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Abstract 

The hunting hypothesis emphasizes the importance that hunting has had on the 

development of the human species. Anthropologists often credit hunting with tool 

development, increased meat eating, and larger brain size (Domínguez-Rodrigo 2002). 

One such tool, or method, that hunters developed was the use of bait to attract animals to 

an ideal hunting location. This centuries old method is even recognized as one possible 

reason for animals domestication (Svizzero 2016). Today this hunting method is used 

around the world to lure animals away from places such as farm fields, increase herd size 

or supplement feed in winter, or for the original purpose, hunting (Litvaitis and Kane 

1994, Smith 2001, Putman and Staines 2004).  

 Baiting for the purpose of hunting is controversial among the wildlife managers, 

the public, and hunters alike (Peyton 1989, Dunkley and Cattet 2003). It challenges the 

hunting ethic of fair chase that values the pursuit of an animal and emphasizes the 

fairness of the capture and kill (Morris 2013). Conversely, the idea of an ethical shot 

stresses a quick kill with minimal suffering (Stokke et al. 2018). Hunting over bait 

increases the possibility of an ethical shot and increases the likelihood of harvesting an 

animal.   

 Though baiting has proven to be an effective method for attracting target species 

to bait for the purpose of hunting, it does not come without consequences to the bait 

consumers. For example, black bears in Wisconsin that frequent bait often limit 

hibernation time to maximize bait consumption (Kirby et al. 2019). This results in shorter 

telomere length consequently impacting cellular aging (Kirby et al. 2019). Impacts and 
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visitation of non-target species to bait is less known, however. In this dissertation, I focus 

on three aspects of hunter bait: non-target species use of black bear bait (chapter 1 and 2), 

gray wolf (Canis lupus) olfactory cue impacts on white-tailed deer (Odocoileus 

virginianus) behavior at deer hunter bait (chapter 3), and wolf space use shifts in relation 

to black bear hunter bait (chapter 4).  

 In Chapter 1, I focus on non-target species use of black bear bait in the Upper 

Peninsula (UP) of Michigan. Baiting for bears in the United States, and in particular 

Michigan, is a common practice used to attract bears to a central location and create a 

good shooting opportunity. Hunters often use a recipe of pastries, fruits, grains, and meat 

products to create an enticing slurry to attract bears. This formula is not only likely to 

attract bears, but also non-target species that find the bait attractive. Though research has 

looked into nontarget species use of white-tailed deer bait, the extent of visitation by 

nontarget species to black bear bait sites is unknown (Bowman et al. 2015). To fill this 

research gap, I carried out a study using remote cameras and pseudo black bear bait sites 

to record nontarget species use of black bear bait. I collected data at 21 pseudo bear bait 

sites in the Baraga Hunting Unit in the UP of Michigan over the course of six weeks in 

August and September 2016 collecting 8,642 pictures. Using a paired t-test, I evaluated 

black bear and carnivore non-target species use of hunter bait sites before and during the 

hunting season. I found that black bears reduce their daily visitation during hunting 

season while all other carnivore species increase their visitation. I also used a 

nonparametric kernel density estimation procedure to compare diel activity of the same 

species between the two time periods and found that black bears become more nocturnal 
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during the hunting season while most other carnivores maintain their diel activity 

between both time periods. 

In Chapter 2, I demonstrate the potential of observations from remote cameras 

that hunters use at their bear bait sites and report via hunter surveys to be an effective 

method to monitor multiple species. Monitoring wildlife is essential for wildlife 

managers to understand population trends and adjust management plans. As technology 

advances, new wildlife monitoring techniques come on board and enable managers and 

researcher to better understand many aspects of wildlife populations. Remote cameras are 

one such technology that has enabled researchers to better understand the occupancy as 

well as spatial and temporal patterns of different species (Wang et al. 2015, O’Malley et 

al. 2018, Candler et al. 2019). As remote cameras become increasingly more affordable, 

the public has become increasingly interested in using them to peer into the lives of 

wildlife that share their spaces (Lasky et al. 2021). Hunters, in particular, have become 

interested in using remote cameras to investigate the species that are walking their 

hunting trails or visiting their bait sites. As hunter use of remote cameras become more 

widespread, more data are being collected, but currently those data are going unrecorded 

by researchers. In this chapter, I demonstrate how hunter surveys, commonly used to 

collect target species harvest and hunter satisfaction data, can be an effective tool for 

collecting hunter recorded remote camera images for multiple species. I collaborated with 

the Michigan Department of Natural Resource (DNR) to add questions to the annual 

Michigan Black Bear Hunter Survey regarding hunter remote camera use as well as 

animals they see at their bait sites. I compare remote camera image results from pseudo 
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black bear hunter bait sites in fall of 2016 to remote camera observation from hunters 

reported via hunter surveys in the same hunting unit over the same time. I also test the 

effectiveness of these reports to be and index for multiple species by comparing them to 

gray wolf survey, mustelid (Mustelidae) trapping, and deer hunter harvest reports from 

2016-2018. Using a Fisher exact test, I found that hunter reports are a useful tool for 

reporting remote camera images for four of the six species observed. Additionally, using 

Pearson’s correlation coefficients and simple linear regression models, I found that these 

hunter reported remote camera images have great potential to be an effective way of 

indexing multiple species.  

In Chapter 3, I illustrate the behavioral effect that a predator has on a naïve and an 

experienced prey population at hunter bait. For similar reasons to bear baiting, hunters 

use bait to attract deer to a central location to create a good shooting opportunity. 

However, deer are not the only species attracted to deer hunter bait (Bowman et al. 2015). 

Other species, such as wolves, have been recorded visiting hunter bait, even scent 

marking (Ruid et al. 2009, USFWS: Q and A’s about Gray Wolf Biology 2011, Bowman 

et al. 2015). These olfactory cues left by wolves are likely to impact the intended bait 

target, deer, by changing their vigilance behavior or time spent at the bait site (Melchiors 

and Leslie 1985, Kuijper et al. 2013, Chamaillé-Jammes et al. 2014, Wikenros et al. 

2015, Sahlén et al. 2016). However, research has demonstrated that naïve prey do not 

maintain an innate threat sensing ability when it comes to extirpated predators (Berger et 

al. 2001). Therefore, we would expect deer would not change their behavior around bait 

visited by wolves in areas where wolves have been extirpated and remain absent, such as 
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the Lower Peninsula (LP) of Michigan. However, in areas where wolves are established, 

such as the UP of Michigan, we would expect deer to be more vigilant and spend less 

time at bait that has been visited by wolves. In this chapter, I experimentally test the 

behavioral reaction of deer to wolf urine at deer hunter bait sites for both wolf savvy and 

wolf naïve white-tailed deer populations in Michigan. In September to November 2018, I 

constructed 30 deer bait sites between the UP and LP and used a before, after, control, 

impact (BACI) design with three treatment types (water, lemon juice, or wolf urine). 

Using remote cameras, I recorded white-tailed deer images and evaluated deer behavioral 

metrics and diel patterns before and after treatment, among treatments, and between the 

UP and LP. By analyzing 213,264 images and comparing the difference in behavioral 

metrics before and after treatment, I found that wolf urine had little effect on deer 

behavior in either area. However, when vegetation cover was compared to vigilance 

intensity using generalized linear models, a significant pattern emerged in the UP where 

wolves are present, but not in the LP, where they are absent. This indicates that 

vegetative obscurement, not predator olfactory cues, have more impact on savvy deer 

population vigilance.  

In Chapter 4, I consider the impacts that a predictable hunter food source has on 

the movement of a predator. Predator-prey systems are rarely simple systems with a 

single predator and single prey. Looking at predator-prey interactions through this simple 

lens will produce an incomplete picture of the ecosystem process. A complete 

understanding of predator-prey interactions requires consideration of all consumers and 

prey or other food in the ecosystem, including consideration of scavenged food sources 
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such as anthropogenic food. Anthropogenic subsidies can act as an alternative food 

source, taking pressure off other prey species (Baruch-Mordo et al. 2014, Ciucci et al. 

2020). Alternatively, it can increase pressure on prey by improving predator fitness 

(Robb et al. 2008, Oro et al. 2013, Plaza and Lambertucci 2017). Before the effects that 

these anthropogenic inputs have on predator-prey systems can be understood, the extent 

of use by predators needs to be understood. In this chapter, I focus on wolf movement 

shifts in relation to black bear hunter bait in the Greater Voyagers Ecosystem (GVE). I 

conduct a preliminary analysis of six GPS collared wolves in the GVE and their recursion 

movements in relation to black bear hunter bait sites, homesites, and other site types for 

the baiting and hunting time periods in the GVE from 2017-2019. Using student’s t-test 

and a nonparametric kernel density estimation procedure, I found that black bear bait 

sites are returned to often during the baiting and hunting periods, but that visitation 

becomes shorter and more nocturnal during the hunting season.  

For the remainder of this dissertation, I will use ‘we’ instead of ‘I’ to reflect that 

multiple people made this work possible. The first chapter of this dissertation is published 

in Human–Wildlife Interactions (Candler et al. 2019) and Chapter 2 is in published in 

Conservation Science and Practice (Candler et al. 2021).  
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Who takes the bait? Non-target species use of bear hunter bait sites 
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Who takes the bait? Non-target species use of bear hunter bait sites. Human–Wildlife 

Interactions. 13(1), 14. https://digitalcommons.usu.edu/hwi/vol13/iss1/14/ 

 

SYNOPSIS 

Although hunting bears (Ursus spp.) over baits is legal in many countries, states, and 

provinces, the practice remains controversial topic among wildlife managers, hunting 

groups, and the general public. The baits used to attract bears may also provide a pulsed 

resource on the landscape that can be used by other wildlife species, particularly 

carnivores. To determine what other species might use bear bait sites, we constructed, 

and monitored 21 bear bait sites using camera traps from August–October 2016 in the 

western Upper Peninsula of Michigan, USA. The site mimicked typical American black 

bear (U. americanus) hunter bait sites. We tested recorded changes in carnivore visitation 

before and during hunting season using paired t-test and analyzed carnivore temporal 

shifts between the 2 periods using a non-parametric kernel density estimation procedure. 

We analyzed 7,915 images, of which 81.9% were non-target species. Bear daily visitation 

at the bait sites was reduced by 49.3% during hunting season while non-target carnivore 

visitation increased by 33%. Bears also increased their nocturnal activity by 22.4% 

during the legal hunting season while other carnivore species maintained their diel 

patterns. Because of the high rates of non-target species use of the bear hunter bait sites, 
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there is a potential for disease spread and conflict with hunters. Managers could evaluate 

the potential impacts on target and non-target species when establishing hunter bait 

regulations.  

 

INTRODUCTION 

 Resource pulses, such as seed mast events (e.g., Quercus spp.) and postspawning 

salmon (Salmonidae) carcass concentrations, are infrequent, large, and ephemeral events 

of increased food availability for generalist consumers (Yang et al. 2010). These pulses 

are ubiquitous across the globe, bridge ecosystem boundaries, and have the potential to 

impact communities for years after depletion (Holt 2008, Yang et al. 2008). Many species 

have likely evolved with the ability to take advantage and even anticipate naturally 

occurring resource pulses (Boutin et al. 2006, Gamelon et al. 2017). Anthropogenic 

resource pulses represent a special case that are similarly universal and may have 

comparable impacts on communities as naturally occurring resource pulses (Oro et al. 

2013). However, human-provided resource pulses may differ temporally, spatially, and 

compositionally from naturally occurring resource pulses, which in turn may cause 

various effects on consumers and communities (Wilmers et al. 2003, Newsome et al. 

2015).   

Discerning how natural and anthropogenic resource pulses diverge is necessary to 

understand the ecological effects of human activities. Natural resource pulses likely have 

positive and negative impacts on consumer vital rates, such as fecundity and survival 

(Ostfeld and Keesing 2000, Newsome et al. 2015, Gamelon et al. 2017). Similarly, 
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human-provided food has been linked to earlier reproductive age and higher litter sizes 

for consumer species (Rogers 1987, Beckmann and Lackey 2008, Kavčič et al. 2015). 

Pulses of human-provided food are likely to have similar effects as natural pulses (Holt 

2008, Yang et al. 2008, 2010).  

Alternatively, human presence and composition of anthropogenic pulses may 

cause a different impact on consumer species than natural pulses. For example, if 

consumer species detect higher risk associated with anthropogenic pulses, they may 

temporally shift their feeding behavior (Baruch-Mordo et al. 2014). Coyotes (Canis 

latrans) showed such a response to risk in suburban environments, where they shifted to 

nocturnal prey, forcing common gray foxes (Urocyon cinereoargenteus) to consume 

more diurnal prey species (Smith et al. 2018). This result is consistent with risk allocation 

hypothesis that predicts that species will respond to temporal variation in risk by 

changing their behavior (Lima and Bednekoff 1999).   

Hunter bait sites are an example of an understudied anthropogenic resource pulse. 

Although hunting over baits is legal in many countries, states, and provinces, the practice 

remains controversial topic among wildlife managers, hunting groups, and the general 

public (Peyton 1989, Dunkley and Cattet 2003). The baits are used to increase hunter 

success and are provided on the landscape for a regulated time before and during a 

hunting season (Bowman et al. 2015). Baits are typically placed in predictable locations 

aimed to attract target species.  

