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Summary 

 
 
 Responses of Canada lynx (Lynx canadensis) to linear corridors, particularly roads and trails, 

depend on geographic area, individual lynx, road characteristics and local habitat. Roads and trails may 

benefit lynx by increasing both the ease and speed of travel between use areas. However, proximity to 

roads may increase the probability of lynx-human interactions and the risk of mortality from vehicle 

collisions and incidental human-caused mortality. In Minnesota, lynx frequently travel along and cross 

roads and trails, and proximity to road features occurs both within home ranges and during long-distance 

movements outside of established territories.  The use of linear features by lynx was assessed within 

seasonal home ranges based on about 4,500 GPS locations from 7 lynx collected during a 6 year 

radiotelemetry study in the Superior National Forest. Within home ranges, lynx were closer to roads than 

both water or wetland features, and about 3% of locations occurred on roads/trails. As expected, male 

lynx had faster movement rates and larger home ranges than female lynx.  Although the sample size was 

small preventing statistical analysis, movement rates were faster for consecutive locations on a road/trail 

than locations not on a road/trail for female lynx, but similar for male lynx.  Distance to roads/trails 

decreased with increasing road density; however movement rate was not affected by road/trail density 

which was similar among individuals, home ranges and seasons.  Road crossings were also not related to 

road density, and were proportionate to the total length of various road surface types present within a 

home range.  Finally, distance to roads/trails did not differ between actual locations and random locations.  

This suggested that lynx were not selecting for or against roads within their home ranges, although within 

25 m of a road/trail lynx were closer to roads than random expectation.  It appears that the consistent road 

density across the study area (< 2 km/km
2
) may account for the lack of relationship between road density 

and lynx use of roads.  It is also probable that lynx use roads/trails within home ranges for more than just 

movement, potentially foraging along road corridors.  Interactions with prey, and encounters with human 

activities, vehicles and competitors near roads and trails likely explains why movement rates were not 

increased by road/trail presence.  The frequency of lynx occurrence near roads within the home range and 

during long-distance movements indicates that lynx in Minnesota are occasionally vulnerable to mortality 

associated with roads.  The extent of this potential threat to lynx in Minnesota is unknown.  
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Introduction 

 

Canada lynx (Lynx canadensis) in southern boreal forests maintain larger home ranges than their 

northern counterparts.  This is due to a lack of habitat homogeneity and the need to incorporate a greater 

diversity of habitat types with sufficient snowshoe hare (Lepus americanus) densities in the southern lynx 

range (Aubry et al. 2000; Murray et al. 2008). Increased habitat diversity, increased fragmentation, and 

higher human population densities expose southern lynx populations to more human disturbances, 

including roads and development, than northern lynx populations (Murray et al. 2008).   

 

Based on results of radiotelemetry and snowtracking research, the effects of roads and other 

human features on behavior of Canada lynx can be positive or negative. Individual characteristics, local 

habitat conditions, road widths, traffic volume, and other factors affect measured responses to these 

features (Aubry et al. 2000; Murray et al. 2008). Lynx selected against roads and road edges and crossed 

highways less than expected within home ranges in Maine and British Columbia (Apps 2000; Fuller et al. 

2007).  Lynx may also avoid roads by selecting home ranges that have lower road densities than other 

adjacent areas (Vashon et al. 2008). If true, road presence could limit availability of habitat for lynx. 

However, lynx neither preferred nor avoided roads when selecting habitat within home ranges and within 

home range core areas in Maine (Vashon et al. 2008). Lynx also crossed and traveled along highways, 

and tolerated intermediate levels of snowmobile traffic within home ranges in the Yukon Territory 

(Mowat et al. 2000).  In Wyoming, denning sites were further from roads than expected, but this did not 

appear to relate to human disturbance, as lynx did not avoid roads with vehicle traffic (Squires et al. 

2008).   

