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ABSTRACT

Deschutes river preserve camera trapping
Deschutes river preserve wildlife monitoring

Matthew Einhorn

The Deschutes River Preserve is a species-rich land preserve stewarded by the local non-profit organization Olympia Ecosystems in Olympia, Washington. Between the months of mid November 2023 and early Mach 2024, camera trap data was collected and assessed for relative wildlife abundance in different habitat types, and wildlife community composition in different habitats. This assessment was achieved by distributing 16 cameras across 7 different habitat types: forest, forest riparian, mixed tree and shrub, clear-cut, wetland, field, and marsh. Among species with sufficient detections to analyze with a chi-squared goodness-of-fit test, coyotes had a higher chance of being detected in wetlands and a lower chance to be detected in the field habitat. Black-tailed deer had a higher chance of detection in the clearcut habitat, and a lower chance of detection in forest riparian habitat. Roosevelt Elk were uniformly distributed across the three habitat types in which they were present. Using NMDS ordination also illustrated how habitat types were more or less evenly distributed in ordination space, reflecting different wildlife communities but with a lack of any clustering/closely similar habitats.  Certain species were more associated with specific habitat types, while others (like the coyote) were more ubiquitous. The Deschutes River Preserve is relatively rich in wildlife presence, and is appropriate for more systematic and longer duration studies. The preserve is deserving of increased protection as urban development increases in its surrounding area.  
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[bookmark: _Toc169869533]Introduction
	Western Washington has experienced increased urban expansion as demand for housing increases with a growing human population. Associated risks to wildlife habitats can be seen through habitat fragmentation, increased risk of invasive weed spread and introduction of unwanted species. The population of Western Washington has nearly doubled between the years 1970 and 2006 alone (Gray et al., 2013). With the ever-increasing need to home our growing population, the areas we classify as wilderness become increasingly at risk and thus become an increasingly important subject of study. 
Monitoring wildlife in a particular geographic area or habitat type is important to determine abundance and population status of different species (Fuller et al., 2016). Dependable monitoring programs are also important for agencies monitoring for shifts in biodiversity, (Burton, 2012). The shear breadth of camera trap studies can seem innumerable as the methodology continues to spread and innovate (Burton et al., 2015). Having reliable data can sometimes be an issue depending on the level of coverage in the area and differing methods in the medium of wildlife monitoring, (Burton, 2012). 
The Deschutes River Preserve (DRP, also known as Elwanger) is one such wilderness reserve that is both threatened by continued expansion of local urban expansion while being heavily utilized by local wildlife.  DRP has recently been acquired by the nonprofit organization Olympia Ecosystems (OlyEcosystems) to be converted into a nature preserve for eventual public use. DRP is a 367 acre property, consisting of several different habitat types that serve as a base for a multitude of ecological processes. The preserve will protect this environment from being modified for human housing as development progresses in the area. OlyEcosystems routinely hosts volunteer programs for invasive plant removal as they try to reintroduce native plant life to the ecosystem. The nature preserve is still young and will be looking to expand its territory as time and conservation activities progress. With the purchase of Deschutes River Preserve, OlyEcosystems can look to develop programs that can contribute reliable data to wildlife monitoring discourse.  Camera trapping is a widely implemented tool in animal monitoring and research, recurringly featuring in scientific literature (Burton et al., 2015). Camera traps, or trail cameras are also highly regarded amongst recreational hunters and wildlife enthusiasts. This wide-ranging audience has commercially made for a marketplace where camera traps are readily accessible and at a fair price. This has led to a larger volume of cameras being able to be deployed for research. 
Trail cameras are advantageous to both researchers and recreational users for their constant monitoring of a desired area. Cameras traps are triggered by motion, capturing passing wildlife. Each photo and video utilize infrared light, a light source invisible to the naked eye, to harmlessly record without disturbing its subjects (Webb, 2020). Trail cameras will be the base of wildlife data acquisition from Deschutes River Preserve.
This project focused on documenting wildlife presence in the different habitat types present in Elwanger. Sixteen trail cameras recorded wildlife detections in the following habitats: marsh, mixed tree & shrub, field, wetland, forest, and mixed forest and riparian. The data collected by the trail cameras would be analyzed in R, ArcGIS Pro, and Excel to assess species habitat community and species distribution amongst the habitat types. 

