation Actions:
VIIa. Using zero-based budgeting, describe the funding 
needed, on a site-by-site basis, within each watershed, 
to make progress, on an annual basis, and through 
10 years, toward achieving desired levels of service 
as well as addressing invasive species prevention, 
detection, control and management, restoration 
and rehabilitation, and communication issues. 

VIIb. Hire three additional staff to achieve:

• An all-taxa approach to invasive species
prevention and control efforts.

• Expanded outreach and engagement 
to underserved and underrepresented 
communities and people.

• Expanded planning needs described in Invasives 2.0.

VIIc. Funding to restore the budgets of Portland 
Parks natural area programs protecting the healthiest 
green assets.

VIId. Adopt Invasives 2.0, committing adequate city 
resources to create the infrastructure that will allow 
for an improved and unified approach to managing 
the city’s green assets, enhanced accountability, 
implementation of strategies within each of the 
seven new goals, and development and reporting of 
appropriate performance metrics.



5-Year Implementation Plan Actions 
Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance 
Metric

Ia. Describe the funding needed within 
each watershed to address invasive 
species issues to achieve site-specific 
desired ecosystem services for the city’s 
green assets, and incorporate these goals 
into the city asset management plan. 

Lead(s): Bureau of Environmental 
Services, Parks and Recreation

Participants: All bureaus and 
programs that manage green assets, 
Office of Management & Finance 
(Division of Asset Management)

January 2021 Green assets are 
fully incorporated 
into the city’s asset 
management plans 
and bureau budgets, 
and a reporting 
infrastructure exists 
to monitor progress/
identify gaps on an 
ongoing basis.

Ib. Annually describe the current condition of 
the city’s green assets, and funding gaps that 
exist relative to achieving desired condition.

Lead: Bureau of Environmental 
Services, Parks and 
Recreation, Water Bureau

Participants: Office of Management 
& Finance (Division of Asset 
Management), other bureaus 
that manage green assets

Annually Current condition 
of green assets and 
trends in condition.

Ic. Assess existing and emerging risks to 
the city’s green assets with a focus on 
species that are ecosystem disruptors 
by evaluating pathways of introduction 
(described in Appendix A-4), and develop 
a schedule to implement options available 
to lessen introductions, including policy, 
outreach, and prevention efforts.

Lead(s): Bureau of Environmental 
Services, Parks and 
Recreation, Water Bureau

Participants: City bureaus and 
programs listed in Appendix 
D; regional partners

Complete 
schedule by 
January 2021

Updated biannual 
invasive species 
risk assessment.

Id. Enhance prevention efforts for non-
plant invasive species by incorporating 
other taxa into a biannual risk assessment, 
and prioritizing based on species 
designated as ecosystem disruptors.

Lead: Bureau of 
Environmental Services

Participants: City bureaus 
and programs that manage 
green assets; federal and state 
partners, regional partners

January 2022 List of priority 
non-plant invasive 
species, funded 
and implemented 
projects addressing 
high-risk species.

Ie. Identify and use a data portal that 
allows city and regional partners to 
document and share information that is 
scalable relative to invasive species asset 
management, inventory, assessment, 
control, monitoring, and outcomes.

Lead: Bureau of Technology Services

Participants: Bureau of 
Environmental Services, Parks & 
Recreation; regional partners

January 2023 Identify and begin 
using a data portal 
to share information 
about invasive species 
prevention and control 
efforts in the region.

If. Review the recommendations for 
local actions (Table 3, Appendix A) 
and implement actions that could be 
taken to lessen the introduction of 
new invasive species via pathways.

Lead: Respective bureaus and 
local authorities identified in 
Table 3 of Appendix A.

Annual review Documented actions 
that have been 
taken to lessen 
the introduction 
of invasive species 
via pathways.

Ig. Rewrite city construction specifications, 
including sanitation and materials, to address 
and reflect current city invasive species policy.

Lead: BES, Bureau of Planning January 2020

Invasives 2.0 Goal I: Prevent the Spread
Prevent the introduction and spread of priority species and identify 

existing and potential introduction pathways for known threats.

10-Year Goal: strengthen the city’s comprehensive watershed-based approach to managing the city’s green 
assets based on desired levels of service, fully integrating green assets into the city’s asset management plan.

I: Prevent the Spread



Invasives 2.0 Goal II: Detect New Introductions
Survey and monitor city-owned properties and high priority pathways 

to detect new introductions of invasive species. 

10-Year Goal: establish and implement an all-taxa monitoring program to detect 
threats to the city’s green and gray assets and infrastructure

Invasives 2.0 Goal III: Control
Control invasive species to minimize their spread and deleterious effects

10-Year Goal: manage existing populations of invasive species to achieve desired 
levels of service associated with the city’s green assets. 

5-Year Implementation Plan Actions 
Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance 
Metric

IIa. Identify taxa and protocols for surveys 
based on the highest risk invasive species to 
the region. 

Lead: Bureau of Environmental 
Services

Participants: Other bureaus that 
manage green assets, federal and 
state partners, regional partners

July 2020: identify 
species and pro-
tocols for priority 
species/taxa; 

January 2023: 
begin inputting 
data into shared 
data system

Conduct surveys 
for priority species; 
incorporate monitor-
ing results into shared 
database/data portal

IIb. Provide additional training opportunities 
for staff and volunteers that increases 
awareness and reporting of these highest 
risk taxa.

Lead: Bureau of Environmental 
Services

Annually Staff and volunteers 
are aware of and 
report high-risk taxa

5-Year Implementation Plan Actions 
Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance 
Metric

IIIa. Prioritize and implement treatments 
on a watershed basis, implement rapid 
response for new infestations, and report 
outcomes into a standardized city database. 
Develop teams of watershed-based 
contract staff comprised of employees from 
relevant bureaus to develop a framework 
for goal setting, budget development, 
implementation actions, and tracking of 
activities and performance metrics.

Lead: Bureau of Environmental  
Services, Parks & Recreation, 
Water Bureau

Annually Eradicate new 
infestations, use 
database to share 
treatment information, 
prioritize and 
implement treatments 
on a watershed basis. 
Establish teams of 
watershed-based 
contractors that 
implement prevention 
and control actions.