 

Regardless of geographic location, roads could benefit lynx by increasing efficiency of movement 

between preferred use areas. However, roads can also be a mortality risk from vehicle collisions or from 

incidental human-caused mortality. Increased competition with sympatric carnivores, disturbance, snow 

compaction, habitat fragmentation, habitat modification and habitat loss are other possible negative 

effects of roads (Aubry et al. 2000; Buskirk et al. 2000).  This ambiguity is relevant to Canada lynx in 

Minnesota. In Minnesota, lynx regularly cross and travel along roads and other linear features (Moen et 

al. 2008).  Occurrence near roads is also common during long-distance movements between the U.S. and 

Canada (Moen et al. 2010; Moen et al. In prep b).  Most lynx deaths in Minnesota have been caused by 

human activities, including vehicle collisions, trapping, and shooting (Moen et al. 2008), and human 

presence is expected to be higher along a road.    
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Using Global Positioning System (GPS) locations for 11 lynx fitted with GPS radiocollars during 

a 6-year radiotelemetry project in the Superior National Forest, we examined the use of roads by Canada 

lynx within home ranges. During long-distance movements, lynx often occurred within 200 m of roads 

within the roaded portions of the Superior National Forest (Moen et al. 2010; Moen et al. In prep b).  

However, roads are not necessary for long-distance movements, as indicated by straight-line movements 

across the roadless Boundary Waters Canoe Area and Wilderness (BWCAW).  Also, road densities and 

proximity to roads did not differ between a small subset of lynx locations within home ranges and lynx 

locations during long-distance movements.  

 

This report completes the analysis of road use within home ranges in Moen et al. (2010). We 

tested whether lynx modified movement with respect to presence of roads and other linear features within 

their home ranges at a scale that could be detected with GPS radiocollar locations. Using lynx locations 

collected 6 hours apart and seasonal home range estimates (Moen et al. 2008; Burdett et al. 2007; Moen et 

al. In prep a) we examined lynx use of linear corridors, particularly roads/trails and water features, within 

home ranges. We also calculated movement rates within the home range and quantified the relationship 

between movement rate and road density to determine whether the presence of roads decreases travel time 

when snow is present or when vegetation is dense.  Finally, we estimated the frequency of occurrence on 

or along roads/trails and the frequency with which lynx crossed roads/trails between recorded collar 

locations, in order to quantify the risk posed to lynx by proximity to roads within home ranges and assess 

whether these risks vary seasonally. 
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Study Area 

The study area included parts of Cook, Lake, and St. Louis counties in Minnesota.  Seventeen 

seasonal and 5 annual lynx home ranges occurred within the Superior National Forest (Figure 1).  Roads 

were present throughout the study area, with the exception of the roadless Boundary Waters Canoe Area 

and Wilderness (BWCAW), which included only a portion of one seasonal home range. 

 

 
Figure 1. Distribution of home ranges for 7 (4 male and 3 female) Canada lynx in northeastern Minnesota with GPS 

radiocollars. The Superior National Forest (orange) and roadless Boundary Waters Canoe Area and Wilderness 

(BWCAW; light orange) are shown, as is the network of roads, trails and railroads in Cook, Lake and St. Louis 

counties.  
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Methods  

 

Lynx Telemetry Locations and Home Ranges  

 

Lynx were captured and radiocollared between 2003 and 2009 (Burdett et al. 2007; Moen et al. 

2008, Moen 2009).  Of 14,965 GPS locations from GPS collars worn by 12 Canada lynx (6M/6F), we 

used 4,545 locations from 7 individuals (4 males, 3 females) for this analysis because of temporal and 

geographical restrictions used to sample locations.  Our sample was limited to locations collected when 

GPS collars were set to attempt locations at a 6 hour interval. We also used only those locations within 

the seasonal home ranges for the 7 study animals.  Finally, we limited the analysis to locations in Superior 

National Forest within Cook, Lake and St. Louis counties, Minnesota, and excluded locations defined as 

long-distance movements (Moen et al. 2010). 

 

Home ranges and core home ranges were calculated as 95% and 60% kernels, respectively, and 

included annual, winter (1 December–30 April), denning (1 May–30 June), and summer–fall (1 July–30 

November) home ranges (Burdett et al. 2007).  Nine home ranges were winter home ranges when snow 

would be present; 5 home ranges were denning season home ranges and 3 were summer-fall home ranges. 