In Michigan, USA, white-tailed deer (Odocoileus virginianus) and American 

black bear (Ursus americanus; bear) are both commonly baited and hunted species. It is 
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permitted to bait both species with corn (Zea mays), fruit and vegetables, but bears can 

also be attracted using meat, fish products, and baked goods (Michigan Department of 

Natural Resources [MI DNR] 2017). Though bait intended for bears is effective at 

attracting black bears, unintended use by non-target species is unknown. The goal of this 

study was to investigate non-target species use of black bear bait sites across a typical 

hunting season. We initiated this study because bait sites have been implicated in 

exacerbating human-wildlife conflicts (Bump et al. 2013). We assessed species visitation 

and diel patterns at bait sites across the ‘baiting only’ period before hunting season 

(~August 10–September 9) and through the ‘baiting and hunting’ period that follows 

(~September 10–24; (MI DNR 2017). We expected visitation by non-target carnivores 

would be higher while baiting only occurred than while baiting and hunting because of 

increased human presence. Because bears generally experience hyperphagia during the 

hunting season (late summer to early autumn), we expected bears would maintain high 

visitation rates to bait sites (Hristienko and McDonald 2007). Similar to research on 

hunted black bear, brown bear (U. arctos), white-tailed deer, and coyote, we expected 

that visitation at bait sites would shift to a more nocturnal pattern in response to more 

diurnal human presence on the landscape during hunting (Kilgo et al. 1998, Kitchen et al. 

2000, Ordiz et al. 2012).   

METHODS 

 Study Area. We conducted this study in the western Upper Peninsula (UP) of 

Michigan, USA (Figure 1). Our study area was within the Baraga bear hunting unit where 

~1,166 bear hunting permits were purchased annually from 2013–2016 (4-year mean; 
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(Frawley 2017a). Nearly 65.5% (419,178 ha) of the total study area (640,271 ha) was 

publicly available hunting land. Further hunting likely occurred on private lands. 

Additionally, in the Baraga hunting unit ~94% of individual hunters and 99% of hunting 

guides use bait to attract bears (Frawley 2017a). We established bait sites across the 

Baraga hunting unit at locations where non-target species densities were similar, e.g., 

gray wolf (C. lupus) abundance (O’Neil et al. 2017).  

Land cover consisted of deciduous forests (53%), wetlands (1%), mixed forest 

(17%), conifer forest (17%), open water (2%), grassland and herbaceous (6%), and 

developed areas (4%; Homer et al. 2015). From August 1, 2016 to October 26, 2016, 11 

weather stations throughout the study area recorded a mean daily precipitation of 0.43 cm 

(National Oceanic and Atmospheric Administration 2018 [NOAA]). Temperatures 

ranged from −3.89˚ C to 32.22˚ C with a mean temperature of 12.59˚ C (NOAA 2018).  

 Sample Design. We used camera-trap surveys to monitor bear and non-target 

species use of hunter bait sites from August 1, 2016 to October 26, 2016. No baiting 

occurred for 9 days preceding the legal bear baiting (August 10–October 26) and hunting 

(September 10–October 26) season to establish baseline conditions. We established an 

adjusted systematic design that allowed for full coverage of the study area and scaled 

placement of the sampling units to avoid detection overlap (O’Connell et al. 2010, Sun et 

al. 2014, Niedballa et al. 2015).  

To minimize photographing the same individual among sites, we scaled our 

sampling units based on the mammal species with the largest home range we expected to 

observe, i.e., gray wolf (Sun et al. 2014, Niedballa et al. 2015). Because our study area 
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included public land (national and state forests), commercial forest land, and Michigan 

Technological University-owned land, we determined the available lands were bear 

hunting was legal within the hunting unit (MI DNR 2017). 

To mimic bear hunters, we selected sites within 500 m water. Once in the field, 

we adjusted placement at some locations based on characteristics bear hunters use to 

increase chances of bears encountering bait, such as along linear features (trails or roads) 

and under moderate cover. We also created a circular buffer with a radius of 6.1 km 

resulting in an area of 11,654 ha around each point to mimic the average size of a wolf’s 

home range regionally (Beyer et al. 2006).   

At each site, we deployed 1 camera (Reconyx Hyperfire series, Holmen, WI) 0.5–

0.8 meters above ground directed toward the bait site (Burton et al. 2012, Bowman et al. 

2015, Lesmeister et al. 2015, Stirnemann et al. 2015). We programmed the cameras to 

take 2 consecutive motion-activated pictures with a 5-minute delay. With each image 

date, time, and temperature were recorded (Bowman et al. 2015). We further classified 

each photo as obtained during daylight or nighttime hours. During August 1–9, the site 

remained un-baited while the camera recorded images to establish baseline conditions.  

On August 10 we constructed a bait site 2–3 m from cameras to provide a 

maximum field of view focal length to obtain readable images of each site. To reduce 

images without animal subjects (e.g., false triggers), we removed vegetation likely to 

activate the camera. Twice a week from August 10 to August 26, the sites were re-baited 

with a mixture of food that replicated a typical Michigan bear hunter’s bait (a 

combination of meat products such as dog and cat food, cafeteria leftovers, imitation 
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maple syrup, fryer grease, pie filling, pastries, and Bruin Buster predator lure [James 

Valley Scents, Mellette, SD, USA]). Bait was consistent across sites but varied each 

baiting occasion depending on bait availability, similar to hunter baiting efforts. From 

September 2 to 24, we re-baited each site weekly, similar to bear hunter behavior 

(Frawley 2017a). Based on long term bear hunter survey data, we concluded baiting 

September 24, the historical date when most UP bear hunters harvested bears and 

subsequently ceased baiting (Frawley 2017a). Cameras remained at sites through the end 

of hunting season (October 26) to assess species visitation post-baiting.   

 Data analysis. We eliminated images containing no animals or 

blurred/unidentifiable images. Because each detection typically recorded 2 images, we 

only analyzed 1 image from the pair. For each image, we recorded species present and 

number to calculate total number of detections, e.g., an image with one raccoon (Procyon 

lotor) counts as single detection and an image with two raccoons as two detections. These 

data indicate use of hunter bait sites rather than estimations of abundance of individuals.  

To determine if there was a difference in visitation between the period before 

hunting (August 10–September 9) and during hunting (September 10–24; baiting 

occurred during both periods), we determined the mean daily detection rate for different 

species or taxa (e.g., Mustelidae; Martes pennanti, M. americana, and Mustela spp.) from 

100 bootstrapped samples in each period. We compared bootstrap samples using a paired 

t-test, testing for difference in means and accepting statistical significance at P < 0.05. 

We also calculated a 95% confidence interval for each species or species group to better 

understand the effect size of the change.   
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We analyzed temporal activity of species based on detections before and during 

bear hunting season. We used a non-parametric kernel density estimation procedure to 

examine whether species altered activity patterns between these 2 periods (Wang et al. 

2015). First, we converted times to radians then used a kernel density estimator to create 

a probability density distribution for each species between periods (Ridout and Linkie 

2009). We then calculated an overlap term (𝛥̂ ) that ranged from 0 to 1 and indicated the 

proportion of temporal overlap shared between periods (Wang et al. 2015). We would 

expect that if 𝛥̂  were high, there would be no temporal shift from before hunting to during 

hunting. Ridout and Linkie (2009) compared 3 methods for estimating 𝛥̂  and suggested 

using ∆ 4 with a smoothing parameter of 1 for samples sizes > 50 and ∆ 1 with a smoothing 

parameter of 1.25 for sample sizes < 50. We used ∆ 4 to estimate overlap for bears, 

mustelids, raccoons, and the combined Carnivora because our sample sizes were > 50 

(Meredith and Ridout 2018). For red fox (Vulpes vulpes), striped skunk (Mephitis 

mephitis) and coyote, we used ∆ 1 to estimate overlap because one species count from 

each period comparison was > 50 (Meredith and Ridout 2018). Statistical analysis was 

conducted using the overlap package (Wang et al. 2015, Meredith and Ridout 2018) in R 

(R Development Core Team, 2013). To calculate how bears changed their nocturnal 

activity between the two periods, we quantified the difference between the areas under 

the activity curves for the nocturnal time before hunting and the nocturnal time during 

hunting.   

To test for significance of temporal change for each species, we applied Watson’s 

U2 statistic employed in the CircStats package (Lund and Agostinelli 2012, Lashley et al. 
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2018). This test calculates the probability that the 2 samples are homogeneous (i.e., that 

the 2 time periods have the same distribution). It tests the null hypothesis that there is no 

difference in the distribution of times of detection before hunting and during hunting 

(Lund and Agostinelli 2012). If a species significantly changed its diel pattern, we 

expected a Watson’s U2 statistic greater than the critical value (0.19 for an α value of 

0.05) and P < 0.05.   

RESULTS 

  We obtained 8,642 images; 727 were of domestic species or humans and not 

included in analyses. Of the remaining 7,915 images, we calculated 12,070 individual 

animal detections (Table 1). Most of the images were raccoons (69.8%), followed by 

bears (18.1%) and mustelids (6.4%). More of the detections at sites (81.9%; Table 1) 

were of non-target species (~21). We also assumed some degree of consumption by 

carnivores because all were photographed in at least some images eating bait.  

During the nine-day pre-baiting period, we detected bears, raccoons, deer, 1 

moose, 1 mustelid, and 1 snowshoe hare (Lepus americanus) totaling 40 detections 

resulting in a mean daily (24 hr) number of detections (+ standard deviation [SD]) of 0.09 

+ 0.06 and accounting for only 0.33% of all detections throughout the entire study. For 

the entire study period, the mean daily number of detections (+SD) for raccoons was 

greater than any other species (5.02 + 5.48), followed by bears (1.60 + 1.95), and 

mustelids (0.52 + 0.55). Mean daily detection for all species remained constant before 

hunting and during hunting (Table 2). However, carnivore daily mean detections declined 

by 0.40 (± 0.11), due to reduced visitation by bears.  
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Black bear mean daily number of detections was reduced by 1.33 (± 0.11) 

between the 2 periods (Table 2). In contrast, all other carnivore species that were 

recorded more than 20 times, which excluded gray wolf and bobcat (Lynx rufus), 

increased visitation during the hunting period (Table 2, Figure 2). Though detections 

were low between the two periods, 7 and 1 for wolves and bobcats respectively, wolves 

were not recorded once hunting started while bobcats were not recorded until after 

hunting started. Though there was a significant overall increase regionally, this increase 

was not uniform across all bait sites. For example, at 1 site we detected 3 mustelids both 

before and during hunting, at another we detected 3 before hunting and 14 during, and yet 

at another detection was 5 before hunting and 1 during. As a group, carnivore species 

changed their diel activity to be slightly more nocturnal from before hunting to during 

hunting (∆ 4 = 0.93, U2 = 0.58; Figure 3), though this is largely driven by bear shifts. 

Bears altered their behavior more dramatically and tended to visit at nocturnal times 

during hunting (∆ 4 = 0.73, U2 = 2.74; Figure 3). We observed a 22.4% increase in 

nocturnal activity during hunting for bears. Conversely, mustelids, red fox, coyote, and 

skunks maintained their diel pattern between both periods (P < 0.001; Figure 3). Wolves 

were only detected before hunting, but overall detections were low, i.e., 9 detections 

across 3 sites (Figure 2). Additionally, few bobcats were detected and only during and 

after hunting (i.e., 3 detections across 2 sites; Figure 2, Figure 4). 

DISCUSSION 

 Our results indicated that overall non-target species use of bait stations was higher 

than bear use. Most of the non-target species are opportunistic omnivores (e.g., raccoons, 
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skunks, and coyotes) while some are predominantly herbivores (e.g., snowshoe hares and 

squirrels [Sciuridae]). The variety of consumers visiting bait sites was possibly a result of 

the variety of bait types used (Figure 4). Mean daily visitation and total number of 

detections during the pre-baiting period was very low indicating that bear bait was an 

important attractant to consumers.  

Although many hunters in the Northern Great Lakes region have reported wolves 

at bear bait sites (Ruid et al. 2009), we detected few and none once hunting started 

(Figure 2). Our bait was similar to a typical bear hunter’s bait, but ingredients used may 

not have been as desirable to wolves as other bait types commonly used by bear hunters 

(e.g., meat).   

As expected, bear visitation shifted to a more nocturnal pattern during hunting 

season (Figure 3). An overall increase in nocturnal and diurnal activity has been observed 

in unhunted bear populations consistent with hyperphagia in autumn (Garshelis and 

Pelton 1980, Hwang and Garshelis 2007). However, we recorded a decrease in diurnal 

activity at bait sites with a shift to nocturnal activity (Figure 3).  

Hunted bears in Virginia and brown bears in Sweden demonstrated similar trends 

during hunting season (Bridges et al. 2004, Ordiz et al. 2012). This shift is also evident in 

populations that experience periodic high human activity, such as increased hiking and 

angling, that may pose no direct threat to bears (Gunther 1990, MacHutchon et al. 1998, 

Olson et al. 1998, Kaczensky et al. 2006). However, human activity in our study area was 

high before hunting in the form of baiting and bear dog (Canis familaris) training efforts 

(hunting bears with the assistance of dogs is also permitted in Michigan; MI DNR 2017), 
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which has been suggested as a reason for temporal shifts in hunted Virginia black bear 

populations (Bridges et al. 2004). Therefore, the shift we observed may be a response to 

active hunting of bears (Erb et al. 2012). Consistent with risk allocation theory, bears are 

likely shifting their activity patterns to less risky nocturnal visitation to avoid human 

hunters (Lima and Bednekoff 1999). How black bears detect the difference between the 

baiting only period (August 10-September 9) and the baiting and hunting period 

(September 10–24) remains unexplained.  

Because bears experience hyperphagia before and during hunting season, we 

expected that detection rates at bait sites would remain high (Hristienko and McDonald 

2007). We observed that bears not only shifted to nocturnal visitations, but also reduced 

their visitation overall by 49.28% (Figure 2). Though we did not actively hunt our bait 

sites, bears may have perceived a higher risk at bait. Previous research has reported the 

bears spatially shift away from unpaved roads used by hunters in the UP during hunting 

season (Stillfried et al. 2015). Bears may avoid bait sites during hunting season and 

instead target less risky, natural foods available during the fall (Gray et al. 2004, Kirby et 

al. 2017). The regional bear food index for 2016 was within normal conditions for 

(Garshelis and Tri 2017). In a low mast year, we may not observe a reduction in visitation 

as bears might compensate for lower natural food availability and continue to target bait 

sites (Oro et al. 2013).   

