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ABSTRACT 

Climate change, invasive plants, and forest pests are rapidly changing forested ecosystems 

in the seven-state FEMC region. Detecting these changes early is critical to implementing 

cost-effective management and limiting the impact of disturbances. However, many forest 

disturbances likely go undetected until it is too late for cost-effective management because 

current monitoring protocols are labor intensive, focus on small monitoring plots which 

often miss invasive species, and require specialized skills. An early-detection system that 

can be applied over large spatial scales is needed to help protect forests and improve 

management of invasive species. Here, we help fill this critical monitoring gap by engaging 

and inspiring the large, rapidly growing, number of participatory scientists already 

interacting with protected areas. This project will be co-directed with the Maine Coast 

Heritage Trust (MCHT) who manages over 170,000 acres of land in over 150 preserves in 

coastal Maine. Together, we will develop an automated early-detection system that 

communicates observations and locations of species of management priority to forest 

managers that are reported in or near the 150+ preserves. We will supplement the general 

influx of participatory science data with organized bioblitzes at MCHT properties that also 

serve to train and encourage a diversity of volunteer monitors. This early-detection system 

can continue indefinitely with minimal effort and can be transferable to any protected area. 
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EXECUTIVE SUMMARY 

In 2024, Schoodic Institute at Acadia National Park and Maine Coast Heritage Trust (MCHT) 

proposed to create an early-detection system that would allow forest managers and 

stewards to quickly and concisely learn about observations of priority species (e.g., forest 

insect pests) in or near their management areas through participatory science data from 

iNaturalist. Schoodic Institute scientists and MCHT property stewards identified a list of 

priority invasive species and pests (e.g., hemlock wooly adelgid, emerald ash borer, glossy 

buckthorn) and implemented this system across MCHT’s 170,000+ acres of land in more 

than 150 preserves across Maine. We ran two training events to attempt to build a 

community of volunteer monitors, and we continue to work on communications with 

preserve visitors to help expand this project. Our project addresses two of the 2024 FEMC 

priority topics: (1) invasive pest monitoring and (2) invasive plants. We built this system with 

transferability at the forefront of the design, and thus this system can be adapted for any 

protected area or at any scale, throughout the seven-state area and beyond. 

 

 

 

PROJECT RATIONALE 

Forests are currently experiencing great change through impacts of invasive plants and 

forest pests that alter the landscape and affect ecosystem function (Boyd et al., 2013; 

Liebhold et al., 2017; Plotkin et al., 2021). These species impact forested ecosystems by 

reducing growth, abundance, and diversity of native species, for example, that together 

compose forests (Simberloff et al., 2013). Once invasive and pest species are established, 

management can be prohibitively costly and strategies such as chemical applications and 

biological controls can have unintended secondary impacts (Gandhi & Herms, 2010; 

Sweeney et al., 2021). Early detection of these species is essential for creating cost-effective 

management and preventing major change in forests (Paap et al., 2017; Poland et al., 

2021). 

 

Unfortunately, there are no individual forest management entities that work across the 

entire seven-state FEMC program area, making it extremely difficult to create and 

coordinate monitoring efforts. However, participatory science observers and observations 

are abundant across the whole focal area. More than 228,000 iNaturalist users have 

submitted over 9 million observations of over 27,500 species (iNaturalist) across the seven-

state region. Aligning with and integrating this popular platform can be increasingly 

valuable at the management-relevant scale of individual forest parcels. Furthermore, 
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current monitoring protocols (e.g., plot-based monitoring) are not designed for early 

detection and often require specialized identification skills that make it too expensive for 

many small forest preserves (Boutin et al., 2009; Cohn, 2008). Turning recreational forest 

users into volunteer forest monitors could be a cost-effective way to monitor invasive 

plants and forest pests at large spatial scales, fill this critical monitoring gap, and inform 

local management. However, the great potential of these participatory science projects has 

been underutilized by forest managers, in part because it is currently difficult for managers 

to sift through the troves of data and find observations specific to the forests they work to 

protect. 

