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Summary 
Invasive species management is a major priority of National Wildlife Refuge (NWR) System of 
the United States Fish and Wildlife Service (USFWS). More than 2.5 million acres of National 
Wildlife Refuge System lands are infested with invasive species, of which about 10% have been 
treated. Recent success stories include Midway Atoll National Wildlife Refuge eradicating 99% 
of invasive Verbesina encelioides (golden crownbeard) to the benefit of the endangered short-
tailed albatross 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. 
 
The Green Bay NWR consists of several islands of Lake Michigan called the Grand Traverse 
Islands, 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 special concern plants species such as climbing fumitory, white camas, and low 
calamint (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 Plan Management Plan (IPMP) is meant to guide invasive plant species 
management and monitoring, using the principals of integrated pest management, on Detroit 
Island. The Refuge owns and manages most of the island’s southernmost 60.7 ha (150 ac), while 
the north half and some parcels in the south are privately owned. This mix of private and 
federally owned land presents challenges to protecting conservation assets not seen on the other 
islands of Green Bay NWR. 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 Interior’s Invasive Species Strategic Plan for the years 2021 – 2025 
(US DOI 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 
common 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 fresh waterbodies are globally rare. The Great Lakes has the largest collection of 
freshwater islands in the world, with 32,000 islands. These islands are home to precious cultural 
resources, regionally endemic species such as dwarf lake iris (Iris lacustris), 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 Invasive Plant Management Plan (IPMP) for the federally owned portion of 
Detroit Island, approximately 150 ac (61 ha) on the southern portion of the island which are a 
part of Green Bay NWR. Detroit Island as a whole is a 637 ac (258 ha) island in Lake Michigan 
located south of the town of Washington on Washington Island in Door County, Wisconsin, 
USA, with the northern portion and a few parcels in the south owned privately, by the State of 
Wisconsin, or Door County Land Trust. We share results of recent botanical and ecological 
surveys on the federally owned lands, 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 
Detroit Island (45.32°N, 86.91°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 island 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 (Albert et al. 1995). The 
Grand Traverse Island chain is cherished for its diversity of animals, plants, and cultural artifacts 
such as shipwrecks, lighthouses, and archaeological sites of Native American settlements. 
(Bacon 2016, Judziewicz 2001). The flora of this island chain has been in development since 
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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). 
 
Detroit Island is approximately 4 mi (6 km) long by 0.6 mi (1 km) at its widest point (Figure 1). 
It covers 637 ac (258 ha), but Green Bay NWR manages only 150 ac (61 ha) on the southern 
portion of the island. Detroit Island is comprised of a mixture of publicly and privately owned 
lands. Several parcels in the northern half of the island are administered by the Wisconsin 
Department of Natural Resources as the Grand Traverse Island State Park and Door County Land 
Trust as a portion of the Detroit Harbor Nature Preserve. The rest of the parcels on Detroit Island 
are privately owned, including a private dock, several managed dirt roads, and several seasonal 
homes in the northern half of the island. 
 
The bedrock underlying the ground surface on Detroit Island is Silurian dolomite. Dolomite is a 
variant of limestone, but it consists of mainly magnesium calcium carbonate instead of calcite 
and aragonite, and it is more resistant to erosion (Albert et al. 1995). There are no interior bodies 
of water. The interior of the federal lands contains few cliff escarpments 3 to 10 ft (1 to 3 m) 
high (Cohen et al. 2022). The rest of the interior is recognizable as mesic forest degraded, 
impacted from disturbances like high deer browse and logging, which started in the area around 
1840s and continue more recently in a more selective capacity (Fuller 1927, Judziewicz 2001).  
Most of the shoreline on federal land is limestone cobble shore / Great Lakes alkaline rockshore 
[9.8 ac (4 ha)] with small, intermittent sections of limestone bedrock lakeshore / Great Lakes 
alkaline rockshore [3.2 ac (1.3 ha)], limestone lakeshore cliff / moist cliff [0.3 ac (0.1 ha)], and 
sand and gravel beach / Great Lakes beach [0.1 ac (0.04 ha)]. The greater amount of vegetation 
persisting along the eastern shore suggests that there is less energy and wave activity on the 
eastern shore than the western shore. Other than the cliff communities, the topographic relief on 
the southern portion of the island is gentle with the highest elevation on federal land greater than 
610 ft (186 m). The northern portion of the island has much steeper topography and a maximum 
elevation of 663 ft (202 m), 82 ft (25m) above Lake Michigan. 
 
Biological explorations in the Grand Traverse Islands began later than many other such 
expeditions, starting in 1889 (Judziewicz 2001). On Detroit Island, there were six botanical 
expeditions where plant collections were made prior to the 2021 surveys, with the earliest in July 
1971 and latest in September 1998 (Judziewicz 2001). These surveys documented 340 plant 
species across the entirety of the island, including 7 currently listed Wisconsin listed species: 
climbing fumitory (Adlumia fungosa), elk sedge (Carex garberi), low calamint (Clinopodium 
glabrum syn. C. arkansanum), rock whitlow-grass (Draba arabisans), dwarf lake iris, bird’s-eye 
primrose (Primula mistassinica), and Gillman’s goldenrod (Solidago simplex var. gillmanii). 
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Figure 1. Detroit Island (right) is located in northern Lake Michigan, USA  (left). The pink dashed line 
represents the boundary between NWR- and non-federally owned parcels. The red star in the left pane 
represents the location of Detroit Island in Lake Michigan, USA. 