[bookmark: _Toc169869534]Literature Review
[bookmark: _Hlk167977837]Western Washington is host to a magnitude of different species. Their spatial and temporal features are often monitored and analyzed in scientific literature by independent, federal, and state organizations, (O’Neil & Johnson, n.d.). Actively monitoring wildlife populations is important for informing conservation management of various species (Fuller et al., 2016). OlyEcosystems and their various stakeholders also want to know what wildlife species they are helping by preserving their habitats. As a recently acquired preserve, they have been working to restore the property to provide valuable habitat for wildlife and to protect it from further development. Research is currently being conducted using trail cameras, GIS, and remote sensing technologies to assess the habitat usage from various species. This literature review is in service of reviewing the technologies and methods available for undertaking such research. Trail camera usage in wildlife studies will be reviewed, with the goal to provide an overview of wildlife study strategies involving trail cameras and to assess their efficacy if applied on the Deschutes River Preserve. The first section will discuss the general overview and how animal movement can be monitored. The second section will review trail camera methods and different kinds of sampling. The third section will include a description and history of the property. For the fourth section, statistical approaches will be covered including Random Forest. Maxent and seasonal occupancy models, as applied to monitoring wildlife.
[bookmark: _Toc169869535]Wildlife Monitoring 
In fragmented and degraded habitats, ecosystems that experience habitat change may affect the survival of many wildlife species (Wilson et al., 2016). As urban development expands into many natural areas, what wildlife corridors remain becomes increasingly important for species that avoid urban environments, (Newburn & Berck, 2011). Trail camera efforts can be seen along major roads and wildlife corridors in Western Washington; monitoring sensitive species response to I-90 (Moskowitz et al., n.d.). Habitat connectivity monitoring in general is a subject that is seeing more attention in the scientific community, particularly in this last decade, (Correa Ayram et al., 2016). With changing climate conditions habitat connectivity is an ecological service that sees stress from many factors such as: developing infrastructure, fire, disease, and insect outbreaks (Singleton & McRae, 2013). 
Wildlife monitoring programs often incorporate trail cameras for their additional wealth of data they provide by being able to monitor an area for as long as researchers need (Rovero et al., 2013). Researchers have several methods and techniques to choose from. The methods and techniques are often tailored to the research site and questions at hand. If a researcher’s goal is to study one species, you can tailor your program to maximize data collection for that species (Kolowski & Forrester, 2017). Due to the mobility of wildlife and vast expanses of lands that they cover, implementing a trail camera protocol ensures that specific areas needed for analysis are covered (Terrestrial Vertebrate Monitoring Protocol, n.d.).
[bookmark: _Toc169869536]Trail Camera Availability
	Trail Cameras, or camera traps, have become widely available commercially in recent decades due to a demand from hunter communities to use them to detect their targets. As camera technology advances, the market has become more saturated, leading to more retail competition and driving the price of cameras down, making them a more viable option for both research and recreation (Webb, 2020). This market trend can have results in an uptick in research involving trail cameras used to collect data in the field on wildlife (Rovero et al., 2013). Trail cameras can be purchased from a variety of outdoor recreational stores and online markets. 
	Trail cameras have gained popularity in being a monitoring tool that are easy to install and can be deployed while only creating minimal disturbance in the habitat that animals are using. Once installed, the cameras can be left for months at a time depending on battery life. The camera is triggered by movement within a certain distance of the camera in both the daytime and nighttime (Elizondo & Loss, 2016). To reduce disturbance, infrared light is deployed from the camera to capture the footage. Cameras can also provide other important information such as temperature at the time of recording and date. Reviewing footage from trail cameras, researchers can identify species presence as well as collecting demographic and other useful information such as age, sex, and behavior (Burton et al., 2015). 
	Trail cameras can also provide insight on how healthy an ecosystem is and if it is providing the necessary requirements needed for wildlife to survive. In some studies, they have been able to assess vegetation structure and link wildlife habitat use (Sun et al., 2021). By using vegetation data and coupling it with wildlife detections in each plot, they could determine occurrence in a specific growing season to see if there was a correlation between the two. Understanding these linkages between habitat viability and wildlife occurrence is crucial for conservation research (Sun et al., 2021). Often habitat data is assessed through satellite or aerial data (NAIP, NDVI), but what is often impacted in these methods are the collection of conditions under thick canopy areas, (Sun et al., 2021). Camera traps can be left in remote areas for long periods of time to assess vegetation under thick canopy (Sun et al., 2021).  Trail cameras provide a lens into the occurrence of environmental variables that can be measured to provide inference into wildlife habitat usage—for example, bird abundance in southwestern China in relation to temperature and vegetation (Li et al., 2021). 
[bookmark: _Toc169869537]Trail Camera Placement
	For trail camera placement, researchers take into consideration many different factors before deciding upon a location. Depending on the species that is being studied, understanding the movement of the animal throughout the environment can help determine the best place to install the camera for the highest chance of footage. Game trails and other markings like antler rubs on trees, animal tracks, and other animal signs can be beneficial in deciding placement. To estimate abundance of wildlife, Ausband et al. (2022) were able to monitor sensitive wolf populations in Idaho (2016-2018) by opportunistically placing trail cameras in areas they knew wolf rendezvous sites had historically been and sites where they believed would make for probable rendezvous sites. They had a clear objective and adjusted their trapping protocol to find success in camera trapping wolves to access their population metrics. Unfortunately, there is no ultimate camera trapping guide that can apply to all research programs (Tanwar et al., 2021). There are many specifications to consider when installing cameras such as ensuring that vegetation is not blocking the view, number and location of cameras, survey duration, and what settings to set on the camera for the footage.
[bookmark: _Toc169869538]Urban and Exurban