IIIb. Incorporate best management practices 
associated with equipment sanitation and 
prevention standards and protocols (Appendix 
A) into city policies and implement cross-
bureau staff training to prevent the spread
of terrestrial and aquatic invasive species. 
Review those standards and protocols 
every other year to ensure the latest and 
most effective techniques are being used.

Lead(s): Bureau of Environmental 
Services, Parks and 
Recreation, Water Bureau

Participants: All city staff that 
manage city properties

July 2020: 
Incorporate BMPs 
into city policy. 
Biannually review 
and update 
standards and 
protocols.

Best management 
practices are 
incorporated into 
city policies. Staff 
are aware of and 
implement BMPs 
consistently. Standards 
and protocols are 
reviewed and updated 
every other year.

I: Prevent the Spread

II: Detect New Introductions

III: Control



5-Year Implementation Plan 
Actions 

Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance Metric

IIIc. Develop rapid response plans 
for high priority species (based on 
risk assessments) that are predicted 
to deliver significant detrimental 
economic, environmental, and social 
effects. Ensure these plans align with 
any existing plans at larger scales, 
e.g., regional plans, statewide plans. 
Vet invasive species management 
plans with an interdisciplinary, 
community-based team.

Lead(s): Bureau of 
Environmental Services, Parks 
and Recreation, Water Bureau

Participants: Other city 
bureaus that manage 
green assets

December 
2020: produce 
rapid response 
plans for high 
priority species 
in each taxa.

Existence of rapid response plans 
for high priority species (all taxa).

IIId. Utilize the TEES strategy, 
natural resource inventory updates, 
the Wetland Inventory Project, 
etc. to identify the highest value 
habitats and natural assets to 
direct targeted management.

Lead: Bureau of Environmental 
Services, Parks and 
Recreation, Water Bureau

January 2021

5-Year Implementation Plan 
Actions 

Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance Metric

IVa. Prioritize green assets based 
on key ecosystem services that are 
necessary to protect human and 
ecosystem health. Identify assets that 
are at the most risk for impact and 
that can provide habitat anchors. Seek 
opportunities to protect and or enhance 
connectivity between green assets.

Lead(s): Bureau of 
Environmental Services, 
Parks and Recreation

Participants: Other city 
bureaus that manage 
green assets

December 
2021 to 
prioritize green 
assets and 
desired levels 
of service.

Prioritized green assets and their 
respective desired levels of service.

IVb. Maintain desired levels of service 
in high quality, intact green assets 
owned and managed by the city.

Lead(s): All city bureaus that 
maintain green assets

Annually Documented maintenance 
of desired levels of service 
in priority green assets.

IVc. Re-inventory city-owned lands 
to determine the ecological health 
of waterways and natural areas.

Lead(s): All city bureaus 
that maintain waterways 
and natural areas

Annually Assessment of the ecological 
health of the city’s waterways 
and natural areas

Invasives 2.0 Goal IV: Restore and Rehabilitate
Support functional urban ecosystems impacted by the introduction of 

invasive species by restoring and rehabilitating those systems.

10-Year Goal: Maintain desired levels of service of city’ priority green assets through 
restoration and rehabilitation actions, inter-bureau coordination, and a re-inventory of city-

owned lands to determine the ecological health of waterways and natural areas.

IV: Restore and Rehabilitate

Invasives 2.0 Goal III: Control (continued)...



5-Year Implementation Plan 
Actions 

Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance Metric

Va. Increase community stewardship 
and participation in invasive species 
control and prevention efforts by 
creating or using a network that 
provides for the tracking and storing 
of information on invasive species 
as well as engagement with all 
people, including under-served 
populations and target audiences.

Lead(s): Bureau of 
Environmental Services, Parks 
and Recreation, Office of 
Equity and Human Rights

Participants: All city 
bureaus that maintain 
green assets, people living 
in and around Portland

December 
2024

Documented increase in 
community stewardship and 
participation in invasive species 
prevention and control efforts, 
particularly among the under-
served and target audiences.

Vb. Evaluate how invasive species 
and prioritization of treatments 
may affect historically or currently 
marginalized communities.

Lead: Office of Equity and 
Human Rights, Bureau of 
Environmental Services

Participants: All city bureaus 
that maintain green assets

December 
2024

Report that evaluates how 
invasive species treatments may 
affect marginalized communities, 
including recommendations 
to address inequities in the 
prioritization process.

Vc. Host a regional summit every five 
years with partners and stakeholders to 
celebrate successes, evaluate progress, 
and identify gaps and emerging trends.

Lead: Bureau of 
Environmental Services

Participants: All city bureaus 
that maintain green assets, 
regional partners, state and 
federal partners, tribes

November 
2023

Host two regional summits 
between 2019 and 2029.

Vd. Engage and coordinate with 
current environmental education 
programs and efforts at Bureau 
of Environmental Services, Water 
Bureau, and Parks and Recreation.

Lead: Bureau of Environmental 
Services, Water Bureau, 
Parks and Recreation

Invasives 2.0 Goal V: Engage People
Provide equitable, diverse, and inclusive public engagement and stewardship opportunities 
that enhance civic capacity, improve awareness, foster natural resource-friendly attitudes 

10-Year Goal: Engage people in awareness and protection of the city’s green assets.

V: Engage People

VI: Continuously Improve



5-Year Implementation Plan 
Actions 

Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance Metric

VIa. Review Invasives 2.0 after 
5 years of implementation, and 
revise to incorporate emerging 
issues, changes in policy, etc.

Lead: Bureau of 
Environmental Services

Participants: All city bureaus 
that maintain green assets or 
provide supporting activities 
to natural asset management; 
regional partners

December 
2023

Invasives 2.0 is revised after 5 years.

VIb. Review the process for updating 
Portland Plant List and recommend 
improvements to the process for 
updating future species lists that 
are inclusive of stakeholders.

Lead: Bureau of 
Environmental Services

Participants: All city bureaus 
that maintain green assets; 
regional partners

July 2020 Revised process for updating the 
city’s priority invasive species list.

VIc. Review and recommend changes 
to regulatory mechanisms related to 
how invasive species are managed 
within the city, including Titles 11 
and 33 of Portland City Code.

Lead: Bureaus responsible for 
implementing Titles 11 and 33 

Participants: All city bureaus 
that maintain green assets

December 
2021

Needed changes to Portland 
City Code are identified 
and implemented.