Conservation Assets  
With the surveys of 2021 restricted to federal lands, the richest communities described by 
Judziewicz (2001) were not visited. High-quality natural communities covered approximately 
9% of federal land on Detroit Island with the majority of the land occupied by disturbed mesic 
forest. Most of the shoreline on federal land is limestone cobble shore / Great Lakes alkaline 
rockshore [9.8 ac (4 ha)] with small, intermittent sections of limestone bedrock lakeshore / Great 
Lakes alkaline rockshore [3.2 ac (1.3 ha)], limestone lakeshore cliff / moist cliff [0.3 ac (0.1 ha)], 
and sand and gravel beach / Great Lakes beach [0.1 ac (0.04 ha)]. There are small areas of 
limestone cliff / dry cliff within the disturbed mesic forest [0.7 ac (0.3 ha)]. The majority of 
listed plant occurrences were found in or near the high-quality areas (Figure 2). 
 
Seven currently listed plant species were documented on Detroit Island prior to 2021 surveys 
including one federally threated species (Table 1). Climbing fumitory was observed within a 
previously mapped element occurrence (EO)  (EO 
ID 9902; Figure 2, Figure 3). Twenty-three individuals including one fertile “climber” were 
observed (Bassett et al. 2022). Low calamint was found within a previously mapped EO across 
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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. 

 
This plan also supports the following objectives specific to Green Bay NWR from the Habitat 
Management Plan (Salas et al. 2017): 
 

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

 
We also advocate for maintaining the quality of the three additional natural communities on 
Detroit Island (Table 1; Figure 2): 
 

• Limestone cliff / dry cliff 
• Limestone lakeshore cliff / moist cliff 
• Sand and gravel beach / Great Lakes beach 

Considering the mixed ownership on Detroit Island, it may be necessary to work with other 
landowners to effectively combat invasive species to protect conservation assets. Although 
private lands were not included in the 2021 surveys, from reports from other naturalists, most 
notably Judziewicz (2001) we know there were quality habitats in both the northern and southern 
non-federal parcels and several listed species / natural communities were observed there in 1998: 
bird’s eye primrose, dwarf lake iris, elk sedge, Gillman’s goldenrod, and limestone bedrock 
lakeshore / Great Lakes alkaline rockshore. 
 
Specific, Measurable, Achievable, Results-oriented, and Time-bound (SMART) objectives are 
laid out in Chapter 4. 
 
History of Invasive Plant Management 
No history of invasive plant management has occurred on Detroit Island since its acquisition into 
the NWR. Other landowners may have engaged in some treatment or management activities. 
Although not an invasive plant, white-tailed deer (Odocoileus virginiana) browse was mentioned 
as a threat to the mesic forests, particularly spring ephemerals, of Detroit Island in Judziewicz 
2001. 
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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 from the Wisconsin Department of Natural Resources 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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Chapter 2: Methods  

This chapter identifies the who, what, why, and how in the development of this IPMP for Detroit 
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 [Rachel Hackett 
(MNFI), Scott Warner (MNFI)], United States Fish and Wildlife Service (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. The IPMP lead authors also 
maintained communication with other MNFI staff members who conducted the most recent 
surveys on Detroit Island. Additionally, communication was made 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 (Table 1). These records were used to plan a visit to the island during the optimal 
detection period. A more detailed description of the use of this information to inform vegetative 
and ecological surveys on Detroit 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 2021). 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. 
Detroit Island was visited July 15, 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 were 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) were not mapped but 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 US Fish and Wildlife Service’s ArcGIS Online (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.  
 
Much 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., pre-
treatment) 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). This tool was developed by the USFWS 
Inventory and Monitoring Initiative (Region 8) and Utah State University (USFWS 2016). 
 
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). 
 
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. 
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 United States Department of Agriculture’s [USDA’s] 
PLANTS Database (https://plants.sc.egov.usda.gov/home/). 
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As the species of bush honeysuckle (Lonicera sp.) observed on the island all have the same 
NatureServe rankings and not managed differently, they are pooled together for the purpose of 
the IPIEDPT. 
 
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 informed 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 
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 
species composition, soils, hydrology, and geography of the community, and cross-walked to 
equivalent Wisconsin Natural Community types (Epstein 2017). Information gathered by 
ecologists during the 2021 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). On Detroit Island one area of significant anthropogenic 
disturbance was separated from natural communities: disturbed mesic forest.  
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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, NatureServe-
MNFI 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, and human 
structures; evidence of past logging; and expert opinion (Cohen et al. 2022). For invasive plant 
status factors, categorical rankings were determined using the invasive 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, Green Bay NWR, and Door 
County SWCD, and applied as expert opinion where applicable. 
 
