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Summary
Invasive species management is a major priority of the National Wildlife Refuge (NWR) System
of the United States Fish and Wildlife Service (USFWS). More than 2.5 million acres of NWR
lands are infested with invasive species, of which about 10% have been treated. Recent success
stories include Midway Atoll NWR eradicating 99% of invasive golden crownbeard (Verbesina
encelioides) to the benefit of the endangered short-tailed albatross (Phoebastria albatrus) and
other native seabirds and plants (USFWS 2013).
Invasive species management on any refuge requires baseline information about the invasive
species present and conservation assets that they threaten. Invasive species management in
refuges is prioritized and conducted on a sub-refuge area-invasive species basis. A plan for
treatment must be developed which includes Specific, Measurable, Achievable, Results-oriented,
and Time-bound objectives (SMART). This includes not only goals and instructions for
treatment but for ongoing monitoring, data collection, and record-keeping. These objectives must
be consistent with the principles of the multi-pronged approach of integrated pest management
(IPM).
The Green Bay NWR consists of several islands of the Grand Traverse Islands chain in Lake
Michigan, linking Wisconsin’s Door Peninsula to Michigan’s Garden Peninsula. The Refuge
provides roosting habitat for the little brown bat, nesting and stopover habitat for many bird
species such as the bald eagle, black-crowned night-heron, and Caspian tern, and supports a
diversity of state and federally endangered plants such as dwarf lake iris, Laurentian fragile fern,
and climbing fumitory (Salas et al. 2017, Bassett et al. 2022, Cohen et al. 2022).
In support of Green Bay NWR’s Habitat Management Plan and Comprehensive Conservation
Plan, this Invasive Plant Management Plan (IPMP) is meant to guide invasive plant species
management and monitoring, using the principals of IPM, on Plum Island. Though the island has
been significantly altered by anthropogenic disturbance, 2021 surveys found four quality natural
communities and four state-listed plant species, including federally threatened dwarf lake iris
(Iris lacustris). Historically, there were two additional listed plant species which may persist on
the island in small quantities. These conservation assets are threatened by a diversity of invasive
species, several of them quite aggressive, including multiflora rose (Rosa multiflora), reed
canary grass (Phalaris arundinacea), narrow-leaved cat-tail (Typha angustifolia), bush
honeysuckle (Lonicera sp.), and wild parsnip (Pastinaca sativa). The content and structure of
this plan follow The Land Manager’s Guide to Developing an Invasive Plant Management Plan
(USFWS Cal-IPC 2018).
This IPMP provides field methods and data management procedures to facilitate monitoring
surveys for conservation assets and invasive species, treatment objectives and actions, and
treatment effectiveness monitoring. Data gathered by these methods should contribute to an
adaptive management strategy based on this IPMP. Adapting management strategies based on
new information will prompt the flexibility needed to combat the complex challenge of invasive
plant management (Lowell et al. 2014).
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Narrative
Chapter 1: Introduction
Plan Purpose and Need

Humans have been moving plants to new habitats for millennia. Shortly after Europeans began to
colonize North America, many European plants began to naturalize on the continent such as
dandelion (Taraxacum officinale), common plantain (Plantago major), and white clover
(Trifolium repens; Mack 2003). Today, people continue to introduce non-native plants at a rapid
rate through activities such as gardening, shipping, recreation, and travel (Reichard and White
2001, van Kleunen et al. 2018). Some introduced plants establish and naturalize in a relatively
harmless fashion, while others become so problematic as to be called invasive.
Invasive species negatively affect biodiversity. In a global meta-analysis of animal and plant
species, invasive species presence was associated with a 21% decrease in species richness
(Crystal-Ornelas and Lockwood 2020). Approximately 42% of federally threatened and
endangered species are vulnerable primarily due to invasive species (Pimentel et al. 2005). An
abundant invasive species can even drive a related native species to extinction through
hybridization and introgression (Levin et al. 1996).
Invasive plants can cause ecological harm to other species. Invasive plants such as spotted
knapweed (Centaurea stoebe ssp. micranthos) release allelopathic chemicals that directly
suppress the growth of native plants (Thorpe et al. 2009). Other invasive plants, such as garlic
mustard (Alliaria petiolata), chemically suppress mycorrhizae which form mutualisms with
native plants (Stinson et al. 2006). Invasive species can also affect animal communities by
altering relative species abundances and decreasing habitat heterogeneity (Ceradini and Chalfoun
2017).
Invasive species can alter entire ecosystems by changing the amount of available nutrients such
as nitrogen and carbon. A global meta-analysis found that invaded ecosystems had 40% and
133% higher levels of aboveground nitrogen and carbon, respectively (Liao et al. 2007).
Cumulative impacts of invasive species cause an estimated $120 billion in environmental
damage annually in the United States (Pimentel et al. 2005, Lockwood et al. 2013).
The impact of invasive species was recognized by the US federal government in President
Obama’s Executive Order 13751: Safeguarding the Nation from the Impacts of Invasive Species
and in the Department of the Interior’s Invasive Species Strategic Plan for the years 2021 – 2025
(USDI 2021). These documents call to prevent the introduction of new invasive species and to
manage established invasive species. This is also consistent with the conservation, management,
and restoration components of the mission of the National Wildlife Refuge (NWR) System.
With time and resources being scarce, a comprehensive, selective, and adaptive approach is
needed to combat invasive plant species. Integrated pest management (IPM) uses multiple
approaches to eliminate, manage, or prevent plant invasion (USFWS Cal-IPC 2018). It
recognizes that emerging invasions can be reversed through early detection and rapid response
(EDRR) and future invasions prevented through monitoring. For species that are not eradicable,
it adopts a management strategy that depends on the availability of resources, the extent to which
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the target species is detrimental, and the value of the resources of concern that the target species
threatens. Strategies may include reducing cover of the target species, containing it to its current
range, preventing its spread into high-quality natural communities, or electing not to manage for
an invasive species. IPM has been successfully employed, for example, to reduce invasive reed
(Phragmites australis ssp. australis) to less than ¼ of its peak cover on Beaver Island in Lake
Michigan (Higman et al. 2019).
Islands are more susceptible to the impacts of invasive species than mainland areas (Lonsdale
1999), and the negative relationship between invasion and species richness is especially high on
islands (Pysek et al. 2011). However, islands are often small/isolated enough that eradication can
be successful if troublesome species are detected early in the invasion process (USDI 2021).
Islands in freshwater bodies are globally rare. The Great Lakes has the largest collection of
freshwater islands in the world, with 32,000 islands (Henson et al. 2010). These islands are home
to precious cultural resources, regionally endemic species such as dwarf lake iris, and rare
natural communities such as limestone cobble shore (Cohen et al. 2015). They also provide
habitat for colonial nesting birds, stopover land for migratory bird species, and spawning ground
for fish in offshore shoals (Henson et al. 2010).
Here, we present an IPMP for Plum Island, an approximately 300-acre island in Lake Michigan
located 1.4 miles (2.4 km) northeast of the Door Peninsula and 1.6 miles (2.6 km) southwest of
Washington Island in the State of Wisconsin, for Horicon-Green Bay NWR Complex staff. The
island is part of the Green Bay NWR. We share results of recent botanical and ecological
surveys, a prioritization of invasive species and areas for treatment, a watch list of potential
future invaders, management objectives and strategies, and recommendations for ongoing
monitoring and evaluation.
This IPMP provides field methods and data management procedures to facilitate monitoring
surveys for conservation assets and invasive species, treatment objectives and actions, and
treatment effectiveness monitoring. Data gathered by these methods should contribute to an
adaptive management strategy based on this IPMP. Adapting management strategies based on
new information will prompt the flexibility needed to combat the complex challenge of invasive
plant management (Lowell et al. 2014).
Spatial Scope and Setting