Snow would typically be absent from the study area in the denning and summer-fall seasons. 

 

GIS Coverages- Transportation and Water 

 

 GIS data used was provided by the U.S. Forest Service or obtained from the Minnesota 

Department of Natural Resources (MnDNR) Data Deli
 
(http://deli.dnr.state.mn.us/).  Road/trail data was 

compiled to include all U.S. Forest Service designated roads and trails in the Superior National Forest and 

all classes of roads recognized by the Minnesota Department of Transportation (MnDOT). Trails, 

snowmobile trails and railroads were downloaded from the Data Deli. Stream and lake/river data was 

provided by the Superior National Forest.  Finally, wetland data was derived from the U.S. Fish and 

Wildlife Service National Wetlands Inventory.  This classification includes 12 wetland types found in 

Minnesota and was subsampled for shrub swamps and wooded swamp cover types that would be likely to 

support snowshoe hare populations. 

 

Programs Used 

 

 GIS mapping and analysis were completed using ArcMap 10 (ESRI 2010) and Geospatial 

Modelling Environment (Spatial Ecology LLC 2011). Statistical analyses were performed using R 2.13.1 

(The R Foundation for Statistical Computing 2011) and the statistical functions in Microsoft Excel 

(Microsoft 2007).  
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Use of Roads/Trails and Water Features 

  

 We determined the distance to the nearest road/trail for all locations and calculated the mean 

distance to the nearest road/trail by individual lynx, seasonal home range, sex, and season.  Distance to 

roads/trails was compared between male and female lynx with t-tests and among winter, denning, and 

summer-fall seasons for each sex with ANOVA and t-tests.  We also calculated the distance from each 

location to the nearest stream, lake edge and river bank (lake/river), shrub swamp edge, and wooded 

swamp edge.  Distance to these water and wetland features was evaluated by individual, sex, season, and 

seasonal home range. 

 

 We also compared the proximity to roads/trails for actual lynx locations to distance to roads/trails 

for random locations.  Within each seasonal home range we created ten samples of random locations 

equivalent to the number of actual locations within that home range and determined the distance from 

each random location to the nearest road/trail.  To compare random locations to actual locations we tested 

if the actual mean distance to each feature was within the 95% confidence interval for the mean of the 

random locations by home range.  We then quantified the percent of home ranges for which the actual 

mean distance was greater than, less than, or did not differ from the mean distance for random locations. 

We also compared the cumulative frequency distribution for distance to roads/trails between actual lynx 

locations and random locations.  Finally, we compared the frequency with which actual lynx locations are 

closer than random expectation to road/trail features for the subset of locations within 5 m, 100 m and 25 

m of a road/trail. 

 

 In order to evaluate road/trail use within home ranges, we defined the occurrence of lynx “on” 

roads/trails as when locations were 6 m or less from a road/trail.  This distance accounts for position error 

associated with the GPS locations. We estimated road/trail use for male and female lynx and during 

winter, summer-fall, and the denning season. We also quantified the frequency with which consecutive 

locations occurred within 6 m of a road/trail. 

 

Movement Rates 

 

 Displacement distance was determined for all pairs of consecutive locations separated by a 6 hour 

interval and used to calculate the movement rate between successive locations.  We determined the mean 

movement rate by individual, as well as by sex.  Mean movement rate was compared by sex and among 

seasons for both male and female lynx with t-tests and ANOVA.  We also determined the movement rate 

between pairs of consecutive locations that occurred on a road/trail and compared it to the movement rate 

between locations not occurring on a road/trail. 
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Road/Trail Density and Home Range Area 

  

 For each of the 17 seasonal home ranges we determined the home range area, total length of all 

roads/trails, and calculated the road/trail density within each home range.  Road/trail density and home 

range area was compared qualitatively among seasonal home ranges. Road/trail density and home range 

area was also compared among seasons with an ANOVA, and between male and female lynx with a t-test.  

We examined the relationship between road/trail density and distance to the nearest road/trail by seasonal 

home range using linear regression. We also used linear regression to examine the relationship between 

movement rate and road/trail density by seasonal home range. 