Counter to our expectations, all other carnivore species that we detected more 

than 20 times increased their visitation to bait sites during hunting season (Figure 2). 

Though bears may not usually pose a threat, smaller carnivore species may yield bait sites 
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to the much larger predator (Briffa and Sneddon 2007). However, non-target carnivores, 

with the exception of raccoons, did not alter their temporal patterns from before hunting 

to during hunting, indicating that they did not temporally avoid bears (Figure 3). The shift 

in activity patterns by raccoons from earlier to later in the morning might indicate that 

they are avoiding bears, who shifted from late morning to early morning hours (Figure 3).  

The consumption of bait by opportunistic species may not only affect those 

consumer species, but may impact the broader mesopredator community (Figure 4). 

Similar to effects of natural resource pulses, consumption of bait may affect vital rates of 

consumers. For instance, bears that consume bait have increased fecundity and higher 

litter sizes (Gray et al. 2004, Kavčič et al. 2015, Kirby et al. 2017). These effects are 

likely to occur in non-target consumers as well. Additionally, consumers may experience 

higher densities than would naturally occur (Oro et al. 2013). As opportunistic species are 

the primary consumers of bear bait, their populations might benefit the most. Individuals 

disproportionally affected as a result of a poor food year, particularly young, 

inexperienced, or individuals in poor condition, will be positively affected by 

consumption of bait (Oro et al. 2013).  

Though bait may have positive impacts on populations of opportunistic species, 

bait might also create an ecological trap for species at lower trophic levels (Morris 2005, 

Cortés‐Avizanda et al. 2009). We recorded several rodent species, and snowshoe hares at 

bear bait sites, all of which are prey of mustelids, coyotes, and red foxes. Presence of both 

predators and their prey at bait sites may increase encounters and therefore predation risk 

for prey. Research in urban environments has shown that food subsidies to predators 
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reduced their need to hunt, decoupling the predator-prey relationship (Rodewald et al. 

2011). Additional research is needed to investigate if bear bait negatively impacts some 

non-target prey species.  

Encounter competition among consumer species might also be exacerbated at bait 

sites (Schoener 1983). Larger-bodied species are likely to win an encounter, therefore 

having a higher resource holding potential (Briffa and Sneddon 2007). Encounter 

competition may explain why non-target carnivore species limited their mean daily 

visitation to bait sites, avoiding competition with bears and increasing their visitation 

when bear visitation was reduced. However, during hunting, species of similar sizes (i.e., 

red foxes and raccoons) increased their daily visitation to bait sites making the outcome 

of an encounter less predictable (Allen et al. 2016). We regularly observed raccoons and 

red foxes as well as raccoons and skunks at bait sites together (Figure 5). Bear bait 

creates a foraging arena, aggregating and possibly increasing encounter competition 

between non-target consumers (Ahrens et al. 2012, Allen et al. 2016).   

 Bear baiting is a common practice in North America, occurring in 11 of the 27 

states in the United States and 10 of the 13 provinces and territories in Canada where 

black bear hunting is permitted (black bear hunting is not permitted in Mexico). Although 

bear baiting might have positive effects on non-target species, some of these benefits may 

manifest as negative community-level impacts (Wilmers et al. 2003, Bump et al. 2013, 

Oro et al. 2013, Newsome et al. 2015, Kirby et al. 2017). In addition to inter- and intra-

specific conflict at bait sites, human-wildlife conflict might be exacerbated. For example, 

wolf/hunting dog conflicts may be positively related with bear bait duration on the 
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landscape (Bump et al. 2013). Chronic wasting disease (CWD) was recently documented 

in the UP (Michigan Department of Natural Resources 2018a) and, perhaps non-

intuitively, we recorded deer visiting bear bait sites. This has management implication 

because, in areas with CWD, deer baiting is typically banned (Michigan Department of 

Natural Resources 2018b).  

Research of white-tailed deer at hunter bait sites shows that concentrated deer are 

more likely to spread diseases such as CWD and bovine tuberculosis (Thompson et al. 

2008). Aggregation of species at bear bait sites, such as raccoons and skunks, also 

provides opportunity for the spread of diseases (e.g., rabies) that are transmitted through 

contact (Houle et al. 2011).   

MANAGEMENT IMPLICATIONS  

This research demonstrated that bear bait attracts several nontarget species whose 

resource need and feeding activity directly competes with the intention of hunters to use 

the bait to attract bears exclusively. Managers could consider that the amount, type, 

method, and duration of baiting is likely to affect what and how species use bait when 

considering regulations pertaining to bait use. Additionally, the aggregation of 

individuals and different species at bear bait sites increases the potential for disease 

spread.  
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CHAPTER 2 

 

Untrapped potential: do bear hunter cameras accurately index non-target species? 
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SYNOPSIS 

Remote camera use by hunters offers the potential to collect citizen-derived data 

on multiple species using hunter surveys, but the effectiveness of this approach is 

untested.  We examine whether observations from remote cameras that hunters use at 

their black bear (Ursus americanus) bait sites and reported via hunter surveys are an 

effective method to monitor species. We compared data collected from pseudo-bear bait 

sites established for this study to hunter established bear bait site observations from the 

same study area. We also quantified observations reported on hunter surveys as a 

landscape index alternative to white-tailed deer (Odocoileus virginianus) hunter indices, 

gray wolf (Canis lupus) surveys, and mustelid (Mustelidae) trapper indices. We did not 

detect a difference in hunter reported camera observations versus our observations for 

four of the six species recorded at pseudo-bear bait sites. Hunters were over nine times 

more likely to report photographing wolves and nearly one third as likely to report 

photographing mustelids. We observed a relationship between trapper survey-derived 
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mustelid indices and the camera-derived index, but not for deer or wolves. Foremost, 

these results emphasize the need to further evaluate the utility of remote camera data 

derived from hunters. The widespread use of remote cameras by hunters, the low-cost of 

hunter surveys, and the potential to collect accurate community composition and 

occurrence/presence indices, points to the value of adding questions to hunter surveys 

regarding multiple species of interest.  

 

INTRODUCTION 

Monitoring wildlife populations is essential to effective species conservation. As 

monitoring methods and technology improve, our understanding of animal distributions 

and resource use becomes more comprehensive. This is especially true for remote 

cameras, which have proven to be an effective tool for occupancy as well as spatial, and 

temporal, patterns of multiple species (Wang et al. 2015, O’Malley et al. 2018, Candler et 

al. 2019). Remote cameras have also proven effective in characterizing species use of 

black bear (Ursus americanus) and white-tailed deer (Odocoileus virginianus) hunter bait 

sites (Bowman et al. 2015, Candler et al. 2019). Experimental or observational bait sites 

across management jurisdictions (i.e., hunting unit, a state) would provide the most 

control over potentially confounding variables (e.g., density of camera sites, distribution) 

when examining species at bait sites. The logistics and cost of such studies, however, can 

be restrictive or prohibitive to researchers.  

 Hunter surveys may offer a method to overcome these challenges (Mahard et al. 

2016, Crum et al. 2017). In many states, hunters are surveyed yearly to assess hunter 



 

19 

 

participation, success, and satisfaction (Frawley 2019a, Duda et al. 2020, Wyoming 

Game and Fish Department 2021). Adding survey questions regarding non-target species 

that hunters observe at their bait sites can help managers understand species presence at 

and use of bait sites at larger scales. As remote cameras have become more affordable, 

hunters have begun to use them to record animals that travel certain trails or frequent bait 

sites. Similar to their use in conservation research, hunters use cameras to identify 

individuals, understand local occurrence, and track the diel cycles of animals (Roland and 

Slauson 2008).   

To test the effectiveness of hunter surveys as an approach to estimate species’ 

presence at, and likely use of, hunter bait sites, we compared data from pseudo-bear bait 

sites in Michigan, USA to responses from the annual Michigan Black Bear Hunter 

Survey. The survey included questions regarding remote camera use and the species that 

hunters recorded at their bait sites. We expected that the proportion of cameras at our 

pseudo-bear bait sites that recorded various species at bear bait sites would be equal to 

the proportion of hunter-reported observations of the same species at their bait sites for 

the same geographic areas. 

We also assessed the effectiveness of camera observations reported on hunter 

surveys as an index for gray wolves (Canis lupus), white-tailed deer, and mustelid 

species, such as American marten (Martes americana) and fisher (Pekania pennanti), at 

the landscape scale, i.e., in different counties in Michigan’s Upper Peninsula (hereafter 

UP; Fig 1). Counties are the finest scale that hunting reports are recorded for all species 

and frequently the scale of wildlife management and conservation within states. We 
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predicted that the proportion of hunter-reported observations of each species or family 

(camera index) in each county would be positively correlated to independent data from 

the Michigan Department of Natural Resources (MI DNR) on wolves (bi-annual 

surveys), white-tailed deer (harvest reports), and mustelids (trapper reports). 

METHODS 

Study Area. We analyzed hunter survey and abundance data across the entire UP 

of Michigan, USA, but conducted our camera trap observations in the western UP within 

the Baraga bear hunting unit encompassing our pseudo-bear bait sites (Fig 1). In 2016, 

bear hunters purchased 1,135 permits for the Baraga hunting unit and ~97% of hunters 

used bait to attract bears (Frawley 2017a).  

The UP (~44,123 km2) was primarily deciduous forest (33%), wetlands (32%), 

and evergreen forest (10%) (Homer et al. 2015). Elevation ranges from approximately 

156–603 m. In 2016, 2017, and 2018, an estimated 96%, 97%, and 97% of bear hunters 

in the entire UP (4,758, 4,862, and 4,725 permits sold, respectively) used bait (i.e. 

artificial food sources) to attract bears, respectively (Frawley 2017a, 2018a, 2019a).  

Field Observations. During 1 Aug–26 Oct 2016, we conducted camera trap 

surveys to determine non-target species occurrence at bear hunter bait sites. We selected 

21 sites within the Baraga hunting unit that matched characteristics used by bear hunters, 

such as proximity to water and tertiary roads. These sites were created at locations where 

non-target species’ densities were similar among sites (e.g., gray wolf density; O’Neil 

2017). Sites were located on public lands open to hunting (i.e. National and State Forest 

and commercial forest lands; Fig 1). At each site, we deployed 1 camera (Reconyx 
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Hyperfire series, Holmen, WI). We programmed each camera to take 2 consecutive 

pictures once triggered , with a five minute delay between trigger events (Bowman et al. 

2015, Candler et al. 2019).  

 After camera sites were established (1 Aug 2016), we constructed bait sites at all 

21 camera locations 2–3 meters from each camera on 10 Aug 2016, the first day that 

legal baiting is allowed. We baited each site with a mixture of food that replicated a 

typical Michigan bear hunter’s bait (a combination of pie filling, pastries, meat products 

such as dog and cat food, imitation maple syrup, cafeteria leftovers, fryer grease, and 

Bruin Buster predator lure [James Valley Scents, Mellette, SD, USA]). Bait content 

varied across baiting occasions but was consistent among sites for each baiting instance 

(Candler et al. 2019). We baited twice a week until 26 Aug 2016 when we switched to 

baiting once a week to mimic bear hunter behavior (Frawley 2017a). 

We subset photos that were recorded from the time baiting started (10 Aug 2016) 

to the time most hunters harvest a bear and retrieve their cameras (24 Sep 2016; Frawley 

2017). This time period was when hunters were most likely to record species at their bait 

sites. For each camera we determined if a photo recorded a bear, coyote (C. latrans), 

deer, bobcat (Lynx rufus), wolf, or mustelid during the 46-day period in order to directly 

compare species observed at pseudo-bear bait sites with data from questions in the hunter 

survey. 

Hunter Survey. In 2016 we worked with the MI DNR to add 2 questions to the 

Michigan Black Bear Hunter Survey asking hunters to indicate whether they used bait 

and a remote camera and, if so, what species were recorded (bear, coyote, deer, bobcat, 
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wolf, or marten and/or fisher) at their bait sites (marten and fisher were later combined 

into a “mustelid” group for analysis; Appendix A). The MI DNR provided bear hunters 

the option to report using an online survey. In addition to voluntary respondents, a 

random sample of hunters who purchased a bear harvest license were mailed the same 

survey (Frawley 2017a).  

Data Analysis 

Observational Comparison. To compare the survey data to the field observations, 

we subset statewide survey data to include only responses from hunters who baited, used 

a remote camera, and hunted in the Baraga bear management unit (BMU) in the western 

UP in the area that overlapped with our study site. We eliminated observations from 

hunters who hunted only in Keweenaw County as we did not have camera traps north of 

Portage Canal. We restricted our sample to observations reported from a single county to 

ensure observations were correctly assigned geographically since some hunters reported 

hunting in 2 or 3 counties, but observations were not assigned to each county in such 

cases.  

We calculated proportions of each species at pseudo-bear bait sites and hunter-

reported observations to evaluate frequency of occurrence differences between the two 

groups. We compared the difference in proportions between the number of observational 

cameras that recorded a species at least once and the number of hunters that reported 

species using Fisher’s exact test (α = 0.05; Ramsey and Schafer 2002). This test indicates 

the odds that a given species will be recorded by cameras at hunter vs. pseudo-bear bait 

sites, a 1 indicating that the odds, for either method, are equal. The confidence interval 
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produced is asymmetrical since the distribution of the odds ratio is from 0 to infinity. 

This simple, yet robust, comparison is an effective test (Zar 1999) between the 

proportions of species reported by hunters and those recorded at pseudo-bear bait sites.  