Plum Island (45°18′N, 86°58′W in Door County, Wisconsin, USA) is part of the Grand Traverse
Islands, which run between Wisconsin’s Door Peninsula and Michigan’s Garden Peninsula
(Figure 1). The chain is part of the Niagara Escarpment, a rock formation extending in an arc
from Wisconsin to New York that is made of limestone and dolomite formed from calcium
carbonate deposited by coral reefs in the Silurian Age. Dolomite is variant of limestone, but it
consists of more magnesium calcium carbonate instead of calcite and aragonite, and it is more
resistant to erosion (Albert et al. 1995). The Grand Traverse Islands are cherished for its
diversity of animals, plants, and cultural artifacts such as shipwrecks, lighthouses, and ruins of
Native American settlements. (Bacon 2016, Judziewicz 2001). The flora of the island chain has
been in development since about 10,000 BP when post-glacial water levels in the Great Lakes
receded enough for its land to be exposed (Forzley et al. 1993).
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Plum Island is about 1.1 miles long by 0.9 miles wide. It covers around 267 to 316 acres
(Judziewicz 2001, Salas et al. 2017). Its elevation is 13 m above sea level. Prior to European
settlement, its vegetation was primarily mesic hardwoods, with a minor component of swamp
conifers. Its most important pre-settlement tree species were sugar maple (Acer saccharum),
basswood (Tilia americana), and balsam fir (Abies balsamea), with respective importance values
of 70, 15, and 15 (Judziewicz 2001). Importance value is a metric based on frequency,
abundance, and basal area, with higher numbers representing greater importance (Kershaw et al.
2017).
Since European settlement, the island has been subjected to severe anthropogenic disturbance.
Lighthouses have been in operation since the mid-1800s, and several structures associated with
navigation and rescue still stand. A network of roads and trails crisscrosses the island (Figure 2).
Locals refer to a lagoon in the northwest corner as Carp Lake and likely fish there. Heavy
selective logging occurred in the 1980s. White-tailed deer and pigs were later introduced and
hunted (Judziewicz 2001).
The island has been part of the NWR system since 2007. It is currently open to the public for day
use, and a dock in the northeast provides easy access from nearby Washington Island and the
Door Peninsula. A charter company operates a cruise that regularly stops at the island (Lenz et
al. 2013).
Over the 20th century, the island was the object of several botanical expeditions. The first
occurred under the auspices of the Milwaukee Public Museum in 1905. Subsequent expeditions
were made/headed by: William E. Tans of the Wisconsin Department of Natural Resources in
1974, S.P. Voice of the USFWS in 1982, a joint party of the Cranbrook Institute of Science and
Oakland University in 1989 – 1990, and Emmett J. Judziewicz of the WDNR in 1998 – 1999.
Botanists on these expeditions collected 259 plant species, recorded several rare plants and
natural communities, and documented how the flora has changed over time in response to
anthropogenic disturbance. Rare plants included federally and Wisconsin threatened dwarf lake
iris, Wisconsin threatened dune goldenrod (Solidago simplex var. gillmanii) and western fescue
(Festuca occidentalis), and Wisconsin special concern climbing fumitory (Adlumia fungosa) and
white camas (Anticlea elegans).
As recently as 1974, the island was reported to host old-growth sugar maple – basswood forest.
This would fit within the mesic northern forest/northern mesic forest according to Michigan and
Wisconsin natural heritage methodology. The forest supported a dense understory of Canada
yew (Taxus canadensis), able to thrive in the absence of white-tailed deer (Odocoileus
virginianus). Subsequent logging and deer introduction wreaked havoc on the native vegetation.
Judziewicz (2001) reported a scant bloom of spring ephemerals. The exception was along a
narrow strip of forest flanking the trans-island trail that was spared from selective logging. Yew
was absent by the time of his 1998 and 1999 visits. Invasive and ruderal native species had come
to dominate parts of the understory.
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Figure 1. Plum Island (right) is located in northern Lake Michigan, USA (left). The red star in the left pane
represents Plum Island.
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Figure 2. Roads, trails, and structures of Plum Island. Map from Washington Island Chamber of
Commerce, https://washingtonisland.com/plum-island/.

Conservation Assets

The 2021 ecological surveys revealed that quality natural communities persist along the
shoreline and in parts of the interior of the island (Table 1; Figure 3, Figure 4). Quality mesic
northern forest occupies 62.6 acres (25.3 ha), Great Lakes marsh 17.6 acres (7.1 ha), limestone
lakeshore cliff 5.7 acres (2.3 ha), and limestone cobble shore 1.1 acres. Each of these was
classified as an element occurrence (EO) according to methodology of the Natural Heritage
Program network NatureServe of which MNFI is a part. An area qualifies as an EO if it is a
5

Figure 3. Natural communities on Plum Island. Clockwise from upper left: Great Lakes marsh / emergent
marsh, limestone cobble shore / Great Lakes alkaline rockshore, mesic northern forest, and limestone
lakeshore cliff / moist cliff. Photographs by Joshua Cohen, July 12 – 13, 2021.
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Figure 4. Rare-plant element occurrences (EOs) observed on Plum Island in 2021. The inset is a
zoomed-in view of the red rectangle on the larger map.
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Figure 5. Rare plant species observed on Plum Island in 2021. Clockwise from top: white camas (Anticlea
elegans; photo: Tyler Bassett, July 13), climbing fumitory (Adlumia fungosa; Bassett, July 14), and dwarf
lake iris (Iris lacustris; Joshua Cohen, July 12).
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Figure 6. Invasive plants, natural communities, and disturbed habitats documented on Plum Island in 2021. The insets on the right side are zoomed-in views of the
like-colored rectangles on the larger map. Note that many species were more widespread than the map indicates because highly disturbed areas were not
prioritized for mapping (see Species and Area Descriptions below).
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Figure 7. Invasive species on Plum Island. Clockwise from upper left: wild parsnip (Pastinaca sativa) with
its yellow flowers in full bloom, profusion of Japanese barberry (Berberis thunbergii) in forest understory,
ruderal opening with the white flowers of common valerian (Valeriana officinalis) visible on the ground
especially on the right, two stems of marsh thistle (Cirsium palustre) poking out of the ferns, their pinkpurple flowers visible. Photos by Joshua Cohen, July 12–14, 2021.

Conservation Goals

This plan supports the following Refuge System goals cited in the comprehensive conservation
plan (Lenz et al. 2013):
•
•

•

Conserve a diversity of fish, wildlife, and plants and their habitats, including species that
are endangered or threatened with becoming endangered.
Develop and maintain a network of habitats for migratory birds, anadromous and
interjurisdictional fish, and marine mammal populations that is strategically distributed
and carefully managed to meet important life history needs of these species across their
ranges.
Conserve those ecosystems, plant communities, wetlands of national or international
significance, and landscapes and seascapes that are unique, rare, declining, or
underrepresented in existing protection efforts.
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This plan also supports the following objectives specific to Green Bay NWR from the Habitat
Management Plan (Salas et al. 2017):
•
•

Maintain quality of limestone cobble shore / Great Lakes alkaline rockshore EO
Maintain quality of mesic northern forest EO

We also advocate for maintaining the quality of the two additional natural community EOs on
Plum Island (Table 1; Figure 3, Figure 4):
•
•

Great Lakes marsh / emergent marsh
Limestone lakeshore cliff / moist cliff

Specific, Measurable, Achievable, Results-oriented, and Time-bound (SMART) objectives are
laid out in Chapter 4.
History of Invasive Plant Management

According to the GIS layer Islands_Invasive_Species.gdb provided by the USFWS, a large area
near the dock and life-saving station in the northeast of Plum Island was treated for spotted
knapweed in 2010. In 2015, that same area plus the Isle View Patrol Rd. and parts of the
shoreline between the fog signal building and the range lights were treated for spotted knapweed.
In 2015, invasive reed was treated in the Great Lakes marsh and part of the shoreline to the north
of the marsh. Around this time, a single point was taken for a garlic mustard observation, in
disturbed mesic northern forest just north of the southerly mesic northern forest EO polygon.
Garlic mustard and invasive reed were not encountered in 2021.
On August 19, 2021, workers from the Door County Invasive Species Team of the Door County
Soil and Water Conservation Department treated reed canary grass with glyphosate (trade name
Rodeo, manufactured by Monsanto). They applied the solution to the foliage with a backpack
sprayer (Figure 8).
Regulatory Context

Refuge staff and partners contracted for treatment should be familiar with relevant local, state,
and federal regulations pertaining to the management action they are perusing.
Herbicides should be used with caution in consideration of nearby plants, wetlands, wind
conditions, forecasted rain, and human health. All herbicide labels should be thoroughly
understood, and the specific herbicide should be permitted in the state for the use desired. When
working near wetlands/water, permits obtained from a Wisconsin Department of Natural
Resources service center may be required. Refuge authorities also require pesticide use proposals
through their Pesticide Use Proposal System before any chemical treatments. Herbicide
applicators should have the appropriate certification. Detailed best management practices are in
Cal-IPC (2015). More details can be found in Regional Protocol Framework for Rare and
Invasive Plant Monitoring on Great Lakes Islands (2021c) and Draft Site-specific Protocol for
Vegetation Surveys on Great Lakes Islands, Green Bay and Gravel Island National Wildlife
Refuges (2021a).
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Figure 8. Treatment of invasive plants on Plum Island in 2021. Reed canary grass was treated with glyphosate on August 19, 2021, by the Door County Invasive
Species Team. The insets on the right are finer resolution views of the like-colored rectangles on the larger map. Note that several species were also treated over
2010 – 2017 (described above).
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Chapter 2: Methods
This chapter identifies the who, what, why, and how in the development of this IPMP for Plum
Island, Green Bay NWR. The IPMP was developed using the best available information and
processes. This chapter describes processes that were used to gather information and make
decisions about areas, species, strategies, and activities to focus on and employ.
Project Team

The Project Team was comprised of members working on developing the IPMP [Scott Warner,
Rachel Hackett (MNFI)], USFWS staff members who were decision makers [Richard King,
Joshua Booker, Bill Peterson], and USFWS staff members who will be implementing the plan
[Bill Peterson, Sadie O’Dell, Francis Gercz, Joel Vos, Jon Krapfl].
Internal and External Communication, Outreach, and Engagement

The IPMP team met and communicated throughout the planning, fieldwork, and reporting
processes via virtual meetings, emails, electronic chat, MS Teams, and in-person meetings.
Varying levels of involvement were required at different stages. External communication was
maintained between other MNFI staff members who conducted the most recent surveys on Plum
Island (Tyler Bassett, Josh Cohen, Scott Warner).Communication was also fostered with the
local area conservationist Samantha Koyen, Door County Soil & Water Conservation
Department (SWCD). Door County SWCD is a project partner who will conduct invasive plant
treatment in the State of Wisconsin islands in the Grand Traverse Islands of the Green Bay
NWR.
Information Gathering

Information was gathered from Horicon Complex NWR Staff, the Michigan Natural Heritage
Database, botanical and ecological surveys conducted in 2021 (Bassett et al. 2022, Cohen et al.
2022), and online digital data sources [e.g., ArcGIS Online (AGOL) Great Lakes – Invasives and
Photopoints, iNaturalist, Midwest Invasive Species Information Network (MISIN)]. The
nomenclature of plant species follows Integrated Taxonomic Information System (ITIS,
https://www.itis.gov).
Element Occurrence Records

