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Summary 

 

➢ During 16 September–15 December 2020 we identified 11 mortalities of GPS radio-

collared deer attributed to legal harvest (2 adult female and 9 adult male). Monitoring of 

collared deer ends 31 December 2020.  

 

➢ The absolute proportion of collared male deer that were harvested was lesser in 2020 

(25.7%) than in 2019 (38.3%) and 2018 (27.7%).  

 

➢ Distance of migratory movements differed among DWCs where greater annual snowfall 

related to further migratory movements. Migratory movements were least in Dickinson 

County (1.0 km) and greatest in East Middle Branch (32.4 km).  

 

➢ During 5–20 October 2020 we retrieved 245 remote cameras deployed across 5 unbaited 

arrays since 18 July 2020. Cameras were triggered 112,702 times resulting in 338,106 

images. We will use the images of deer captured by cameras to estimate abundance and 

composition for each population.  

 

➢ We updated our website (https://campfirewildlife.com/projects/deer-movement/) and 

Facebook page (https://www.facebook.com/globalwildlifecc) with project results and 

reports for the public. 

 

  

https://campfirewildlife.com/projects/deer-movement/
https://www.facebook.com/globalwildlifecc
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Introduction 

  
Chronic wasting disease (CWD) occurs in free-ranging white-tailed deer (Odocoileus 

virginianus) in the Lower Peninsula of Michigan, and in neighboring Wisconsin, where the 

disease is endemic. Prior to the start of this study, wildlife managers had not documented CWD 

in the Upper Peninsula (UP) of Michigan, though CWD was detected in two deer at two 

Wisconsin captive cervid facilities near the Michigan border. While it was not possible to 

predict if or when CWD would be found in the UP, preparations seemed prudent. As of the 1st 

of December 2020, officials have now identified the disease in captive cervid facilities in 

Oneida, Oconto, Forest, and Marinette Counties, Wisconsin all within 50 km of the Michigan 

border. Additionally, four wild CWD positive deer have been detected in Oneida and Lincoln 

Counties, Wisconsin, <80 km from the Michigan border. On 18 October 2018 CWD was 

confirmed in Dickinson County’s Waucedah Township in a 4-year-old free-ranging female 

white-tailed deer that was shot in September 2018 on a crop damage permit about 6 km North of 

the Michigan-Wisconsin border. A scientifically based understanding of deer movements and 

estimates of population abundance is critical for developing management recommendations in 

response to CWD. Deer movements and abundance can influence the probability of disease 

occurrence, contact rates which can affect transmission rate, and geographic extent of an 

outbreak (e.g., Oyer et al. 2007, Skult et al. 2008, Webb et al. 2010). Importantly, these data 

take time to gather and managers need this information to develop appropriate response plans.  

 

Important deer space-use and movements to understand include seasonal home ranges, 

migration (especially important in the Upper Peninsula), dispersal, transient, and exploratory. 

Information on these movements would inform decisions on identification of CWD management 

zones. The current strategy is to establish a 16-km radius circle around the location of an infected 

cervid and include entire counties whose boundaries intersect this circle as part of the CWD 

management zone. Further, if results from local population surveys or other credible scientific 

data suggest that cervids from within the radius are likely to move beyond the management zone 

boundary, the boundary should be expanded accordingly. In the Upper Peninsula, deer can 

migrate seasonally up to 50 km (Van Deelen et al. 1998), with overall movements exceeding 80 

km (Doepker et al. 2015). These migratory movements, as well as other movements (e.g., 

dispersal), are poorly understood and cannot be delineated by county boundaries.  

 

Although some information exists on deer movements in the UP, most of this information 

was obtained using observations of deer with ear tags that does not provide the spatial and 

temporal resolution to inform management responses to a disease outbreak. Under the existing 

management response guidelines to CWD, large areas would likely be under surveillance and 

management that would not contain infected deer and large areas with potential for infected deer 

would not likely be within the prescribed surveillance zone, rendering management less 

effective. Our forthcoming models of white-tailed deer space use, movements, and abundance 

are intended to be used to identify the spatial extent and relevant deer population for effective 

management of CWD. This will provide credible scientific evidence and allow managers to 

implement a CWD response plan more effectively, based on deer movement and population 

ecology.  
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After completing this research in the western Upper Peninsula, we intend to conduct 

parallel projects in the central and eastern UP to develop this strategy UP-wide. In addition to the 

primary objective of disease management, this research will inform the overall deer management 

program in the UP. 