VId. Revisit and incorporate city 
strategies and plans from the recent 
past to ensure previous efforts and 
findings are recognized, utilized, and 
ensure consistency in city policy.

Lead: Bureau of 
Environmental Services
Participants: Bureau 
of Planning

VIe. Develop an Interbureau Invasive 
Species Planning Team comprised of 
Water Bureau, Bureau of Environmental 
Services, Parks and Recreation, and 
Portland Bureau of Transportation.

Lead: Bureau of 
Environmental Services

VIf. Recognize the development 
and availability of sterile cultivars for 
several nuisance tree species, and their 
current prohibition under city code.

Lead: Parks and Recreation
Participants: Bureau of 
Environmental Services , 
Bureau of Planning Services

January 2020

Invasives 2.0 Goal VI: Continuously Improve
Continually assess the ability to manage invasive species to achieve desired 

levels of service, implementing course corrections to ensure the latest science, 
best management practices, and approaches are being used.

10-Year Goal: Implement an adaptive management approach to achieve 
desired levels of service efficiently and effectively.

VI: Continuously Improve



Invasives 2.0 Goal VII: Fund Sustainable E!orts
Ensure Invasives 2.0 is adequately funded to meet the ecosystem function goals and desired 

levels of service of the city’s green assets.

10-Year Goal: Adequate funding to achieve the goals and implementation actions of Invasives 2.0.

5-Year Implementation Plan 
Actions 

Priority (high), (medium), (low)

Responsible Bureaus/
Programs

Timeline Performance Metric

VIIa. Using zero-based budgeting, 
describe the funding needed, on 
a site-by-site basis, within each 
watershed, to make progress, on an 
annual basis, and through 10 years, 
toward achieving desired levels 
of service as well as addressing 
invasive species prevention, 
detection, control and management, 
restoration and rehabilitation, 
and communication issues.

Lead(s): Bureau of 
Environmental Services, 
Parks and Recreation

Participants: All city bureaus 
that maintain green assets; 
city bureaus that provide 
support services to bureaus 
that maintain green assets

December 
2021

Watershed-based budgets (through 
respective bureaus) that allow the city 
to achieve desired levels of service 
on a diversity of green assets.

VIIb. Three additional staff to achieve:

• An all-taxa approach to 
invasive species prevention 
and control efforts.

• Expanded outreach and 
engagement to underserved
and underrepresented 
communities and people.

• Expanded planning needs
described in Invasives 2.0.

Lead(s): Bureau of 
Environmental Services, 
Parks and Recreation

Participants: All city bureaus 
that maintain green assets

December 
2021

VIIc. Funding to restore the 
$300,000 reductions in natural 
areas management Parks program 
reductions since 2014.

Lead: Parks and Recreation December 
2021

Restored funding to Protect the Best.

VIId. Adopt Invasives 2.0, committing 
adequate city resources to create 
the infrastructure that will allow for 
an improved and unified approach 
to managing the city’s green 
assets, enhanced accountability, 
implementation of strategies within 
each of the seven new goals, and 
development and reporting of 
appropriate performance metrics.

Lead: Bureau of 
Environmental Services

Participants: Portland 
City Council

January 2020

VII: Fund Sustainable E!orts
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The 2008 Invasive Plants Strategy contained 44 
actions within four goals. At the time the strategy 
was developed, it was considered ground-
breaking, and elements of it have been replicated in 
municipalities throughout North America. The 2018 
audit (Appendix A) of that strategy, which included 
surveys and interviews with city staff and regional 
stakeholders, identified key strengths of the strategy, 
as well as gaps and emerging information that should 
be incorporated in a new decadal strategy.

Invasives 2.0 contains 30 actions, prioritized as 
high (16), medium (11), and low (3), within seven 
goals. The actions are focused on preventing 
the introduction and spread of invasive species, 
detecting new invasive species introductions, 
controlling and managing invasive species, restoring 
and rehabilitating the city’s green assets, engaging 
all people, continually improving priority efforts 
associated with invasive species, and funding 
invasive species efforts sustainably. 

Core elements of the strategy include:

• Implement a zero-based, watershed-based 
approach to managing the city’s green assets 
based on desired levels of service, including
incorporating green assets into the city asset 
management plan, describing the current 
condition of the city’s green assets, describing
existing and emerging risks to the city’s green 
assets with a focus on species that are ecosystem
disruptors and their primary pathways of 
introduction, implementing options available 
to lessen pathways of introduction, describing 
the funding needed within each watershed
to achieve desired levels of service and the
costs associated with achieving Invasives 2.0,
and describing performance metrics to assess
the status of these assets through time.

• Expanding the current plant-focused 
strategy to an all-taxa approach to invasive
species management on city properties.

• Prioritizing invasive species surveys based on

Conclusion

Conclusion
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the highest risks to the region, and creating 
rapid response plans to address priority risks.

• Prioritizing and implementing 
invasive species treatments.

• Hosting a regional summit every five 
years to assess progress in achieving
goals and strategies with partners.

• Adopting as city policy a suite of best 
management practices associated with city 
equipment sanitation and prevention standards
to prevent the spread of invasive species.

• Prioritizing, enhancing, and connecting 
green assets based on key ecosystem 
services that are necessary to protect 
human and ecosystem health.

• Protecting high quality, intact ecosystems
owned and managed by the city.

• Increasing public stewardship and participation in
invasive species control and prevention efforts.

• Evaluating how invasive species and prioritization 
of treatments may affect historically or 
currently marginalized communities.

• Reviewing the process for updating the Portland
Plant List and recommending improvements
to the process for updating future all-taxa
species lists that are inclusive of stakeholders.

• Reviewing and recommending changes to 
regulatory mechanisms related to how invasive
species are managed within the city.

• Describing the funding needed, on a site-by-site 
basis, within each watershed, to make progress,
on an annual basis, and through 10 years, 
toward achieving desired levels of service.

• Committing adequate city resources to create
the infrastructure that will allow for an improved
and unified approach to managing the city’s 
natural resource assets, enhanced accountability,
implementation of strategies within each of 
the seven new goals, and development and 
reporting of appropriate performance metrics.

• Using a data portal that allows city and
regional partners to document and 
share invasive species information.