The Wisconsin Natural Heritage Database contains EOs of rare and listed species and natural
communities. MNFI made a request for records located on federal lands on Detroit Island from
the Wisconsin Natural Heritage Program, a program of Wisconsin Department of Natural
Resources. These records were used to plan survey visits to the island during appropriate
detection periods (Table 1). A more detailed description of the use of this information to inform
vegetative and ecological surveys on Plum Island can be found in Regional Protocol Framework
for Rare and Invasive Plant Monitoring on Great Lakes Islands (2021c) and Draft Site-specific
Protocol for Vegetation Surveys on Great Lakes Islands, Green Bay and Gravel Island National
Wildlife Refuges (2021a).
When a rare species was encountered while doing field surveys, information about the
observation was documented as requested by the Wisconsin Natural Heritage Program. An
annual report of all rare and listed species observations, failed to find surveys, and new
occurrences was submitted to Wisconsin Natural Heritage Program for review and incorporation
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into the Wisconsin Natural Heritage Database (Bassett 2022). US Fish and Wildlife Service was
supplied a copy of this report via Microsoft Teams.
Vegetation surveys

Vegetation surveys were conducted to inform both the management of invasive species threats
and the prioritization of high-quality species and communities for protection or management.
Plum Island was surveyed July 12 – 14, 2021. Protocols described in Regional Protocol
Framework for Rare and Invasive Plant Monitoring on Great Lakes Islands (2021c) and Draft
Site-specific Protocol for Vegetation Surveys on Great Lakes Islands, Green Bay and Gravel
Island National Wildlife Refuges (2021a) and summarized here were followed in 2021.
Surveyors planned meander survey routes to adequately cover each natural community on the
island. Meanders were designed to include known records of rare and listed plant species and
possible micro-habitats or areas of non-homogenous habitat detectable from an inspection of
aerial imagery, topographical maps, and prior observations. Possible micro-habitats encountered
while in the field were also explored. The perimeter of the island and invasive species pathways
such as docks and known anthropogenic disturbances (e.g., ruins, trails) were also included in
vegetation surveys.
GPS data was collected in the field to map locations of rare species, rare and/or high-quality
natural communities, and invasive species. Non-native species that were locally naturalized and
relatively innocuous (e.g., dandelion, hawkweed [Hieracium sp.]) were not mapped but were
included on species lists in the communities they invaded.
ArcGIS Online USFWS invasive species related data collection and management

Information gathered on invasive plant species populations during the 2021 surveys was
synthesized and transcribed into the USFWS’s AGOL feature layers for Region 3 plant and weed
observations based on the type of geometry most suited to represent the population (i.e., point,
line, polygon; Esri 2022b). Description of the data included in the feature layers can be found in
Appendix 1.
Most of the data were collected and recorded in the field via ArcGIS Collector in an AGOL Web
Map called Great Lakes – Invasives and Photopoints generated by USFWS data manager for the
project (Esri 2020, Esri 2022b). Some data were transcribed out of the field using the same
ArcGIS Collector app and Web Map. Detailed instructions for adding features to the Web Map
are included in Appendix 2.
Features to document invasive species treatment and monitor its efficacy are also within the
USFWS AGOL Great Lakes – Invasives and Photopoints Web Map. There are multiple feature
layers to house the different management treatment types (e.g., chemical, mechanical). Like with
invasive species populations, invasive species treatment areas should be mapped in the
appropriate management feature layer in the program ArcGIS Collector: for example, pesticide
applications should be documented with the Region [#] Management Actions Chemical Plant
Feature.
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Documentation and monitoring of treatment efficacy should be conducted with Photo Survey
Points as described in Regional Protocol Framework for Rare and Invasive Plant Monitoring on
Great Lakes Islands (2021c) and Draft Site-specific Protocol for Vegetation Surveys on Great
Lakes Islands, Green Bay and Gravel Island National Wildlife Refuges (2021a) and summarized
here: Photo points should be strategically placed in mapped invasive species communities to
capture a visual representation of the cover and density of the target species. The number of
photo points needed will vary, but a minimum of three points for each treatment area is expected.
These points will be visited on multiple occasions: at least once prior to treatment (i.e., pretreatment) and one or more visits post-treatment depending on treatment method(s) and logistical
constraints. Detailed instructions on adding features to the Web Map are included in Appendix 2.
Prioritization of Species and Management Areas

Natural community areas and invasive species were ranked using the Invasive Plant Inventory
and Early Detection Prioritization Tool (IPIEDPT) for comparison within the island. This tool
was developed by the USFWS Inventory and Monitoring Initiative (Region 8) and Utah State
University (USFWS 2016) and designed to highlight invasive plant monitoring priorities and
watch list species.
For treatment prioritization across Green Bay NWR islands of Detroit, Plum, Poverty, and St.
Martin, the IPIEDPT tool was not used. The tool’s emphasis on invasive species monitoring was
evident: areas that had little to no invasive species present were ranked in the highest tier
(Appendix 3, Table 1-1). In its stead, we present the “Stewardship Prioritization” matrix
generated for the natural community report for Green Bay NWR (Cohen et al. 2022).
Invasive species prioritization

To prioritize invasive plant species using the IPIEDPT, we needed to develop lists of invasive
species present in each area and likely invaders from surrounding areas. Invasive species
observed during the 2021 surveys were used to populate the list. To increase the practical
application of the list, the likely invader list was expanded to include invasive species observed
on nearby islands as gathered from 2021 surveys (Bassett et al. 2022; Cohen et al. 2022).
Using the IPIEDPT, species were scored using categorical ranks adhering to rubrics developed
by IPIEDPT (USFWS 2016). The ranked factors fell into four categories, with one category
having multiple factors:
•
•

•
•

Invasiveness ranking (weighted 0.2)
Invasive species status and habitat suitability (weighted 0.4)
o Species proximity
o Current species abundance
o Habitat suitability
Ecological impacts (weighted 0.3)
Legal mandates – Noxious or other regulatory designation (weighted 0.1)

For invasiveness ranking, the NatureServe ranking system was used if available. If the IPIEDPT
did not have a NatureServe invasiveness ranking for a species, primary research, expert opinion,
and invasiveness ranking of that species from previous MNFI projects were used (Cohen et al.
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2019). Species proximity and current abundance were derived from data gathered during the
2021 surveys (Cohen et al. 2022). Habitat suitability rank was determined using local field
guides and expert opinion. Ecological impact rank was determined using expert opinion and
invasiveness ranking of that species from previous MNFI projects (Cohen et al. 2019). Legal
mandates were reviewed as listed on the US Department of Agriculture’s (USDA’s) PLANTS
Database (https://plants.sc.egov.usda.gov/home/),
As the species of bush honeysuckle (Lonicera sp.) observed in the Green Bay NWR all have the
same NatureServe rankings and are not managed differently, they are pooled together for the
purpose of the IPIEDPT. Only L. × bella was observed on Plum Island in 2021. Future invasions
of other invasive bush honeysuckles would be prioritized equivalently.
Prioritization across Detroit, Plum, Poverty, and St. Martin Islands

Although some of the input between the IPIEDPT area prioritization tool and MNFI’s
Stewardship Prioritization were the same, the Stewardship Prioritization scores differ in that
more emphasis was placed on the natural communities in a global and state context, value was
placed on the quality of the natural community, and individual invasive species presence, spread,
and density were taken into consideration. For the Stewardship Prioritization, there were three
indices educated by numerous factors:
•
•
•

Ecological integrity index
o EO rank
Rarity index
o Global rank of natural community
o State rank of natural community
Invasive index
o Invasive threat severity
 Site-specific information on infestations
 Habit and history of invasive plant species in a natural community type
o Treatment feasibility

The natural communities ranked as higher quality habitat had a higher ecological integrity index.
The rarity index was the mean of the global and state rankings of the natural community types,
with rarer communities having higher scores. The invasive index was the mean of the invasive
threat severity and treatment feasibility. Experts ranked the invasive threat severity based on the
1) site-specific information gathered during the 2021 surveys on the species, spread, density, and
location of invasive species infestations in the area and 2) knowledge of the impacts of present
invasive species in that natural community type. A natural community with increased
degradation due to invasive species infestations would have a higher score. The treatment
feasibility index was a rank score assigned based on treatment ease and success of the invasive
species present in the natural community. The sum of the three indices produced the stewardship
prioritization score.
Area prioritization within Plum Island

Natural communities on the island were categorized using the scheme in A Field Guide to the
Natural Communities of Michigan (Cohen et al. 2015), which concentrates on the dominant
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species composition, soils, hydrology, and geography of the community, and corresponding
classification was identified within the Wisconsin system (WDNR 2015). Information gathered
during the 2021 ecology surveys was used to differentiate natural community areas and identify
areas of high quality and good representation of those communities on the state level (USFWS
2021b, Cohen et al. 2022). Each natural community EO was included in the IPIEDPT. Disturbed
boreal forest was also included. The highly disturbed sections of shoreline and other
anthropogenic areas were not included in the IPIEDPT. Disturbed mesic northern forest was
pooled with the mesic northern forest EO (Figure 4).
Using the IPIEDPT, areas were scored using categorical ranks adhering to rubrics developed by
IPIEDPT (USFWS 2016). The ranked factors fell into three categories, each with multiple
factors:
•

•

•

Area description (weighted 0.4)
o Ecological integrity
o Innate resistance to invasion
o Importance to Federal or State-listed species
o Importance to other priority natural resources of conservation
Invasion risk (weighted 0.3)
o Relative to terrestrial pathways
o Relative to aquatic pathways
o Relative to transport vectors
o Relative to anthropogenic disturbances
Invasive plant status (weighted 0.3)
o Relative to most recent inventory and monitoring event
o Relative to overall infestation level
o Number of invasive plant species present in area