 

Road/Trail Crossings 

 

 To assess road/trail use and the potential risk posed to lynx by road/trail use, we determined the 

number of times each lynx crossed a road/trail. We generated movement paths for each individual as 

straight-line segments between consecutive locations and determined the number of times these paths 

crossed roads/trails per day that a lynx was radiocollared.  Road/trail crossings per day was estimated by 

individual lynx, and compared between male and female lynx using a t-test.  We also used linear 

regression to examine the relationship between road/trail crossings per day and road/trail density by 

individual lynx. Finally, we calculated percent of road/trail crossings and percent total road/trail length for 

different road surface types for each individual. Surface type for roads/trails was based on U.S. Forest 

Service surface type designations and included asphalt, crushed aggregate or gravel, frozen soil, improved 

native material, native material and snowmobile trails.   

 

Results 
 

Proximity to Roads/Trails and Water Features 

 

Within the home range, lynx were 302 ± 4 m from the nearest road/trail, 568 ± 6 m from the 

nearest stream, and 649 ± 6 m from the nearest lake/river.  Distance to the nearest shrub swamp was 299 

± 3 m and distance to the nearest wooded swamp was 430 ± 6 m. These distances varied by individual 

and by sex (Fig. 2).   
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Figure 2. Distance (± SEM) to the nearest (a) road/trail, (b) stream and lake/river, (c) shrub swamp and wooded 

swamp for 7 GPS radiocollared lynx. Male lynx are indicated in blue and female lynx are indicated in red. 
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Female lynx were significantly closer to roads/trails within the home range (236 ± 4 m) than male 

lynx (367 ± 7 m) (Fig. 3; t-test, t3857= -16.14, p < 0.001).  Females were also significantly closer to water 

features and wetlands than males (Fig. 3).  This included streams (Female: 543 ± 8 m; Male: 593 ± 10 m; 

t-test, t4440= -3.90, p < 0.001), lakes/rivers (Female: 629 ± 7 m; Male: 668 ± 9 m; t-test, t4412= -3.44, p < 

0.001), shrub swamps (Female: 274 ± 5 m; Male: 324 ± 5 m; t-test, t4504= -7.41, p < 0.001), and wooded 

swamps (Female: 411 ± 7 m; Male: 449 ± 10 m; t-test, t4023= -3.18, p < 0.005). However, the difference in 

distance to water and wetland features between male and female animals was only about 50 m.  Though 

the 50 m differences are statistically significant, they may not be biologically significant. 

 

Figure 3. Distance (± SEM) to the nearest road/trail, stream, lake/river, shrub swamp and wooded swamp for 4 male 

(blue) and 3 female (red) lynx.  Asterisks indicate significant differences in mean distance.  
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Among male lynx there were seasonal differences in distance to roads/trails and water features 

(Table 1).  Male lynx were marginally closer to roads/trails during the winter than the denning season (t-

test, t410 = 2.05, p = 0.041).  However, male lynx were closer to all other linear features in the denning 

season than in winter.  This included streams (t483 = -3.65, p < 0.001), lakes/rivers (t500 = 6.56, p < 0.001), 

shrub swamps (t476 = 2.69, p < 0.01) and wooded swamps (t533 = 2.93, p < 0.005). One explanation for this 

could be that males were moving using linear features more during the denning season than during winter. 

However, a difference of 40 to 100 m between seasons may not be large enough to consider different 

from a management perspective. There were no summer-fall locations separated by a 6 hour time interval 

for male lynx. 

 

* 

* 
* 

* 

* 
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Among female lynx (Table 1), there were no significant seasonal differences in distance to 

roads/trails (ANOVA, F2,2258= 0.8335, p = 0.435) or distance to lakes/rivers (ANOVA, F2,2258= 0.4031, p = 

0.668) between winter, summer-fall and the denning season.  Female lynx were significantly closer to 

streams in summer-fall, followed by winter, and finally the denning season when pairwise comparisons 

were Bonferroni adjusted (ANOVA, F2,2258= 15.843, p < 0.001).  Females were also closer to shrub 

swamps in summer-fall than either the denning season or winter (F2,2258= 13.718, p < 0.001) and closer to 

wooded swamps in winter and summer-fall than during the denning season (F2,2258= 12.43, p < 0.001). 