With the expansion of human populations, many remaining wildlife habitat areas are being rapidly built-upon, reducing habitat and ecosystem services. Elwanger can be classified as an exurban site since it sits on the edge of urban and rural areas (Newburn & Berck, 2011). Urban and exurban landscapes have been expanding rapidly since the 1990s, (Krausman, n.d.). Increased development has been attributed to declines in numerous species populations and increased instances of habitat fragmentation, (Glennon & Kretser, 2013). Scientific studies of exurban and urban effects on wildlife will most likely remain relevant as land development continues into the surrounding areas of DRP. 
[bookmark: _Toc169869539]Random vs. Deliberative sampling
In the literature, there exists two prominent methods of trail camera distribution, deliberative sampling, and random sampling. Deliberate sampling often involves aiming trail camera installations to be and aimed at features associated with wildlife use for an increased likelihood of animal capture (Tanwar et al., 2021). Random sampling differs from deliberate sampling because it doesn’t take aim to be at features present on the ground that result in more wildlife traffic and therefore detections (Tanwar et al., 2021). Each method of sampling has been found to have its merits: in Ranthambhore National Park, deliberate sampling yielded more data on larger predators (carnivores) while the random sampling yielded more data on ungulates (Tanwar et al., 2021). This was attributed to the cameras placed using deliberate sampling being along paths and features that tigers and leopards would use to patrol their territories, while ungulates avoided these locations to better their chances of survival (Tanwar et al., 2021). 
While using deliberate sampling, i.e. focusing on features such as game trails or signs of wildlife use, can lead to increased data collection, some authors warn that this can lead to bias in data and should be explicitly stated in the literature (Kolowski & Forrester, 2017). There isn’t a single standard method of camera trapping, leading to inconsistent methods amongst various ecosystems and habitat types (Burton et al., 2015). Whether to be deliberate or random in the sampling should be tailored to research objectives (Tanwar et al., 2021).  
[bookmark: _Toc169869540]Satellite and Drones
	Habitat monitoring can be conducted with data provided by satellites over time and large spatial scopes (Harrity et al., 2020).  Paired with abundance data, satellite data like NDVI and Landsat can be used to make habitat suitability models of different species (Harrity et al., 2020). The challenges to Landsat data are that it can be obscured by weather conditions and are generally at a resolution of 30m (Harrity et al., 2020). Researchers can adapt to this by either using camera traps to monitor habitat conditions under canopy cover (Sun et al., 2021), or using drones to collect higher resolution data (Jiménez López & Mulero-Pázmány, 2019). For Deschutes River Preserve, we can pair remote sensed land classification data, high resolution drone collected imagery, GIS designated habitat zones, and camera trap data to assess habitat usage from the various local terrestrial wildlife.
[bookmark: _Toc169869541]Statistical Analysis
Chi-squared analysis run in R, is a statistical test that looks for association between 2 variables. Chi-squared analysis is well suited for a wide range of questions and can often be found in preliminary statistical analysis, (Turhan, 2020). Questions looking for correspondence between variables spatially and temporally often employ chi-square tests. Kušta et al (2014) tested Czech Republic for patterns in wildlife vehicle collisions using chi-squared tests in R. 
Nonmetric multidimensional scaling test (NMDS) is a statistical test that assesses communities compared to descriptor variables and each other (“NMDS Tutorial in R,” 2012). Ordination can be conducted in R, making use of the ‘vegan’ package (Oksanen et al., 2024). Keehn & Feldman (2018) used NMDS to describe ecological communities with and without wind turbines; ascertaining that wind turbines had a negative impact on species diversity.    
[bookmark: _Hlk167977867][bookmark: _Toc169869542]Random Forest
Although not applied to this study, “Random Forest,” is a method which is a forest-based and boosted classification and regression and classification tool that can be used to create models and to generate predictions for habitat data. It takes random samples from observations and builds multiple decision trees to provide more accurate predictions (“Random Forest Approach in R Programming,” 2020). Random Forest can also be used to rank the importance of variables in a classification problem (R, P. T. 2015). 
This program is useful in that it can be used in wildlife studies. In this study by Shanley et al. (2021), they were able to use remotely sensed vegetation data using LiDAR and Random Forest to help improve habitat maps used in conservation and restoration planning (Shanley et al. 2021). Looking at conservation review for the keystone species Alexander Archipelago wolf (Canis lupus ligoni) and the Sitka black-tailed deer (Odocoileus hemionus sitkensis) in southeast Alaska, they observed how land use change has decreased populations. They combined GPS data from the Sitka black-tailed deer with LiDAR to see if they could get machine-learning methods to predict deer habitat selection (Shanley et al. 2021). Using the data from 62 adult female deer and LiDAR land use data, they ran it with Random Forest habitat modeling to analyze for any correlations and found correlations from using Random Forest. This study showcases the benefits of using machine-learning methods with LiDAR in wildlife conservation research. 
[bookmark: _Toc169869543]Maxent
For understanding species distributions and habitat suitability, some researchers have used a maximum entropy approach (Also known as Maxent) to identify suitable movement corridors and to help with improve management and conservation strategies (Kabir et al. 2017). Maxent is a model that predicts species occurrences by finding the distributions particularly those that are most spread out or closest to uniform (Maxent. (n.d.). It uses only presence data and compares the locations of where a species has been to the environments that are available in the study area (Maxent. (n.d.). This is also a machine-learning method, and it can create multiple models. Kabir and team (2017) analyzed camera traps from 798 locations to observe Gray Wolf abundance in Pakistan and habitat suitability while also looking at genetic sampling from wolf scat. The Maxent model was helpful in this study in that it helped suggest suitable wolf habitat in Pakistan. It also summarized how useful machine-learning methods can be in conservation research and provide tools for identifying suitable habitats and movement corridors for species.  
[bookmark: _Toc169869544]Seasonal Occupancy Model
	Another modeling approach that can be useful for trail camera studies is occupancy modeling. Occupancy models are applied to wildlife camera data to estimate distribution, habitat use, and relative abundance of animals (Neilson et al. 2018). This can help aid in studying wildlife movement in the landscape that is being studied and can help estimate the proportion of sites where a species may occur (Neilson et al. 2018).