Link area-species 
Using the IPIEDPT, the link between each area and invasive species was also classified using the 
species presence, status and distribution, and habitat suitability in that area. These rankings were 
derived from data gathered from the 2021 surveys and expert opinion (Cohen et al. 2022). All 
three factors were equally weighed and added to the overall species score. 
 
Identifying Management Strategies 
Management strategies were identified from integrated pest management and adaptive 
management literature and protocols. Strategies are broad and may be changed or adapted as new 
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Figure 4. Invasive species data taken on Detroit Island and delineation of natural communities and 
anthropogenic areas. The colored panels in the upper-right are higher resolution views of the like-colored 
rectangles on the main map. Abbreviations: ‘EO’ = element occurrence. 
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Figure 5. Invasive plant species on Detroit Island. Clockwise from upper left: Bush honeysuckle (Lonicera 
morrowii) and Tyler Bassett, photo taken on St. Martin Island by Rachel Hackett on June 2, 2021, garlic 
mustard (Alliaria petiolata), photo taken on Betsey River Valley State Trail, Benzie County, Michigan, by 
Rachel Hackett on May 24, 2021; houndstongue (Cynoglossum officinale) and marsh thistle (Cirsium 
palustre), photos taken on Plum Island by Tyler Bassett on July 12, 2021. The upper photos are Priority 1 
species and the lower photos are Priority 3 species (Table 4, Table 5).  
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Species Descriptions and Priorities 
Priority 1: Present Aggressive Species 
 
GARLIC MUSTARD (ALLIARIA PETIOLATA) 
Garlic mustard is a biennial herb that was first brought to the United States by European 
colonizers to use in cooking and medicine (Czarapata 2005). It was first collected in Wisconsin, 
USA, on the lakeshore of Lake Park in Milwaukee in June 1938 (Wisconsin State Herbarium 
2022). It is now present throughout the state where it thrives in disturbed forested habitats, as 
well as more natural settings where its invasive tendencies displace native vegetation, especially 
spring ephemerals and tree seedlings (Wisconsin State Herbarium 2022, Reznicek et al. 2011). 
Garlic mustard releases antifungal chemicals into the soil that disrupt symbiosis between native 
plant species and mycorrhizal fungi, which suppresses native plant growth. It is a restricted 
species in Wisconsin. 
 
Species description: Garlic mustard is a biennial herb of the mustard family (Brassicaceae). In 
its first year, it is a basal rosette of one to several scallop-edged, round to kidney shaped leaves. 
In its second year, a stalk up to 4 ft (1.2 m) is produced with alternate scalloped, round to 
triangular shaped leaves with no leaf stems (i.e., petioles). In April or May of its second year, 
garlic mustard will produce small, white flowers with four petals usually at the top of the stalk, 
but occasionally where the leaf meets the stem. Garlic mustard flowers until June (Figure 5). 
Seeds are produced in slender capsules from flower stems (i.e., peduncles) and are viable within 
days of initial flowering. Hundreds of seeds are produced per plant. Seeds are typically dispersed 
in July and August after the plant dies. Seeds can hitchhike on animals and clothing or travel by 
water. Seeds can remain viable for at least seven years (Czarapata 2005). Roots of garlic mustard 
have a strong garlic scent when damaged. 
 
The garlic odor of damaged roots is the easiest way to distinguish first year garlic mustard 
rosettes from similar leaved native violets (Viola spp.) and non-native creeping Charlie 
(Glechoma hederacea). Garlic mustard has been mistaken with a few other early blooming, 
white flowered species: toothworts (Cardamine spp.) and sweet-cicely (Osmorhiza spp.). Garlic 
mustard has simple leaves, unlike the compound leaves of sweet-cicely and some toothworts. 
Simple-leaved toothworts can be distinguished from garlic mustard by leaf shape and lack of root 
odor. 
 
Habitat: Disturbed and shaded areas, roadsides, savannas, bases of large trees, mesic forests, 
floodplain forests, and swamps (Czarapata 2005, Reznicek et al. 2011) 
  
Current status in landscape: One patch approximately 6 ft2 (0.6 m2) was observed in the 
disturbed mesic forest less than 100 ft (30 m) west from limestone cobble lakeshore / Great 
Lakes alkaline rockshore (Figure 4).  
 
Management: Any management action will need to be repeated several times a year for many 
years for effective control because of the viability of the seeds and ease of seed-spread. Many 
hand-pull garlic mustard in the early spring before seed set, although it may be pulled before 
flowering anytime the soil is not frozen. Plants may also be cut at their base after the flower 
stalks have elongated but before flowers have opened, but this method has mixed results 
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(Czarapata 2005). If plants are flowering, stalks should be removed in plastic bags and properly 
disposed of or burned.  
 
Controlled burns in fall or early spring have been used to treat garlic mustard in fire-adapted 
habitats (e.g., savanna). Three to five consecutive years of burning are recommended for this 
method. Follow-up to control survivors with hand-pulling, propane torch, or chemical control 
(Czarapata 2005). 
 