Shrub swamps and wooded swamps are predicted to be snowshoe hare habitat, and may explain proximity 

of females during the summer-fall.  

 

 
Table 1. Distance to nearest road/trail, stream, lake/river, shrub swamp and wooded swamp (± SEM) by season for 4 

male and 3 female lynx.  This includes winter (1 December–30 April), denning (1 May–30 June), and summer–fall 

(1 July–30 November) locations. 

 

                    Distance ± SEM (m) 

  Winter Denning Summer-Fall  Total 

Road/Trail         

Male 360 ± 7.1 406 ± 21.4 --- 367 ± 6.8 

Female 230 ± 5.5 236 ± 10.6 251 ± 9.1 236 ± 4.3 

Stream         

Male 606 ± 10.5 514 ± 23.1 --- 593 ± 9.6 

Female 537 ± 10.1 654 ± 25.7 503 ± 15.8 543 ± 8.2 

Lake/River         

Male 690 ± 9.5 545 ± 20.0 --- 668 ± 8.7 

Female 626 ± 9.5 640 ± 19.1 633 ± 14.0 629 ± 7.3 

Shrub Swamp         

Male 330 ± 5.5 293 ± 12.4 --- 325 ± 5.0 

Female 290 ± 6.3 288 ± 11.3 232 ± 7.6 274 ± 4.6 

Wooded Swamp         

Male 459 ± 10.9 390 ± 20.9 --- 449 ± 9.8 

Female 393 ± 8.6 506 ± 20.4 404 ± 11.8 411 ± 6.7 

 

 

There were 152 occurrences of lynx on or within 6 m of a road/trail (3.3% of locations; 

approximately 0.1 occurrences/day).  Although marginally more frequent for female lynx, occurrences on 

roads/trails were similar for female (n = 83; 3.7%; 0.11 occurrences/day) and male lynx (n = 69; 3.0%; 

0.09 occurrences/day).  More summer-fall and denning season locations (5.9% and 4.7%, respectively) 

occurred on roads/trails than winter locations (2.6%).  There were 11 instances (males, n = 7; females, n = 

4) of two consecutive locations occurring on a road/trail, 8 of which were recorded during winter. We 
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found no strong pattern in distance to roads/trails based on time of day, although lynx did tend to be 

further from a road/trail during daylight hours (0800 to 1600) and again at night (2000 to 0400 hours) 

(Fig. 4.). In addition, distance to nearest road/trail might be lower at about 0500 hours and 1800 hours 

than at other times of the day.  

 

Figure 4. Distance (± SEM) to the nearest road/trail throughout the day for lynx locations.  
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Movement Rates within the Home Range 

 

 Movement rate differed by individual and sex for locations separated by 6 hours (Fig. 5).  

Overall, male lynx had a significantly faster movement rate over 6 hours (215 ± 5 m/hr) than female lynx 

(124 ± 3 m/hr) (t-test, t3482= 15.72, p < 0.001).  Fast movement rates would be expected for male lynx 

because they have larger home ranges and move over larger areas than female lynx. There was no 

significant difference in movement rate between winter (211 ± 6 m/hr) and denning season (240 ± 11 

m/hr) for male lynx (t-test, t530=2.35, p = 0.02) (Fig. 6).  For female lynx, there was a significant 

difference in movement rate among seasons (ANOVA, F2,2250= 3.35, p < 0.05).  However, when pairwise 

comparisons were Bonferroni adjusted the only difference in movement rate was between summer-fall 

(128 ± 5 m/hr) and winter (121 ± 4 m/hr), with movement rate for the denning season at 130 ± 8 m/hr. 