[bookmark: _Toc169869545]Methods
This study required access to the Deschutes River Preserve (also known as Elwanger, Fig. 1) and remotely sensed data. Olympia Ecosystems, a local nonprofit organization that owns the preserve, facilitated access to the site. I obtained remotely sensed data including drone-based mosaics created through previous work, as well as habitat designation polygons that were derived from a WDFW land classification raster. Additional input for spatial analysis was taken from the National Land Classification Database Canopy Cover map (NLCD 2021 USFS Tree Canopy Cover (CONUS) | Multi-Resolution Land Characteristics (MRLC) Consortium, n.d.).  	Comment by Withey, John: You can include the url if you want but use this as a citation instead:

Housman, I.W.; Schleeweis, K.; Heyer, J.P.; Ruefenacht, B.; Bender, S.; Megown, K.; Goetz, W.; Bogle, S. 2023. National Land Cover Database Tree Canopy Cover Methods v2021.4. GTAC-10268-RPT1. Salt Lake City, UT: U.S. Department of Agriculture, Forest Service, Geospatial Technology and Applications Center. 26 p. 

Found here:
https://data.fs.usda.gov/geodata/rastergateway/treecanopycover/docs/TCC_v2021-4_Methods.pdf
[bookmark: _Toc169869546]Camera Site Assessment
	Different possible sites for camera placement were visited on foot, to assess each site for features that indicate wildlife movement such as deer rub, wildlife paths, tracks, and animal scat. Wildlife paths were indicated by depressed earth and parted foliage, suggesting repeated travel from animals. Six cameras were placed by Olympia Ecosystems on November 16th, 2023. Initial findings yielded positive results, indicating our methods were effective and could be replicated with more cameras. 
	Site assessment was repeated for 10 more cameras. The purpose of all 16 cameras would be to detect wildlife across the different habitat types at the Deschutes River Preserve. Cameras in each habitat type were placed at a minimum of 50 meters apart. There was no cap on how far cameras could be from each other. Minimum distance wasn’t applied to cameras in different habitat types. Camera GPS locations were collected using Esri’s Field Maps survey app for further spatial analysis in ArcGIS Pro. 10 additional cameras were installed on December 31st, 2023. Not all cameras recorded continuously from their installation date due to technical issues. After all technical issues were fixed, there was continuous camera monitoring for 70 days  (Table 1).  
[bookmark: _Toc169869391]Figure 1. Deschutes River Preserve Habitat Type Map
Deschutes River Preserve Habitat Type Map
[image: A map of a land with different colors

Description automatically generated]
Note. Map of the Deschutes River Preserve showing the various habitat types and trail camera placements. 

For each image that represented a detection, the date, camera ID, duration, time, temperature, habitat type, species, sex (when possible), behavior, count, and age. Camera monitoring effort varied per camera due to either installation date or technical issues. Cameras were spaced at least 50 meters apart in each habitat type. 
Relative abundance was calculated per species by dividing the species count by the total camera days each camera was operational, then multiplying the total value by 30 to get abundance per 30 days.
[bookmark: _Toc169869482]Table 1. Camera Reporting Efforts
Camera Reporting Efforts
	Camera #
	Habitat
 Type 
	Installation Date
	Last Recording Date
	Camera Days

	1
	Marsh
	12/16/2023
	3/8/2024
	84

	2
	Forest
	11/17/2023
	3/8/2024
	113

	3
	Mixed Trees & Shrubs
	11/17/2023
	3/8/2024
	113

	4
	Forest Riparian
	11/17/2023
	3/8/2024
	113

	5
	Forest
	11/17/2023
	3/8/2024
	66

	6
	Forest
	11/17/2023
	3/8/2024
	66

	7
	Field
	12/30/2023
	3/8/2024
	70

	8
	Wetland
	12/30/2023
	3/8/2024
	70

	9
	Forest
	12/30/2023
	3/8/2024
	36

	10
	Wetland
	12/30/2023
	3/8/2024
	70

	11
	Forest Riparian
	12/30/2023
	3/8/2024
	70

	12
	Clearcut
	12/30/2023
	3/8/2024
	70

	13
	Forest Riparian
	12/30/2023
	3/8/2024
	70

	14
	Marsh
	12/30/2023
	3/8/2024
	70

	15
	Field
	12/30/2023
	3/8/2024
	70

	16
	Mixed Trees & Shrubs
	12/30/2023
	3/8/2024
	70










[bookmark: _Toc169869300][bookmark: _Toc169869547]Note. Recording effort of camera traps based on their installation dates, last recording dates, camera number and habitat type. Camera 5, 6, and 11 had technical issues and did not record between 12/30/23 and 2/2/24, leading to less total days recording then the other cameras.