The scores of each category were averaged (mean), weighed, then the three category scores were
summed to derive the total score for the area. IPIEDPT default weights were used for each
category.
For area description factors, categorical rankings were determined using 2021 ecological survey
data and notes, NatureServe-MNFI resilience rankings of the natural community, NatureServeMNFI biodiversity rankings of the natural community, NatureServe-MNFI state rarity score of
natural community in Michigan, and expert opinion (Cohen et al. 2019, Cohen et al. 2022). For
invasion risk factors, categorical rankings were determined using 2021 ecological survey data
and notes; geospatial variables of proximity to shoreline and presence of trails, roads, human
structures; evidence of past logging; and expert opinion (Cohen et al. 2022). For invasive plant
status factors, categorical rankings were determined using the invasives species population data
described in Chapter 2: Methods – Information Gathering. All areas had been comprehensively
monitored within the last five years. Opinions on the highest value natural areas during the 2021
surveys were shared in virtual meetings among MNFI, USFWS, Horicon NWR Complex, and
Door County SWCD, and applied as expert opinion where applicable.
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Species Descriptions and Priorities
Priority 1: Present Aggressive Species

JAPANESE BARBERRY (BERBERIS THUNBERGII)
Japanese barberry is a popular cultivated shrub. It is prized for hedges and the fall/winter color
provided by its red berries. It was first collected as a wild plant in Wisconsin in 1936 (Wisconsin
State Herbarium 2022). It is now present throughout the state where it thrives in disturbed
habitats, as well as more natural settings where its invasive tendencies displace native vegetation
(Wisconsin State Herbarium 2022, Reznicek et al. 2011).
Species description: Japanese barberry has simple, alternate elliptic-to-obovate leaves with
smooth margins. It is a spiny, often low-growing shrub, but vigorous individuals can reach a
height of about 6 ft (2 m). The small cream-colored flowers bloom in May and mature into small
egg-shaped red berries by late summer. Berries not dispersed by birds may persist on the plant
into the winter. Japanese barberry can reproduce not only by seed but by creeping roots and
branches; the branches root when they touch the ground (Czarapata 2005).
Habitat: Forests, swamps, fields, and dunes (Reznicek et al. 2011).
Current status in landscape: Japanese barberry is abundant across much of Plum Island. It was
mapped in or at the border of every community EO and in every disturbed habitat type (Figure
6). Its prevalence is even greater than indicated in Figure 6 because the heavy invasive species
cover in the disturbed habitats made comprehensive mapping infeasible.
Management: Like many invasive species, Japanese barberry leafs out earlier than native plants,
making spring a good season for detection. The plant can be pulled or dug out, but all roots must
be removed. In disturbed open habitats, such as trails and areas surrounding structures, mowing
may be effective after large plants are removed. Plants can be cut at the base in winter or spring.
Triclopyr formulated for use with penetrating oil can be used on cut stumps and as a basal bark
treatment. Glyphosate applied to cut stumps may also work. Resprouts should be treated with
glyphosate (Czarapata 2005).
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SPOTTED KNAPWEED (CENTAUREA STOEBE SSP. MICRANTHOS)
Spotted knapweed was not collected in Wisconsin until 1915, yet it has since become a terrible
invasive plant in open upland habitats throughout Michigan and Wisconsin (Reznicek et al.
2011, Wisconsin State Herbarium 2022), including relatively undisturbed natural areas
(Czarapata 2005). In North America, this Eurasian allelopathic biennial first became a serious
pest in the rangelands of the West. In Montana, USA., its annual economic impact has been
estimated at a cost of $42 million a year (Czarapata 2005).
Species description: Spotted knapweed is a forb with basal rosette and flowering stage.
Although considered a biennial, the basal rosette stage may last one to four years. It can be
distinguished from other similar species by the combination of its deeply pinnatifid or
bipinnatifid divided stem leaves and the blackened, fringed tips on the end of the green modified
leaves (i.e., phyllaries) that form a cup (i.e., involucre) under the less than 3 cm broad
flowerhead. Each mature plant flowers for several days as early as late June and as late as
September, which makes this the easiest time window for detection. A seasoned naturalist can
identify basal rosettes during most of the summer growing season. Seeds are dispersed by wind
twenty days after the end of flowering. Spotted knapweed is viable in the seedbank for nine years
(Czarapata 2005).
Habitat: Disturbed, open, upland sites (Reznicek et al. 2011).
Current status in landscape: Extensive areas were treated for spotted knapweed in 2010 and
2015, yet the species remains a large component of disturbed shoreline areas. A 1,000 ft2 (93 m2)
patch was also mapped in the Great Lakes marsh, at the panhandle of land jutting into the open
marsh in the northwest of the mapped EO. The 1,200 ft (350 m) line mapped to the south of the
dock in the northeast just extends into the limestone lakeshore cliff EO. Two plants were also
found in disturbed mesic northern forest at the edge of the limestone lakeshore cliff EO and
pulled (Figure 6). The species is even more prevalent along disturbed shores and in adjacent
trails/open areas than indicated in Figure 6 because disturbed areas with high invasive species
cover were not mapped in a comprehensive fashion.
Management: Digging or hand-pulling can be successful when the ground is moist. Some
people experience skin reactions when handling this plant, so gloves should be worn. It is
essential to remove the entire root system and to remove the excised plant from the site. The soil
should be loosened before pulling to prevent root breakage, as even a small root fragment left in
the soil can resprout to form a new plant. Uprooting often exposes seed that will later germinate.
Annual control measures will likely be necessary for several years. Spotted knapweed is viable
in the seedbank for nine years (Czarapata 2005).
Chemical treatment near conservation assets may be inappropriate. An area 10 –15 ft (3 – 4.5 m)
beyond the invasion zone must be treated to control roots and seeds. This would not be justified
in the intact natural communities or near listed plants. Several insects have showed promise as
biological control agents in the Midwest (Czarapata 2005). Care must be taken when weighing a
decision for biological control, as introducing a new species into an island ecosystem can have
unintended consequences (e.g., Ortega et al. 2004).