The difference between summer-fall and winter movement rates was only marginally significant (p = 

0.049), and a difference of < 10 m / hr is not likely to be biologically significant (Fig. 6).   
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Figure 5. Movement rate (± SEM) for 7 GPS radiocollared lynx. Movement rates are calculated over a 6-hour 

period.  Male and female lynx are indicated in blue and red, respectively. 
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Figure 6. Movement rate (± SEM) for male (blue) and female lynx (red) by season, including winter (1 December–

30 April), denning season (1 May–30 June), and summer–fall (1 July–30 November).  
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For the 11 instances of consecutive locations occurring on a road/trail, the mean movement rate 

was 211 ± 67 m/hr for males (n = 7) and 259 ± 130 m/hr for females (n = 4).  Movement rates were high 

for females relative to their movement rates not on a road/trail (124 + 3 m/hr) but were similar for males 

relative to their movement rates when not on a road/trail (215 + 5 m/hr). However, because of the limited 

number of consecutive locations on a road/trail, no meaningful statistical comparisons could be made 

between successive locations occurring on and those not occurring on a road/trail. 
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Road/Trail Density and Home Range Area 

  

 Home range area varied among seasonal home ranges and individual lynx (Table 2).  Home range 

area based on 6-hour GPS radiocollar locations was larger for male lynx (139 ± 56 km
2
) than female lynx 

(35 ± 11 km
2
); however this difference was not statistically significant (t-test, t7. 6 = 1.84, p = 0.11).  One 

male (Lynx 12) had a larger home range than other males, and also had a part of his home range in the 

BWCAW. When this male was excluded, the difference in home range area between male (84 ± 12 km
2
) 

and female lynx (35 ± 11 km
2
) was statistically significant (t-test, t13.5 = 3.09, p = 0.008). The larger home 

range size of male lynx compared to female lynx was previously shown for lynx in Minnesota based on 

GPS and VHF locations (Burdett et al. 2007). While the pattern suggested that home range area was 

largest in the denning season (144 ± 97 km
2
), followed by winter (61 ± 13 km

2
), and summer-fall (48 ± 28 

km
2
), these differences were not statistically significant (ANOVA, F2,14 = 0.108, p = 0.9).   

 

Road density was very similar among seasonal home ranges, individuals, seasons and sexes 

(Table 2).  Road density was similar in male (1.3 ± 0.1 km/km
2
) and female (1.4 ± 0.1 km/km

2
) home 

ranges (t-test, t14 = -0.47, p = 0.65). Road density also did not differ between winter (1.4 ± 0.1 km/km
2
), 

summer-fall (1.3 ± 0.2 km/km
2
) or the denning season (1.4 ± 0.2 km/km

2
) (ANOVA, F2,14 = 0.125, p = 

0.88) home ranges.   
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Table 2. Home range area and road/trail density for 17 seasonal home ranges of 4 male and 3 female lynx. Mean 

home range area and road density are also included for each individual, for male and female lynx, and for all 7 lynx. 

 

  
Home Range Area 

(km
2
) 

Road/Trail Density 

(km/km
2
) 

Lynx 02     

Winter 2004 129.2 1.33 

Denning 2004 91.8 1.06 

Winter 2005 66.2 1.48 

Mean 95.7 (± 18.3) 1.29 (± 0.12) 

Lynx 05     

Winter 2005 28.6 1.01 

Winter 2006 87.3 1.06 

Mean 57.9 (± 29.4) 1.04 (± 0.02) 

Lynx 06     

Winter 2004 90.9 1.76 

Denning 2004 95.8 1.97 

Mean 93.4 (± 2.4) 1.87 (± 0.11) 

Lynx 12     

Denning 2004 522.4 1.04 

Mean 522.4 1.04 

All Male Lynx 139.0 (± 55.7) 1.34 (± 0.13) 

Lynx 07     

Winter 2004 13.1 1.64 

Winter 2005 22.2 1.53 

Denning 2005 4.5 2.03 

Summer-Fall 2005 28.2 1.69 

Winter 2006 51.4 1.30 

Mean 23.9 (± 8.0) 1.64 (± 0.12) 

Lynx 14     

Denning 2004 6.3 1.13 

Summer-Fall 2004 13.9 1.07 

Mean 10.1 (± 3.8) 1.10 (± 0.03) 