Portland has served as a model for municipalities 
across the United States to take a proactive, 
coordinated approach to working with regional 
partners to address existing and emerging threats 
posed by invasive species. Investing in and supporting 
Invasives 2.0 will ensure the city continues its wise 
commitment to expand and maintain its natural 
resource assets and support a high quality of life for 
all residents.

Conclusion



��  CITY OF PORTLAND INVASIVES 2.0

Anderson, L.G., S. Rocli!e, N.R. Haddaway, and A.M. Dunn. 2015. The role of tourism and recreation in the spread of non-native 
species: A systematic review and meta-analysis. PLoS ONE 10(10): e0140833. https://doi.org/10.1371/journal.pone.0140833.

ANSTF (Aquatic Nuisance Species Task Force). 1994. Aquatic Nuisance Species Program available at: 
http://www.anstaskforce.gov/Documents/ANS_PROGRAM.pdf.

Aronson, M.F.J., C.A. Lepczyk, K.L. Evans, M.A. Goddard, S.B. Lerman, J.S. MacIvor, C.H. Nilon, and T. Vargo. 2017 Biodiversity in the city: 
Key challenges for urban green space management. Front Ecol Environ 15(4):189–196.

Ascensao, F., and C. Capinha. 2017. Aliens on the move: Transportation networks and non-native species. (eds. L. Borda-de-Agua et 
al.) Railway Ecology DOI 10.1007/978-3-319-57496-7_5. Asset Management Council. 2017. Asset Management Concept Model. 9pp.

Batabyal, A.A. 2007. International aspects of invasive species management: A research agenda. 
Stochastic Environmental Research and Risk Assessment 21: 717–727.

Baur, J.W. 2018. Urban green spaces, recreation and spiritual experiences. Leisure/Loisir, DOI 10.1080/14927713.2018.1449131.

Baur, J.W.R., and J.F. Tynon. 2010. Small-scale urban nature parks: Why should we care? Leisure Sciences 32(2)195–200.

Beyer, J., P. Moy, and B. DeStasio. 2011. Acute upper thermal limits of three aquatic invasive invertebrates: Hot water treatment to 
prevent upstream transport of invasive species. Environmental Management 47:67–76.

Broennimann, O., P. Mraz, B. Petitpierre, A. Guisan, and H. Muller-Scharer. 2014. Contrasting spatio-temporal climatic niche 
dynamics during the eastern and western invasions of spotted knapweed in North America. Journal of Biogeography 41:1126–1136.

Brooke, R., S. Cairns, E. Machado, M. Molnar, and S O’Neill. 2017. Municipal natural asset management as a sustainable infrastructure 
strategy: The emerging evidence. Submission to the Fifth Green Growth Knowledge Platform Conference on Sustainable Infrastructure. 21pp.

Byers, J.E. 2002. Impact of non-indigenous species on natives enhanced by anthropogenic alteration of selection regimes. 
Oikos 97:449–458.

Arroyo, E. 2000. Urban edge e!ects and their relationship with the natural environment. A publication produced for California State Parks. 30pp.

Cal-IPC, 2012. Preventing the spread of invasive plants: Best management practices for land managers (3rd ed.). 

Cal-IPC Publication 2012-03. California Invasive Plant Council, Berkeley, CA.  Available at www.cal-ipc.org.

Campbell, F., and P. Kriesch. 2003. Invasive Species Pathway Team – Final Report. 25pp.

References

References



��

Chick, J.H., and M.A. Pegg. 2001. Invasive carp in the Mississippi River Basin. Science 292(5525):2250–2251.

Cilliers, S., J. Cilliers, R. Lubbe, and S. Siebert. 2013. Ecosystem services of urban green spaces in African countries —perspectives and challenges. 
Urban Ecosystems 16:681–702.

City of Ipswich. 2018. Draft City of Ipswich Biosecurity Plan 2018–2013. 33pp.

City of Portland. 2004. Portland Urban Forestry Management Plan 2004. 

City of Portland. 2005. Actions for Watershed Health—Portland Watershed Management Plan. 66pp.

City of Portland. 2009. Citywide Asset Management Work Plan, 2010–2014. 65pp.

City of Portland. 2012a. The Portland Plan. 144pp.

City of Portland. 2012b. Natural Resource Inventory Update: Riparian corridors and wildlife habitat. Bureau of Planning and Sustainability. 227pp.

City of Portland. 2014. Climate Change Preparation Strategy: Risk and Vulnerabilities Assessment. Preparing for local impacts in 
Portland and Multnomah County. 70pp. 

City of Portland. 2015. City of Portland 2015 Citywide Assets Report – Status and Best Practices. 69pp.

City of Portland. 2016. Integrated Pest Management Program. 98pp.

City of Portland. 2017a. Asset Status + Condition Report FY15–16. Portland Bureau of Transportation. 86pp.

City of Portland. 2017b. Total Maximum Daily Load (TMDL) Implementation Plan. Annual Status 
Report No. 9. Prepared for the Oregon Department of Environmental Quality. 19pp.

City of Portland. 2018. Invasive Species in Portland Watersheds. 2nd Ed. Prepared Dominic Maze, City of Portland, Oregon. 

Cohen, A.N. 2012. Aquatic invasive species vector risk assessments: Live marine seafood and the introduction of non-native species 
into California. Submitted to the California Ocean Science Trust. Funded by the California Ocean Protection Council. Final Report. 37pp.

Cohen, A.N., A. Weinstein, M. A. Emmett, W. Lau, and J.T. Carlton. 2001. Investigations into the Introduction of Non-Indigenous Marine 
Organisms via the Cross-Continental Trade in Marine baitworms. A report for the U.S. Fish and Wildlife Service, San Francisco
Bay Program, Sacramento CA. San Francisco Estuary Institute, Richmond CA.

Colautti, R.I., S.A. Bailey, C.D.A. van Overdijk, K. Amundsen, and H.J. MacIsaac. 2006. Characterizied and projected costs of 
nonindigenous species in Canada. Biological Invasions 8:45–59.

Cole, E., R.P. Keller, and K. Garbach. 2016. Assessing the success of invasive species prevention e!orts at changing the behaviors 
of recreational boaters. Journal of Environmental Management 184(2):210–218.