Chemical control methods include spring foliar application of glyphosate, triclopyr, or 2,4-D 
amine, but repeated treatments are necessary. After the first chemical treatment, new seedlings 
will emerge with vigor. As the season progresses, it can become difficult to avoid non-target 
species in with foliar treatments. Some preemergent controls with corn gluten have shown 
promise for treatment (Czarapata 2005). 
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JAPANESE BARBERRY (BERBERIS THUNBERGIA) 
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: Three patches of Japanese barberry were observed: one within 50 
ft (15 m) of the east coast of limestone cobble lakeshore / Great Lakes alkaline rockshore, one 
within 50 ft (15 m) of the west coast of limestone cobble lakeshore / Great Lakes alkaline 
rockshore, and one within the interior disturbed mesic forest (Figure 4). The largest patch of 20 
ft2 (2 m2) was near the west coast. The other two patches were 4 ft2 (0.4 m2). 
 
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). 
  



 

25 

BUSH HONEYSUCKLES (LONICERA SPP.) 
Invasive bush honeysuckles are allelopathic shrubs (Bauer et al 2012) that have been established 
in Michigan since at least the 1890s. 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 (Figure 5). Their leaves are opposite, oval, and 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). Non-
native 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 was mapped at over 30 locations in the NWR 
lands on Detroit Island (Figure 4). The majority of these locations were within 100 ft (30 m) of 
the lakeshore, but one occurrence of 16 ft2 (1.5 m2) was near the Laurentian bladder fern and 
limestone cliff / dry cliff EOs. More bush honeysuckle is likely scattered about the NWR 
portions of the island. The occurrences were mapped as Lonicera sp., as treatment for the species 
does not differ among non-native bush honeysuckle species and not all individuals were 
observed during a time when the species were distinguishable. On this island, the occurrences 
identified to species represented morrow honeysuckle (L. morrowi) and Tatarian honeysuckle (L. 
tatarica).  
 
Management: Effective treatments include hand-pulling (remove all roots), foliar spray, stump-
cutting 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 (Czarapata 2005), so 
proper disposal of plant fragments should be ensured. Treatment must be continued for 3 to 5 
years until the seedbank is depleted (Czarapata 2005).  
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Important biotic factors: The sparse vegetation was characterized by herbaceous plants such as 
low calamint, silverweed, herb Robert (Geranium robertianum), touch-me-not (Impatiens 
capensis), wild strawberry (Fragaria virginiana), beak-rush (Rhynchospora capillacea), and 
water smartweed (Persicaria amphibia). Trees and shrubs, generally restricted to the inland 
edge, cracks, and crevices, included northern white cedar, green ash (Fraxinus pennsylvanica), 
basswood (Tilia americana), chokecherry (Prunus virginiana), red elderberry (Sambucus 
racemosa), wild red raspberry (Rubus sachalinensis var. sachalinensis), and currants (Ribes 
spp.). Recent high-water years have led to the dieback of both woody and herbaceous vegetation. 
Occasional splash pools support aquatic vegetation. Red algae were present, slowly dissolving 
the limestone substrate that creates the splash pools. 
 
Important abiotic factors: The limestone bedrock lakeshore grades intermittently with 
limestone cobble shore locally along the eastern and western shoreline of Detroit Island (Figure 
2). When placed in a line, limestone bedrock lakeshore is approximately 0.3 mi (500 m), but the 
longest continuous segment on federal lands is only 722 ft (220 m). The inland edge of the 
bedrock is bordered by disturbed mesic forest. The extent of the bedrock lakeshore fluctuates 
interannually. Consecutive high-water years in the Great Lakes from 2016 through 2020 made 
the shoreline relatively narrow in 2021. Soils are shallow, alkaline organics restricted to cracks, 
crevices, and depressions. 
 
Identified vectors and pathways: Occasional visitors will find it relatively easy to walk along 
the bedrock lakeshore. The position along the lake makes this community vulnerable to the 
washup of invasive-plant propagules. 
 
Invasive plant status: Twelve non-native species were present in total, with woody species 
likely along the border with the disturbed mesic forest. One Priority 1 invasive species was 
present along the border with the mesic forest: bush honeysuckle (Bassett et al. 2022). Bush 
honeysuckle was found for 164 ft (50 m) and another patch of 9 ft2 (0.8 m2) along the east shore 
in the northern part of the federal lands and a 16 ft2 (1.5 m2) patch in the southeast. Canada 
bluegrass (Poa compressa) is locally common while other non-native species were occasional. 
Only marsh thistle (Cirsium palustre) among Priority 3 species was mapped. 
  