[bookmark: _Toc169869548]Installation
	Trail cameras were installed on trees for 12 sites, with metal T-posts used for 4 sites (in areas bereft of suitable trees, like the field and mixed tree/shrub habitat zones). A steel lockbox was screwed into the tree to house the trail camera. Lockboxes were secured with a padlock. T-posts were secured to the ground by use of a post hole driver. The steel lockbox, camera, and padlock were then secured to the t-post by cinch straps and cable locks to keep it in place. 
	Cameras were set with preference to video capture of wildlife at all times of the day. Motion capture sensitivity was set to normal, video length to 20 seconds, with the lowest possible interval between video recordings (0.6s), and the date time were made current for temporal record keeping. These settings are used with the goal of maximizing wildlife capture rates and minimizing false triggering from swaying brush and vegetation. Where applicable, the immediate line of sight of each camera was cleared of possible sources of false triggers like small hanging branches or tall grass. 
[bookmark: _Toc169869549]Data Collection
Camera SD cards were collected once in February and once in March. I switched out one set of SD cards for analysis while leaving a new set of SD cards in the field for continued data collection. Images and sound were examined and transferred to a data sheet in Excel. Each row represented an individual detection, with columns for specific variables such as: animal species, camera ID, Date, time, and notable behaviors. 
Roads locations were surveyed and recorded in Esri Field Maps app. I did this by streaming my GPS position from an iPhone 6S while traversing the service roads at DRP. I exported the road layer to ArcGIS Pro and measured each camera’s distance to the nearest part of the road. I then measured the distance of each camera to nearest part of the service roads. I calculated the mean distance to road for each habitat type for further NMDS testing (Table 3).	Comment by Withey, John: If you're referring to Table 2 here, it should be in the Methods as well.
[bookmark: _Toc169869550]Remotely sensed data
National land cover dataset (NLCD) 2021 USFS tree canopy cover (CONUS) is a raster classification layer of the continental United States. This raster dataset depicts canopy cover percentage derived from multispectral satellite data at 30m resolution. National Land Cover Data (NLCD) 2021 was used to calculate tree canopy cover mean above the different habitat types at DRP. Mean pixel value was calculated from the NLCD using zonal statistics tool in ArcGIS Pro, gaining an mean canopy cover value for each habitat type. Zonal statistics were then analyzed for correlation between relative abundance of each species at each habitat’s mean canopy coverage value.  
LiDAR collected from USGS 3DEP Lidar Explorer was used to analyze canopy, and elevation data to subject habitat designation for forested areas. This led to redesignation of some wetland areas to forest.
Drone photography of the site was collected and compiled into ortho mosaics using a Mavic 2 Pro drone and Drone2Map software by Mike Ruth at The Evergreen State College. The advantage of the drone data compared to other remote sensing options is that it was able to collect imagery at higher resolution compared to aerial fixed wing or satellite counterparts due to both relative speed of the drone and how close it can get to ground. 
	WDFW’s 1m Land Classification was originally used in conjunction with Mavic 2 Pro drone photogrammetry to aid in habitat designation within DRP. Land cover data was derived from the National Agricultural Imagery program (2017) and classified by the Washington Department of Fish & Wildlife. This classification aided Evergreen State College student, Melinda Wood, in designating habitat types at DRP with aid of on the ground surveying and Drone Imagery. The habitat zones were designated as forest, field, mixed forest and riparian, mixed tree and shrub, wetland, clearcut, marsh, and built.
[bookmark: _Toc169869551]Statistical Analysis 
[bookmark: _Hlk168235072]	R was used in the statistical analysis of spatial and temporal features relating to wildlife recorded in DRP’s respective habitat types. An alpha of 0.10 was used for all null hypothesis testing.  A chi squared (χ2) goodness of fit test asked whether the a given species’ wildlife detections were higher than what you would expect by chance alone (i.e. compared to a uniform distribution) in the different habitat types it was found in. χ2 tests were run for coyote, black-tailed deer, and Roosevelt elk based on being found in at least three habitat types. The ordination method non-metric multidimensional scaling (NMDS) was used on habitat types (except for marsh, which had many unique species) with species detections in those habitats NMDS was conducted in R using the package ‘vegan’ (“NMDS Tutorial in R,” 2012), returning a stress score of 0.046 (with the rule of thumb of any stress score below 0.05 is excellent). The function ‘envfit’ in vegan was also used to fit mean canopy cover (from the habitat type as a whole), as well as Mean distance to roads, based on the distance of each camera in a given habitat type to the nearest road, onto these ordination results.  	Comment by Withey, John: In R, run this:
citation("vegan") 
And use that as a citation.	Comment by Einhorn, Matthew: Put in zotero as journal but leave journal blank


[bookmark: _Toc169869552]Results
[bookmark: _Toc169869553]Camera Trap Detections
Sixteen trail cameras in the Deschutes River Preserve returned over 1,050 instances of wildlife detections from November 2023 through March 2024, which represented 2,182 individual sightings (Figure 3). Notably high numbers of detections can be seen for a number of species (Table 2). Mallards had highest relative abundance out of all species at 79.9 detections/30 camera days. Their abundance however could only be seen at high numbers in marsh. Mallard was an example of a species that was numerically sufficient but was not distributed enough amongst the habitat types to be considered for chi-squared analysis. Coyote’s highest abundance was in wetland, Black-tailed deer’s in clearcut, and Roosevelt Elk in Field. 
[bookmark: _Toc169869483]Table 2. Relative Species Abundance per every 30 Days
Relative Species Abundance per every 30 Days
	Species
	Marsh
	Wetland
	Riparian
	Forest
	Mixed
	Field
	Clearcut

	Frogs
	0
	8.14
	0
	0.21
	1.31
	0
	0

	Birds
	
	
	
	
	
	
	

