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A tumultuous past… 

 Beginning in the 1800s, wolf bounties and state-
sponsored exterminations, coupled with habitat loss 
quickly decimated wolf populations throughout the Great 
Lakes region.  

 
 



A tumultuous past… 

 By 1911, wolves were extirpated from Michigan’s 
Lower Peninsula. 

 The last known breeding wolves in the Upper Peninsula  
occurred during the mid-1950s.    
 



Potential Recovery 

 The Endangered Species Act in 1973 brought federal 
protection for the wolves. 

 
 By the 1980s, residual wolf packs in Minnesota began 

to grow and naturally recolonize areas of Northern 
Wisconsin and Michigan’s Upper Peninsula (UP). 

 
 The population in Michigan’s UP is now thought to 

exceed 500, status of Lower Peninsula is unknown. 



Introduction 

 A need to develop a model that predicts probability of 
occurrence of wolves in NLP.  
 Recent sightings, reports, and documented wolves . 
 

 Models can assess and predict the distribution patterns of a 
species. 
 Allows for better planning. 
 Provide effective, long- term management prescriptions. 
 

 The ability to project changes to suitable habitat will allow 
for proactive management. 
 Prevent future declines and federal government involvement 
 Puts more power into the hands of managers. 



Introduction 

 Why use a GIS model? 
 
 Redundancy is a non-issue 

 Statistical models require non-correlated variables. 
 In GIS models, redundancy in variables does not affect 

accuracy and may improve as variables are added (Beier 
et al 2007). 

 Main impact is on ecological interpretation, not accuracy of 
numbers (Beier et al 2007). 

 
 Provides a visual representation that can be interpreted 

easily 
 Does not require a technical background to understand. 



Introduction 

 Previous work 
 Mladenoff et. al 1995 
 Logistic regression model of suitable wolf habitat 
 Based on road density 

 Roads increase  human contact increases mortality increases. 
 Already validated by field studies 

 

 Gehring and Potter 2005 
 Applied Mladenoff model to Michigan’s Northern Lower Peninsula 
 Determined enough suitable habitat for ~ 100 wolves in NLP 



NLP Suitable Wolf Habitat 



Questions 

 If road density accurately predicts wolf habitat 
because of associated risk of human-caused mortality, 
can census data also predict the same? 

 
 Difficult to predict rate and location of future road building; 

human growth trends may be easier and more accurate. 
 

 If a relationship between human populations and road-
based wolf habitat exists, can future available wolf 
habitat be predicted based on projected census? 



Objectives 

 Determine  relationship between road-based 
habitat models and human density 
 2005 based census data 

 
 
 
 
 Use projected census data and census/habitat 

relationship to predict future wolf habitat 
 Predict availability to 2050 



Data 

 Gehring and Potter 2005 suitable habitat 
 >50% Probability of Occurrence 
 From: Dr. Tom Gehring, Central Michigan University 

 Michigan Counties 
 From: Michigan Center for Geographic Information 

(MCGI) Website 
 Michigan Census Blocks 
 From: MCGI Website 

 Census data- Block level 
 US Census Factfinder website 

 
 



Methods- Objective 1 

 Download and integrate current U.S. census data 
 Determine current human density (people/km2) in 

Gehring and Potter (2005) suitable habitat (GP 
suitable habitat) 

 Determine what human density defines majority (90%) 
of GP suitable habitat 



Methods 

 Download and integrate current US Census data 
 Number of people in each respective census block 

 Steps: 
 Download census data into a text file 
 Add text file to ArcMap as a table 
 Join text file with appropriate census block 

 



Methods 

 Determine current human density 
 Calculate area (km2) of each census block 
Toolbox>Spatial Statistics>Calculate Area 
Adds m2 as area field; convert to km2 

 

 Calculate Density 
People ÷ area of census block 
 

 Display by density 
Quantities>Graduated Colors 
Based on density attribute 
 





Methods 

 What is the human density that most accurately 
describes wolf habitat? 
Used a 90% cutoff to identify a human density that 

defines GP suitable habitat area 



Methods- Objective 2 

 Project future census based on past trends 
 Apply GP suitable habitat human density 

relationship to census projections 
 Determine if this will affect future wolf habitat 



Methods 

 Project future census 
 Determine future density based on previous rates of 

growth 
Obtained census data 1970-2005 

 Source:  Office of the State Demographer 

Found average rate of human growth by 5-year increments 

 Apply growth rates to blocks to determine future of wolf 
habitat in NLP at constant rate of human growth 
Does new density fall under “suitable” density? 