 

Objectives 

 

1. Quantify timing and extent of deer movements – Determine the frequency, distance, and 

timing of seasonal and extra-home range movements using data compiled from global 

positioning system (GPS) collared deer in each of 3 populations along the Michigan-

Wisconsin border, and deer augmenting Phase 3 of the “Role of predators, winter 

weather, and habitat on white-tailed deer survival in Michigan’s Upper Peninsula” 

(Michigan Predator-Prey study). 

 

2. Estimate deer abundance and composition – Estimate annual deer abundance and 

population composition using an un-baited camera array in each study population. 

 

3. Management Outcomes – Develop spatially-explicit models of probabilistic deer 

movements for each study population, incorporating deer density, to allow managers to 

apply ecologically relevant management zones if CWD is discovered. 

 

Study Area 

  

  Four deer wintering complexes (DWC) in the western UP define the boundaries of the 

winter capture and collaring effort. Summer boundaries are defined by the movements of the 

collared deer. In addition, MDNR is continuing efforts started by the Michigan Predator-Prey 

Project to monitor deer populations in the Deer Foot Lodge DWC, which we include in some of 

our summary results for comparison. Following the discovery of CWD in Dickinson County in 

October 2018, we established a study area in southern Dickinson County to capture and collar 

deer defined by a 5-mile (8 kilometer) diameter area surrounding the index CWD case. Three 

DWCs are along the Michigan-Wisconsin border (Figure 1). 

 

Southern Dickinson County (DNC; 45.7357°, -87.7484°) is in the low snowfall zone and 

receives an average of less than 60 days with >30 cm (>12 in) of snow depth. This region is also 

considered to be in the conditional range for white-tailed deer migration where due to reduced 

snow depths and snow cover deer do not need to migrate most years (Beyer et al. 2010).  

 

Little Girls Point DWC (LGP; 46.6037°, -90.3312°) is in the mid snowfall zone and 

receives an average of 76 days with >30 cm (>12 in) of snow depth. Little Girls Point DWC 

covers about 65 km2 (25.1 mi2) in Gogebic County along Lake Superior and immediately north 

of the Michigan-Wisconsin border. Land ownership within LGP is 45% private, 38% 

Commercial Forest, 11% Gogebic County School Forest, and 6% Ottawa National Forest 

(MDNR 2016a).  

 

Deer Foot Lodge DWC (DFL; 46.2505°, -88.2291°) is in the mid snowfall zone and 

receives an average of less than 86 days with >30 cm (>12 in) of snow depth. Deer Foot Lodge 
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DWC covers about 261 km2 (101 mi2) in portions of Iron County north of the Michigamme 

Reservoir. Land ownership within DFL is 35% private, 33% Commercial Forest, and 32% State 

of Michigan (MDNR 2015). 

 

West Iron County DWC (WIC; 46.0895°, -88.8024°) is within the mid snowfall zone and 

receives an average of 89 days with >30 cm (>12 in) of snow depth. West Iron County DWC 

covers about 609 km2 (235 mi2) in Iron County north and west of the city of Iron River. Land 

ownership within WIC is 43% Ottawa National Forest, 34% private, 19% Commercial Forest, 

and 4% State of Michigan (MDNR 2016c).  

 

East Middle Branch DWC (EMB; 46.5576°, -88.9358°) is in the high snowfall zone and 

receives an average of 91 days with >30 cm (>12 in) of snow depth. East Middle Branch DWC 

covers about 295 km2 (114 mi2) in portions of both Houghton and Ontonagon Counties north of 

Bruce Crossing. Land ownership within EMB is 61% Ottawa National Forest, 23% private, 12% 

Commercial Forest, and 4% State of Michigan (MDNR 2016d). 

 

Lake Gogebic DWC (LKG; 46.3999°, -89.4610°) is in the high snowfall zone and 

receives an average of 92 days with >30 cm (>12 in) of snow depth. Lake Gogebic DWC covers 

about 691 km2 (267 mi2) in portions of Gogebic and Ontonagon counties northwest of 

Marenisco. Land ownership within LKG is 55% Ottawa National Forest, 27% Commercial 

Forest, and 18% private (MDNR 2016b).  