Camera index analysis. To compare the MI DNR reports (i.e., deer hunter and 

mustelid trapping reports) and wolf survey results to hunter observations recorded in the 

black bear hunter survey, we also restricted our sample to observations from hunters that 

hunted in a single county. We included observations from each of the 15 Michigan UP 

counties to compare them to wolf survey data and deer and mustelid harvest densities. 

We determined the yearly density of wolves as well as harvest indices for deer and 

mustelids in each UP county using data provided by the 2016 and 2018 MI DNR wolf 

survey results, the 2016–2018 Michigan Deer Harvest Survey Reports, and the 2016–

2018 Michigan Furbearer Harvest Surveys, respectively (Frawley 2017b, 2018b, 2019b, 

c, d, 2020). We used counties as our unit of comparison because it is the smallest 

common unit between the black bear hunter, deer hunter, and mustelid trapping surveys, 

and it also matches the scale of wildlife management for many states. We calculated 

harvest indices for mustelids and deer for each county by dividing the total number of 

mustelids trapped or deer harvested in each county by the total area of the county. We 

removed Isle Royale National Park from the area of Keweenaw County because no 

hunting or trapping occurred on the island. Wolf survey units (WSU) do not directly 

correspond to county boundaries (i.e. some counties are entirely within a single WSU and 

some counties cross WSU boundaries). We were interested in how hunter camera trap 

data might reflect landscape-level wolf occurrence, so we derived county-level wolf 
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densities based upon a weighted average of WSU values and area within each county. 

While mustelid and deer harvest reports covered the entire UP annually, only 40% of 

WSUs were surveyed in both 2016 and 2018 which resulted in gaps in the UP where 

wolves were not surveyed. For counties that did not have full coverage, we applied the 

index estimates for the surveyed areas to the entire county.  Because wolf populations in 

the UP appear to be stable, estimating county density from WSUs is robust despite 

minimal survey effort in some counties (O’Neil 2017).  

 We calculated a camera index for each county by dividing the number of hunters 

who baited and reported the detection of a given species by the total number of hunters 

who baited and used a camera within each respective county (Appendix A). We 

examined the relationship between camera index and county-level wolf density estimates, 

white-tailed deer harvest indices, and mustelid harvest indices using Pearson’s correlation 

coefficients (α = 0.05). We also fit simple linear regression models to the data to examine 

the relationship between harvest indices among counties and the camera index. We 

accounted for human presence at hunter bait sites in all models by incorporating bear 

hunter effort days as an additional explanatory variable. This variable was derived from 

the Michigan Black Bear Hunter Surveys (Frawley 2017a, 2018a, 2019a).  

RESULTS 

 Observational comparison. Of the total number of hunters who baited in the 

observational study area, 69% of them used remote cameras. After subsetting survey data 

to include bear hunters who used a remote camera while hunting exclusively within the 

boundaries of our study area in the Baraga BMU, we analyzed 221 of 474 hunter reports. 
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Our observational cameras at pseudo-bear bait sites recorded the same species as those 

reported by hunters (Table 1). The likelihood of hunters reporting that they observed 

wolves was 9.41 (95% CI: 1.44–397.14) times greater than at our pseudo-bear bait sites. 

Hunters were less likely to observe mustelids (0.31 95% CI: 0.09–0.88; Table 1). We did 

not detect a difference between any other species recorded by either method (Table 1).  

 Camera index analysis. In the UP overall, 76% of 3,100 surveyed hunters in 

2016, 76% of 3,181 surveyed hunters in 2017, and 80% of 3,238 surveyed hunters in 

2018 that used bait also used remote cameras. The camera index across counties was 

positively, but weakly, correlated to the harvest density indices of mustelids (Pearson’s R 

= 0.415, P = 0.005) and deer (Pearson’s R = 0.329, P = 0.027) in each county, but was 

not correlated for wolves (Pearson’s R = 0.077, P = 0.687). A relationship between 

camera index and independent MI DNR indices was significant for mustelids (R2 = 0.267, 

P = 0.002) when including bear hunter effort as an explanatory variable (Fig 2). We did 

not, however, detect a relationship between camera index and wolf (R2 = 0.061, P = 

0.430) or deer (R2 = 0.124, P = 0.063) indices across UP counties (Fig 2). 

DISCUSSION 

While some states (e.g., Iowa, Wisconsin, and Minnesota) use hunter observations 

to monitor trends in wildlife populations, these methods can be biased by hunter presence 

and be incomplete because they only incorporate the time that a hunter is making 

observations (i.e. daylight hours; Lohr 2017; Harms et al. 2018; Obermoller et al. 2018). 

Other studies have used hunter surveys to glean information about non-target species 

observed by hunters as well (e.g. Mahard et al. 2016, Caruso et al. 2017, Crum et al. 
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2017), but to our knowledge, this is the first comparison of hunter reports to a field study 

using the same method (i.e., remote cameras deployed at bait sites). Overall, this study 

highlights the potential effectiveness, as well as some of the opportunities and limitations 

of using hunter remote camera photographs as a surrogate or additional method for 

camera trap-based monitoring and field studies for multiple species. In particular, data 

from surveys of hunters who use cameras are potentially useful in species distribution 

and occupancy modeling (e.g., presence only approaches), but not widely applicable to 

assessing population trends depending on the species.  

  As predicted, the observational comparison produced statistically similar results, 

for 4 of 6 species at the county scale.  The two methods differed in the proportion of sites 

that recorded wolves and mustelids at bait sites, with hunters detecting wolves in more of 

their photos and mustelids in fewer than we did at our pseudo-bear bait sites. Because we 

could not confirm correct identification of species by hunters, there may be some 

misidentification between similar-looking species such as wolves and coyotes. 

Additionally, people often over report species that they perceive to cause more human-

wildlife conflict, which may be wolves in this case (Ruid et al. 2009, Bump et al. 2013, 

Caruso et al. 2017). In the Great Lakes states, hunters have a low tolerance for wolves as 

they consider them a threat to hunting and safety (Hogberg et al. 2016, Vucetich et al. 

2017). In addition, unlike the bordering state of Wisconsin, Michigan does not 

compensate for bear dogs that may have been killed by wolves (Bump et al. 2013). This 

lack of compensation may lead to additional disdain for wolves by bear hunters (Treves 

et al. 2009). This underlying intolerance may affect a hunter’s decision or inclination to 
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identify a canid as a wolf if they are uncertain of its identity (Caruso et al. 2017). For 

example, if only 16 of 221 hunters misidentified coyotes as wolves, which is easily 

plausible, the proportions would not be significantly different between hunter reported 

observations and our pseudo-bear bait sites observations in our analysis. This potential to 

misidentify species may also partially explain the lack of correlation between the camera 

index and wolf density across the UP.  

 In addition to misidentification, human presence and time spent at bait may affect 

the species that are recorded by hunters vs. ones recorded at the pseudo-bear bait sites. 

We only visited experimental sites for the purpose of baiting, while hunters visited bait 

sites for baiting and hunting.  The increased presence of humans at the bait site may have 

deterred mustelids from visiting the bait (Powell 1993) and explain the difference in 

mustelid observations between the two methods.  If increased presence of humans 

deterred mustelids, then the pseudo-bear bait sites may have overestimated true visitation.    

 The comparison between hunter survey data (camera index) and other indices is 

additional evidence for the utility and untapped potential of hunter surveys in non-target 

species monitoring; it is worth exploring this approach further. As we expected, the 

mustelid harvest index was positively correlated with the hunter-derived camera index 

across the UP. Though hunters reported photographing fewer mustelids than expected in 

the previous analysis, the trend demonstrated in the correlation between camera index 

and harvest index is valuable as relative change over time is often of interest in wildlife 

management and conservation. Additionally, underreporting of mustelids by hunters 

provides a conservative index estimate that can alert managers to reduced numbers before 
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a real problem arises. Differentiating between fisher and martin in the analysis would also 

be more informative to managers. Our assessment could be improved to better account 

for variation in species density across counties (Fig 2). In the future, camera index 

predictions may be improved by including habitat variables such as cover type and by 

gathering camera effort data (i.e. the number of days a camera is deployed), and number 

of cameras used per hunter from the hunter survey. These would likely be an important 

descriptive variable in modeling species indices, would be more appropriate than simply 

hunter effort as estimators of human presence at bait sites, and could be easily added to 

hunter surveys. With advancements in online surveys, hunters could also upload images 

that could be used to create detection histories. Such additions would also allow 

managers to possibly develop occupancy models to detect changes in occupancy and 

possibly estimate abundance (e.g. integrated population models), particularly at bait sites 

that are consistently baited every year. This technique is not possible with data that is 

currently available (Royle and Nichols 2003, Ahrestani et al. 2013, Zipkin and Saunders 

2018). 

Contrary to our expectations, we did not find a significant correlation between 

wolf density and camera index. This finding may be due to misidentification of wolves, 

as suggested above, but may also be a result of the gaps in wolf density estimates and the 

method we used to estimate density. Only two years of data are presented here, so it 

would be inappropriate to make assumptions about trends. As more data are collected 

across years, more detailed analysis could compare camera index to counties that have 

more complete wolf surveys.  
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 Although some of the variation in the white-tailed deer index was captured by 

camera index it varied greatly among years (including year as an interaction variable 

would be inappropriate as there are too few samples per year in the current data set). This 

high variability may be reflective of the behavior of deer around bear hunter bait. At our 

pseudo-bear bait sites for instance, we observed deer, but they were often passing through 

the area and may not have been attracted to bear bait like mustelids (Holinda et al. 2020, 

Ribeiro and Bianchi 2020). Additionally, the deer index derived from hunter harvest data 

was dominated by a single sex (males) while cameras captured either sex. Adding an 

additional question to the hunter survey asking for number of antlered and antlerless deer 

recorded would make this comparison more appropriate. To gain a better understanding 

of deer activity or abundance using information derived from hunter cameras, it may be 

more beneficial to use camera index information from deer hunter survey results instead 

of bear hunter survey results. The MI DNR has recognized the potential in collecting 

these data and has since added similar questions to the Michigan Deer Harvest Survey 

Report (Frawley 2019c, Frawley 2020a).  

While caution should be used when developing indices, they show potential to be 

useful in identifying population and landscape level responses to management decisions 

or environmental changes (Letnic et al. 2011, Cooper et al. 2012, Mahard et al. 2016). 

With improvement to the camera index models (e.g. inclusion of habitat and camera 

effort as well as additional years of collection to better understand annual variation) the 

hunter-derived camera index could be an additional tool for the DNR to detect variation 

in some species’ trends at the county level. As hunters become accustomed to camera-
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trap related questions and surveys increasingly become electronic (e.g., web and app 

based), additional details may be collected such as images of species per unit time (e.g., 

day, week, etc.) and identification of individuals for use in mark-recapture methods as is 

done with some species (Jhala et al. 2011, Alonso et al. 2015, Moore et al. 2020). For 

example, deer identified via antler formation and ear notches, American martens 

identified from their ventral patches, and other species identified using tags from other 

studies (e.g. collared wolves) can be used in mark-recapture analyses (Jordan et al. 2011, 

Sirén et al. 2016, Macaulay et al. 2020).   Collection of such metrics would expand the 

utility of camera data from presence, composition, and range metrics to more robust 

relative abundance measures. Additionally, camera-trap derived indices may have the 

potential to fill in gaps between years that more rigorous field work is conducted or 

between survey years (O’Brien et al. 2010). This approach may be most useful to detect 

changes in species’ relative occurrence, range, or density if the species is intensely 

surveyed infrequently or not at all (O’Brien et al. 2010).  

 Though our analysis shows potential for using hunter-supplied information, it is 

not recommended as a stand-alone tool. Outside factors are likely to affect the 

interpretation of species distributions and relative densities from year to year. For 

example, in food-poor years, some species may use bait or move more often and be 

recorded at a higher rate than in good-food years (McCall et al. 2013, Oro et al. 2013). 

This increase in bait use may inaccurately indicate an increase in relative density for 

some species. Additionally, if bait type or quantity regulations change within the area of 

observation, species visitation to bait are also likely to change. Wildlife managers may 
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also consider additional metrics, such as food availability and bait regulation changes, 

when interpreting hunter reports at bait sites.  

Hunter harvest numbers have long been used as a proxy for species population 

trends and relative densities (Brand and Keith 1979, Rolandsen et al. 2011). These hunter 

proxies, derived from hunter reports, are often biased by hunting regulations and hunter 

preference. With the advancement and adoption of remote camera technology by hunters, 

additional information is incidentally being collected. Other studies have employed 

hunter citizen scientists to record observation or sign of a single species encountered 

while hunting (Cooper et al. 2012, Mahard et al. 2016, Crum et al. 2017). Our analysis 

shows that adding questions related to remote cameras to hunter surveys is likely an 

effective and relatively inexpensive way to collect information on numerous, but not all, 

species across a large scale. Additionally, the reported hunter observations are likely 

more representative than harvest indices as remote camera images are not restricted by 

harvest regulations (e.g., age or sex restrictions) or hunter’s harvest preferences (e.g., 

antler-point restrictions imposed on deer). Information from hunter reports can be used to 

identify non-target species using bait sites, which has the potential to serve as an index of 

relative occurrence of species in different management areas. The MI DNR has 

recognized the utility of including these questions on surveys and expanded their use 

beyond black bear hunter survey to now include the white-tailed deer hunter survey. 

Additionally, hunter surveys may act as a monitoring tool for rare or recovering species 

(e.g. lynx or cougar) that hunters might observe on their remote cameras. Additional 

research on the relationship between the abundance of hunter-captured presence data and 
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estimates of species occupancy, density, and abundance, particularly with capture-mark-

recapture methods, is warranted, which highlights the utility of adding remote camera 

related questions to hunter surveys. 