 



Methods 

 Focused on 
Montmorency 
County for this 
study 
 Test county 
 Lack of Time 
 



Results 

Objective 1:  Relationship between human 
density and suitable wolf habitat 
 



Results-2005 

 Current human density in Montmorency County:  
 7.1 people/ km2   

 

 Current human density overall in GP suitable 
habitat: 
  2.4 people/ km2  

 





Results-2005 

Total of 685 km2 of GP suitable habitat identified in Montmorency Co. 

Human Density (# people/km2) 



Results-2005 

 

90% of that land area has a human density of less than 5 people. 

Human Density (people/km2) 

0    <1    <2   <3   <4   <5   <6   <7   <8   <9 

Human Density  by Percent of Area 

97% of the area has fewer than 9 people/km2 



Results 

 Objective 2:  Using the human density/suitable 
habitat relationship, predict available wolf habitat 
to year 2050, given growth of human populations. 



Population Growth 1970-2005 
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Years 

Montmorency Growth Rates 

Montmorency County Population Growth Rate 1970-2005. 
Based on information from Michigan Office of State Demographer 

Average 5-year growth rate 
1970-2005 

:  1.152 





Human Densities within GP  
Suitable Wolf Habitat 2050 

Results- 2050 

Only 70% of suitable area now falls under ≤5 people/km2 

90% cutoff is not realized until ≤11 people/km2 



Results 

Human Density 
(people/km2) 

Percent of Area 2005 Cumulative % at or 
below density 

Percent of Area 2050 Cumulative % at or 
below density 

0 44 44 44 44 

>0-1 25 69 4.4 48.4 

>1-2 1.5 70.5 11 59.4 

>2-3 3.5 74 7 66.4 

>3-4 11 85 2.6 69 

>4-5 5 90 1 70 

>5-6 1 91 0 70 

>6-7 1.5 92.5 .5 70.5 

>7-8 3 95.5 1.5 72 

>8-9 .5 96 .2 72.2 

>9 4 100 27.8 100 



Results-2050 

 2050 growth:   
 8.4 people/ km2  in suitable 

habitat 
 As compared to 2.4 in 2005 

 Only 70% of area has <5 
people/km2 

 Still, 44% of original area 
remains with no human 
inhabitants. 



Discussion 

 Currently, 90% of GP suitable habitat has a human 
density of <5 people per km2. 
 Density of <5 people/km2 was used as human density 

that defines suitable wolf habitat 
 Comparable to other studies 

 
This Study 
(Michigan) 

Fuller et al (1992) 
(Minnesota) 

Wydeven et al (2007) 
(Wisconsin) 

Cutoff Percentage 90% 88% 90% 

Optimal Human Density <5 <4 <4 

Max Human Density N/A <8 <10 



Discussion 

 Current estimate of total Montmorency Co. GP 
suitable habitat: 2.4 people/ km2 

 90% of suitable habitat area human density is under 5. 
 97% of suitable habitat area human density is under 

10. 
 

 2050 growth:  8.4 people/ km2   
 Only  70% of suitable habitat human density is under 

5. 
 Only  74% falls under a human density of 10. 
 



Discussion 

 Given current and constant rates of human growth, 
Montmorency County could stand to lose 20-23% 
of suitable habitat. 
 20% optimal 
 23% maximum human density 

 Conservative estimate 
 Zero inhabitance blocks 

 Model an be applied to all of Michigan’s wolf 
habitat to predict potential wolf habitat decline 

 



Limitations 

 Census blocks irregularly shaped and human 
inhabitance may not be proportionally distributed 
across entire block 

½ km2 

12 people 
24 people/km2 

0 



Limitations 

 Does not incorporate immigration or emmigration of 
people 

 Census growth for each block based on growth of 
entire county 

 The based on idea of exponential growth of human 
population 
 



In Conclusion… 

 Studies have indicated strong associations between 
local human density and carnivore extinctions 
(Woodroffe 2000, Woodroffe and Ginsberg 1998) 

 This study is very beneficial and useful in identifying 
ecological trends and changes to local critical 
habitat 

 Numerical results should be interpreted with caution 
 Interpret based on limitations of model 
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