	American Bushtit
	0
	0
	0
	0.11
	0
	0
	0

	American Crow
	0
	1.5
	0
	0
	0
	0
	0

	American Robin
	0
	2.36
	0
	0
	1.48
	0.86
	0

	American Wigeon
	15.97
	0
	0
	0
	0
	0
	0

	Anna's Hummingbird
	0
	0
	0.12
	0
	0
	0
	0

	Bald Eagle
	0.39
	0.21
	0
	0
	0
	0
	0

	Barred Owl
	0
	0
	1.9
	0
	0
	0
	0

	Belted Kingfisher
	0.78
	0
	0
	0
	0
	0
	0

	Bewick's Wren
	0
	0
	0
	0
	0.33
	0.21
	0.43

	Black-capped Chick.
	0.19
	0
	0
	0
	0
	0.21
	0

	Bufflehead
	40.13
	0.21
	0
	0.32
	0
	0
	0

	Cackling Goose
	4.68
	0
	0
	0
	0
	0
	0

	California Scrub Jay
	0
	1.5
	0
	0
	0
	0
	0

	Canada Goose
	26.3
	0
	0
	0
	0
	1.5
	0

	Common Raven
	0.39
	0
	0
	0.21
	0
	0
	0

	Cormorant spp.
	0.19
	0
	0
	0
	0
	0
	0

	Dark-eyed Junco
	0
	0
	0
	0
	0.82
	0
	0

	Gadwall
	58.25
	0
	0
	0
	0
	0
	0

	Golden-cr. Kinglet
	0
	0
	0
	0
	0.16
	0
	0

	Golden-cr. Sparrow
	0
	0.64
	0
	0
	3.28
	0
	0

	Great-blue Heron
	1.95
	0
	0.36
	0
	0
	0
	0

	Great-horned Owl
	0
	1.5
	0
	0
	0
	0
	0

	Green-winged Teal
	20.84
	0
	0
	0.96
	0
	0
	0

	Hooded Merganser
	2.14
	0
	0
	0
	0
	0
	0

	Species (cont.)
	Marsh
	Wetland
	Riparian
	Forest
	Mixed
	Field
	Clearcut

	Killdeer
	0
	1.5
	0
	0
	0
	0
	0

	Mallard
	79.87
	0
	0
	1.49
	0
	0
	0

	Marsh Wren
	0.19
	3.43
	0
	0
	0
	0
	0

	Mourning Dove
	0.19
	0
	0
	0
	0
	0
	0

	Northern Flicker
	0
	1.5
	0
	0
	0
	0
	0

	Northern Shoveler
	3.31
	0
	0
	0
	0
	0
	0

	Pacific Wren
	0
	1.5
	0.12
	0.53
	0
	0
	0.86

	Pied-billed Grebe
	1.36
	0
	0
	0
	0
	0
	0

	Pileated Woodpecker
	0
	0
	0
	0
	0
	0.21
	0

	Red-tailed Hawk
	0.58
	0
	0
	0
	0
	0
	0

	Red-winged Blackbird
	3.9
	1.71
	0
	0
	0
	0.21
	0

	Ring-necked Duck
	5.45
	0
	0
	0
	0
	0
	0

	Song Sparrow
	0.19
	4.93
	0
	0
	0
	0
	0

	Spotted towhee
	0
	0
	0
	0
	1.8
	0
	0

	Steller's Jay
	0.19
	0
	0
	0
	0
	0
	0

	Mammals
	
	
	
	
	
	
	

	Beaver
	0.39
	0.64
	0
	0
	0
	0
	0

	Black-tailed Deer
	0
	0
	2.49
	6.94
	5.74
	6.86
	18.43

	Coyote
	2.14
	31.5
	3.32
	3.1
	4.43
	1.5
	3

	Deer Mouse
	0
	6.86
	0
	0
	0
	0
	0

	Douglas Squirrel
	0
	0
	0
	0.75
	0
	0
	0

	Eastern Cottontail
	0
	0
	0
	0.32
	9.18
	0
	0

	Eastern Gray Squirrel
	0
	0
	0.36
	0.85
	0.66
	0
	0

	Nutria
	0
	1.93
	0
	0
	0
	0
	0

	Opossum
	0
	0
	0
	0.64
	0
	0
	0

	Otters
	0.39
	0
	0
	0
	0
	0
	0

	Raccoon
	0.58
	3.0
	1.19
	0.85
	0.16
	0.21
	0

	Roosevelt Elk
	0
	0
	0
	3.52
	9.67
	10.93
	0



Note. Relative abundance for every 30 camera days for all species detected at Deschutes River Preserve. Mixed is representative of mixed/shrub and tree, and riparian is representative of forest riparian habitats. The table is ordered in taxidermic order, from amphibians, to birds, then mammals, then alphabetically.	Comment by Einhorn, Matthew: Added table 4 to the front of the paper, update all tables and references accordingly 


[bookmark: _Toc169869392]Figure 2. Example Wildlife Imagery
Example Wildlife Imagery
[image: A owl on a branch at night
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Description automatically generated][image: A coyote standing in the woods

Description automatically generated][image: A deer looking up at the camera
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Note. Example species observed in Deschutes River Preserve. Barred owl, Roosevelt elk (F), Coyote, Black-tailed deer, American beaver
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Per Habitat Types Mean Canopy Cover and Mean Distance to Road
	
Habitat
	
Canopy Mean
	Mean Distance to Road

	Wetland
	18.86
	56.40

	Field
	3.56
	297.67

	Clearcut
	26.05
	73.29

	Forest
	61.41
	197.28

	Riparian
	58.47
	53.52

	Mixed
	25.21
	231.46



Note. Mean canopy coverage and camera distance to road in each habitat type.

[bookmark: _Toc169869554]Focal Species 
	Coyotes were more likely to be detected in the wetland habitat type, and less likely to be detected in the field habitat type, than by chance alone (χ26 = 100.8, p < 0.001, Table 4). Deer were more likely to be detected in the clearcut habitat type, and less likely in the forest riparian type (χ24 = 18.12, p = 0.0012). Elk detections were not significantly different across habitat types than would be expected if they were distributed uniformly (χ22 = 3.91, p = 0.14).