 

Accomplishments 

 

Deer Mortality and Censors 

During 16 September–15 December 2020 we observed 11 mortalities (2 adult females, 9 

adult males). We attributed all 11 mortalities to legal hunter harvest. The absolute proportion of 

collared male deer that were harvested was lesser this year (25.7%) as compared to 2019 (38.3%) 

and 2018 (27.7%). Cumulative cause-specific mortality for 2018–2020 (Figure 2) demonstrates 

two time periods of increased mortality driven by natural causes (i.e., predation and starvation) 

during winter and human caused (i.e., hunter harvest) during fall.  

 

Deer Survival 

We used Kaplan-Meier models to estimate survival during the biological year (i.e., 1 

June–31 May) for adult (> 1-year-old) white-tailed deer (Figure 3) without staggered entry of 

newly captured individuals. Collared adult deer survival probability was similar between 

bioyears (0.77 in 2018; 0.75 in 2019). However, survival was 20–30% lesser for adult males as 

compared to adult females during both years (Figure 4). We will be unable to estimate survival 

for bioyear 2020 (1 June 2020–31 May 2021) as collars will not be collecting data during 

January–May 2021.  

 

For collared fawns, we estimated winter survival (1 January–31 May) with Kaplan-Meier 

models that included staggered entry but caution this is not comparable to annual fawn survival 

which is much lesser since these fawns were captured at 7–8 months of age and substantial fawn 

mortality occurs before 6 months of age (Kautz et al. 2019). Winter survival for fawns was 
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similar between 2018 (0.63, SE = 0.06) and 2019 (0.58, SE = 0.10) though survival probability 

for males was greater than for females during both winters (Table 1).  

 

Deer Movements 

During 16 September–15 December 2020 collars (n = 16) transmitted 296 GPS location 

attempts, of which 206 were successful fixes (success rate of transmitted GPS fixes = 69.6%). 

We did not observe any deer movements during this period outside of previously observed 

ranges (Figure 5). Snow depths were not of sufficient depths (≥ 30 cm [>12 inches]) to inhibit 

deer movement in any DWC resulting in reduced migratory movements as compared to previous 

years during this time (Figure 6).  

 

We estimated migratory behavior of collared white-tailed deer during 2017–2020 using 

model driven classification of animal movement based on net squared displacement (MigrateR; 

Spitz et al. 2016) which classified annual individual movements as migrant (n = 114), mixed 

migrant (n = 59), disperser (n = 15), nomad (n = 5), or resident (n = 11). Though migration dates 

varied among years, mean date of migration to leave summer range was 7 December, arriving on 

the winter range by 28 December (Figure 7). On average spring migration occurred about twice 

as quickly with mean date of migration to leave winter range on 14 April, arriving on the 

summer range by 24 April (Figure 7). Mean distance between summer and winter ranges for 

migratory and mixed migratory white-tailed deer increased across DWCs with respect to greater 

snowfall (1.0 km [DNC], 6.9 km [WIC], 12.5 km [LGP], 23.8 km [LKG], and 32.4 km [EMB]). 

Average distance between ranges for dispersers was 5.9 km across DWCs. 

 

Deer Abundance and Composition 

We collected 245 cameras deployed since 7 July (Figure 8) in DNC, EMB, LGP, LKG, 

and WIC during 5–20 October and uploaded images to a hard drive. Two cameras, of the 250 

deployed, were stolen (1 from DNC and 1 from EMB), three were destroyed or lost to logging 

operations (1 in EMB and 2 in LGP), and six cameras had corrupt image files. Cameras were 

triggered 112,702 times resulting in 338,106 images from DNC (n = 88,623), EMB (n = 38,258), 

LGP (n = 28,067), LKG (n = 72,873), and WIC (n = 110,285). The Michigan DNR also 

deployed cameras (n = 46) in an array that partially covers the Deerfoot Lodge wintering 

complex for which we are also cataloging photos and estimating deer densities for comparison. 

Cataloging and analysis of images is ongoing. 

 

Public Outreach and Partnerships  

 We updated our webpage for the U.P. Deer Movements Study 

(https://campfirewildlife.com/projects/deer-movement/) to include recent reports, results, and 

media content for public access. We regularly updated our Facebook page 

(http://www.facebook.com/globalwildlifecc) with project activities.  