Collins, J.P., A. Kinzig, N.B. Grimm, W.F. Fagan, D. Hope, J. Wu, and E.T. Borer. 2000. A New Urban Ecology: Modeling human
communities as integral parts of ecosystems poses special problems for the development and testing of ecological theory. 
American Scientist 44:416–425.

Columbia University School of International and Public A!airs. 2013. Invasive Fish and Wildlife Prevention Act: An investigation of 
H.R. 996. 24pp.

Convention on Biological Diversity. 2014. Analysis on pathways for the introduction of invasive alien species: Updates. 
12th meeting, Pyeongchang, Republic of Korea, 6–17 October 2014. Item 22 of the provisional agenda.

Coutts, A.D.M. and M.D. Taylor. 2004. A preliminary investigation of biosecurity risks associated with biofouling on merchant 
vessels in New Zealand. New Zealand Journal of Marine and Freshwater Research 38:215–229.

Creative Resource Strategies, LLC. 2016. Metro Vancouver Water Services Department Watershed/Environmental Management & 
Quality Control Division—Watershed Biosecurity Analysis Terrestrial and Aquatic Invasive Species. Technical Report. 
DOI: 10.13140/RG.2.2.30685.72168. 91pp.

Crowl, T.A., T.O. Crist, R.R. Parmenter, G. Belovsky, and A.E. Lugo. 2008. The spread of invasive species and infectious disease as 
drivers of ecosystem change. Frontiers in Ecology and the Environment. 6(5):238–246.

Davidson, I., C. Zabin, G. Ashton, and G Ruiz. 2014. An assessment of the biofouling introductions to the Puget Sound region of 
Washington State. Report to the Washington Department of Fish & Wildlife and Washington Department of Natural Resources, 
Olympia, Washington. 111 pp.

DeBruyckere, L.A. 2009. The discovery of non-native species in a Port of Portland shipping container: A gap analysis. A technical report 
prepared for the US Fish and Wildlife Service. 196pp.



��  CITY OF PORTLAND INVASIVES 2.0

Deloitte. 2015. Zero-based budgeting: Zero or Hero? 7pp. 

Elwell, L., and S. Phillips. 2016. Uniform Minimum Protocols and Standards for Watercraft Inspection and Decontamination Programs for 
Dreissenid Mussels in the Western United States. 54pp.

Environmental Law Institute. 2007. Strategies for e!ective state early detection/rapid response programs for plant pests and pathogens. 
ISBN No. 978-1-58576-118-0, ELI Project No. 070501. 97pp.

Environmental Protection Agency. 2012. Identifying and Protecting Healthy Watersheds.

Executive Order 13112. 1999. Invasive Species.

Folke, C. 2006. Resilience: The emergence of a perspective for social-ecological systems analyses. Global Environmental Change 16, 253–267. 
doi:10.1016/j.gloenvcha.2006.04.002.

Food and Agriculture Organization of the United Nations. 2007. FAO Biosecurity Toolkit.

Funk, J.L., V. Matzek, M. Bernhardt, and D. Johnson. 2014. Broadening the case for invasive species management to include impacts on
 ecosystem services. BioScience 64(10):58–63.

Gaertner, M., J.R.U. Wilson, M.W. Cadotte, J.S. MacIvor, R.D. Zenni, and D.M. Richardson. 2017. Non-native species in urban environments: 
Patterns, processes, impacts and challenges. Biological Invasions 19:3461–3469.

Garcia-Diaz, P., J.V. Ross, A.P. Woolnough, and P. Cassey. 2016. The illegal wildlife trade is a likely source of alien species. 
Conservation Le!ers 10(6):690–698.

Geller, J.B. 1999. Decline of a native mussel masked by sibling species invasion. Conservation Biology 13:661–664.

Gleditsch, J.M., and T.A. Carlo. 2010. Fruit quantity of invasive shrubs predicts the abundance of common native avian frugivores in 
central Pennsylvania. Diversity and Distributions 1–10pp.

Gower, S.T. 2008. Are horses responsible for invasive plants? Department of Forest Ecology & Management, University of Wisconsin-Madison.

Graziano, G., S. Seefeldt and L. Clayton. 2014. Best Management Practices, Controlling the spread of invasive plants during road 
maintenance. PMC-00342. University of Alaska Fairbanks Cooperative Extension Service.

Gulick, J. 2014. Planning for urban forest resilience. Managing invasive pests and diseases. American Planning Association PAS 
Memo, March/April 2014.

Haack, R. A., K.O. Britton, E.G. Brockerho!, J.F. Cavey, L.J. Garrett, M. Kimberley, F. Lowenstein, A. Nuding, L.J. Olson, J. Turner, and K.N. 
Vasilaky. 2014. E!ectiveness of the international phytosanitary standard ISPM no. 15 on reducing wood borer infestation 
rates in wood packaging material entering the United States. Plos One 9:e 96611.

Haack, R.A., T.R. Petrice, and A.C. Wiedenhoeft.  2008.  What is inside the #rewood con#scated at the Mackinac Bridge?  Newsletter of 
the Michigan Entomological Society 53: 43.

Haack, R.A., T.R. Petrice, and A.C. Wiedenhoeft. 2010. Incidence of bark- and wood-boring insects in #rewood: a survey at Michigan’s
Mackinac Bridge.  JOURNAL OF ECONOMIC ENTOMOLOGY. 103(5): 1682–1692. 

Halloran, J., H. Anderson, and D. Tassie. 2013. Clean Equipment Protocol for Industry. Peterborough Stewardship Council and Ontario 
Invasive Plant Council. Peterborough, ON.

Hansen, M.J., and A.P. Clevenger. 2005. The in%uence of disturbance and habitat on the presence of non-native plant species along 
transportation corridors. Biological Conservation 125:249–259.

Haska, C.L., C. Yarish, G. Kraemer, N. Blaschik, R. Whitlatch, H. Zhang, and S. Lin. 2011. Baitworm packaging as a potential vector 
of invasive species. Biological Invasions 14: 481–493.

Henderson, D. 1998. Invasion from the deep—Exotic sea creatures threaten regional species. Seattle Times, January 27, 1998.

Hennings, L. 2005. State of the Watersheds Monitoring Report.