[bookmark: _Toc169869485]Table 4. Focal Species Standardized Residuals
Focal Species Standardized Residuals
	Species
	Riparian
	Forest
	Mixed
	Field
	Clearcut
	Wetland
	Marsh

	Coyote
	-1.50
	-1.59
	-1.05
	-2.25
	-1.63
	10.00
	-1.98

	Roosevelt Elk
	X
	-1.95
	0.70
	1.25
	X
	X
	X

	Black-tailed Deer
	-2.20
	-0.45
	-0.92
	-0.48
	4.06
	X
	X



Note. χ2 standardized residuals from separate χ2 goodness of fit tests, one for each focal species (assuming a uniform distribution across the habitat types they were found in). Values > 2 are used to indicate the species has more detections in that habitat type than by chance alone, values < -2 indicate the species has fewer detections in that habitat type than by chance alone.

Ordination using NMDS showed that the six habitat types were more or less evenly spaced, with no clear pairings or clusters (Figure 3). In addition, mean canopy cover of habitat types was negatively correlated with axis 1 (R2= 0.80, permutation test, p=0.09). Mean distance to roads was not significantly correlated with ordination results (R2= 0.19 , permutation test, p= 0.7). The forest and riparian habitat types have the highest mean canopy cover (Table 3) and are also associated with negative values of axis 1. Areas that were more open with less mean canopy cover were associated with positive values on axis 1. The mixed habitat type is more or less in the middle of the ordination plot. The wetland habitat type is also low on axis 1 but showed the highest value on axis 2. Clearcut had the highest positive value on axis 1 (and lowest mean canopy cover) but shared similar axis 2 scores with mixed and forest. 
Species with similar axis 1/axis 2 scores as specific habitat types (i.e. occupying similar ordination space, Figure 3) had clear associations with those habitats based on the detections recorded by the camera traps. For example, frogs, red-winged blackbird, and song sparrows were only detected in the wetlands (Table 2). Coyote, being by far the most widely distributed species across all habitat types in the study, can be seen in the closest-to-center position compared to all the other species. Black-tailed deer and Bewick’s wren showed the closest association with clearcut. There are some species not named in the plot be the hold the same position as other species in the plot. This can be seen as dots overlapping with species like Canada goose, spotted towhee, great-blue heron, and song sparrow.
[bookmark: _Toc169869393]Figure 3. Non-metric Multidimensional Scaling Ordination Plot
Non-metric Multidimensional Scaling Ordination Plot
[image: A graph with text on it
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Note. NMDS ordination results plotted with habitat type and species scores on Axis 1 (NMDS1) and Axis 2 (NMDS2). The closer each species (red) is to each habitat (black), the more related they are. The closer each habitat type is to each other on the plot, the more similar they are to species composition. The mean canopy cover correlation with NMDS axis 1 and axis 2 ais represented with a blue line. 