The most likely new invaders of this area include one other Priority 1 species and nine Priority 2 
species that scored greater than 20 due to suitable habitat and/or proximity in adjacent 
areas/nearby islands (Table 9): 
 

• Japanese barberry 
• Spotted knapweed 
• Canada thistle (Cirsium arvense) 
• Autumn olive (Elaeagnus umbellata) 
• Purple loosestrife (Lythrum salicaria) 

• White sweet-clover (Melilotus albus) 
• Invasive common reed  
• Wild parsnip (Pastinaca sativa) 
• Narrow-leaf cat-tail (Typha 

angustifolia) 
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Limestone Lakeshore Cliff / moist Cliff (EO ID 24372) 
Limestone lakeshore cliff from Michigan’s natural community classification system is made up 
of vertical exposures of limestone along the Great Lakes (Cohen et al. 2015). In Wisconsin, this 
community is placed in the moist cliff category, which contains both lakeside and inland cliffs, 
and occurs throughout most of the state (WDNR 2015). Their sparse soils are exposed to 
desiccating wind, ice, and sun. Substrate is periodically lost when weathering sloughs off 
bedrock. These stressful and unstable conditions support a sparse vascular plant assemblage, 
though the ridge top may be forested with species such as red oak (Quercus rubra), sugar maple, 
northern white cedar, balsam fir, and paper birch (Figure 9). In Wisconsin, moist cliff is 
apparently secure (WDNR 2015), but the limestone lakeshore cliff community is considered 
critically imperiled in Michigan (Cohen et al. 2015). This disagreement between the 
classifications is likely due to the Wisconsin classification including cliffs not on the Great 
Lakes. Threats to limestone lakeshore cliffs include shoreline development, logging of adjacent 
uplands and associated soil erosion, excessive foot traffic along upper edge, rock climbing, and 
invasive plants (Kost et al. 2007, Cohen et al. 2020). 
 

 
Figure 9. Limestone Lakeshore Cliff on Detroit Island, Green Bay National Wildlife Refuge. Photo: Joshua 
G Cohen, July 15, 2022. 
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Important abiotic factors: The sand and gravel beach / Great Lakes beach on the western 
shoreline of Detroit Island ranges from 20 to 40 ft (6 to 12 m) wide. The portion on federal lands 
stretches only 164 ft (50 m), but longer stretches can be seen on non-federal lands. The sand is 
alkaline and medium-textured with gravel and cobble intermixed. High Great Lakes water levels 
(from 2016 through 2020) have impacted both abiotic and biotic factors (e.g., substrate 
deposition/erosion, plant growth; Cohen et al. 2022). 
 
Identified vectors and pathways: Foot and off-road vehicle (ORV) traffic along the beach is a 
pathway for spread of invasive species. The position along the lake makes this community 
vulnerable to shore invaders. 
 
Invasive plant status: No invasive species were noted during the 2021 surveys (Bassett et al. 
2022, Cohen et al. 2022). 
 
The most likely new invaders of this area include two Priority 1 species and nine Priority 2 
species that scored greater than 20 due to suitable habitat and/or proximity in adjacent 
areas/nearby islands (Table 13): 
 

• Japanese barberry 
• Canada thistle 
• Spotted knapweed 
• Autumn olive  
• Leafy spurge 
• Dame’s rocket  

• Bush honeysuckle  
• Purple loosestrife  
• White sweet-clover 
• Wild parsnip  
• Invasive common reed 
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Disturbed Mesic Northern Forest / Northern Mesic Forest  
Mesic northern forest is a hardwood or hardwood-conifer forest dominated by trees such as sugar 
maple and American beech with frequent yellow birch (Betula alleghaniensis), basswood, red 
oak, hemlock (Tsuga canadensis), white pine (Pinus strobus), and in wetter areas, northern white 
cedar (Cohen et al. 2015). Natural disturbances in mesic northern forests include frequent but 
small-scale windthrow events. There is little evidence that fires were prominent or frequent. 
Mesic forests once covered most of the mesic uplands in the Great Lakes region, but most have 
been thoroughly logged at least once in the last 200 years (Cohen 2000). More novel threats to 
remnant and secondary growth mesic forests include non-native insects or a combination of 
insect-fungus invasions: emerald ash borer (Agrilus planipennis), hemlock wooly adelgid 
(Adelges tsugae), beech bark disease, and bumper years of the caterpillar spongy moth 
(Lymantria dispar dispar, formerly known as gypsy moth). These disturbances create larger and 
more frequent canopy gaps changing the microhabitats underneath. 
 
This forest most closely resembles a mesic northern forest community, but the degree of 
anthropogenic disturbance has altered its state so it is difficult to recognize. 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.  
 
Sensitive resources: Although not considered a high quality habitat itself, the disturbed forest 
does border and surround several natural communities of EO quality (Figure 4). Near the 
limestone cliff / dry cliff,  (Bassett 
2021). 
 
Important biotic factors: Forested and logged areas resembling succeeding fields contained 84 
plant species, including 16 non-native species. On Detroit Island, the canopy of the more intact 
portion is dominated by sugar maple with a diverse array of associates such as American beech, 
basswood, paper birch and northern white cedar. Larger trees were over 110 years old. Canopy 
beech trees have been impacted by beech bark disease. The understory is sparse to patchy with 
beaked hazelnut, mountain maple (Acer spicatum), and non-native bush honeysuckle. Ground 
cover was dense with characteristic species including stinging nettle (Urtica dioica), cow 
parsnip, alpine enchanter’s nightshade, broad-leaf enchanter’s nightshade (Circaea canadensis), 
herb Robert, jack-in-the-pulpit, yellow violet (Viola pubescens), wild sarsaparilla, and doll’s-
eyes (Actaea pachypoda). Low volumes of coarse woody debris littered the forest floor (Josh 
Cohen, Tyler Bassett, Scott Warner, personal observation). 
 