24

DAME’S ROCKET (HESPERIS MATRONALIS)
Dame’s rocket, with its showy flowers, is a popular garden plant first collected in Wisconsin in
1913 and now spread throughout Michigan and Wisconsin (Reznicek et al. 2011, Wisconsin
State Herbarium 2022). It thrives especially in disturbed open forests, but its ability to become a
pest in relatively high-quality forests qualifies it as a significant invasive species.
Species description: Like other members of the cabbage family, dame’s rocket has four-petaled
flowers. Patches often contain a mix of white-, pink-, and purple-flowered plants, which has
made the species a favorite component of “wildflower” mixes. These fragrant flowers bloom
from mid-May through July and mature into long, narrow seed pods. This herb reaches a height
of 2 – 3 ft (0.7 – 1 m) tall. It has simple alternate lance-shaped leaves with toothed margins.
Reproduction is exclusively by seed (Czarapata 2005). Its winter basal rosette is green and used
to identify it in late fall or early spring.
Habitat: Roadsides, thickets, river borders, and moist and mesic forests (Reznicek et al. 2011).
Current status in landscape: Three patches were mapped in the disturbed mesic northern forest
totaling an area of 12 ft2 (1.1 m2) (Figure 6).
Management: Dame’s rocket should be pulled or dug early in spring when soil is moist. If
pulling is delayed until flowering season, remove plants from the site, as seed can mature on
pulled plants. Glyphosate or triclopyr can be applied to foliage on warm days in late fall or early
spring when native plants are dormant. At this time, practitioners will need to identify the wintergreen basal rosette (Czarapata 2005). Because of the seedbank, follow-up treatment will likely be
needed for several years (Czarapata 2005).
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BUSH HONEYSUCKLES (LONICERA SPP.)
Invasive bush honeysuckles are allelopathic shrubs (Bauer et al. 2012) that have been established
in Wisconsin since at least the 1880s. They have become terrible pests, readily spreading via
avian fruit dispersal, and establishing not only in disturbed areas but also high-quality natural
communities in which they can form dense thickets to the exclusion of native vegetation
(Reznicek et al. 2011). Spring ephemerals are particularly affected by the shade these invasive
species cast when they leaf-out earlier than native vegetation (Czarapata 2005).
Species description: Bush honeysuckles are woody, deciduous shrubs that can reach 15 ft (4.5
m) tall. Their leaves are opposite, oval, without small hairs on the outer edge (i.e., margin) of the
leaf. Flowers are white to pink and bloom along the leaf axils. Fruits are red to orange berries
that contain many seeds.
Bush honeysuckles can be distinguished from similar, native honeysuckles by their hollow pith
in branches 2 years or older; native honeysuckles have a solid pith (Reznicek et al. 2011). Nonnative honeysuckles also leaf-out before almost all native species and retain their leaves longer,
extending their reliable detection period from April or May to November (Borland et al. 2015).
Habitat: Roadsides, thickets, banks, shores, and forests (Reznicek et al. 2011).
Current status in landscape: Bush honeysuckle is abundant on Plum Island in disturbed
habitats, as well as along the lakeshore EOs and the mesic northern forest EO. It was also present
along the edge of the Great Lakes Marsh EO. It was mapped thoroughly along the lakeshore. In
the inland forest, it was mapped intermittently because much of the forested areas had such high
invasive species cover that comprehensive mapping was infeasible. Occurrences were mapped as
Lonicera sp. because our several invasive species from that genus have similar ecology and
require similar management. On Plum Island, the occurrences represent hybrid honeysuckle L. ×
bella.
Management: Effective treatments include hand-pulling (remove all roots), foliar spray, stumpcutting plus herbicide, and basal bark treatment (spray bottom 18 in (46 cm) of stems; Borland et
al. 2015). Pulled plants or cut stems can re-root if discarded on the soil, so proper disposal of
plant fragments should be ensured. Treatment must be continued for 3 – 5 years until the
seedbank is depleted (Czarapata 2005).
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PURPLE LOOSESTRIFE (LYTHRUM SALICARIA)
Purple loosestrife is a Eurasian species, with attractive displays of pink flowers, that began to be
cultivated in North America in the early 19th century. In Wisconsin, the species has been
established as a wild plant since at least 1919. Since then, it has spread throughout both
Wisconsin and Michigan and become a terrible wetland pest (Reznicek et al. 2011, Wisconsin
State Herbarium 2022). It is a restricted weed in both states.
Species description: Purple loosestrife is a large herb to sub-woody plant reaching heights of 3 –
7 ft (1 – 2 m) or more. It is a variable species. Its leaves can be opposite, alternate, or whorled.
Its flowers can be five- or six-petaled. The leaves are smooth-margined, lance-shaped, and
without petioles (i.e., leaf stems). The flowers bloom from early July to September. Seeds can
mature as early as late July. A single stem can produce 100,000 – 300,000 seeds a year,
contributing to an enormous seedbank that can remain viable for 20 years. The plant can also
reproduce via rhizomes (Czarapata 2005).
Habitat: Marshes, shores, borders of rivers, ditches (Reznicek et al. 2011).
Current status in landscape: A single, 1 ft2 (0.1 m2) patch was located, along the margin of the
Great Lakes marsh (Figure 6).
Management: With their copious seed, aggressive vegetative spread, and regional abundance,
prevention and containment are critical elements of purple loosestrife management. Plants within
populations begin flowering asynchronously. Ideally, a site will be patrolled three times
throughout the flowering season, the best time to detect this plant. Satellite patches that have
spread beyond the central infestation should be prioritized first. Boots and equipment should be
cleaned before leaving an infested area. Seed production begins shortly after flowering, so
management techniques should not be delayed beyond the onset of flowering. Pulled plants will
continue the process of seed production and can re-root. Small plants can be hand-pulled. Older
plants will require a shovel to remove all roots while attempting to minimize soil disturbance.
Mowing is not recommended.
Flowering portions of stems can be removed followed by hand-spraying cut stems with
glyphosate formulated for use over water in July or August. Alternatively, triclopyr can be used
to minimize effects on monocots. The “bloody glove” application technique can be used instead
of hand-spraying. Broadcast spray of glyphosate will kill too many nontarget species.
Biological control may be the best option. There are several fecund, selective species from
purple loosestrife’s home range, including beetles of the genus Galerucella (Czarapata 2005).
Care must be taken when weighing a decision for biological control, as introducing a new
species into an island ecosystem can have unintended consequences (e.g., Ortega et al. 2004).
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WILD PARSNIP (PASTINACA SATIVA)
Wild parsnip is a biennial that was first collected in Wisconsin in 1884; since then, it has
established throughout both Wisconsin and Michigan (Reznicek et al. 2011, Wisconsin State
Herbarium 2022). It is found mostly on shores, roadsides, and anthropogenic openings but it also
invades thickets and open forests (Reznicek et al. 2011). Wild parsnip spreads in slow waves at
first and then begins to spread rapidly. Extreme caution should be used when treating this plant.
All aboveground plant parts contain sap that can cause intense burns, rashes, and blistering on
skin when exposed to sunlight (Czarapata 2005).
Species description: Wild parsnip is a biennial forb with a basal rosette and flowering stage. It
has coarsely toothed compound leaves that clasp around a grooved stem. The flowers are small,
yellow, and arranged in flat umbels 2 – 6 in (5 – 15 cm) broad. The seeds can remain viable for
four years (Czarapata 2005). Seeds are flattened, ridged, and oval. Seeds attach easily to passing
animals, but can also be moved by wind and water, as well as by roadside mowing equipment.
Seeds can remain viable in the soil for up to four years. The easiest detection period is from June
to mid-July when the showy yellow flowers are in bloom (Czarapata 2005).
Habitat: Roadsides, fields, clearings, shores, thickets, and open forests (Reznicek et al. 2011).
Current status in landscape: Two patches of wild parsnip were discovered in disturbed mesic
northern forest at the edge of the mesic northern forest EO (Figure 6, Figure 7).
Management: Plants can be uprooted when the soil is moist. Alternatively, the root should be
cut 1 – 2 in (2.5 – 5 cm) below ground level to prevent resprouting. Removal is best done before
seed has begun to set. If not, seed heads must be bagged and destroyed in a secure location
(Czarapata 2005).
Larger populations can be cut at ground level with a power brush-cutter. Chemical treatment is
also effective: Glyphosate or metsulfuron-methyl plus a surfactant, or triclopyr formulated for
use with water and 2,4-D amine are commonly used as foliar sprays (Czarapata 2005). Follow-up
monitoring and treatment will be necessary. The seeds can remain viable for four years
(Czarapata 2005).
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REED CANARY GRASS (PHALARIS ARUNDINACEA)
Reed canary grass is a native element of our flora, yet invasive strains have been introduced from
Europe. The native and invasive strains are morphologically indistinct. The latter has become a
serious pest in wetland habitats, forming dense monocultures (Reznicek et al. 2011).
Species description: Reed canary grass is a perennial grass that reaches 2 – 7 ft tall (0.5 – 2 m).
Its leaves are 0.25 – 0.75 in (0.6 – 2 cm) wide and up to 10 inches (25.5 cm) long. It blooms
from May – mid-June and its flowers change color from green to purple to beige over time.
Seeds ripen in late June. Reed canary grass can be difficult to distinguish from other grasses for
those unfamiliar with local wetland grasses, especially blue-joint (Calamagrostis canadensis).
Reed canary grass is easiest to detect from May through July when it has flowers and fruits. Reed
canary grass reproduces by seed and vegetatively through rhizomes.
Habitat: Marshes, wet shores, borders of streams and ponds, ditches, and sparse forests
(Reznicek et al. 2011).
Current status in landscape: Reed canary grass was occasional in disturbed mesic northern
forest and the mesic northern forest EO. It was frequent in the Great Lakes marsh and the
surrounding disturbed boreal forest, where it co-occurred with state/federally threatened dwarf
lake iris. After MNFI mapped these occurrences, the Door County Invasive Species Team treated
the occurrences, and several new patches that they detected, with glyphosate (Figure 8).
Management: Reed canary grass can be difficult to eradicate because of its prodigious seedbank
and thick fibrous root mass by which it spreads. Small patches can be dug up or covered with
plastic for one growing season, followed by planting the bare patch with native species
(Czarapata 2005). Chemical treatments have been successful in controlling large patches in late
summer or fall (Borland et al. 2015). It can also be treated in the spring, as this species’ leaf-out
is earlier than many other species and can be managed when many native plants are still dormant
(Czarapata 2005). Monitoring and follow-up treatment is required for 5 – 10 years (Borland et al.
2015).
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MULTIFLORA ROSE (ROSA MULTIFLORA)
Multiflora rose was formerly recommended in cultivation for living fences, erosion control, and
wildlife fodder (Czarapata 2005). It has been known as a wild plant in Wisconsin since 1957.
Since then, it has become widespread in Wisconsin and Michigan, primarily in disturbed places,
but also invading forests and shores of relatively high quality (Reznicek et al. 2011, Wisconsin
State Herbarium 2022), and it is a restricted species in Wisconsin.
Species description: Multiflora rose is a shrub with long, arching, thorny canes. It spreads to
form dense thickets and reaches a height up to 15 ft (5 m). The leaves are alternate and pinnately
compound, with 5 – 11 small oval leaflets and distinctive feathery stipules at the base of the
petioles (leaf stems). The abundant white flowers appear in May or June. The small red fruits
form in August. They are dispersed by many mammals and birds. Those not dispersed remain in
winter and make for easy detection of the plant outside of the growing season. An individual
plant can produce 500,000 seeds a year, which remain viable in the soil for 10 – 20 years. The
plant also reproduces vegetatively. Its stems root at nodes, and new shoots can root at their tips.
(Czarapata 2005).
Habitat: Roadsides, forests, fields, thickets, primarily in dry places but occasionally in moist
ground (Reznicek et al. 2011).
Current status in landscape: Multiflora rose appears to be early on the invasion curve on Plum
Island (Harvey and Mazzotti 2014). One 3 ft2 (0.3 m2) patch was mapped in the mesic northern
forest EO. One 2 ft2 (0.2 m2) patch was mapped along the limestone lakeshore cliff / moist cliff
(Figure 6).
Management: Small plants can be dug with a shovel or pulled with the help of a leverage tool
such as the Weed Wrench. All roots must be removed. Cut-surface treatment using glyphosate,
basal bark treatment with triclopyr formulated for use with penetrating oil, foliar treatment with
woody-plant-specific fosamine in water, foliar treatment with glysophate, and foliar treatment
with broadleaf-specific metsulfuron-methyl plus a surfactant are effective chemical controls.
Should chemical/mechanical methods fail to halt the emerging spread, the virus-like rose rosette
disease can be introduced by grafting infected stems onto target plants (Czarapata 2005).
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ERECT HEDGE-PARSLEY (TORILIS JAPONICA)
Erect hedge-parsley is a relatively newly established plant in Wisconsin first collected there in
1976 but now fairly widespread in southern and eastern Wisconsin, as well as in the Lower
Peninsula of Michigan plus one Upper Peninsula county (Rezincek et al. 2011, Wisconsin State
Herbarium 2022). It thrives best in disturbed habitats but also has the capacity to invade
relatively undisturbed forests.
Species description: Like other members of the carrot family (e.g., dill, parsnip, Queen Anne’s
lace), erect hedge-parsley has distinctive finely divided compound leaves and umbrella-like
arrangements of white flowers. It is a rather dainty herb, with small flowers, narrow leaf
segments, and a height of just 12 – 20 in (30 – 50 cm). It blooms in July and August before
producing its bristly fruit, easily dispersed by fur and clothing (Czarapata 2005).
Habitat: Roadsides, trails, clearings, and both upland and swampy forests (Reznicek et al.
2011).
Current status in landscape: A single patch was discovered, in a highly invaded section of
mesic northern forest, at the edge of the mesic northern forest EO. While often considered a plant
of moderate invasibility, it is categorized as Priority 1 because of the early status of invasion on
Plum Island.
Management: Hand pull prior to flowering (Czarapata 2005).
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NARROW-LEAVED CAT-TAIL (TYPHA ANGUSTIFOLIA)
Narrow-leaved cat-tail is a perennial and obligate wetland plant. It has been known from
Wisconsin since at least 1915 and is now thoroughly naturalized across the state, as well as
Michigan. Many wetlands of the Midwest are dominated by invasive cat-tails (Reznicek et al.
2011; Wisconsin State Herbarium 2022).
Description: The long leaves of narrow-leaved cat-tail are approximately 0.25 – 0.75 in wide
(0.6 – 2 cm). It flowers from June – July, and flowers are borne in a velvety brown reproductive
structure called a spike with a gap of at least 1 in (2.5 cm) separating the female flowers on the
bottom from the male flowers on top. The seeds of narrow-leaved cat-tail can remain viable for
100 years (Borland et al. 2015). Narrow-leaved cat-tail spreads via seeds and rhizomes.
Wisconsin has one other species of cat-tail, broad-leaved cat-tail (T. latifolia). The most
distinguishing feature between the two species is in the gap between female and male flowers; in
native broad-leaved cat-tail, it is absent or is less than 1 inch (2 cm). The species are difficult to
distinguish outside of the flowering season. Substantial overlap in the width of leaves [0.5 – 1 in
(1.25 – 2.5 cm) in broad-leaved cat-tail] and the fruiting structure make intermediate individuals
of both species indeterminable based on size alone.
Hybridization between the two species produces hybrid cat-tail (T. × glauca) and further vexes
identification (Reznicek et al. 2011). Both narrow-leaved and hybrid cat-tail have invasive
tendencies, particularly the latter (Czarapata 2005). Misidentifications are frequent even among
trained naturalists. Hybrid cat-tail is mostly sterile but also spreads via rhizomes (Czarapata
2005). We recommend considering both narrow-leaved and hybrid cat-tail a severe threat to
wetland communities.
Habitat: Almost any wet habitat (Reznicek et al. 2011).
Current status in landscape: A single patch of narrow-leaved cat-tail was discovered on Plum
Island. It covered 10 ft2 (0.9 m2) at the edge of disturbed boreal forest and disturbed lakeshore,
near the Great Lakes marsh / emergent marsh EO (Figure 6).
Management: The most effective treatments for this species have been glyphosate applied in
mid- to late-summer with a wick, boom, or hand-spray applicator, followed by cutting and
removing dead stems a week later. Annual follow-up treatments will be necessary for a few years
as the root system continues to produce new shoots. The 100-year viability of seeds and ongoing
possibility of new emigrants necessitates vigilant annual monitoring (Czarapata 2005).
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Disturbed Boreal Forest