MANAGEMENT IMPLICATIONS  

Hunter surveys offer an effective, wide reaching, and relatively inexpensive way 

to collect data about hunter activity and species trends. Additionally, hunters are 

increasingly using remote cameras to monitor their hunting sites and inevitably record 

numerous wildlife species. This immense volume of camera data to monitor wildlife is a 

resource that has yet to be accessed to its full potential. We suggest that managers 

consider including questions regarding remote camera use and non-target species, 

particularly species that require high-cost resources to monitor, on hunter surveys. 

Though the indices reported in this analysis require additional exploration to improve 

their utility, the inexpensive nature of adding these questions to hunter surveys as well as 

the popularity of remote cameras with hunters makes adding these questions a 

management opportunity to examine. Adding these questions now will ensure a larger 

pool of data to incorporate once indices are refined.  
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CHAPTER 3 

 

Exploitative competition between wolves and humans: How does perceived wolf 

presence affect naïve and experienced deer behavior at hunter bait sites? 

 

SYNOPSIS 

As predators are reintroduced and expand to their historic ranges, their prey species must 

exhibit innate predator sensing abilities or quickly learn to respond to predator threats. 

These prey responses are likely to manifest as increased vigilance, shift in diel activity, or 

reduced time spent at certain sites, including feeding sites. This shift in activity may 

make hunting more difficult for other predators, particularly human hunters. To 

determine the effect that an expanding gray wolf (Canis lupus) population may have on 

white-tailed deer (Odocoileus virginianus) and the ability to hunt them, we constructed 

15 deer hunter bait sites both in areas with wolf savvy and wolf naïve deer populations. 

Using a before, after, control, experiment (BACI) design, we treated sites with wolf 

urine, a novel scent (lemon juice), and a control (distilled water) and used remote 

cameras to observe deer behavior, diel activity, and abundance from September 21, 2018 

to November 10, 2018 in the Upper (wolves present) and Lower (wolves absent) 

Peninsulas (UP and LP respectively) of Michigan, USA. We tested for a difference in 

predator response metrics before and after treatments were applied and analyzed deer 

temporal shifts before and after treatment using nonparametric kernel density estimation. 

We also used a generalized linear model to examine the effect that vegetation cover has 

on vigilance intensity of deer. We analyzed 213,264 images from both the UP and LP. 
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The wolf urine treatment did not have a statistically significant effect on predator 

response metrics except for a slight increase in group size where wolves are present and a 

decrease in vigilance intensity where wolves are absent. We observed a noticeable 

difference in the overall diel pattern between areas with and without wolves and detected 

significant shifts in diel activity of deer in both areas before and after treatment but did 

not detect a consistent directional pattern to these shifts. Deer vigilance intensity was not 

greatly affected by treatment type, but we did observe a significant correlation between 

vegetation cover and vigilance intensity in areas with wolves but did not detect this same 

pattern in areas without wolves. These results indicate that habitat variables affect white-

tailed deer response to predators more than indirect olfactory predator cues at hunter bait 

sites in predator savvy populations. Whereas in predator naïve white-tailed deer 

populations, responses to predators were virtually nonexistent or not detectable. Predator 

presence may negatively impact hunting success in areas with established predator 

populations (i.e. exploitative competition may occur), but hunters may avoid these 

impacts by selecting for favorable habitat characteristics.  

 

INTRODUCTION 

 Optimally foraging animals behave to maximize their energy gained from 

foraging and minimize energy loss in efforts to obtain food or avoid risk of predation 

(Emlen 1966, MacArthur and Pianka 1966, Sih 1980). Studies suggest that, in order to 

reduce the risk of predation, animals may avoid high risk areas even if there is an 

abundance of food (Edwards 1983, Ripple and Beschta 2004, Kuijper et al. 2013). 
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Similarly, the predation risk allocation hypothesis suggests that temporal variation in 

predation risk severity will affect foraging and vigilance behavior in prey species (Lima 

and Bednekoff 1999).  This hypothesis further suggests that in areas where the frequency 

of risk is high and prolonged, prey species have little choice but to decrease anti-predator 

behaviors (such as vigilance) in order to feed.  

Prey species can detect predation risk through auditory, visual, tactile, or olfactory 

(i.e., smell) stimuli. The first three detection methods indicate a high predator risk 

situation while the fourth indicates that a predator is or was present. Olfactory perceived 

risk to prey may be low or high depending on the intensity of the scent (Kats and Dill 

1998). For example, ungulates are known to elicit intense vigilance behaviors or limit 

duration of feeding in presence of predator odors (Melchiors and Leslie 1985, Kuijper et 

al. 2013, Chamaillé-Jammes et al. 2014, Wikenros et al. 2015, Sahlén et al. 2016). This 

behavior is important to consider when trying to understand highly valued and hunted 

ungulate species such as white-tailed deer (Odocoileus virginianus).  

Whether or not white-tailed deer increase vigilance behaviors or adjust feeding in 

presence of predator odors at hunter-provided food sites is an important question for 

recreational hunters and wildlife managers. Gray wolf (Canis lupus) occurrence at these 

bait sites may increase the perception that there are fewer deer, or it is more difficult to 

hunt deer where wolves exist if deer exhibit a strong avoidance response to wolf cues at 

bait sites (Pedersen et al. 2019, Grima et al. 2021). However, the answer to whether 

wolves make hunting deer more difficult is unknown and thus managers are unable to 

address these concerns.  
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Questions regarding predator presence at hunter bait is important to hunters across 

the US. White-tailed deer hunters in 21 states are allowed to use bait piles to attract deer 

to a central location.  In Michigan, hunters bait deer with either corn or fruits and 

vegetables.  The presence of this bait on the landscape is not only effective in attracting 

white-tailed deer, but also other non-target species such as raccoons (Procyon lotor), 

opossums (Didelphis virginiana), turkeys (Meleagris gallopavo), and squirrels (Sciuridae 

spp.; Lambert and Demarais 2001, Campbell et al. 2013, Bowman et al. 2015). Wolves, a 

top predator of deer in the Upper Peninsula (UP) of Michigan, have also been recorded at 

deer bait sites, sometimes even scent marking the area (Ruid et al. 2009, USFWS: Q and 

A’s about Gray Wolf Biology 2011). 

Although deer behavioral change in response to predator odors may occur at some 

bait sites, the naivety of some deer may mean that they will not react to the presence of 

an unknown predator scent. For example, in areas where wolves and grizzly bears had 

been extirpated, moose did not exhibit predator avoidance, while those that had been 

exposed to both predators did (Berger et al. 2001). This ungulate research suggests that 

deer in predator-free areas will not display or have diminished behavioral change to 

predator cues and, consequently, exhibit a different response to the food subsidy at bait 

sites than deer that have been exposed to predators. This may be particularly true for deer 

in the Lower Peninsula (LP) of Michigan where wolves have been absent since the mid-

1800s (Gray Wolf Recovery in Minnesota, Wisconsin, and Michigan 2011). In contrast, 

deer in the UP that have been exposed to a re-established wolf population that has been 
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re-established since the mid-2010s may demonstrate more predator avoidance (O’Neil et 

al. 2017) 

We tested the risk allocation hypothesis by examining the perceived effect of wolf 

presence on naïve versus experienced deer behavior at hunter bait sites. We tested for a 

difference in response among deer in the UP of Michigan, where deer have coexisted 

with wolves since the early 1990s and deer in Michigan’s LP where wolves have been 

functionally absent since the mid-1800. We expected that while there would not be a 

response in naïve deer (LP deer; no wolf population) to the presence of wolf scent 

(urine), deer that experience wolf predation (UP) would increase their group size, the 

intensity of vigilance, and occur less often at bait sites with wolf cues (scent). 

Additionally, we expected that experienced deer would adjust their activity patterns to 

avoid active-wolf hours, while wolves in the LP (naïve) would not make such 

adjustments.  

METHODS 

 Study Area. We conducted the study in Michigan’s UP and LP from September 

21, 2018 to November 10, 2018. The UP study area was entirely contained in the 

Hiawatha National Forest. Bait sites in the LP study area were all located in Mackinaw 

State Forest of Michigan, but the study area was interspersed with private agriculture, 

forestland, and roads. The UP study sites’ landcover was  evergreen (5 sites), woody 

wetland (3 sites), grassland (3 sites), deciduous (2 sites), and mixed forest (2 sites) while 

the LP study sites were deciduous (6 sites), scrub/shrub (4 sites), grassland (3 sites), and 

evergreen (2 sites; Homer et al. 2015).  
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While Gray wolves (Canis lupus) were eradicated from Michigan in the mid 

1900s, they have successfully recolonized and established as the main predator of white-

tailed deer (Odocoileus virginianus) in the UP (O’Neil et al. 2017, DNR - Wolf Biology 

and Identification 2018). Wolves in the Lower Peninsula remain functionally absent even 

though wolves or wolf/coyote hybrids have been detected rarely (Freedman 2019).   

 Study Design. We established 30 deer bait sites between the two study areas, 15 

in the UP and 15 in the LP (Figure 1). In an effort to mimic recreational hunters, sites 

were selected based on deer hunting desirability such as habitat openness and/or 

proximity to a deer trail (Peterson 2015). Per hunter suggestion, we established each site 

at least one km away from the nearest bait site to avoid scent detection by deer between 

sites (Winke 2012).  

We deployed one remote camera (Reconyx Hyperfire series or Cuddeback E) on a 

tree 4 meters from the center of the bait site. Each camera was programmed to take 5 

burst images with no delay between triggers to record the number of deer present, their 

posture, sex (if possible to determine), and presence/absence of fawn(s). We replaced 

batteries and SD cards weekly.  

We used a six-week BACI design for the experimental treatment of both areas 

with one week preceding the six-week period to establish a baseline condition of deer 

visitation to the bait sites. We baited each site with two gallons of corn spread in a 10 by 

10-foot square per the Michigan deer baiting regulations MI DNR 2018b). For the 

duration of the study, all sites were baited each week in order to maintain two gallons of 

corn on the ground and to mimic actual hunter behavior. For the first three weeks 
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(September 28-October 20), we baited sites, recorded deer occurrence and behavior via 

remote cameras with no treatments applied. The following three weeks we continued to 

bait and record deer after treating sites with three scents. In each area, UP and LP, five 

sites were treated each with wolf urine (experimental treatment), lemon juice (novel 

scent), and distilled water (control). We assigned site treatment randomly (Wikenros et 

al. 2015, Atkins et al. 2016). When we treated sites in the field, we visited all control sites 

in an area first followed by the novel scent sites and finally experimental sites to 

minimize cross-site spread of scents. We also used different treatment application tools 

(i.e. pipets and buckets) for each treatment type. At each site, we applied 10 mL of the 

given treatment (experimental, novel, or control) by dripping it from a pipet onto the bait 

site. This was done to mimic the scent marking of two wolves (Peters and Mech 1975).  

We also recorded predator hiding potential (horizontal cover) at each site to 

account for site specific differences in the risk of predation. We used a 2 m cover pole 

with 20 sections, each 10 cm long, to measure predator hiding potential at each site 

(Kuijper et al. 2014, Severud et al. 2019). From the center of each bait pile, we measured 

the vertical cover in each cardinal direction. One person held the cover pole 10-meters 

from the center of the bait pile while the other took a picture of the cover pole from a 1-

meter high pole at the center of the bait pile intended to mimic a deer visual height 

(Severud et al. 2019). We conducted this procedure twice during the study, once at the 

beginning and once when treatment started, to account for change in hiding potential with 

loss of leaves later in the year. For each of the 20 (10 cm) sections on the 2 m cover pole, 

we estimated obscurement to the nearest 25 percent (Severud et al. 2019). We calculated 
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a single mean and standard error value for each site and each measurement time 

(beginning and middle of study).  

 Analysis.  

Photo analysis. Images were tagged in batches using the DigiKam photo editing 

software (Niedballa et al. 2016). Each batch was defined by any set of images taken 

within 5 minutes of the prior image. In each batch, for deer only, we recorded if young 

were present, labeled all sexes present, and tallied a total count. For individual pictures 

within batches, we recorded behaviors (i.e. fighting, nursing, etc.). We also labeled 

batches for different species that were captured at site visits. We analyzed each image for 

vigilance by indicating the number of deer in the image with their head above their 

shoulders (Figure 2; Flagel et al. 2016, Schuttler et al. 2017).  

Treatment Impact. We explored the impact of different treatments in the two 

areas (UP and LP) on the number of deer at each site, proportion of group that is vigilant, 

and the number of visits made to the site. In order to account for the paired nature of our 

treatment design, we first averaged the variable values for each site individually and 

calculated a difference in values before and during treatment application. We then 

averaged across all sites within a given treatment. We also calculated a vigilance intensity 

metric using equation 1. This metric includes both group vigilance and event time.   

𝐼 =
∑
𝑣
𝑔

𝑒
 

(Eq 1) 
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Where I is the vigilance intensity metric for a given event, v is the number of deer 

vigilant in a single image, g is the group size in a single image, and e is the total time of 

the event. Hence, vigilance intensity simply standardizes individual vigilance across 

group sizes and time spent in front of the camera. Similar to the previous analysis, we 

calculated a difference in vigilance intensity before and after treatment for each treatment 

type in each area.   

Diel activity. To analyze possible temporal variability in the use of bait sites in the 

UP and LP before and after treatment, we used a nonparametric kernel density estimation 

procedure (Wang et al. 2015, Prugh et al. 2019). We converted times to radians and used 

a kernel density estimator to create a probability density distribution for each before or 

after period (Ridout and Linkie 2009). We calculated the proportion of temporal overlap 

shared between the two treatment periods for each treatment in each area (Wang et al. 