Important abiotic factors: The topography is flat to gently rolling. The soils are shallow [8 in 
(20 cm)] sandy loams over limestone cobble and bedrock. Cut stumps and old logging roads 
occurred throughout (Josh Cohen, Tyler Bassett, Scott Warner, personal observation). 
 
Identified vectors and pathways: Old logging roads provide avenues for human and animal 
visitors to transport invasive species propagules throughout the island. Additional biotic threats 
come from beech bark disease, earthworms, and caterpillar browse (Cohen et al. 2022). 
 



 

51 

Invasive plant status: Sixteen non-native species were present in total. All three Priority 1 
invasive species of Detroit Island were present: garlic mustard, Japanese barberry, and bush 
honeysuckle (Figure 4). Garlic mustard was found in a small 6 ft2 (0.6 m2) patch. Japanese 
barberry was found in patches ranging from 4 to 20 ft2 (0.4 to 2 m2). Bush honeysuckle was 
found mostly along the edges of the disturbed mesic forest, but there were several patches 
mapped in the interior. 
  
The most likely new invaders of this area include six Priority 2 species that scored greater than 
20 due to suitable habitat and/or proximity in adjacent areas/nearby islands (Table 14): 
 

• Canada thistle 
• Dame’s rocket  
• Purple loosestrife 

• Wild parsnip 
• Erect hedge parsley 
• Multiflora rose 
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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 1 of 3 Priority 1 species within five years.  
• Elimination of 2 of 3 Priority 1 species within ten years 
• 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 

extant rare plant EOs within fifteen years 
 
Management Strategies and Action 
Ongoing actions 

• Regular monitoring of shoreline communities for new occurrences of invasives plant 
species, especially the sand and gravel beach / Great Lakes beach  

• Work with other landowners on island to develop set management threshold and develop 
action plan for deer population on island. Monitor population regularly and initiate 
management efforts when approaching threshold. 

• Work with other landowners on island to manage Priority 1 and monitor for Priority 2 
species along coastal communities 

 
Actions to be initiated within five years 

• Elimination of garlic mustard in disturbed mesic forest. Eradication declared after 
monitoring efforts fail to find the species spanning ten years. 

• Elimination of Japanese barberry from disturbed mesic forest. Eradication declared after 
monitoring efforts fail to find the species spanning five years. 

• Sustained control of bush honeysuckle within 330 ft (100 m) of Laurentian bladder fern, 
climbing fumitory, and limestone cliff / dry cliff EOs. 

 
Actions to be initiated within ten years 

• Sustained control of bush honeysuckle within 330 ft (100 m) of rare plant EOs in coastal 
communities. 

• Sustained control of Priority 3 species within 330 ft (100 m) of Laurentian bladder fern, 
climbing fumitory, and limestone cliff / dry cliff EOs. 

 
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 2) and other resources. 
BMPs differ relative to the area, invasive species, and conservation assets involved and their 
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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, 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, efforts are planned 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 
common 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. The natural community EOs, roads/trails, 
and shoreline 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 11). 
 
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 11, 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 11. 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 15. When any island visit is 
planned, the top four 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.  



 

61 

Chapter 6: References 

Albert DA, Comer PJ, Corner RA, Cuthrell DL, Penskar MR, Rabe ML. 1995. Bedrock 
shoreline survey of the Niagaran escarpment in Michigan’s Upper Peninsula: Mackinac 
County to Delta County. Report prepared by Michigan Natural Features Inventory for 
Michigan Department of Natural Resources. 

Bacon J. 2016. The Grand Traverse Islands: Our Next National Lakeshore? Door County 
Maritime Speaker Series. http://www.dcmm.org/uncategorized/grand-traverse-islands-next-
national-lakeshore/. 

Bassett TJ. 2021. Wisconsin Threatened and Endangered Species Report, Permit #2001. 
Michigan Natural Features Inventory, Lansing, MI. 

Bassett TJ, Warner SM, Cohen JG, Lincoln JM, Hackett RA. 2022. Rare and Invasive Plant 
Surveys of National Wildlife Refuge Islands - 2021 Horicon Complex. Michigan Natural 
Features Inventory, Report No. 2022-10, Lansing, MI. 

Bauer KT, Shannon SM, Stoops RE, Reynolds HL. 2012. Context dependency of the allelopathic 
effects of Lonicera maackii on seed germination. Plant Ecology. 213: 1907 – 1916.  

Borland K, Campbell S, Higman P, Peterson C, Schillo R. 2015. A Field Identification Guide to 
Invasive Plants in Michigan’s Natural Communities. Michigan Natural Features 
Inventory, Lansing, MI. 