Hewitt, C.L., S. Gollasch, and D. Minchin. 2009. The vessel as a vector—biofouling, ballast water and sediments. Biological Invasions 
in Marine Ecosystems Ecological, Management, and Geographic Perspectives (eds. G. Rilov and J.A. Crooks Editors), pp. 117–131. 
Springer-Verlag Berlin, Germany.

Hobbs, R.J., E. Higgs, and J.A. Harris. 2009. Novel ecosystems: Implications for conservation and restoration. Trends in Ecology & Evolution
24(11):599–605.



��

Hodkinson, D.J., and K. Thompson. 1997. Plant dispersal: The role of man. Journal of Applied Ecology 34:1484–1496.

Hosler, D. 2011. Early detection of dreissenid species: Zebra/quagga mussels in water systems. 6(2): 217–222.

Hulme, P.E. 2009. Trade, Transport, and Trouble: Managing Invasive Species Pathways in an Era of Globalization.
 Journal of Applied Ecology 46(1):10–18.

Invasive Species Council of British Columbia. 2014. Invasive Species Toolkit for Local Government: Information for Local 
Government, Developers, and Real Estate Professionals. 49pp.

Janui, M., S. Gripenberg, and S. Ramula. 2014. Non-native plant species bene#t from disturbance: a meta-analysis. Oikos 124:122–129.

Jennings, V., and C.J. Gaither. 2015. Approaching environmental health disparities and green spaces: An ecosystem services 
perspective. Int. J. Environ. Res. Public Health. 12(2): 1952–1968.

Kansas. 2010. Kansas Emerald Ash Borer Readiness and Response Plan. 32pp.

Kilian, J.V., R.J. Klauda, S. Widman, M. Kashiwagi, R. Bourquin, S. Weglein, and J. Schuster. 2012. An assessment of a bait industry and 
angler behavior as a vector of invasive species. Biological Invasions 14:1469–1481, http://dx.doi.org/10.1007/s10530-012-0173-5

Larry, B. 2013. Monitoring wildlife in urban and urbanizing areas. US Forest Service Research and Development, Urban Research Science. 2pp.

Lauber, T.B., N.A. Connelly, and R.C. Stedman. 2014. Aquatic invasive species outreach to boaters and anglers in the Lake 
Ontario basin. HDRU Publ. No. 14-5. Dept. of Nat. Resour., Coll. Agric. and Life Sci., Cornell Univ., Ithaca, N.Y. 59 pp. 

Lauber, T.B., N.A. Connelly, and R.C. Stedman. 2015. Assessing capacity for aquatic invasive species outreach in recreational 
communities. HDRU Series No. 15-7. Dept. of Nat. Resour., Coll. Agric. and Life Sci., Cornell Univ., Ithaca, N.Y. 58pp.

Lee, J., D. O’Keefe, C. Oh, and J. Han. 2015. Improving public outreach and education programs to minimize the spread of 
aquatic invasive species (AIS). 2015 Michigan AIS and Boating Survey Final Report. 39pp.

Lepczyk, C.A., M.F.J. Aronson, K.L. Evans, M.A. Goddard, S.B. Lerman, and J.S. MacIvor. 2017. Biodiversity in the city: Fundamental 
questions for understanding the ecology of urbna green spaces for biodiversity conservation. BioScience 67(9):799–807.

Lidstrom, S., S. West, T. Katzschner, M. Perez-Ramos, and H. Twidle. 2015. Invasive narratives and the inverse of slow violence:
Alien species in science and society. Environmental Humanities 7:1–40. 

Livesley, S.J., E.G. McPherson, and C. Calfapietra. 2015. The urban forest and ecosystem services: Impacts on urban water, heat, 
and pollution cycles at the tree, street, and city scale. Journal of Environmental Quality 45:119–124.

Lovett, G.M., M. Weiss, A.M. Liebhold, T.P. Holmes, B. Leung, K.F. Lambert, D.A. Orwig, F.T. Campbell, J. Rosenthal, D.G. McCullough, 
R. Wildova, M.P. Ayres, C.D. Canham, D.R. Foster, S.L. LaDeau, and T. Weldy. 2016. Nonnative forest insects and pathogens
in the United States: Impacts and policy options. Ecological Applications 26(5):1437–1455.

Maine Department of Environmental Protection. 2005. The economics of lakes —dollars and sense.

Marbuah, G., I. Gren, and B. McKie. 2014. Economics of harmful invasive species: A review. Diversity 6:500–523.

McCormick, F.H., G.C. Contreras, and S.L. Johnson. 2009. E!ects of nonindigenous invasive species on water quality and quantity. 
A dynamic invasive species research vision: Opportunities and priorities. 29pp.

McGeoch, M.A., P. Genovesi, P.J. Bellingham, M.J., Costello, C. McGrannachan, and A. Sheppard. 2015. Prioritizing species, pathways, 
and sites to achieve conservation targets for biological invasion. BIOLOGICAL INVASIONS. Doi: 10.1007/s10530-015-1013-1.

MDEQ. 2013. Michigan’s aquatic invasive species state management plan – 2013 update. Michigan Department of Environmental 
Quality, Lansing, MI. Available: http://www.michigan.gov/documents/deq/wrd-ais-smp-public-review_380166_7.pdf

Michigan Departments of Natural Resources and Agriculture. 2007. Emerald Ash Borer Community Preparedness Plan. IC 4106. 37pp.

Millennium Ecosystem Assessment. 2005. Ecosystems and Human Well-Being: Synthesis. Island Press, Washington. 155pp. 

Miller, J.R. and B.T. Bestelmeyer. 2016. What’s wrong with novel ecosystems, really? Restoration Ecology 24(5):577–582.

Minnesota Department of Natural Resources. 2011. Equipment cleaning to minimize the introduction and spread of invasive species: heavy 
equipment used on land. http://#les.dnr.state.mn.us/natural_resources/invasives/terrestrialplants/equipment_cleaning_to_minimize.pdf. 

Minnesota Invasive Species Advisory Council. 2015. Minnesota’s urban and community forest best management practices for 
preventing the introduction, establishment, and spread of invasive species. http://#les.dnr.state.mn.us/natural_resources/invasives/
terrestrialplants/is-bmp.pdf.  



��  CITY OF PORTLAND INVASIVES 2.0

Miravete, V., N Roura-Pascual, R.R. Dunn, and C. Gomez. 2014. How many and which ant species are being accidentally moved 
around the world? Biology Le!ers.10:1–4.