2015). We used a Δ̂4 with a smoothing parameter of 1 since our sample size for all 

analyses was greater than 50. We conducted this analysis using the overlap package 

(Wang et al. 2015, Meredith and Ridout 2018) in R (R Development Core Team 2013).  

We applied Watson’s U2 statistic with the CircStats package to test for 

homogeneity between the two samples of interest (i.e. detect a statistically significant 

shift in the diel pattern before and after treatment; Lund and Agostinelli 2012, Lashley et 

al. 2018). If deer significantly shifted their temporal pattern between the two treatment 

periods, we expected to see Watson’s U2 statistic greater than the critical value (0.19 for 

an α value of 0.05) and P < 0.05. We expected that, in the UP, we would not see a shift in 

temporal visitation by deer at the control and lemon treated sites (high Δ̂4, U2≤0.19) but 
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we would see a shift to more nocturnal activity at the wolf scent sites (lower Δ̂4, 

U2>0.19; Kohl et al. 2018). In the LP, we expected that we would not see a significant 

shift in any treatment sites since deer in the LP are ostensibly naïve to wolf predation.  

Vegetation Cover analysis. We used generalized linear models to examine the 

relationship between vigilance intensity (Eq 1) and vegetation cover (i.e. predator hiding 

potential; Fležar et al. 2019, Prugh et al. 2019). First, we fit models using pooled data 

from both the UP and LP. We tested additive and interactive models by including before 

and after treatment application, area (UP or LP), treatment type since all may affect 

overall vigilance intensity of deer (Eq 1). Next, we fit models using data from the UP and 

LP, separately. The model variations included before and after treatment application and 

treatment type. Finally, we fit models to examine the relationship between vigilance 

intensity (Eq 1) and vegetation cover at each treatment type within both the UP and LP 

before and after treatment.  

RESULTS 

 We obtained 286,436 images over seven weeks. After removing images taken 

during the pre-experimental, baseline week and images that did not contain deer, we had 

213,264 images for analysis with 85,675 images taken in the LP and 127,589 images 

taken in the UP.  

 When we compared the images taken before and after treatment application, we 

found an increase in group size at wolf urine treated sites in the UP, an increase in the 

number of visits at both lemon and control treated sites in the UP, and a decrease in the 

proportion of the group that was vigilant at lemon treated sites in the LP (Figure 3). We 
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also found a decrease in vigilance intensity by deer at wolf urine treated sites in the LP 

(Figure 3). We did not find a significant change before and after treatments for any other 

treatment sites in either areas for the four response variables, i.e., the proportion of group 

that is vigilant, group size, number of visits, and vigilance intensity (Figure 3).  

 Deer changed their diel activity in both areas and all treatment types from before 

to after treatment application. We did not detect a consistent directional pattern in the 

temporal shifts that we observed. However, we did see a noticeable difference between 

the UP and LP diel patterns where the deer in the UP tended to reduce activity between 

6:00 and 18:00 both before and after treatment application while the deer in the LP did 

not have a consistent inactivity period (Figure 4).  

 Deer vigilance intensity increased significantly with an increase in vegetation 

cover in the UP but not in the LP (Figure 5). Though vigilance intensity did not increase 

with vegetation cover in the LP, the base vigilance intensity (model intercepts) increased 

significantly after all treatment applications (S1).  

DISCUSSION 

 The recolonization of predators to their native ranges where they have been absent 

for decades raises questions about the response naïve prey will have once predators 

return, particularly in prey populations valued and pursued by human hunters. We 

investigated the difference in naïve and experienced prey responses at food rich hunter 

bait sites as well as the effects of simulated predator presence at these sites. We did not 

find a significant effect of wolf scent cue on deer vigilance, number of visits, or vigilance 

intensity in the UP, but did detect a slight increase in group size, though the difference 
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was not ecologically meaningful (significant increase was less than half of one deer). 

Though we used a small amount of wolf urine at wolf urine treated sites, similar findings 

have been documented in populations of deer in the Netherlands and Poland where little 

evidence was found for effects of predator scents in both predator savvy and predator 

naive prey populations even when three times the volume of wolf urine is used (van 

Ginkel et al. 2019b). This lack of reaction to wolf scent cues in both areas may also be a 

result of decreasing response overtime to the wolf urine as it degrades (Bytheway et al. 

2013, Kuijper et al. 2013, Wikenros et al. 2015). Introducing cues that indicate immediate 

wolf proximity, such as howling or visual, will likely produce different results (Liley and 

Creel 2008, van Ginkel et al. 2019b).  

We also saw a significant shift in diel patterns at all sites before and after 

treatment, but there was no consistent pattern to the shift in activity for most treatment 

sites. However, deer at sites treated with wolf scent in the UP reduced their visitation in 

the evening hours. This finding is similar to other research that suggests that ungulate 

prey shift their activity to avoid more risky times (Gehr et al. 2018, Kohl et al. 2018). For 

example, deer in Minnesota demonstrated a more diurnal pattern when wolf urine was 

applied to avoid the riskier crepuscular times when wolves tend to hunt (Palmer et al. 

2021). It is also noteworthy that before and after treatment application for the UP sites, 

all show a decrease in activity at bait sites between 6:00 and 18:00, while the LP sites 

have inconsistent patterns at all sites before and after treatment application. This suggests 

that deer in the UP are avoiding peak wolf activity/hunting hours regardless of cues at 
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sites while LP deer do not have as large of a inactivity period, likely because they do not 

have experience with wolf predation (S2; Kohl et al. 2018).  

We found that vigilance intensity (Eq 1) does vary based on vegetation cover 

where wolves are established. Since UP deer are ostensibly familiar with wolf predation, 

it may be that the increase in vegetation cover, representing more predator hiding 

potential and more difficult escape routes, causes an increase in deer vigilance intensity 

regardless of olfactory cues at the site (Wikenros et al. 2015, Dellinger et al. 2019, van 

Ginkel et al. 2019a). Research comparing white-tailed deer and mule deer (Odocoileus 

hemionus) in Oregon’s expanding wolf range found that white-tailed deer do not avoid 

areas with wolves but do favor areas with less dense vegetation that facilitates an easy 

escape since they rely on flight and early detection of predators (Dellinger et al. 2019). 

Alternatively, mule deer avoided areas where wolves were present altogether since they 

rely on a stotting gait that is advantageous in uneven areas with more obstacles. Our 

findings further highlight the importance of considering prey escape strategies and habitat 

characteristics along with direct predation cues (Wikenros et al. 2015, Dellinger et al. 

2019).  

Though vegetation cover did not have a significant effect at LP sites, deer at wolf 

urine treated sites did demonstrate higher baseline vigilance intensity after treatment was 

applied though it did not vary across vegetation cover. This would appear to show that 

naïve deer demonstrate an innate fear of wolves (Chamaillé-Jammes et al. 2014). 

However, when the novel scent (lemon) and control sites were assessed in the same 

context, we saw a similar pattern indicating that something other than predator scent is 
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affecting starting vigilance later in the study. Since the second half of the study was 

conducted during archery hunting season, this shift in vigilance may indicate a response 

to increased human presence (Benhaiem et al. 2008). Research in Poland found that red 

deer (Cervus elaphus) demonstrated heightened vigilance during hunting season at times 

hunters were likely pursuing them (Proudman et al. 2020). This vigilance shift may also 

be related to an increase in mating behavior (Schuttler et al. 2017). We did not see the 

same pattern in the UP wolf urine treated sites, however (S1).  

Some of our findings support the predator risk allocation hypothesis by showing a 

shift in activity to a less risky feeding time for prey that experience a pause in predation 

pressure (Lima and Bednekoff 1999, Kohl et al. 2018). This hypothesis may also explain 

the lack of difference in vigilance detected in the UP deer population in relation to the 

wolf urine treatment. Since this population is under a more consistent predation pressure 

from wolves and frequent wolf cues, they may demonstrate a lack of vigilance especially 

at food rich site such as hunter bait sites, in order to take advantage of the food source as 

quickly as possible. They are also likely, as we observed, to show more vigilance 

intensity in areas with higher predation potential, such as high vegetation cover 

(Dellinger et al. 2019).  

Finally, this study adds more evidence in highlighting the importance of 

considering both spatial and temporal factors when understanding predator effects on 

experienced versus naïve prey (Moll et al. 2017, Kohl et al. 2018, Dellinger et al. 2019, 

Gaynor et al. 2019). Past research has suggested that naïve prey do not maintain the 

innate ability to react to predator olfactory cues but do have the ability to learn and adjust 
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to predators within one generation (Berger et al. 2001, Steindler et al. 2020). Though 

olfactory cues did not have a significant effect on most variables we investigated, we do 

see a strong effect depending on habitat.  

The recreational hunting tradition of baiting is controversial inside and outside the 

hunting community. This method increases the opportunity for a shot and more 

immediate kill but also creates a predictable food source that concentrates deer and deer 

scent, which in turn attracts wolves. As large predators continue to recolonize their 

former ranges, they will inevitably come into contact with human hunters. This research 

on the effect of predator recolonization on the hunting of naïve and experienced prey can 

shed light on the impact a predator has on a predator savvy and predator naïve prey 

population as it relates to hunting. 
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CHAPTER 4 

 

Recursion patterns of wolves in relation to bear hunter bait sites in the Greater 

Voyagers Ecosystem, Minnesota, USA 

 

SYNOPSIS 

Considering the use of anthropogenic food sources by top carnivore species is important 

when studying consumers in otherwise natural systems. Human food used to bait black 

bear (Ursus americanus) by hunters is one such source commonly visited by nontarget 

species including gray wolves (Canis lupus). To better understand the recursion behavior 

of wolves in relation to bear hunter bait sites, we calculated revisitation to homesites, 

bear bait sites, and other cluster sites (e.g. kills, bed sites) for 6 GPS collared wolves from 

mid-July to mid-October for 2017, 2018, and 2019 in the Greater Voyagers Ecosystem, 

Minnesota, USA. Cluster site types were confirmed in the field. Revisitations, time of 

visitations, and time spent at sites were calculated by counting the number of times a wolf 

entered, observing entrance times, and calculating how long wolves stayed at a bait or 

within a homesite radius respectively. As we predicted, wolves revisited bait sites more 

than other site types, but not more than homesites. Wolves also spent more time at 

homesites than all other site types. While wolves spent more time at bait sites during the 

bait only, pre-hunt period, they reduced their time spent at bait sites and increased their 

time spent at other sites types during the bear hunting season. Wolves also shifted bait 

site visits to a more nocturnal pattern during the bear hunting season. This research 

highlights the need to incorporate hunter provided foods into food web analysis. Though 
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limited in wolf sample size, it indicates a pattern of wolf use of bear hunter bait that 

should be assessed further. 

 

INTRODUCTION 

Understanding the relationship of predators and their prey is a central theme in 

ecology and essential to the understanding of ecosystem function. Often predator-prey 

relationships are more complicated than consumptive effects and include non-

consumptive responses (Wikenros et al. 2015, Gehr et al. 2018, Kohl et al. 2018). For 

example, consistent with the predator sensitive foraging hypothesis, European roe deer 

(Capreolus capreolus) and red deer (Cervus elaphus) have been shown to reduce 

visitation to feeding sites when presented with fresh Eurasian lynx (lynx lynx) scat, which 

in turn reduces time that they are able to feed (Anson et al. 2013, Wikenros et al. 2015). 

Additionally, the predator stress hypothesis posits that predators can elevate specific 

hormones in prey that increase vigilance but also negatively affect fecundity and 

individual health (Boonstra et al. 1998, Clinchy et al. 2004, Anson et al. 2013).  All of 

these effects are altered by the predator hunting mode, habitat cover options, and density 

and diversity of both predators and prey in ecosystems (Wikenros et al. 2015, Kohl et al. 

2018).  

Since real world systems are often more complex than a simple one predator, one 

prey scenario, making inferences about a predator-prey system by simply accounting for 

one predator and one prey will often mask the true ecological processes at play. When 

more prey species are available, prey switching can take place (Garrott et al. 2007). For 
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example, gray wolves (Canis lupus) in Prince Albert National Park, Saskatchewan 

practiced prey switching between larger ungulates such as plains bison (Bison bison 

bison), moose(Alces alces), and elk (Cervus canadensis) in the summer and the smaller 

white-tailed deer (Odocoileus virginianus) in the winter (Shave et al. 2020). Prey 

switching can result in a more stable predator population since a second prey species can 

fill gaps when the first prey species is at low densities or is more difficult to hunt (Davis 

1957). Additionally, the subsidized and more stable predator populations can result in 

apparent competition between prey species causing potential issues for rare or small prey 

populations (Holt et al. 1994, Gibson 2006, Latham et al. 2013, Wittmer et al. 2013).  

Anthropogenic food inputs also add another layer of complexity to the 

understanding of foraging and predator-prey interactions. They can often mimic an 

alternative prey source for predators, acting as a buffer when natural (i.e. not human 

provided) foraging options are limited (Baruch-Mordo et al. 2014). Similar to natural 

prey, anthropogenic food subsidies can positively impact the survival and fecundity of 

consumers, which in turn can have a negative impact on alternative prey species (Robb et 

al. 2008, Oro et al. 2013, Plaza and Lambertucci 2017). Alternatively, anthropogenic 

food subsidies can take pressure off alternative prey species (Ciucci et al. 2020). 

Additionally, anthropogenic food can have negative impacts on some consumer species. 

For example, hibernation, a process shown to slow cellular aging in black bear (Ursus 

americanus), is reduced in individuals that regularly use human provided foods (Kirby et 

al. 2019). This added complexity of anthropogenic food subsidies in otherwise complex 
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natural systems highlights the importance of understanding different anthropogenic 

inputs and their impacts on consumer species.  