Cal-IPC. 2015. Best Management Practices for Wildland Stewardship: Protecting Wildlife When 
Using Herbicides for Invasive Plant Management. Cal-IPC Publication 2015-1. 
California Invasive Plant Council, Berkeley, CA. Available: www.cal-ipc.org. 

Ceradini JP and Chalfoun AD. 2017. Species’ traits help predict small mammal responses to 
habitat homogenization by an invasive grass. Ecological Applications. 27: 1451 – 1465. 

Cohen JG. 2000. Natural community abstract for mesic northern forest. Michigan Natural 
Features Inventory, Lansing, MI. 9 pp  

Cohen JG, Lincoln JM, Bassett TJ, Warner SM, Hackett RA. 2022. Natural Community Surveys 
of Horicon Complex Great Lakes Islands. Michigan Natural Features Inventory, Report 
Number 2022-07, Lansing, MI. 121 pp. 

Cohen JG, Kost MA, Slaughter BS, Albert DA. 2015. A Field Guide to the Natural Communities 
of Michigan. Michigan Natural Features Inventory. Michigan State University Press, East 
Lansing, Michigan, USA. 

Cohen JG, Kost MA, Slaughter BS, Albert DA, Lincoln JM, Kortenhoven AP, CM Wilton, 
Enander HD, Korroch KM. 2020. Michigan Natural Community Classification [web 
application]. Michigan Natural Features Inventory, Michigan State University Extension, 
Lansing, Michigan. Available https://mnfi.anr.msu.edu/communities/classification. 
(Accessed: March 1, 2022). 

Cohen JG, Wilton CM, Enander HD. 2019. Invasive Species Treatment Prioritization Model. 
Michigan Natural Fea-tures Inventory. Report Number 2019-27, Lansing, MI. 21 pp 

Crystal-Ornelas R and Lockwood JL. 2020. Cumulative meta-analysis identifies declining but 
negative impacts of invasive species on richness after 20 yr. Ecology. 101: e3082. 

Czarapata EJ. 2005. Invasive Plants of the Upper Midwest. The University of Wisconsin Press, 
Madison, WI. 

Epstein EE. 2017. Natural communities, aquatic features, and selected habitats of Wisconsin. 
Chapter 7 in The ecological landscapes of Wisconsin: An assessment of ecological 
resources and a guide to planning sustainable management. Wisconsin Department of 
Natural Resources, PUB-SS-1131H 2017, Madison. 



 

62 

Esri. 2020. Collector for ArcGIS v.20.2.2. Environmental Systems Research Institute, Inc. 
Redlands, CA, USA 

Esri. 2022a. ArcGIS Field Maps v.22.0.1. Environmental Systems Research Institute, Inc. 
Redlands, CA, USA 

Esri. 2022b. ArcGIS Online (AGOL). Environmental Systems Research Institute, Inc. Redlands, 
CA, USA. 

Forzley KC, Grudzien TA, Wells JR. 1993. Comparative floristics of seven islands in 
northwestern Lake Michigan. The Michigan Botanist 32: 3–21. 

Fuller AM. 1927. A botanist afield on Washington Island. Milwaukee Public Museum Year 
Book 6: 66–78. 

Henson BL, Kraus DT, McMurtry MJ, Ewert DN. 2010. Islands of Life: A Biodiversity and 
Conservation Atlas of the Great Lakes Islands. Nature Conservancy of Canada. 154pp. 

Higman PJ, Enander HD, Hyde DA, Badra PJ, Korroch KM. 2019. Examples of Case Studies for 
Invasive Species Action: Michigan’s Great Lakes Islands. Report to the USFWS Great 
Lakes Coastal Program. MNFI Report No, 2019-19. 

Judziewicz EJ. 2001. Flora and vegetation of the Grand Traverse Islands (Lake Michigan), 
Wisconsin and Michigan. The Michigan Botanist. 40: 81 – 208. 

Kost, MA, Albert DA, Cohen JG, Slaughter BS, Schillo RK, Weber CR, Chapman KA. 2007. 
Natural Communities of Michigan: Classification and Description. Michigan Natural 
Features Inventory, Report No. 2007-21, Lansing, MI. 

Lenz S, Vaniman M, Kahl SF. 2013. Gravel Island, Green Bay, Harbor Island, Huron, and 
Michigan Islands National Wildlife Refuges Comprehensive Conservation Plan. 320 pp. 

Levin DA, Francisco-Ortega J, Jansen RK. 1996. Hybridization and the extinction of rare plant 
species. Conservation Biology. 10: 10 – 16. 

Liao C, Peng R, Luo Y, Zhou X, Wu X, Fang C, Chen J, Li B. 2007. Altered ecosystem carbon 
and nitrogen cycles by plant invasion: a meta‐analysis. New Phytologist. 177: 706 – 714. 

Lockwood JL, Hoopes MF, Marchetti MP. 2013. Invasion Ecology. Malden, MA, Blackwell 
Publishing. 