 

Work to be completed (December 2020–March 2021) 

 

Deer Mortality Monitoring and GPS Radio-Collar Recovery 

 We will continue to monitor white-tailed deer movements and survival using collar 

satellite transmissions through 31 December 2020 when data collection will cease as collars near 

the end their usable life and stop transmitting data. When we receive a mortality message, we 

https://campfirewildlife.com/projects/deer-movement/
http://www.facebook.com/globalwildlifecc
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will conduct a mortality investigation to determine cause-specific mortality and, if possible, 

collect the head for submission to the WDL to test for CWD. 

 

Migration Timing, Distance, and Direction 

 As we near the completion of data collection, we will continue to update analyses and 

finalize metrics of migration for each wintering complex to inform spatially-explicit models of 

probabilistic deer movements for each study population. 
 

Deer Abundance and Composition 

 We will continue classify images of deer from camera surveys as fawn or adult male or 

female. We will use N-mixture models (Royle 2004, Chandler et al. 2011) to estimate deer 

abundance, sex ratio, and age class composition output from the Deer Density web-app 

(https://trpetroelje.shinyapps.io/deercamdensity/) we built. We will incorporate deer telemetry 

data during the time of the camera survey to convert abundance estimates to density estimates 

(Duquette et al. 2014a, Chitwood et al. 2017). Covariates that can influence deer distribution and 

abundance (e.g., previous winter severity, snow-free days before 15 May, land cover [Duquette 

et al. 2014b, 2015]) will be incorporated into models to refine abundance/density estimates.  

 

Public Outreach 

We will continue to update our Facebook page 

(http://www.facebook.com/globalwildlifecc/) and website 

(https://campfirewildlife.com/projects/deer-movement/) with project results to disseminate 

project reports and additional information for public consumption. 
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Table 1. Kaplan-Meier survival estimates for collared adult white-tailed deer during the 

biological year for deer (1 June–31 May) and collared fawn white-tailed deer from capture until 

reaching 1 year of age (1 January–31 May). Survival estimates are included for each sex and for 

all collared individuals within Little Girls Point (LGP), Lake Gogebic (LKG), West Iron County 

(WIC), and East Middle Branch (EMB) deer wintering complexes and the chronic wasting 

disease core area in Dickinson County (DNC). Additionally, the standard error (SE) and lower 

and upper 95% confidence intervals (CI) for the survival estimates are shown. Western Upper 

Peninsula of Michigan, USA.  

Age Period Sex Survival SE 
Upper 95% 

CI 

Lower 95% 

CI 

Adult 

1 Jun 2018–31 May 

2019 

Female 0.82 0.04 0.89 0.75 

Male 0.61 0.14 0.80 0.47 

All 0.77 0.04 0.84 0.71 

1 Jun 2019–31 May 

2020 

Female 0.82 0.04 0.89 0.75 

Male 0.57 0.12 0.72 0.44 

All 0.75 0.05 0.81 0.68 

Fawn 

1 Jan-31 May 2018 

All 0.63 0.06 0.53 0.75 

Male 0.65 0.09 0.50 0.85 

Female 0.61 0.08 0.48 0.78 

1 Jan-31 May 2019 

All 0.58 0.10 0.42 0.82 

Male 0.76 0.10 0.59 0.97 

Female 0.37 0.15 0.17 0.81 

  



 12 

 
Figure 1.  Locations of the 5 general study areas defined by deer wintering complexes (Little 

Girls Point, Chaney Lake, Lake Gogebic, West Iron County, and East Middle Branch) along with 

the southern Dickinson County study area defined around the index case of an adult female deer 

that tested positive for chronic wasting disease in October of 2018, western Upper Peninsula of 

Michigan, USA. Inset shows location of study areas within the Great Lakes region of the USA.     
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Figure 2. Cumulative cause-specific mortality for 126 white-tailed deer during 1 January 2018–

15 December 2020. Winter mortality is almost entirely attributed to natural causes (i.e., 

predation and starvation) whereas fall mortality is almost entirely human-caused (i.e., hunter 

harvest). Western Upper Peninsula of Michigan, USA. 
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Figure 3.  Kaplan-Meier survival estimates for collared adult (> 1-year-old) white-

tailed deer during 1 June 2018–31 May 2019 (red) and 1 June 2019–31 May 2020 

(blue). Confidence intervals (95% lower and upper) are shown by the shaded region 

surrounding the suvival curve. Two pronounced declines in survival occur during the 

biological year for deer surrounding deer hunting season and late winter, where the 

amount of mortality is dependent on hunting pressure and winter severity, respectively. 