One common anthropogenic subsidy is hunter provided food or bait, particularly 

black bear hunter bait. Black bear baiting is a common practice throughout the United 

states and Canada, occurring in 11 states and 10 provinces. Bear bait often consist of high 

calorie foods such as baked goods, bacon, syrups, and grease (Kirby et al. 2017). Because 

bait placement is regulated by hunting season, the occurrence of bait on the landscape is 

predictable in time, thus creating the possibility for species to remember this input and 

change their space use behavior seasonally (Vercauteren and Hygnstrom 1998, Darimont 

and Reimchen 2002, Noser and Byrne 2007). Additionally, hunters often reuse the same 

bait site year to year making the subsidy predictable spatially as well. Recent research has 

shown high use of bear hunter bait sites by non-target species (Candler et al. 2019). 

However, the extent to which some species may alter their behavior and change their 

space use in response to bear hunter bait sites is unknown.  

To better understand the implication of the bait hunters place for black bears on a 

predator-prey system, we first have to understand if, when, and how often consumers use 

the alternative anthropogenic food source. To begin to understand this, we investigated 

one non-target species, the grey wolf, based on field observations indicating that wolves 

visited bait sites. The goal of this study was to investigate the revisitation, or recursion, of 

wolves to known bait sites in Northern Minnesota. We assessed recursions of GPS-

collared wolves to known bear bait sites and homesites for a month prior to baiting (mid-

July –August) and during baiting (September 1 – mid-October). We expected that wolves 
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would revisit black bear hunter bait sites over the duration of baiting and more often than 

other site types (e.g., kill sites), as sites are regularly replenished, but that revisitation 

would not be as regular as homesite revisitation. Additionally, we expected that wolves 

would spend the most amount of time at homesites, but that time spent at homesites 

would decrease during hunting season. We also expected that wolves would spend more 

time at bait sites than other site types but that they would decrease time spent at bait sites 

during hunting season (September 1 through mid-October) when compared to a bait only 

period (mid-August through August 31). Finally, we expected that wolves would revisit 

bait sites primarily at night to avoid interactions with humans that are likely to visit the 

same site.  

METHODS 

 Study Area. This study was conducted in collaboration with the Greater 

Voyagers Wolf Project, which takes place in the Greater Voyagers Ecosystem (GVE). 

The GVE contains Voyagers National Park and as well as a mix of national, state, and 

commercial forests (Gable et al. 2020). The GVE is dominated by dense forest and 

several lakes and wetlands (Figure 1; Gable et al. 2021). Wolf populations in the GVE 

has sustained a dense wolf population (35–45 wolves/km2) for more than 30 year (Gable 

et al. 2016). Wolves in this study area primary feed on white-tailed deer, snowshoe hare 

(Lepus americanus), and beavers (Castor canadensis; Thomas D. Gable et al. 2018a). 

The bear and wolf range in Minnesota overlap substantially across Minnesota 

(Figure 1). Bear baiting is permitted throughout the entire black bear range with the 
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exception of the Boundary Waters Canoe Area Wilderness making bear bait available 

across nearly all of the wolf range in Minnesota.  

Minnesota bear hunters are permitted to establish three bear bait sites at a time 

during the baiting and hunting/baiting season (mid-August–August 31 and September 1–

mid-October respectively; Minnesota Department of Natural Resources [MN DNR] 2017, 

2018, 2019) Hunters are allowed to use anything, including candy, pastries, and cured 

pork, but excluding bones and animal carcasses, in any amount to attract black bears to 

their desired hunting location (MN DNR 2020). 

 Data collection. Between 2017 and 2019, wolves in this analysis were captured 

using foothold traps and cable restraints. They were fitted them with 20-min-fix-interval 

GPS collars (Gable et al. 2021). Researchers searched clusters of GPS locations from the 

collared wolves from April–November to identify predation events but also recorded 

other reasons for clusters, such as visits to a bear hunter bait site (Gable et al. 2021). A 

cluster was defined as ≥2 consecutive locations within a 200-m radius (Gable et al. 

2018c). We used 6 collared wolves from 4 different packs in this analysis, 2 females and 

4 males. 

We subset the GPS locations to include only locations recorded one month prior 

to the start of bear baiting through the bear baiting and hunting periods. These dates 

varied slightly among years but were roughly mid-July through mid-October. After sub-

setting the data, remaining locations were matched with searched cluster information to 

determine site type (homesite, bait site, and other visits) as well as dates that those sites 

were used. For example, locations were not defined as bait sites unless they were visited 
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after the start of the legal baiting date for each year. Similarly, field crews confirmed 

dates that homesites were abandoned so locations were reassigned site type (e.g. bait or 

other) designation if the location occurred after the abandonment date. Homesites were 

defined as the den site or rendezvous site associated with each wolf. We defined any 

point within 200 meters of a homesite as being associated with that homesite since most 

homesites in the GVE were generally <15ha (Gable et al. 2018b). Points that were within 

200m of located bait sites were also considered visits to that bait site. 

 Analysis. For this analysis, we combined all 6 wolves into one dataset. We used 

the recuse package in R (R Development Core Team 2013) to calculate revisitation to 

homesites, bear hunter bait sites, and other sites (including bed sites, travel routes, and 

kill or scavenging sites; Bracis et al. 2018). Revisitations are calculated by counting the 

number of times an animal occurs within a defined circle (200-m radius) around a GPS 

location. We removed any sites that were revisited fewer than 5 times to account for 

chance revisits (e.g., walking the same trail). Using the same R package, we calculated 

total time spent at each site type (homes site, bait sites, both homesite and bait site, and 

other) by summing the time spent within the site area for all visits (Bracis et al. 2018).  

 We used student’s t-test to test for a difference between the number of revisits by 

site type (bait vs. homesite and bait site vs. other sites) for the whole study period (mid-

July through mid-October). We also used students t-test to test for a difference between 

the number of revisits for bait sites in the bait only period and the bait/hunting periods. 

Using the same site type comparisons, we used the student’s t-test to compare time spent 

at each site.  
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We compared the diel activity patterns between homesite and bait sites as well as 

between bait sites and other site types for the overall study period (mid-July through mid-

October). We also compared the diel activity patterns for the bait (Mid-August through 

August 31) and hunt (September 1 through mid-October) periods for bait sites and 

homesites. We looked at these comparisons using a nonparametric kernel density 

estimation procedure (Wang et al. 2015, Prugh et al. 2019). Using the overlap package in 

R (R Development Core Team 2013), we converted times to radians and used a kernel 

density estimator to create a probability density distribution for each site type or study 

period (Ridout and Linkie 2009, Wang et al. 2015, Meredith and Ridout 2018). We 

calculated the proportion of temporal overlap shared between each of the two 

comparisons and used a Δ̂4 overlap estimator with a smoothing parameter of 1 since our 

sample size for all analyses was greater than 50 (Ridout and Linkie 2009, Meredith and 

Ridout 2018).  

To test for a significant difference (i.e. not homogeneity between each of the two 

comparisons) we used the Watson’s U2 statistic with the CircStats package (Lund and 

Agostinelli 2012, Lashley et al. 2018). If wolves shifted their diel activity at either of the 

two site types or during the two time periods, we expected to see Watson’s U2 statistic 

greater than the critical value (0.19 for an α value of 0.05) and P < 0.05. 

RESULTS 

 We found a significant difference between the number of revisits at bait vs. 

homesites and bait sites vs other sites throughout the entire study period (Table 1; Figure 

2). Homesite revisits reduced over time as wolves abandoned den and rendezvous sites 
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(Figure 3). Alternatively, revisits to bait sites and other site types did not change over 

time (Figure 3).  

 Though bait site revisits did not change between the baiting only and 

hunting/baiting periods, the time that wolves spent at bait sites decreased during the 

hunting/baiting periods (Table 1). This was also the case for homesites. Alternatively, 

other site types had an increase in time spent by wolves (Figure 3).  

 We found a significant difference for all diel pattern comparisons we analyzed. 

Though we found a significant difference between bait site and other site type over the 

whole study period, it appears that wolves visit both site types throughout the day (Figure 

4 B). Alternatively, wolves tended to visit homesite more often during the day (Figure 4 

A). During the bait only period, wolves tended to visit bait sites throughout the day but 

reduced visitation around 18:00. During the hunting season, wolves tended to reduce bait 

site visitation during the day and visit more often at night (Figure 4 C). Though our other 

analysis showed that wolves reduced revisitation to homesites as the bear hunting season 

progresses, when they did visit homesites during the bait only period, their visitation 

were higher during the day, but visitation occurred throughout the full 24-hours. 

Alternatively, during the hunting and baiting period, wolves visited homesites exclusively 

between 12:00 and 18:00 (Figure 4 D). 

DISCUSSION 

 Our results indicate that wolves are indeed finding and revisiting black bear 

hunter bait sites in the GVE. Since bear hunters are regularly replenishing bait sites, 

wolves are likely returning to these sites often to take advantage of the predictable food 



 

58 

 

whereas other sites (e.g. kill sites) are not as predictable and therefore are ostensibly 

revisited less often. Wolves will take advantage of, and change their space use, in 

response to anthropogenic resources within their home ranges (Carmichael et al. 2001, 

Alexander et al. 2006).  Opportunistic species, such as wolves, will even reduce the size 

of their home range in response to anthropogenic food source (Bino et al. 2010, Šálek et 

al. 2015, Petroelje et al. 2019) 

 The amount of time spent at locations also varied among site types and between 

baiting and hunting periods. Since hunters likely only visited bait sites during the baiting 

period to replenish their sites, wolves may not have been deterred by human presence as 

consistently. In contrast, during the hunting period, human hunters are likely spending 

more time actively hunting at or close to their bait sites. Hunter bait is not only revisited 

multiple times throughout the hunting season, but often year to year (Zedrosser et al. 

2013). This makes these sites a predictable, but risky food source. This human presence 

may be the reason we detected a reduction in time spent by wolves at bear bait sites 

during hunting season (Theuerkauf et al. 2003a, Kusak et al. 2005).  

Another possibility is that wolves are spending less time at bear bait sites during 

hunting season because other, less risky food becomes available and is a preferred 

alternative. For example, when a hunter harvests a bear or deer in the GVE, they often 

field dress the animal by removing the internal organs, or offal. This cools the animal 

down quickly and prevents the meat from spoiling. This offal is often left afield and made 

available to scavengers such as wolves. Though closely associated with humans, this 

highly nutritious food source is often quickly found and consumed by wolves and other 
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scavengers (Ruth et al. 2003, Wilmers et al. 2003, Lafferty et al. 2016, Gable et al. 

2018a). Offal sites are very unlikely to be revisited by hunters, making them less risky 

for wolves to spend time when compared to bear bait sites that are revisited often 

throughout the season and years. This may also explain the increase in time spent at other 

site types during hunting season.  

Although it may be that wolves are “prey switching” from bait sites to offal, many 

of the bear offal piles are likely located at, or within the 200-meter halo, of the bear bait 

pile. Time spent at these offal locations would appear as revisitations to the associated 

bait sites in our analysis, not other site types. In contrast, deer offal left from archery 

hunters is likely spatially separate from bear bait sites and would register as other site 

types in our analysis. However, time spent at deer offal sites is likely to be limited as they 

are small and often discovered and consumed quickly by multiple scavengers (Jennelle et 

al. 2009, Gomo et al. 2017). Including location data from additional wolves over more 

years will likely bring more clarity to the decrease in time spent at bait sites and an 

increase in time spent at other sites during the bear hunting season.  

While we did detect a shift to a more nocturnal visitation pattern of wolves to bear 

bait sites during the hunting season, contrary to our expectations, we did not detect this 

same pattern during the bait only period. Other research has shown that wolves tend to be 

more active in the dawn and dusk hours when their prey is also active (Theuerkauf et al. 

2003b, Kohl et al. 2018). However, if wolves are consuming a food source that is 

stationary and available throughout the day, their diel scavenging pattern may not have 

crepuscular peaks. Again, because hunters are not actively hunting their bait sites during 
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the bait only period, the daytime hours may be relatively less risky for wolves to visit 

whereas the presence of hunters at bear bait sites during the hunting season is likely to 

influence wolf activity to nocturnal hours (Chavez and Gese 2006).  

Though we detected recursion patterns of wolves to bait sites, including additional 

wolves in future analyses will enable us to investigate more detailed questions about wolf 

movement ecology in the context of bear baiting. Further research with additional wolves 

could shed light on behavioral differences between sexes or potential bear bait pack 

specialization (Manlick and Newsome 2021). Wolf packs have been documented 

specializing on bison, salmon, and beavers (Darimont and Reimchen 2002, MacNulty et 

al. 2014, Gable and Windels 2018). This specialization may impact things such as wolf 

pack movement patterns. For example, packs of wolves in British Columbia that 

specialize on caribou (Rangifer tarandus) migrate with the herd whereas other packs that 

specialize on moose (Alces alces) are territorial (Carmichael et al. 2001). Additionally, 

pack size is strongly corelated with prey risk resulting in smaller packs associated with 

less risky prey (Barber-Meyer et al. 2016). This specialization will also certainly affect 

the prey being targeted as well as those that escape predation. As humans continue to 

expand, they may be creating more dietary niches and increased specialization within 

species (Manlick and Newsome 2021). Understanding if there is a difference in bear bait 

specialization among packs in the GVE will help us better understand how hunter bait 

affects prey and how that impact may among packs. 

In addition to more wolves, a more detailed understanding of homesites shape and 

size could bring the comparison of homesite vs. bait site revisitation into greater focus. In 
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this analysis, we grouped den site and rendezvous site into one category. Additionally, 

the shape that we used to define homesites was a 200-meter circle, which is almost 

certainly an approximation of the actual area that was used by wolves. Both of these 

homesite criteria are oversimplifications of homesite use and may be underestimating or 

overestimating wolf use of the sites. 