Boreal forest is a conifer or conifer-hardwood forest that is widespread in northern latitudes
throughout the world. In Wisconsin, it is confined to the northernmost tier of counties, including
Door County (WDNR 2015). In Michigan, it is confined to the Upper Peninsula and far-northern
Lower Peninsula (Cohen et al. 2015). Dominant tree species include balsam fir, white spruce,
and white cedar. Paper birch, trembling aspen, balsam poplar, white pine, and hemlock are also
often important. The relative canopy composition shifts according to site moisture and time since
disturbance (e.g., fire, windthrow, insect epidemic). For example, recent disturbance favors birch
and aspen, while long stable periods favor balsam fir, white spruce, and white cedar (Cohen et al.
2015). A swath of forest in the north of Plum Island most closely resembles a boreal forest
community, but the degree of anthropogenic disturbance has altered its state (Figure 9). Invasive
species are abundant here. Most of the forest is in a successional period, but even as it proceeds
to a forest with more mature canopy and long-lived canopy species, it may not resemble a
defined natural community as existed prior to European colonization and mass logging efforts.
The ground cover and topography has been altered by previous logging events.

Figure 9. Boreal forest on Plum Island. The understory pictured here is relatively uninvaded, but much of
the ground layer of the boreal forest overall was dominated by Japanese barberry (Berberis thunbergii).
Photo: Joshua Cohen, July 12, 2021.
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community occurs in close proximity to Lake Michigan, and the propagules of invasive plants
can be expected to wash up on shore.
Invasive plant status: Invasive species are ubiquitous in the disturbed mesic northern forest, to
such an extent that invasive species were not thoroughly mapped. The abundance of invasive
species is a large reason the area was not considered of high enough quality to be granted EO
status. A comprehensive species list was not kept, and this community was combined with the
mesic northern forest EO in the IPIEDPT. Its species composition is similar to that of the mesic
northern forest EO (Table 13), but with a higher abundance of invasive species (Bassett et al.
2022).
Priority 1 species bush honeysuckle and Japanese barberry were particularly abundant. Reed
canary grass was common along the border of Great Lakes marsh and occasional elsewhere
(Figure 6). Fifteen other exotic species were present. These were not mapped except for thistles
and houndstongue.
The most likely new invaders of this area are the same as for the mesic northern forest EO and
include two other Priority 1 species and two Priority 2 species that scored greater than 20 due to
suitable habitat and/or proximity in adjacent areas/nearby islands (Table 13):
• Autumn olive
• Narrow-leaved cat-tail
• Purple loosestrife
• Garlic mustard
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Important biotic factors: Most of the community is surrounded by disturbed boreal forest in
which invasive species are extremely prevalent. The marsh is distinctly divided into three zones:
sedge meadow, emergent marsh, and submergent marsh. Blue-joint and sedge (Carex stricta)
dominate the meadow; some trees and shrubs are present, but most have been flood-killed by
recent highwater years (2016 – 2020; Cohen et al. 2022).
Important abiotic factors: The marsh covers 17.5 acres (7.1 ha) in the northwest of the island.
Water in the submergent marsh zone is 1.7 – 3.3 ft (0.5 – 1 m) deep. Soils are shallow, alkaline,
and organic. The community is frequently disturbed by storm waves and water-level fluctuations
(Cohen et al. 2022).
Identified vectors and pathways: Plum Island is open to the public during daylight hours and
served by a cruise line. Trails/roads run near the marsh. The marsh occurs along Lake Michigan,
and the propagules of invasive plants can be expected to wash up on shore. Anglers likely visit
the Great Lakes marsh, known locally as Carp Lake.
Invasive plant status: Six Priority 1 invasive species were present, including a large patch of
spotted knapweed and several patches each of Japanese barberry and reed canary grass. Purple
loosestrife, bush honeysuckle, and narrow-leaved cat-tail were present in smaller amounts, the
latter just beyond the mapped Great Lakes marsh (Bassett et al. 2022; Figure 6). Reed canary
grass was treated after the MNFI survey by the Door County Invasive Species Team with
glyphosate (Figure 8). Four other exotic species were present. Only thistles and houndstongue
were mapped.
The most likely new invaders of this area include one other Priority 1 species and two Priority 2
species that scored greater than 20 due to suitable habitat and/or proximity in adjacent
areas/nearby islands (Table 10):
• Invasive reed
• Autumn olive
• Wild parsnip
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occurs adjacent to the Great Lakes marsh / emergent marsh EO.