[bookmark: _Toc169869555]Discussion & Conclusion
	Currently, Olympia Ecosystem’s wildlife monitoring program has been active for 113 days. In those 113 days, the program was able to use camera traps to capture sufficient wildlife data to assess relative wildlife abundance from early to late winter (~December to March) in the various habitat types at Deschutes River Preserve. The statistical analysis resulting from the chi-squared test and NMDS ordination, as well as the available raw data of over 2,000 species identifications will help inform the conservation team at Olympia Ecosystems about the various wildlife species present at DRP. Although we have completed monitoring during winter, there is still a lot to understand about wildlife spatial and temporal use on the preserve that could be the subject of further studies. 
	Our camera trapping effort, although significant, could not systematically cover every area of the reserve, so some individuals could have avoided camera capture. Having more cameras and possibly a more systematic approach to placement could lead to better representation of the species present at Deschutes River Preserve. More systematic methodologies that deploy 50-meter grid captures could be replicated on the reserve, although it would require significant manpower (Tanwar et al., 2021). If deployed, grid camera studies would be able to account for parts of the reserve while covering more movement of individuals (Fonteyn et al., 2021). 
This study was conducted in 2023-2024 Winter season. Winter could have played an effect in the movements and abundance of the various species on the preserve. One of the most obvious examples of this is that during the early months of the study, the northern marsh was frozen over, allowing species who are not normally represented in marsh, like coyotes, to traverse the frozen surface and be captured on camera. Species distribution in general is also subject to change as seasons change, we could get significantly different statistical results in summer. 
	The camera effort was also not exactly the same across all cameras for the entirety of the study. 6 cameras were installed on the preserve, collecting data from 11-17-23 to when the additional 10 cameras were installed on the preserve on 12-30-23. In the time between 11-17 and 12-30, only mixed forest, riparian forest, and forest were represented. The second set of camera installations would see that marsh, field, wetland, and clear-cut were represented in the study. That is a 6-week gap that underrepresents marsh, field, wetland, and clear-cut, but is mitigated somewhat by the 70 days of continuous overlap of all habitat types between 12-30-23 and 03-08-24. Of the 16 cameras, 3 cameras suffered technical issues on recording data after their installation on 12-30-23. We accounted for the gaps by standardizing the detection data (using detections/30 camera days) and 70 camera days did have 100% overlap of each habitat type.   	Comment by Withey, John: Use the same date format as you do elsewhere in the thesis.	Comment by Einhorn, Matthew: Refer to dates in methods 
	Coyotes were one of the 3 most prevalent and well distributed species amongst the habitat types, making them appropriate for chi-squared tests alongside NMDS. Coyote presence showed significantly higher chances to be detected than what you’d expect in wetland and a significantly lower chance in field habitat types. Although with the data we currently have, it is not apparent why this species showed higher presence in wetlands over other habitat types. There is room to study and draft future research into their spatial use on the preserve. Coyotes are a generalist that make use of almost all habitat types but are often seen in open agricultural areas near urban centers or mixed vegetation (Hinton et al., 2015, Quinn, 1990). There could be several factors playing into why coyotes on DRP had more detections in wetlands than would be expected by chance alone. The wetland habitat type offers the most protection and cover due to a high presence of tall reed canary grass which provide substantial line of sight breaks to potentially transient coyotes. Wetland habitat types also might be the main hunting spots of coyotes on that preserve. The coyote population might also be mitigating its chances with conflict with the local elk and deer herds. Coyotes normally only can take the risk of predating on deer and elk calves (Gese & Grothe, 1995), so wetlands might be a seasonal alternative route coyotes may take when calves are not present on the reserve. It’s hard to definitively state the reason for the substantial presence of Coyote on the wetlands, but further innovation and implementation of more sophisticated technology could help answer that in the future. Although possible, camera traps lack the ability to reliably identify specific individuals in a population without distinctive and individualistic physical traits. This problem is not shared by GPS and radio collar tracking. research could possibly assess the coyote populations in DRP further by tracing their spatial patterns in more detail than what camera traps can provide. Using either collaring technique would let researchers determine coyote home ranges in the area, if coyotes moving through the preserve are transient, and possibly allow researchers to survey possible coyote predation sites (Hickman et al., 2015).     
	Black-tailed deer data indicated a higher chance of being detected in clear-cut habitat types and a lower chance in forest-riparian. Clear-cut was one of the smallest habitat types (4.7 acres) in the DRP, and it only had one camera installed. This  could reflect an association of black-tailed deer with edge habitat types which is often studied in ungulate species (Kirchhoff et al., 1983). It is unclear why forest-riparian is less likely to produce deer detections. It is possible that with the winter flooding deer were spending less time by the Deschutes River in favor for higher ground. Black-tailed deer would also be appropriate for GPS and radio collar studies (Bose et al., 2018).  	Comment by Withey, John: You use "clearcut" mostly so don't use a different form here.	Comment by Einhorn, Matthew: Clearcut or clear-cut	Comment by Withey, John: Again, use the name consistently through the whole thesis.
	The Roosevelt Elk chi squared test did not show any significant deviation from a uniform distribution across habitat types, however on the NMDS ordination plot (figure Figure 4) elk were location the closest to the field habitat type. Elk could be grazing in the field, and/or making use of the edge between the field and the forest (Figure 1). Elk spatial use would be appropriate for GPS and radio collar studies. It would be informative to be able to track their movement in and out of the Deschutes River Preserve. It is also worth investigating local Roosevelt Elk populations’ general health for hoof rot. Hoof rot has been reported in southwestern Washington since 2008 (Han et al., 2019). It would be appropriate to assess the local herds at DRP for infection and possibly treat for this disease.	Comment by Withey, John: Double-check, all references to Table or Figure need to be capitalized.
	One species group that we were able to confirm the presence of, but could not survey as properly as terrestrial wildlife, were frog species present on the reserve. We were significantly reliant on frog chorus for data entry. It is a species group that could be fruitfully studied. They continuously gave audio confirmation on the trail cameras. A more hands on approach or different camera placement method might be necessary to study DRP’s frog population in greater depth. 
	Of the numerous and diverse avian populations captured on camera, some stood out either as species of conservation concern, or as species with federal protections. As of 2007, the Bald Eagle is formerly a species listed on the Endangered Species Act (Watts & Byrd, 2022). Although they are no longer listed as a species of conservation concern, bald eagles still enjoy federal protections under the Bald and Golden Eagle Protection Act (Iraola, 2004). Bald Eagles are also protected under the Migratory Bird Treaty Act, and the Lacey Act (Kalasz & Joseph, 2016). Bald Eagles were removed from state protections in 2016 in Washington (Kalasz & Joseph, 2016). Although infrequent, bald eagles were detected in marsh and field habitats (table Table 2). Bald eagles are one of those species recovery success stories, and although we don’t have historical records, Deschutes River Preserve seems to have played or is playing a part in bald eagle recovery. 
	Other avian species stood out for being listed in United States Department of Fish and Wildlife’s Birds of Conservation Concern list and as protected species under the Migratory Bird Species Act (USFWS Bird Species of Concern | FWS.Gov, 2024). The birds included in these listing are: Belted Kingfisher, Bewick's Wren, Black-capped Chickadee, Marsh Wren, Great Blue Heron, and Song Sparrow. It is useful for the Olympia Ecosystems to know which protected species they are serving by preserving their wilderness because they can apply for grants relating to these species.
	The California scrub jay is a bird of interest surveyed by the camera traps that is worth following in the DRP. California scrub jays were historically a rarity in the Pacific Northwest but have progressively been recoded more in Washington. Breeding began in the 1990s and the home rage of the California scrub jay still progressively pushes north (Ward, 2021). Deschutes River Preserve could be an area of study to monitor for California scrub jays (in this study, found in the wetland habitat type). 
[bookmark: _Toc169869556]Conclusion
	The Deschutes River Preserve is frequented or is part of the home range of an exuberant number of species. The richness of wildlife is an important factor to preserve, and it is especially important to frequently and routinely monitor as the surrounding areas of Tumwater, Washington continue to urbanize. DRP could possibly be an integral part of wildlife connectivity in southwestern Washington. The more we study and learn about the Deschutes River Preserve, the more apparent the need for the replication and expansion of its type of protections provided to its local wildlife and habitats from an increasing urbanizing landscape (Newburn & Berck, 2011, Glennon & Kretser, 2013)
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