Lonsdale WM. 1999. Global patterns of plant invasions and the concept of invasibility. Ecology. 
80: 1522 – 1536. 

Lowell D, Stankey GH, Williams BK. 2014. Adaptive Management of Natural Resources: 
Concepts and Applications. Nova Science Publishers, Inc.  

Mack RN. 2003. Plant Naturalizations and invasions in the Eastern United States, 1634-1860. 
Annals of the Missouri Botanical Garden. 90: 77 – 90.  

Pimentel D, Zuniga R, Morrison D. 2005. Update on the environmental and economic costs 
associated with alien-invasive species in the United States. Ecological Economics 52: 273 
– 288.  

Pysek P, Jarosik V, Hulme PE, Pergl J, Hejda M, Schaffner U, Vila M. 2011. Global Change 
Biology. 18: 1725 – 1737. 

Reichard SH, P White. 2001. Horticulture as a pathway to invasive plant introductions in the 
United States. BioScience. 51: 103 – 113. 

Reznicek AA, Voss EG, Walters BS. 2011. MICHIGAN FLORA ONLINE. University of 
Michigan, Ann Arbor, Michigan, USA. Web. https://michiganflora.net. Accessed 07 
February 2022. 

Salas D, Taylor W, Lenz S, O’Dell S, Krapfl J, Bolin D, Hoffman D. 2017. Habitat Management 
Plan for Green Bay and Gravel Island National Wildlife Refuges. 186 pp. 



 

63 

Stinson KA, Campbell SA, Powell JR, Wolfe BE, Callaway RM, et al. 2006. Invasive plant 
suppresses the growth of native tree seedlings by disrupting belowground mutualisms. 
PLOS Biol. 4: 727 – 31. 

Thorpe AS, Thelen GC, Diaconu A, Callaway RM. 2009. Root exudate is allelopathic in invaded 
community but not in native community: field evidence for the novel weapons 
hypothesis. Journal of Ecology. 97: 641–45. 

U.S. Department of Agriculture, Forest Service; U.S. Department of the Interior, Bureau of Land 
Management [USDA USDI]. 1994. Record of decision for amendments to Forest Service 
and Bureau of Land Management planning documents within the range of the northern 
spotted owl. [Place of publication unknown.] 74 p. [Plus attachment A: standards and 
guidelines]. 

U.S. Department of the Interior [USDI]. 2021. U.S. Department of the Interior Invasive Species 
Strategic Plan, Fiscal Years 2021-2025. Washington, D.C., 54p. 

U.S. Fish and Wildlife Service [USFWS]. 2013. National Invasive Species Program Update FY 
2012. Department of Interior, Washington, D.C. Available: 
http://www.fws.gov/invasives/pdfs/InvasiveSpeciesProgramFactSheet_2012.pdf (28 
February 2022). 

U.S. Fish and Wildlife Service [USFWS]. 2016. The Invasive Plant Inventory and Early 
Detection Prioritization Tool. National Wildlife Refuge System, Pacific Southwest 
Region, Inventory and Monitoring Initiative, Sacramento, CA. 

U.S. Fish and Wildlife Service [USFWS]. 2021a. Draft Site-specific Protocol for Vegetation 
Surveys on Great Lakes Islands, Green Bay and Gravel Island National Wildlife Refuges. 

U.S. Fish and Wildlife Service [USFWS]. 2021b. Regional Protocol Framework for the 
Inventory and Monitoring of Natural Communities and Forests on Great Lakes Islands 
Version 0.1. Department of Interior Great Lakes Region, U.S. Fish and Wildlife Service 
Regional Office, Bloomington, MN. 

U.S. Fish and Wildlife Service [USFWS]. 2021c. Regional Protocol Framework for Rare and 
Invasive Plant Monitoring on Great Lakes Islands. Version 0.1. Department of Interior 
Great Lakes Region, U.S. Fish and Wildlife Service Regional Office, Bloomington, MN. 

U.S. Fish and Wildlife Service and California Invasive Plant Council [USFWS Cal-IPC]. 2018. 
Land Manager’s Guide to Developing an Invasive Plant Management Plan. Cal-IPC 
Publication 2018-01. National Wildlife Refuge System, Pacific Southwest Region, 
Inventory and Monitoring Initiative, Sacramento, CA. California Invasive Plant Council, 
Berkeley, CA.  

Van Kleunen M, Bossdorf O, Dawson W. 2018. The Ecology and Evolution of Alien Plants. 
Annual Review of Ecoogy,. Evolution, and Systematics. 49: 25 – 47. 

Wisconsin Department of Natural Resources [WDNR]. 2015. The ecological landscapes of 
Wisconsin: An assessment of ecological resources and a guide to planning sustainable 
management.  Wisconsin Department of Natural Resources, PUB-SS-1131 2015, 
Madison. 

Wisconsin State Herbarium. 2022. Virtual Flora of Wisconsin. Online. University of Wisconsin-
Madison. Web. https://wisflora.herbarium.wisc.edu/index.php. Accessed 14 March 2022. 

 















 

70 

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, NatureServe-
MNFI 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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