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1. Abstract
In 2024, the Mushkegowuk Council launched a community-based wildlife monitoring program.This project involves working with Mushkegowuk Nations and using trail cameras (movement triggered cameras) and audio recorders (Song Meter Mini 2) to collect information about the presence, movements and habitat of mammals, birds, and frogs within the Mushkegowuk Territory. Additionally increase capacity for members of Mushkegowuk Nations to engage in monitoring activities. This project provides an opportunity to begin developing capacity amongst community members to combine scientific methods and Indigenous knowledge in the collection and production of baseline information. This report summarizes the key findings from the pilot phase of the initiative and provides recommendations to guide future monitoring efforts.
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2. Introduction
ARUs and trail cameras are compact environmental sensors that are designed to passively record the environment. ARUs (Shonfield and Bayne (2017)) capture vocalizing species like birds and amphibians, whereas cameras are mainly designed to detect medium to large-sized animals. The use of these sensors for environmental monitoring is growing in use across the globe (Sugai et al. (2018)) as this technology enables resource managers to conduct prolonged surveys with minimal human interference. The subsequent data collected by these units contribute valuable information to metrics that can be used to aid decision-making and management. Given the rapid and ease of accumulating data from these units, maintaining a high standard of data integrity is paramount to ensure future data interoperability and sharing.
The report summarizes the data collected from the ARUs and trail cameras deployed by Mushkegowuk Nations and their community members with the support ofMushkegowuk Council in 2024-2025. To enhance accessibility and reproducibility, the findings will be presented in this online report with fully documented code, allowing future updates as data collection methods become standardized. Additionally, recommendations will be developed to refine data transcription priorities, improve annual reporting methods, and evaluate recommendations for long-term monitoring. The objectives of this report are to:
· Document and standardize the data management and processing procedures for acoustic data collected to ensure consistency and reproducibility.
· Provide a comprehensive report detailing all detected species and the abundance of individuals within the surveyed area.
· Facilitate the publication of data, making it accessible to the community, public, resource managers, academic institutions, and other relevant agencies to promote transparency and collaboration.
· Use evaluation results to establish robust metrics that can inform long-term monitoring and conservation strategies.
3. Methods
3.1 Data collection
A total of 12 were surveyed in 2025 (Figure 1). The list of locations surveyed and the type of sensors placed at each location is also summarized in Table 1.
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Figure 1: Locations from Mushkegowuk Council


	Table 1: Locations surveyed, sensors deployed and total data collected.
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3.2 Data processing
WildTrax is an online platform developed by the Alberta Biodiversity Monitoring Institute (ABMI) for users of environmental sensors to help address big data challenges by providing solutions to standardize, harmonize, and share data. The platform supports data collected from autonomous recording units (ARUs) and camera traps, two of the most widely deployed remote sensing technologies in wildlife monitoring. ARUs passively record acoustic data and are particularly effective for detecting birds and other vocalizing species across large spatial extents, while camera traps provide photographic records of wildlife activity at fixed locations. WildTrax provides an end-to-end workflow for environmental sensor data, from upload and storage through to processing, species tagging, and data publication. A key feature of the platform is its standardized tagging protocol, which allows observers to assign species identifications, individual counts, and behavioural annotations to recordings and images. This standardization enables data collected across different organizations, regions, and time periods to be integrated and compared, which is a critical requirement for large-scale biodiversity monitoring programs.
Data processed through WildTrax can be accessed and downloaded via the platform’s public data portal or through the wildRtrax R package, which provides programmatic access to WildTrax data for downstream analysis. The wildRtrax package facilitates reproducible workflows by allowing users to query, filter, and format WildTrax data directly within R.
3.2.1 Acoustic data
Recordings were uploaded to for processing and can be downloaded from the platform’s Recordings tab in the Organization.
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The principal goal for data processing was to describe the acoustic community of species heard at locations while choosing a large enough subset of recordings for analyses. To ensure balanced replication, we randomly selected 8 recordings per location. Four were processed for 3-minutes between the hours of 3:00 AM - 7:59 AM (dawn period) and four between 20:00 - 23:59 PM (dusk period), ideally on four separate dates. Each of the selections were also chosen on days that did not have any inclement weather (heavy rain or wind), which would be unfavourable for bird surveys. Four samples ensures that there is a minimum number of samples being able to detect most species. Tags are made using count-removal (Farnsworth et al. (2002), Sólymos et al. (2018)) where tags are only made at the time of first detection of each individual heard on the recordings. Amphibian abundance was estimated at the time of first detection using the North American Amphibian Monitoring Program with abundance of species being estimated on the scale of “calling intensity index” (CI) of 1 - 3. Mammals such as Red Squirrel, were also noted on the recordings. We also verified that all tags that were created were checked by a second observer to ensure accuracy of detections (Table 2 and Table 3). In addition to human transcription, we also ensured that species were not missed at the location level using additional information from HawkEars (Huus et al. (2025)), a North American multi-species acoustic classifier, at the task level to avoid false negatives, or missed detections by the tagger. After the data are processed in WildTrax, the wildrtrax package is used to download the data into a standard format prepared for analysis. The wt_download_report function downloads the data directly to a R framework for easy manipulation(see wildrtrax APIs).