. This community

Important biotic factors: Vegetation along the cobble shore is absent to sparse, this likely
exacerbated by recent highwater years. The vegetation present is limited to the inland margin and
cracks between cobbles. A scattering of trees and shrubs, including white cedar, paper birch,
trembling aspen, and choke cherry (Prunus pensylvanica), occurs on the inland margin, along
with recently flood-killed trees. The shore proper contains a scattering of native herbs such as
silverweed (Argentina anserina), harebell (Campanula rotundifolia), starry false Solomon-seal
(Maianthemum stellatum), and swamp milkweed (Asclepias incarnata), as well as scattered
invasive species, discussed below. A large group of pelicans was observed, along with one dead
pelican that likely died of botulism (Cohen et al. 2022).
Important abiotic factors: The cobble shore covers 2.7 acres (1.1 ha) along parts of the
northern and western shores. The extent of the community fluctuates with water levels; it is
currently relatively narrow, ranging from 10 – 20 ft (3 – 6 m) wide. Soils between and beneath
the cobbles are wet, gravelly, alkaline sands mixed with organics; they are subject to frequent
disturbance by storm activity and water-level fluctuations. Small inclusions of sand and gravel
beach intergrade with the cobble shore along the north coast (Cohen et al. 2022).
Identified vectors and pathways: Plum Island is open to the public during daylight hours and
served by a cruise line. Trails/roads run near the cobble shore. The cobble shore occurs along
Lake Michigan, and the propagules of invasive plants can be expected to wash up on shore.
Anglers likely visit the adjacent Great Lakes marsh / emergent marsh EO, known locally as Carp
Lake.
Invasive plant status: The Priority 1 species spotted knapweed, bush honeysuckle, and Japanese
barberry were observed along or near the limestone cobble shore. The surveyors recorded spotted
knapweed in a limited quantity but technical difficulties precluded in-field mapping. Bush
honeysuckle was mapped extensively along the edge of the cobble shore on the north shore of
the island. Japanese barberry was mapped extensively just beyond the edge of the cobble shore
(Bassett et al. 2022; Figure 6). Thirteen other exotic species were present. Only thistles and
houndstongue were mapped.
The most likely new invaders of this area include six Priority 1 species and three Priority 2
species that scored greater than 20 due to suitable habitat and/or proximity in adjacent
areas/nearby islands (Table 11).
• Autumn olive
• Wild parsnip
• Erect hedge-parsley
• Invasive reed
• Purple loosestrife
• Reed canary grass
• White sweet-clover
• Narrow-leaved cat-tail
• Multiflora rose
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Important biotic factors: Vegetation is absent to sparse, generally restricted to lips, cracks,
ledges, and along the base. Where present, it includes herbs such as wild columbine (Aquilegia
canadensis), harebell, yarrow (Achillea millefolium), beggar’s lice (Hackelia virginiana), largeleaved aster (Eurybia macrophylla), and mosses; shrubs such as choke cherry, round-leaved
dogwood (Cornus rugosa), red elder (Sambucus racemosa), and beaked hazelnut (Corylus
cornuta); and often-stunted trees such as white cedar, paper birch, trembling aspen, and green
ash (Fraxinus pennsylvanica). Three white cedars were cored and their ages estimated to be
approximately 170 years or more; another was estimated to be over 205 (Cohen et al. 2022).
Even-older trees may be present, as some white cedar of the Niagara Escarpment have been
documented to live for up to 1900 years (Kelly and Larson 2007). Exotic species are locally
common as discussed below. A bald eagle, western fox snake, and hummingbird were observed.
The inland edge of the cliff system is bordered by disturbed mesic northern forest (Cohen et al.
2022).
Important abiotic factors: The limestone lakeshore cliff EO occupies 5.7 acres (2.3 ha) along a
0.5 mi (0.8 km) stretch of the eastern and southern shores. It intergrades with small inclusions of
limestone bedrock lakeshore. The cliffs are relatively short at 3 – 12 ft (1 – 4 m) tall. Soils,
where present, are alkaline, fine-textured, organic, and shallow. Thin soils, wind, cold winter
temperatures, and summer droughts contribute to harsh growing conditions (Cohen et al. 2022).
Identified vectors and pathways: Plum Island is open to the public during daylight hours and
served by a cruise line. Trails/roads run near the cliffs. The cliffs occur along Lake Michigan,
and the propagules of invasive plants can be expected to wash up on shore.
Invasive plant status: Priority 1 spotted knapweed was present along the edge of the limestone
lakeshore cliff / moist cliff. A long line of spotted knapweed, mapped along the disturbed
northeast lakeshore, just extends into the limestone lakeshore cliff / moist cliff. Two plants were
also found in disturbed mesic northern forest at the edge of the limestone lakeshore cliff / moist
cliff EO and pulled. A multiflora rose patch of 2 ft2 was present on the south shore. Bush
honeysuckle was frequent (Bassett et al. 2022; Figure 6). Twelve other exotic species were
present. These were not mapped except for thistles and houndstongue.
The most likely new invaders of this area include six Priority 1 species and three Priority 2
species that scored greater than 20 due to suitable habitat and/or proximity in adjacent
areas/nearby islands (Table 12):
• Invasive reed
• Wild parsnip
• Narrow-leaved cat-tail
• Purple loosestrife
• Reed canary grass
• Autumn olive
• Erect hedge-parsley
• White sweet-clover
• Japanese barberry
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Chapter 4: Work Plan
This section will propose management objectives and compile and summarize management
actions best suited for the island areas as related to the invasive species documented on the island
as discussed in Chapter 3. Management objectives were written to be measurable, yet flexible to
the needs and limitations of treatment on remote islands. Each management action will include a
management strategy (Table 3), species targeted, location, and timing recommendations, and be
related to a management objective
Invasive Plant Management Objectives

•
•

•
•
•
•
•
•

Elimination of 4 of 10 Priority 1 species across Plum Island within ten years.
o Erect hedge parsley, wild parsnip, dame’s rocket, reed canary grass
Elimination of 3 additional Priority 1 species across Plum Island within 20 years
o Purple loosestrife, multiflora rose, narrow-leaved cat-tail
Elimination of 1 of 10 Priority 1 species along the limestone lakeshore cliff / moist cliff
within ten years
o Spotted knapweed
Outlier control to perimeter control of 1 of 10 Priority 1 species within the Great Lakes
marsh / emergent marsh, northeast anthropogenic area, and northwest disturbed lakeshore
o Spotted knapweed
Eradication of 5 of 10 Priority 1 species within 25 years
o Dame’s rocket, purple loosestrife, wild parsnip, multiflora rose, erect hedge
parsley
Sustained control of 2 of 10 Priority 1 species within natural communities EOs (ongoing)
o Japanese barberry, spotted knapweed
Plan treatment of newly observed Priority 2 species or unprioritized invasive species
within 2 years of observation
Reduce 25% of each population of Priority 1 and 3 species within 330 ft (100 m) of the
climbing fumitory, white camas, Laurentian fragile fern, and dwarf lake iris EOs within
fifteen years

Management Strategies and Actions

Ongoing actions
• Regular monitoring of areas on and near the shore, along the road/trail system, and
around structures for new occurrences of invasives plant species.
• Regular monitoring of known listed plant species climbing fumitory, white camas, dwarf
lake iris, and Laurentian fragile fern.
Continue Nuisance Deer Control Hunting Program on Plum Island. Continue monitoring deer
population and impact on vegetation. Adapt Nuisance Deer Control Hunting Program as new
information is collected, such as increasing the maximum harvest number if needed to maintain
management threshold.Actions to be initiated within five years
• Elimination of wild parsnip and erect hedge-parsley in the disturbed mesic northern
forest. Declare eradication after monitoring efforts failing to find the species span five
years.
• Elimination of spotted knapweed from the limestone lakeshore cliff / moist cliff. Declare
eradication after monitoring efforts failing to find the species span ten years.
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•
•
•
•

Elimination of dame’s rocket from the disturbed mesic northern forest. Declare
eradication after monitoring efforts failing to find the species span ten years.
Elimination of reed canary grass from the Great Lakes marsh / emergent marsh and mesic
northern forest. Declare eradication after monitoring efforts failing to find the species
span ten years.
Elimination of purple loosestrife and narrow-leaved cat-tail from the Great Lakes marsh /
emergent marsh area. Declare eradication after monitoring efforts failing to find the
species span twenty years.
Elimination of multiflora rose from the mesic northern forest and limestone lakeshore
cliff / moist cliff. Declare eradication after monitoring efforts failing to find the species
span twenty years.

Actions to be initiated within ten years
• Outlier control to perimeter control of spotted knapweed in Great Lakes marsh /
emergent marsh and anthropogenic areas
• Sustained control of Japanese barberry and bush honeysuckle within all naturalcommunity EOs
• Sustained control of Japanese barberry, bush honeysuckle, houndstongue, and thistle
within 330 ft (100 m) of federally listed dwarf lake iris EO
• Sustained control of houndstongue, thistle, bush honeysuckle, reed canary grass, and
Japanese barberry within 330 ft (100 m) of state listed climbing fumitory, white camas,
and Laurentian fragile fern
Best Management Practices for Avoiding Non-Target Effects

Best management practices (BMPs) describe efforts to initiate before, during, and after treatment
to minimize negative effects on conservation assets (Table 1; Figure 3, Figure 4, Figure 5) and
other resources. BMPs differ relative to the area, invasive species, and conservation assets
involved and their relation among each other. Preparation and knowledge are the best weapons in
this effort. The recommended practices are:
1. Those treating invasive species and monitoring treatment efforts should have skills and
resources to identify Priority 1, Priority 2, selectively targeted Priority 3, and rare species
found on the island
2. When possible, mark and maintain a buffer area around conservation assets
3. When treatment is occurring near conservation assets, plan efforts prior to treatment to
protect populations such as
a. covering asset with barrier, like buckets or tarp, while treatment is occurring,
b. bagging and preventing propagule spread of invasive species as soon as possible
after treatment
c. using treatment tools, methods, or additives that reduce fine-scale, non-target
exposure and damage
d. timing treatment to avoid non-target exposure to treatment
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Chapter 5: Monitoring and Evaluation
Monitoring and Evaluation

Follow-up treatment is necessary for all Priority 1 species due to viability of reproductive
propagules and other strategies (e.g., resprouting) after treatment. Initial and follow-up
treatments for any species should be documented with the appropriate feature type in the layer
R3 Management Actions in the USFWS AGOL Feature layers.
A species will be considered eliminated/zero density when it is first undetected in a follow-up
survey. It will be considered eradicated when it is undetected for upwards of three years
depending on the viability of that species’ reproductive propagules (e.g., six years for invasive
reed, four for wild parsnip). At this point the species will move from the Priority 1 treatment list
to the Priority 2 watch list for the island. Areas on and near the shore, roads/trails, natural
community EOs, and the vicinity of listed plants, particularly dwarf lake iris and Laurentian
fragile fern EOs, should be monitored with regular frequency.
Progress in invasive species treatment will be monitored through USFWS AGOL Feature
Layers, specifically the Plant Invasive Location, Plant [Treatment], and Photo Point Survey
feature layers. These layers collect data relevant to monitoring, treatment, and treatment efficacy
respectively. Methods are described in Chapter 2 and directions to contribute to these layers can
be found in Appendix 2.
Adaptation

An adaptive management strategy is a framework for dealing with complex environmental
management problems. Adaptive management strategies stress the importance of symbiotic
planning, management actions, experimentation, knowledge acquisition, and learning in the face
of uncertain outcomes and changes (Lowell et al. 2014). To make informed and applicable
management decisions, these schedules, management objectives, and management actions should
be reviewed after each treatment and monitoring event for adaptation needs based on new
information derived from those events (Lowell et al. 2014; Figure 15).
Both a treatment and monitoring schedule should be planned and budgeted based on the
management objectives and proposed actions. Treatment and monitoring can occur during the
same visit if time and personnel are budgeted accordingly. In Figure 15, this IPMP is the “Plan”
at the top of the Adaptive management cycle, a treatment is “Act”, a monitoring event is
“Monitor”, and a revisit of the management objectives, actions, and schedules with information
gathered from the “Act” and “Monitor” and from novel research, experiments, and technology is
“Evaluate”.
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Figure 15. The adaptive management cycle. Figure reproduced from USDA USDI (1994) and Lowell et al.
(2014).