Western Upper Peninsula of Michigan, USA.
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Figure 4.  Kaplan-Meier survival estimates for all male (M) and female (F) adult (> 1-year-old) 

white-tailed deer collared on the UP Deer Movement Study and Michigan Predator-Prey Project 

during 1 June 2018–31 May 2019 (18) and 1 June 2019–31 May 2020 (19). Survival probability 

is significantly less for adult males as compared to adult females with most adult male mortality 

occuring over a short period of time during the fall hunting season. Western Upper Peninsula of 

Michigan, USA. 
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Figure 5. Movements of collared white-tailed deer (n = 287; 4 January 2018–15 

December 2020) captured in Little Girls Point (green), Lake Gogebic (red), West Iron 

County (blue), and East Middle Branch (yellow) deer wintering complexes and 

Dickinson County (magenta) chronic wasting disease (CWD) core area. Also shown are 

movements of adult female deer collared for the Michigan Predator-Prey study in East 

Middle Branch (yellow; n = 131; 4 January 2017–15 December 2020), western Upper 

Peninsula of Michigan, USA. Boundaries include deer management units (orange 

lines), county borders (black lines), CWD core area (dark red polygon), and deer 

wintering complexes or study areas (blue shaded polygons). Map inset shows location 

of study areas within the Great Lakes region of the USA. 
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Figure 6.  Modeled snow depth for 15 December (2018, 2019, and 2020; National 

Operational Hydrologic Remote Sensing Center, Interactive Snow Information). This 

variation among years demonstrates the importance of snow depth and fall migration. 

Most deer migrations to wintering complexes occurred when snow accumulation 

exceeded 30 cm (~12 inches), which restricts deer movements. Movement in lower 

snowfall areas was unrestricted by snow depth at this time. Western Upper Peninsula of 

Michigan, USA. 

2018 

2019 

2020 

http://www.nohrsc.noaa.gov/interactive/html/map.html?ql=station&zoom=&loc=46.420+N%2C+90.365+W&var=ssm_depth&dy=2018&dm=3&dd=14&dh=15&snap=1&o11=1&o9=1&o8=1&o12=1&o13=1&lbl=m&mode=pan&extents=us&min_x=-90.616666666668&min_y=45.941666666662&max_x=-88.208333333335&max_y=47.291666666662&coord_x=-89.4125000000015&coord_y=46.616666666662&zbox_n=&zbox_s=&zbox_e=&zbox_w=&metric=0&bgvar=dem&shdvar=shading&width=800&height=450&nw=800&nh=450&h_o=0&font=0&js=1&uc=0
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Figure 7. Migration dates for collared white-tailed deer during winter (blue) and spring (green) 

migration estimated using net squared displacement. Included are bioyears (i.e., 1 June–31 May) 

2017 (dotted line), 2018 (dashed line), and 2019 (solid line). Western Upper Peninsula of 

Michigan, USA.   

0

5

10

15

20

25

30

35

1
-J

u
n

2
2
-J

u
n

1
3
-J

u
l

3
-A

u
g

2
4
-A

u
g

1
4
-S

ep

5
-O

ct

2
6
-O

ct

1
6
-N

o
v

7
-D

ec

2
8
-D

ec

1
8
-J

an

8
-F

eb

1
-M

ar

2
2
-M

ar

1
2
-A

p
r

3
-M

ay

2
4
-M

ay

M
ig

ra
ti

n
g
 d

ee
r

Date



 19 

Figure 8. Locations of 296 remote cameras set by U.P. Deer Movement Study (red asterisks) and 

Michigan Department of Natural Resources Wildlife Division (blue asterisks). Cameras were set 

along secondary roads or trails to collect images of deer during July–October 2020, western 

Upper Peninsula of Michigan, USA. Also shown are deer management units (orange lines with 

orange highlighted text). Inset showing the location within the upper Great Lakes region of the 

USA. 

 

 

 

 