 

 

 

METHODOLOGY 

Early Detection System 

Building upon a similar project with Acadia National Park, we developed an interface in R 

(an open-source software) that works to collect and share observations of priority species 

for MCHT stewards from publicly accessible participatory science platforms. We worked 

with MCHT stewards to develop a list of priority species to best benefit the management 

they want to and have capacity to act on. Then working in R, we developed a HTML 

RMarkdown document, styled with CSS, to build a webpage which synthesizes this info for 

stewards and communicates the information in a clear and appealing interface. Utilizing R, 

we also developed functionality to access iNaturalist and eBird APIs and communicate 

observations submitted to these platforms. We do this from within each of the 150+ 

preserves, as well as from a buffer zone around each preserve. 

 

Using GitHub Pages, we displayed the findings via a webpage and built functionality to 

automate email alerts for MCHT managers each Monday morning. We also leveraged 

GitHub Actions to create automated workflows that runs these functions each week, 

presents them on the webpage, and sends the alert. Additionally, we created a 

downloadable database of priority-species observations that managers can refer to at any 

time and that is updated each week. The final product is a fully automated webpage that 

includes links to each observation of priority species detected in the last week (listed under 

appropriate categories), a map of locations for each of these species, and downloadable 

CSVs for all records of priority species in each preserve since inception of the program. 
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Data Collection and Volunteer Training 

Data was collected by volunteer monitors, MCHT preserve stewards, and Schoodic Institute 

staff in conjunction with two separate training events. To encourage iNaturalist use in the 

MCHT region and help build a volunteer base of potential volunteer forest monitors, we 

hosted two bioblitz style trainings, one at Schoodic Forest Preserve and another at Cousins 

River Fields and Marsh Preserve. These trainings aimed to teach participants how to submit 

high-quality iNaturalist observations and identify the top six management-priority species. 

Post training, we organized a bioblitz to allow participants to practice making observations 

with iNaturalist, search for the priority species, and explore the preserve. We encouraged 

volunteers to use their newly acquired skills on their outings to these and other MCHT 

preserves, and beyond. The trainings were advertised on the Schoodic Institute and MCHT 

websites, as well as by fliers at MCHT preserve kiosks. We also developed communication 

materials including pamphlets about the priority species and how to identify them. 

 

 

 

PROJECT OUTCOMES 

The project has resulted in a multiple products and outcomes including: 

1. Early detection system (webpage, backend functionality, email alerts) 

2. List of MCHT priority species 

3. ID guides for species of greatest concern to MCHT stewards 

4. Relationship building and growth through successful collaboration between MCHT 

and Schoodic Institute 

 

Early Detection System 

The early detection report can be viewed at the following link: 

https://kylelima21.github.io/MCHT_early_detection_system 

 

The code and backend system are all publicly available on the project’s GitHub repository, 

which can be viewed at this link: 

https://github.com/Kylelima21/MCHT_early_detection_system 

 

Priority Species List 

With MCHT stewards, we compiled a list of species that were identified by stewards as 

important species to know more about observations of. These include invasive species, 

insect pests, tree pathogens, rare species, threatened and endangered species, and more. 

 

https://kylelima21.github.io/MCHT_early_detection_system/
https://github.com/Kylelima21/MCHT_early_detection_system
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Identification Guides 

We designed identification guides in the form of pamphlets for visitors of two MCHT 

preserves: Schoodic Forest in Winter Harbor, ME and Cousins River Fields and Marsh in 

Yarmouth, ME. Working with stewards, we choose species that are the most important to 

learn about and that are identifiable through photos submitted to iNaturalist. These ID 

pamphlets are included at the end of this report starting on page 6. 

 

Relationship Building 

Another major outcome of this project was a successful collaboration with MCHT in the 

production and implementation of this project and resulting tools. Through the process, we 

have strengthened the relationship between our two organizations and is leading to future 

collaborations. 

 

 

 

CONCLUSION 

This project has resulted in a product that MCHT stewards are actively using to better 

understand distributions of invasive plants and forest insect pests (among other species) in 

and around the land they steward. Through this collaboration, Schoodic Institute and 

MCHT have been able to build upon an already strong relationship. We believe that this 

project has great capacity to help stewards and managers better monitor and detect 

priority species, and there is great opportunity to expand this tool to other organizations in 

and beyond the seven-state FEMC program area. 
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