Monitoring

Regular monitoring should occur to monitor treatment efficacy, detect new or newly spreading
invasive species, and check the status of known rare species and communities. Monitoring effort
may need to be adjusted among years due to resource and logistical constraints. Suggested
monitoring tasks for each level of effort are described in Table 14. When any island visit is
planned, the top three monitoring tasks should be conducted. The amount of time and personnel
available for a visit can guide which additional monitoring tasks, if any, are to be conducted.
Note: given the remoteness of the island, a team of at least two persons working together is
recommended for safety.
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Data Management

Invasives species populations, treatments, and treatment efficacy data will be collected via
USFWS AGOL Web Map like Great Lakes – Invasives and Photo Points as described in Chapter
2 (Esri 2022b). The accessibility and flexibility of AGOL tools allow for easy sharing among
partners and almost instant synching of new or updated data. These data are managed by regional
USFWS staff. For more information on layer metadata, see Appendix 1. For more information
on using ArcGIS Collector to record data, see Appendix 2.
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The following procedure describes the preparation and procedure to follow to collect data and
map features offline in the field to AGOL features such as “Plant Invasive Location - Point”,
“Photo Point Survey”, and various invasive species management feature layers using ArcGIS
Collector app (Esri 2020, Esri 2022b). Fields/data collected for each feature layer will differ.
You must have an AGOL username from an organization and be granted access to a AGOL
group with the feature layers or map you are contributing to in order to use the features
mentioned here.
Before entering the field…
These steps require connection to mobile data or wi-fi
1. Download ArcGIS Collector App
a. Go to your device’s Store App
b. Search for “ArcGIS Collector”
c. Download app
d. Warning: ESRI is no longer updating the ArcGIS Collector App beyond
2020 in their conversion to ESRI FieldMaps App (Esri 2022a). At the
time of this report, the FieldMaps app did not yet have all of the capabilities
needed to collect data for these layers
2. Add offline maps
a. Open ArcGIS Collector App on your device
b. Sign in using your AGOL username associated with the USFWS group that
contains the Feature Layers and Maps you wish to access in the field
c. On the home page, select the Group with the Map you wish to download for
offline use
d. Select the Map from the Group
e. Tap the three dot menu in the upper right
f. Selected “Add Offline Area”
g. Here you have two feature to select: 1) the map area, 2) the map detail.
h. Using two fingers to zoom in and out of the map on the device. Fit the box to the
area you want to download
i. Tap on the blue word after “Level of detail” (e.g., Room, Building, City). Select
the level of detail you want for your map. The finest detail settings are near the
top of the list.
i. If the area you wanted to download did not fit within the box, you can
decrease the “Level of detail”. This will increase the size of the box
ii. If you do not want a courser “Level of detail” to get a map of your entire
area of interest, you may want to download several maps of finer detail
(e.g., Big Charity Island North, Big Charity Island South)
j. When you have the map area and level of detail you, tap “Download Area”
k. Once the map is downloaded, it should be listed as “On device”
l. Tap the three dot menu to the right of your new map
m. Select “Rename area”
n. Type in your name for the map.
o. Tap “OK”
3. Sync map before entering the field
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a. If significant time has passed between when you downloaded the map for offline
use and the time you are heading to field to use it, you may want to Sync the map
to get the most up to date version
b. Open ArcGIS Collector App on your device
c. Sign in using your AGOL username associated with the USFWS group that
contains the Feature Layers and Maps you wish to access in the field
d. On the home page, select the Group with the Map you wish to download for
offline use
e. Select the Map from the Group
f. Your map should be listed here
g. Tap the three dot menu to the right of your new map
h. Select “Sync”
i. Under the map name, the most recent “Sync” date will be listed
In the field…
These steps may be completed in “Airplane” mode with “Location” on and “Wi-Fi” off
1. Add records to offline Map Feature Layers
a. Open ArcGIS Collector App on your device
b. On the home page, select the Group with the Map you wish to download for
offline use
c. You should see all the Maps you downloaded in a list
d. Tap on the Map you wish to add records to
e. Find your location
i. If in the field with “Location” on, you can center your location
using the target button in the right. If there is not a dot in the
center of the target, your location may not be on or your may not be on the
map
ii. If you want to select the location manually, zoom into the location and try
to center the map at the point as best you can
f. Tap the blue “+” icon in the bottom right
g. Because of inherent uncertainty, your location could be anywhere within
the circle surrounding the “+” on the map. Use two fingers to adjust the
size of the uncertain circle and where the “+” on the map is located.
h. Select the Feature Layer for which you want to add a record
i. Complete the feature record.
j. Tap “update point” if you have altered the location
k. To add record, tap the check mark in the upper right when finished.
l. To discard record, tap the “x” in the upper left when finished
2. To edit or add observation to existing record
a. Zoom into the record feature on the map
b. Tap on the feature record you wish to edit
c. Several feature records may be listed, select the one you wish to edit
i. Tap the pencil icon to edit the feature
1. Edit the fields need
ii. Tap the chain link to add an observation or other linked table
1. Tab the blue “Add” button
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2. Add date, comments, and take/attach photographs
iii. To save changes, tap the check mark in the upper right
iv. To discard changes, tap the “x” in the upper left
After returning from the field…
These steps require connection to mobile data or wi-fi
1. Sync field collected or edited data with AGOL Map
a. Tap the three dot menu to the right of your new map
b. Select “Sync”
c. Under the map name, the most recent “Sync” date will be listed
d. Now your added/edited data is visible on AGOL Map to all members
2. Delete a feature record
a. Open ArcGIS Collector App on your device
b. Sign in using your AGOL username associated with the USFWS group that
contains the Feature Layers and Maps you wish to access in the field
c. On the home page, select the Group with the Map you wish to download for
offline use
d. Select the Map from the Group
e. Select the offline map with the feature record you need to delete
f. Tap and select the feature
g. Search for a “Record Status” or similar field.
i. If feature has such a field, select “Delete record” from list of options
h. If feature does not have such a field, add a “Delete record” note to the
“Comment” field To save changes, tap the check mark in the upper right
i. To discard changes, tap the “x” in the upper left
j. Follow the directions to “1. Sync field collected or edited data with AGOL Map”
above
k. The feature record may still appear on the Map for some time until data manager
deletes the record.
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Appendix 3. IPIEDPT Reports
Natural community areas and invasive species were ranked using the Invasive Plant Inventory
and Early Detection Prioritization Tool (IPIEDPT). This tool was developed by the USFWS
Inventory and Monitoring Initiative (Region 8) and Utah State University (USFWS 2016). The
original objective of this tool was to identify areas for plant surveys and monitoring. In this
IPMP it was used to identify potential threats and watch list species for each island area. For
more details on species scores and ranking see Chapter 2: Prioritization of Species and
Management Areas.
When prioritizing areas among the four surveyed Green Bay NWR islands (i.e., Detroit, Plum,
Poverty, St. Martin), the IPIEDPT area prioritization results were not used. The emphasis on
invasive species monitoring was evident when areas that had little to no invasive species present
were ranked in the highest tier. Instead MNFI deferred to a “Stewardship Prioritization” matrix
(See Chapter 2: Prioritization of Species and Management Areas; Cohen et al. 2022).
Although the results were not used, we included a description of the IPIEDPT ranked factors for
area prioritization and the results here (Table 1-1). The ranked factors fell into three categories,
each with multiple factors:
• Area description (weighted 0.4)
o Ecological integrity
o Innate resistance to invasion
o Importance to Federal or State-listed species
o Importance to other priority natural resources of conservation
• Invasion risk (weighted 0.3)
o Relative to terrestrial pathways
o Relative to aquatic pathways
o Relative to transport vectors
o Relative to anthropogenic disturbances
• Invasive plant status (weighted 0.3)
o Relative to most recent inventory and monitoring event
o Relative to overall infestation level
o Number of invasive plant species present in area
The scores of each category were averaged (mean), weighed, then the three category scores were
summed to derive the total score for the area. IPIEDPT default weights were used for each
category.
For area description factors, categorical rankings were determined using 2021 ecological survey
data and notes, NatureServe-MNFI resilience rankings of the natural community, NatureServeMNFI biodiversity rankings of the natural community, NatureServe-MNFI state rarity score of
natural community in Michigan, and expert opinion (Cohen et al. 2019, Cohen et al. 2022). For
invasion risk factors, categorical rankings were determined using 2021 ecological survey data
and notes; geospatial variables of proximity to shoreline and presence of trails, roads, human
structures; evidence of past logging, and expert opinion (Cohen et al. 2022). For invasive plant
status factors, categorical rankings were determined using the invasives species population data
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