Finally, future analysis should explore wolf recursion behavior throughout the 

year rather than time periods in the late summer and early fall only. Employing a 

periodicity analysis such as a Fourier and wavelet analyses can better show when select 

areas (i.e., bear bait sites) are being used throughout the year and with more temporal 

detail (Riotte-Lambert et al. 2013). These analyses would enable us to investigate 

weekly, daily, or even hourly changes to wolf recursion behavior rather than look at 

collar data in large blocks of time (i.e., bait vs. hunting periods).  

With additional data and analyses highlighted above, we can start to understand 

how this anthropogenic food source may be impacting the food web. The late summer 

and early fall in northern Minnesota are typically the most difficult time for wolves to 

capture prey such as white-tailed deer, since deer are at their most fit (Nelson and Mech 

1986). The addition of anthropogenic resources, such as black bear hunter bait, may 

buffer wolves from lower survival that would take place in the absence of humans 

(Baruch-Mordo et al. 2014). If bear bait is indeed positively affecting wolf survival, prey 

species may see a negative impact after bait is once again absent and wolves turn to an 

alternative prey source. (Robb et al. 2008, Oro et al. 2013, Plaza and Lambertucci 2017).  
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Anthropogenic food subsidies are a known attractant to non-target species and can have 

both positive and negative impacts on individual consumer species as well as the food 

web (Rodewald et al. 2011, Gutgesell et al. 2020, Brunk et al. 2021). Leaving 

anthropogenic food resources, such as hunter bait, out of food web analysis leaves out an 

important piece of the puzzle. This research has confirmed the continual use of black bear 

hunter bait by wolves and demonstrates the impact it has on wolf space use and 

movement. Future research should consider similar seasonal anthropogenic foods into 

consumer research. 
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ILLUSTRATIONS 

Chapter 1 

 

Figure 1. Locations of 21 black bear (Ursus americanus) bait sites with camera traps 

August to October 2016 in the western Upper Peninsula of Michigan, USA. The Baraga 

hunting unit includes land east of U.S. Hwy 45 and north of Michigan State Hwy 28. 
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Table 1. Camera-trap detections of all species at bear (Ursus americanus) hunter bait 

sites, Western Upper Peninsula, MI, USA, August–October 2016. Total number of 

detections (column 2) are the number of animals in photographs (many images had 

multiple individuals) taken throughout the study with duplicate photos removed. Percent 

(column 3) is the percent of total detections attributed to each species or taxonomic 

group.     

Species and Taxonomic Groups Total Number of Detections Percent 

Northern raccoon (Procyon lotor)*  8,427 69.82% 

American black bear (Ursus americanus)*  2,185 18.10% 

Mustelids (Mustelidae)*  768 6.36% 

Striped skunk (Mephitis mephitis)*  215 1.78% 

Unidentified small mammals  129 1.07% 

Snowshoe hare (Lepus americanus)  114 0.94% 

Red fox (Vulpes vulpes)*  92 0.76% 

White-tailed deer (Odocoileus virginianus)  45 0.37% 

Squirrel (Sciurus spp.)  29 0.24% 

Coyote (Canis latrans)*  22 0.18% 

Chipmunk (Tamias spp.)  11 0.09% 

Gray wolf (Canis lupus)*  9 0.07% 

Unidentified anuran  6 0.05% 

Moose (Alces alces)  6 0.05% 

Flying squirrel (Glaucomys spp.)  5 0.04% 
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Bobcat (Lynx rufus)*  3 0.02% 

Common raven (Corvus corax)                  2 0.02% 

Wild turkey (Meleagris gallopavo)                  1 0.01% 

Turkey vulture (Cathartes aura)                  1 0.01% 

Total 12,070  

* Carnivore species  
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Table 2. Mean difference in daily number of detections before hunting season vs. during 

hunting season for taxa in the Western Upper Peninsula, MI, USA, August–October 2016 

observed at black bear (Ursus americanus) hunter bait sites. Differences between the 

period before hunting and the period during hunting were significant if the 95% 

confidence interval did not include 0.  

Taxon  Mean difference  95% confidence interval  

All Species  −0.08  −0.17 to 0.01  

Carnivores  −0.40  −0.52 to −0.29  

Black bears  −1.33  −1.44 to −1.23  

Mustelids  0.33  0.29 to 0.37  

Raccoon  1.91  1.61 to 2.21  

Skunk  0.38  0.36 to 0.40  

Red fox  0.07  0.04 to 0.09  

Coyote  0.04  0.03 to 0.04  
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Figure 2. Mean (+ SD) daily number of camera-trap detections of taxa at black bear 

(Ursus americanus) hunter bait sites, Western Upper Peninsula of Michigan, USA, 

August–October 2016.  
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Figure 3. Temporal overlap for indicated species at black bear (Ursus americanus) 

hunter bait sites before hunting (solid line; August 10-September 9) and during hunting 

(dashed line; September 10–24) in the Western Upper Peninsula of Michigan, USA. 

Shaded area indicates the temporal overlap between the 2 time periods. Vertical lines 
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indicate start (~06:50 and ~7:04) and end (~20:32 and ~20:07) of shooting hours for 

September 10, 2016 (dotted) and September 24, 2016 (solid) respectively. The reported 

U2 statistic is compared with the test statistic U2 = 0.19.   
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Figure 4. Camera-trap detections of a black bear (Ursus americanus; A), a fisher (Martes 

pennanti, B), 5 raccoons (Procyon lotor, C), 2 bobcats (Lynx rufus, D) at black bear 

hunter bait sites Western Upper Peninsula, MI, USA, August–October 2016.  
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Figure 5. Camera-trap detections of red fox (Vulpes vulpes) and raccoons (Procyon lotor) 

demonstrating aggressive behavior (A) and sharing food (B), striped skunk (Mephitis 

mephitis) and raccoon displaying defensive behavior (C), and American marten (Martes 

americana), and raccoon (D) at black bear (Ursus americanus) hunter bait sites Western 

Upper Peninsula, MI, USA, August–October 2016.  
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Chapter 2 

Table 1. Comparison of Species Recorded at Observational and Hunter Site. Total 

and proportion of pseudo-bear bait site cameras and black bear hunters who recorded 

each species in the western Upper Peninsula, MI, USA, August–October 2016 at black 

bear (Ursus americanus) hunter bait sites. The confidence interval is asymmetrical since 

the distribution of the odds ratio is from 0 to infinity. Significant differences between 

survey results and pseudo-bear bait site observations are indicated with an asterisk (α = 

0.05). 

Taxonomic 

group 

pseudo-

bear bait 

sites 

Survey Observational 

proportion 

Survey 

proportion 

Odds 

ratio 

95% 

confidence 

interval 

P 

Black bear 20 200 0.95 0.90 0.48 0.01–3.31 0.703 

Coyote 3 51 0.14 0.23 1.80 0.49–9.89 0.426 

White-

tailed deer 

6 68 0.29 0.31 1.11 0.39–3.65 1.000 

Bobcat 1 5 0.05 0.02 0.46 0.05–22.98 0.423 

Gray wolf 1 71 0.05 0.32 9.41 1.44–397.14 0.006* 

Mustelid 15 96 0.71 0.43 0.31 0.09–0.88 0.020* 

Total 21 221      
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Figure 1. Pseudo-bear Bait Site Locations. Locations of 21 black bear (Ursus 

americanus) pseudo-bear bait sites with remote cameras deployed August–October 2016 

in the Western Upper Peninsula (UP) of Michigan, USA.  The study site was located in 

the Baraga hunting unit, which includes land east of US highway 45 and north of 

Michigan State Highway 28. The bottom map indicates bear management units in the UP.   
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Figure 2. Camera Index and Michigan Department of Natural Resources Harvest 

Reports. Relationship between camera index and mustelid (Mustelidae; top graph), 

white-tailed deer (Odocoileus virginianus; middle graph), and gray wolf (Canis lupus; 

bottom graph) density indices in the Upper Peninsula of Michigan, USA August–
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September 2016 (blue), 2017 (orange), and 2018 (black). Each dot represents one county 

in one year.  Dotted lines and model statistics represent the simple linear model that 

includes bear hunter effort as an explanatory variable. 
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Chapter 3 

 

Figure 1. Location of 30 experimental deer bait sites with camera traps September to 

November 2018 in Michigan, USA. The top inset map (sold magenta line) indicates the 

15 sites in the Upper Peninsula and the lower inset map (black dashed line) indicates the 
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15 sites in the Lower Peninsula. The different symbols indicate the different treatments 

assigned to each site.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

78 

 

 

Figure 2. Camera-trap detections of white-tailed deer (Odocoileus virginianus) at 

simulated deer hunter bait sits. These images indicate vigilance (A) and non-vigilance (B) 

behavior.  
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Figure 3. Difference in group size, group vigilance, number in the group that is vigilant, 

and vigilance intensity (sum of proportion of group vigilant in each event divided by total 

time of event) before treatment period and during treatment period. Symbols indicate the 

mean of sites and error bars indicate the 95% confidence interval. Blue shading 

* 

* 

* 

* 

* 
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represents the control sites (water), yellow indicates the novel scent sites (lemon), and 

gray indicates the wolf urine treated sites.  Asterix indicates *p < 0.05.  
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Figure 4. Temporal overlap for indicated area and treatment at white-tailed deer 

(Odocoileus virginianus) hunter bait sites before treatment (solid line) and during 

treatment application (dashed line) in the Upper Peninsula and Lower Peninsula of 

Michigan, USA. Shaded area indicates the temporal overlap between the 2 periods. The 

reported U2 statistic is compared with the test statistic U2 = 0.19. 
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Figure 5. Effects graph showing the predicted vigilance intensity (sum of proportion of 

group vigilant in each event divided by total time of event) by percent vegetation cover 

for both areas, all treatment sites, and across the whole study period (A); all treatment 

sites and across the whole study in the Lower Peninsula of Michigan, USA (B); and all 

treatment sites and across the whole study in the Upper Peninsula of Michigan, USA (C).  
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Chapter 4 

 

Figure 1. Voyagers Wolf Project study area Minnesota, USA. The solid magenta line 

indicates the Greater Voyagers Ecosystem, and the black line indicates Voyagers 
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National Park boundary. The inset map indicates the wolf and bear range in Minnesota, 

USA.  
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Table 1. Mean number of revisits and time spent (hours) by site and period type by gray 

wolves (Canis lupus) in the Greater Voyagers Ecosystem, Minnesota, USA from mid-

July to mid-October for 2017, 2018, and 2019. The confidence interval indicates the 95% 

confidence interval of the mean difference for each given comparison. Differences 

between each site type were significant if the 95% confidence interval did not include 0 

(significance indicated with an asterisk). 

  Site type Period Mean 
95% Confidence 

interval 

number of revisits 
home 

overall 
43.72 

26.98 to 29.32* 
bait 15.58 

number of revisits 
bait 

overall 
15.58 

−3.66 to −2.78* 
other 12.36 

number of revisits bait 
bait 15.75 

−0.50 to 1.16 
hunt/bait 15.42 

number of revisits homesite 
bait 38.32 

38.32 to 8.71* 
hunt/bait 8.71 

number of revisits other 
bait 11.84 

−0.75 to 0.00 
hunt/bait 12.22 

Time spent 
home 

overall 
4.03 

1.87 to 2.33* 
bait 1.93 

Time spent 
bait 

overall 
1.93 

0.44 to 0.63* 
other 2.46 

Time spent bait 
bait 2.40 

0.76 to 1.07* 
hunt/bait 1.49 

Time spent homesite 
bait 2.95 

0.34 to 1.44* 
hunt/bait 2.06 

Time spent other 
bait 2.13 

−0.58 to −0.30* 
hunt/bait 2.57 
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Figure 2. Histogram indicating the number of times locations were revisited by wolves 

(Canis lupus) in the Greater Voyagers Ecosystem for the pre-bait (top graph), bait only 

(middle graph), and bait and hunting periods (bottom graph) from mid-July to mid-

October for 2017, 2018, and 2019. The different colors indicate black bear (Ursus 

americanus) hunter bait sites, both bait and homesites, homesites, and other site types. 
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Figure 3. Gray wolf (Canis lupus) mean number of revisits (top) and mean time spent 

(hours; bottom) at different site types for three different periods in the Greater Voyagers 

Ecosystem from mid-July to mid-October for 2017, 2018, and 2019. Error bars indicate a 

standard deviation.  
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Figure 4. Gray wolf (Canis lupus) temporal overlap between visitations to black bear 

(Ursus americanus) hunter bait sites and homesites (A) and between bear bait sites and 

other sites (B) from mid-July to mid-October 2017, 2018, and 2019 in the Greater 

Voyagers Ecosystem. Panels C and D represent the temporal overlap between the baiting 

and hunting periods for bait sites and homesites respectively. Shaded area indicates the 

temporal overlap between the 2 time periods or site types. 
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Appendices 

 

Chapter 2 

Appendix A. 2016 MICHIGAN BLACK BEAR HUNTER SURVEY. 
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Chapter 3 

 

Fig S1. Obscurement cover effect on vigilance intensity. Effects graph showing the 

predicted vigilance intensity (sum of proportion of group vigilant in each event divided 

by total time of event) by percent vegetation cover for wolf urine (A), novel scent 

(lemon; B), and control (water; C) for the Lower and Upper Peninsula of Michigan, USA.  
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S2. Temporal overlap between deer visitation in the Upper and Lower Peninsula. 

Temporal overlap for white-tailed deer (Odocoileus virginianus) hunter bait sites for 

Lower Peninsula of Michigan, USA sites (solid line) and Upper Peninsula of Michigan, 

USA sites (dashed line). Shaded area indicates the temporal overlap between the 2 

periods. 

 

 