Morse, L.E., J.M. Randall, N. Benton, R. Hiebert, S. Lu, and NatureServe. 2004. An Invasive Species Assessment Protocol: Evaluating 
Non-Native Plants for Their Impact on Biodiversity, Version 1. Paper 537. https://digitalcommons.usu.edu/govdocs/537. 40pp.

Municipal Natural Assets Initiative (March 2017). De#ning and Scoping Municipal Natural Assets—a scoping paper. Available 
at: http://institute.smartprosperity.ca/request-comments-de#ning-scoping-municipal-natural-assets.

Murcia, C., J. Aronson, G.H. Kattan. 2014. A critique of the “novel ecosystem” concept. Trends Ecol Evol 29:548–553.

National Invasive Species Council. 2016. National Invasive Species Management Plan 2016–2018. 43pp.

Natural Value Joint Venture. 2010. Investing in natural assets: A business case for the environment in the City of Cape Town.

Naylor, R.L., S.L. Williams, and D.R. Strong. 2001. Aquaculture—A gateway for exotic species. Science 294(5547):1655–1656.

Nelson, D.R., W.N. Adger, and K. Brown. 2007. Adaptation to environmental change: Contributions of a resilience framework. 
Annual Review of Environment and Resources 32: 395–419. Available at:
http://eprints.icrisat.ac.in/4245/1/AnnualReviewofEnvResources_32_395-419_2007.pdf.

New York Department of Environmental Conservation. 2016. Strategic recommendations for New York invasive species education and
outreach: 2016–2021.

Nickelson, S., D. Chapin, and M. Borsting. 2017. Invasive species strategic management plan for Seattle’s major watersheds: 
Cedar, Tolt, and Lake Youngs. 65pp.

Nowak, D.J., and G.M. Heisler. 2010. Air quality e!ects of urban trees and parks. Research Series 2010. 43pp.

Olson, A.M. 1999. Do live marine products serve as pathways for the introduction of nonindigenous species? Pages 243-247 
in: Marketing and Shipping Live Aquatic Products, B.C. Paust and A.A. Rice (eds.), Proceedings of the 2nd International Conference 
and Exhibition, November 1999, Seattle, WA.

Olson, D.H., D.M. Aanensen, K.L. Ronnenberg, C.I. PowellI, S.F. Walker, J. Bielby, et al. 2013. Mapping the Global Emergence 
of Batrachochytrium dendrobatidis, the Amphibian Chytrid Fungus. PLoS ONE 8(2): e56802. https://doi.org/10.1371/journal.pone.0056802

Oregon Department of Agriculture. 2017. Invasive Noxious Weed Control Program. 2017 Annual Report. 42pp.

Oregon Department of Agriculture. 2016a. Japanese beetle: A major pest of specialty crops and ornamental plants. Oregon Departmen
 of Agriculture Insect Pest Prevention & Management, two-page brochure.

Oregon Department of Agriculture 2016b. Asian Gypsy Moth: Threat and opportunity in Oregon. Bulletin.

Oregon Department of Forestry and Oregon Department of Agriculture. 2018. Emerald Ash Borer: Readiness and Response Plan 
for Oregon. 79pp.

Oregon Sea Grant. 2010. New Zealand Mudsnails: How to prevent the spread of New Zealand Mudsnails through Field Gear. Brochure.

Paci#c States Marine Fisheries Commission. 2005. Potential economic impacts of zebra mussels on the hydropower facilities in the 
Columbia River Basin. A report prepared for the Bonneville Power Administration by Stephen Phillips, Tim Darland, and  Mark Sytsma. 22pp.

Park, S., and A. Fowler. 2013. Preventing aquatic invasive species through management of the live bait vector: An introduction.
 Virginia Sea Grant—Villanova University. ICAIS 2013.

Pasek, J.E., H.H. Burdsall, J.F. Cavey, A. Eglitis, R.A. Haack, D.A. Haugen, M.I. Haverty, C.S. Hodges, D.R. Kucera, J.D. Lattin, W.J. Mattson, 
D.J. Nowak, J.G. O’Brien, R.L. Orr, R.A. Sequeira, E.B. Smalley, B.M. Tkacz, and W.E. Wallner. 2000. Pest risk assessment for importation
of solid wood packing materials into the United States. 275pp.

Passarelli, B. 2010. The marine live bait trade in California: a pathway for introduction of non-indigenous species? M.Sc. thesis, 
California State University, Long Beach, CA.

Pearson, D., and Y. Ortega. 2009. Managing invasive plants in natural areas: Moving beyond weed control. In Weeds: Management Economic 
Impacts and Biology, ed. R.V. Kingely. ISBN: 978-1-60741-010-2.

Pernet, B., A. Deconinck, A. Llaban, and J. Archie. 2008. Evaluating risks associated with transport of the ghost shrimp 
Neotrypaea californiensis as live bait. Marine Biology 153:1127–1140.



��

Port of Portland. 2016. Vegetation Management Plan: Mitigation Sites & Natural Areas. 59pp.

Portland Water Bureau and US Forest Service. 2014. Bull Run Watershed Management Unit Annual Report. 14pp.

Raissa, M. 2006. Invasive Species. Natural Resources Conservation Service 39:1–14.

Reed, R.N. J.D. Wilson, G.H. Rodda, and M.E. Dorcas. 2012. Ecological correlates of invasion impact for Burmese pythons 
in Florida. Integrative Zoology 7:254–270.

Reichard, S.H., and C.W. Hamilton. 1997. Predicting invasions of woody plants introduced into North America. Conservation 
Biology 11:193–203.

Reichard, S., and P. White. 2001. Horticulture as a pathway of invasive plant introductions in the United States: Most invasive 
plants have been introduced for horticultural use by nurseries, botanical gardens, and individuals. BioScience 51(2):103–113.

Ricciardi, A., M.E. Palmer, and N.D. Yan. 2011. Should biological invasions be managed as natural disasters? BioScience 61(4): 312–317.

Rothlisberger, J.D., W.L. Chadderton, J. McNulty, and D.M. Lodge. 2011. Aquatic invasive species transport via trailered boats: 
What is being moved, who is moving it, and what can be done. Fisheries Magazine 35(3):121–132.