	Table 2: Summary of acoustic verified tags
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3.2.2 Camera data
Ten camera deployments were tagged by seven different observers using the WildTrax platform. Prior to manual tagging, MegaDetector (Beery (2023)) was run on the deployments to auto-tag images with humans, vehicles, and false detections. Bounding boxes were also placed around suspected detections. Detections of animals were tagged for species, and mammal detections received additional tags for count, age, and sex where identification was possible. In addition to animal species, observers manually tagged images with humans, vehicles, and false detections that MegaDetector failed to tag. Tags of mammal species were independently verified by two separate observers who did not participate in initial tagging. Count, age, and sex tags were also verified along with species, and detections tagged as “Unidentified” were verified in case species could be determined. Tags such as human or vehicle, were not verified. Following species verification, tags were quality checked for typos and logical inconsistencies.
	Table 3: Summary of image verified tags
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3.3 Analysis
To understand which species were detected and how often, we grouped detections by year and location, then counted the unique species recorded at each site. This allowed us to summarize species richness, the number of different species detected, and visualize how detections varied across sites and over time. We also calculated Shannon’s diversity index for each site, which is a single number that captures both how many species were detected and how evenly individuals were distributed among those species. A higher score indicates a site where many different species were each detected a similar number of times, while a lower score indicates a site dominated by one or two common species with few others present.
Finally, we developed a site prioritization score to help identify which locations should be targeted for future surveys. Each site received a score based on three factors: whether it had been surveyed enough times, how many species were detected there, and whether any species at risk had been recorded. These factors were combined into a single score to rank sites by their monitoring value.
4. Results
A total of 87 species were detected across all monitoring sites. Species detections by location are summarized in Table 4, including the maximum count recorded for each species. No wildlife was detected by camera at Wahkohtowin_007, and only a single detection series of Canada Lynx was recorded at Wahkohtowin_008, consistent with the low diversity values shown in Figure 2. The reduced species diversity observed at the northern sites likely reflects broader ecoregional differences, with tundra and James Bay Lowlands habitats supporting fewer species than the warmer, more diverse southern forested regions. Overall, we also observed a modest shift in community composition among nation deployments, as illustrated in Figure 3.
	Table 4: Summary
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Figure 2: Shannon diversity index at each location. A site with a high Shannon diversity index had many species detected in roughly equal numbers. A site with a low score was dominated by one or two common species, with few others present.
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Figure 3: Species associations across northern and southern nations based on RDA1 and PC1 ordination axes. The ellipses show partial separation along RDA1, with northern sites associated with positive RDA1 scores and southern sites with negative RDA1 scores, suggesting some difference in species composition between regions. However, given the small number of sites per nation and the degree of ellipse overlap, this difference should be interpreted cautiously. White-throated Sparrow shows the strongest directional association among species vectors.


Species composition showed partial separation between northern and southern nations along the RDA1 and PC1 ordination axes, with northern sites tending toward positive RDA1 scores and southern sites toward negative scores. While this suggests some difference in community composition between regions, the small number of sites per nation and the degree of ellipse overlap mean this pattern should be interpreted cautiously. White-throated Sparrow showed the strongest directional association among species. Additional sampling at sites will help clarify and confirm this trend in the future.
5. Discussion
5.1 Recommendations
5.2 Acoustic
For acoustic sites, it is important to ensure independence of sampling locations to ensure that detections can be inferred in a spatially independent way. CCFN_007 and CCFN_008 were placed <100 m from one another, meaning that the acoustic sampling area each ARU was sampling was likely overlapping, similar and not independent due to the effective detection radius of the ARUs. In a passive acoustic monitoring context, a minimum distance of 300 m is recommended. To ensure the integrity and consistency of a long-term monitoring program, it is important to maintain a consistent survey schedule and timing each year when deploying ARUs. This consistency helps reduce variation caused by seasonal differences in species presence or activity. Additionally, the importance of regular maintenance and calibration of ARU equipment, particularly microphones, which degrade over time and can affect data quality if not properly managed after prolonged field use (see Turgeon, Wilgenburg, and Drake (2017)). Surveying locations with a history of monitoring over multiple years is key to tracking changes in species composition and detecting long-term trends.
5.3 Cameras
Cameras should be deployed and oriented to maximize detection probability while minimizing obstructions and false triggers. Camera‐trap studies consistently show that vegetation blockage, poor sightlines, and inappropriate angles can substantially reduce wildlife detections and bias monitoring results. Cameras should therefore be placed along likely travel corridors (e.g., trails, habitat edges, riparian crossings) with clear views of the detection zone, and nearby grasses or branches should be trimmed up to 5 meters to prevent regular wind-driven triggers. Placement height (standard height of 1.5 meters) and angle (90 degrees or straight ahead) should be standardized for target species, and cameras should avoid facing open water or dense vegetation where movement and glare (i.e. facing cameras north) can reduce image quality and increase non-target captures. Implementing these best practices will improve detection consistency across sites and strengthen future occupancy and community assessments.
5.4 Site and species prioritization
By including sites with both high and low species diversity, we can better understand how habitats and species ranges are shifting over time. Sites where species-at-risk are present are also prioritized to support conservation efforts. Together, these considerations inform the prioritized list of key sampling sites across the Mushkegowuk Council region, as summarized in Table 5. Further sampling can help to explain species shifts in regions.
	Table 5: Prioritization
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As this monitoring is led by Indigenous communities, it is guided by local knowledge, values, and priorities to protect the land and wildlife. By combining new technologies and sampling techniques with traditional knowledge, the program contributes to building a comprehensive, long-term understanding of biodiversity in the region. Ongoing monitoring will help track the impacts of climate change. This information will help to support communities in protecting their environment and cultural connections while strengthening resilience for the future.
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