Ruiz, G.M. and G. Smith. 2005. Biological study of container vessels at the Port of Oakland. Final report. Submitted to the Port of Oakland.

Scianni, C., M. Falkner, and L. DeBruyckere. 2017. Biofouling in the U.S. Paci#c States and British Columbia. White paper prepared 
for the Coastal Committee of the Western Regional Panel on Aquatic Nuisance Species.

Schoettle, A., Sniezko, R. 2007. Proactive intervention to sustain high elevation pine ecosystems threatened by white pine blister 
rust. Journal of Forest Research 12: 327–336.

SEQC. 2016. Managing Natural Assets for a Prosperous South East Queensland, South East Queensland Catchments Ltd., Brisbane.  

Sharp, R.L., L.B. Cleckner, and S. Depillo. 2016. The impact of on-site educational outreach on recreational users’ perceptions of 
aquatic invasive species and their management. Environmental Education Research 23(8):1200–1210.

Simberlo!, D. 2000. Introduced species: The threat to biodiversity and what can be done. American Institute of Biological Sciences. 

Strecker, A.L. P.M. Campbell, and J.D. Olden. 2011. The aquarium trade as an invasion pathway in the Paci#c Northwest. Fisheries 36(2):74–85.

Sylvester, F., O. Kalaci, B. Leung, A. Lacoursiere-Roussel, C.C. Murray, F.M. Choi, M.A. Bravo, T.W. Therriault, and H.J. MacIsaac. 2011. 
Hull fouling as an invasion vector: Can simple models explain a complex problem? Journal of Applied Ecology 48:415–423.

Sylvester, F., and H. MacIsaac. 2010. Is vessel hull fouling an invasion threat to the Great Lakes? Diversity and Distributions 16:132–143.

Svendsen, E.S., L.K. Campbell, and H.L. McMillen. 2016. Stories, shrines, and symbols: Recognizing psycho-social-spiritual bene#ts of 
urban parks and natural areas. Journal of Ethnobiology 36(4):881–907.

The Research Group, LLC, 2014. Economic impact from selected noxious weeds in Oregon. Prepared for Oregon Department 
of Agriculture Noxious Weed Control Program.

Thompson, D.Q., R.L. Stuckey, and E.B. Thompson. 1987. Spread, impact, and control of purple loosestrife (Lythrum salicaria) in 
North American wetlands. United States Fish and Wildlife Service, Fish and Wildlife Research No.2. Washington 
DC, USA: United States Department of the Interior.

Trentanovi, G., M. von der Lippe, T. Sitzia, U. Ziechmann, I. Kowarik, and A. Cierjacks. 2013. Biotic homogenization at the community 
scale: Disentangling the roles of urbanization and plant invasion. Divers Distrib 19:738–748.

United States Department of Agriculture, Forest Service. 2012. Non-native invasive species best management practices, 
Guidance for the U.S. Forest Service Eastern Region.

USDA-APHIS. 2003. Importation of solid wood packing material: Final Environmental Impact Statement. US Department of the Interior. 
2016. Safeguarding America’s lands and waters from invasive species: A national framework for early detection and rapid response. 
Washington, DC. 55pp.

US Forest Service. 2013. Forest Service National Strategic Framework for Invasive Species Management. FS-1017. 36pp.

Van Wassenaer, P.J.E., A.L. Satel, W.A. Kenney, and M. Ursic. 2011. A framework for strategic urban forest management planning 
and monitoring. Plenary Session 1—Management of the urban forest, in Trees, people and the built environment, eds. M. 
Johnston and G. Percival. Proceedings of the Urban Trees Research Conference 13-14 April 2011. Research Report. 258pp.



�� CITY OF PORTLAND INVASIVES 2.0

Van Wilgen, B.W. 2012. Evidence, perceptions, and trade-o!s associated with invasive alien plant control in the Table Mountain 
National Park, South Africa. Ecol Soc 17(2):23.

van Wilgen, N.J., J.R.U. Wilson, J. Elith, B.A. Wintle, and D.M. Richardson. 2009. Alien invaders and reptile traders: What drives the live animal 
trade in South Africa? Animal Conservation 13:24–32.

Venter, O., N. N. Brodeur, L. Nemiro!, B. Belland, I. J. Dolinsek, and J. W. A. Grant. 2006. Threats to endangered Species in Canada. 
BioScience 26:903-910

Waltz, R.D., and B. Fisher. (no date). The Indiana Strategic Plan for Gypsy Moth. 13pp.

Washington Invasive Species Council. 2016. Reducing Accidental Introductions of Invasive Species—State Agency Field Work Protocols. 
Developed by the Washington Invasive Species Council using documentation from the Washington Department of Ecology 
Environmental Assessment Program. 5 pp.

Washington State Department of Natural Resources. 2012. Forest Watershed Ecosystem Services. 2pp.

Waters, A. 2011. City of Melville—Strategic Natural Areas Asset Management Plan 2011. Report by Woodgis Environmental Asset 
and management for the City of Melville, Western Australia. 114pp.

Welsch, A., and C. Heying. 1999. Watershed management and community building: A case study of Portland’s community watershed 
stewardship program. Administrative $eory & Praxis. 21(1):88–102.

Western Regional Panel on Aquatic Nuisance Species (2009) Quagga-Zebra Mussel Action Plan for Western U.S. Waters. 
http://www.anstaskforce.gov/QZAP/QZAP_FINAL_Feb2010.pdf. Accessed July 17, 2016.

Williams, S.L., and J.E. Smith. 2007. A global review of the distribution, taxonomy, and impacts of introduced seaweeds. Annu. Rev. Ecol.
Evol. Syst. 38:327–359.

Williams, B. K., R. C. Szaro, and C. D. Shapiro. 2009. Adaptive Management: The U.S. Department of the Interior Technical 
Guide. Adaptive Management Working Group, U.S. Department of the Interior, Washington, D.C. Available at: 
https://www.doi.gov/sites/doi.gov/#les/migrated/ppa/upload/TechGuide.pdf.

World Health Organization. 2017. Urban green spaces: A brief for action. 24pp.

Zimmerman, E., T.T. Ankersen, and E. Smith. 2005. Model Native Plant Landscape Ordinance Handbook. 47pp.



Project funded by the City of Portland 
Bureau of Environmental Services