Lynx 24     

Summer-Fall 2004 102.6 1.24 

Winter 2005 68.5 1.13 

Mean 85.6 (± 17.1) 1.19 (± 0.05) 

All Female Lynx 34.5 (± 11.1) 1.42 (± 0.11) 

ALL LYNX 83.7 (± 29.0) 1.38 (± 0.08) 
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 Linear regression showed a significant negative relationship between distance to nearest road/trail 

and road/trail density. Distance to roads/trails decreased with increasing road/trail density within a 

seasonal home range (Fig. 7; p < 0.005).  This significant relationship between road/trail density and 

distance to roads/trails was nearly identical for random locations within the seasonal home range (Fig. 7; 

p < 0.001). However, road/trail density does not appear to affect movement rate within a seasonal home 

range (Fig. 8; p = 0.16).  

 

Figure 7.  Linear regression of road/trail density and mean distance to nearest road/trail for actual locations (♦, black 

solid line) and random locations (×, blue dashed line). Each record represents one of 17 seasonal home ranges. For 

random locations, each record represents the mean of 10 replicates. 
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Figure 8. Linear regression of road/trail density and mean movement rate for 17 seasonal home ranges. 
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Proximity to Roads/Trails for Actual versus Random Locations 

 

When compared to random locations within the 95% kernel home range, actual lynx locations 

were closer to roads/trails than random locations for 59% (n = 10) of seasonal home ranges (Appendix 1). 

For 24% (n = 4) of seasonal home ranges the distance to nearest road/trail for actual locations did not 

differ from the distance for random locations, while actual lynx locations were farther from roads/trails 

than random locations for 18% (n = 3) of seasonal home ranges.  Thus, we have two groups of seasonal 

home ranges—those with locations closer to roads/trails than random locations (Average Difference: 64 ± 

18 m) and those with locations further from roads/trails than random locations (Average Difference: 19 ± 

6 m).  Based on qualitative analysis of these groups, there appear to be no patterns based on sex, season or 

relative geographic location of the seasonal home range.  There may, however, be an effect of individual.  

In the case of Lynx 5, actual locations were further from roads/trails than random locations for both 

seasonal home ranges (Winter 2005 and Winter 2006).  In addition, distance to the nearest road/trail for 

actual locations did not differ from the distance for random locations for 2 of 3 seasonal home ranges 

evaluated for Lynx 2 (Winter 2004 and Winter 2005). Finally, there was no difference in distance to 

roads/trails between actual locations and random locations for the only seasonal home range for Lynx 12 

(Denning 2004). This home range for Lynx 12 was the only home range overlapping the roadless 

BWCAW. 

 

Lynx do not appear to be selecting for or against roads/trails when compared to random locations 

within the home range (Fig. 9). For all lynx, the cumulative frequency distribution for actual GPS 

locations and random locations within the home range followed a similar trajectory.  The simplest 

interpretation of this relationship would be that in moving around their home ranges lynx are not selecting 

for areas closer to or farther from roads than they would if they were moving at random. Male Lynx 6, 

which had locations that were closer to roads/trails than random locations than any other lynx (Fig. 9), 

also had the highest road density within his home range (Table 2). However, Female Lynx 24 also had 

locations closer to roads/trails than random locations, but she had a low road density within her home 

range (Table 2).  

 

A third test of the relationship between actual GPS locations and random locations in the home 

range compared the frequency with which locations are closer than random expectation to linear features. 

For example, one hypothesis is that a lynx would be more vulnerable to human-caused mortality if it 

occurs within 10 m or 25 m of a road/trail than if it occurs more than 100 m from a road/trail.  Thus, we 

tested whether lynx are spending more time close to roads/trails than would be expected. Based on 
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comparison to a 1:1 line that indicates no preference for roads/trails, several locations within seasonal 

home ranges seem to be slightly closer to roads/trails than expected (Fig. 10).  
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Figure 9. Comparison of cumulative frequency distribution for distance to roads/trails for actual lynx locations and 

random lynx locations within a seasonal home range.  
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Figure 10. Comparison of proximity to roads/trails (within 5 m, 10 m and 25 m) for actual lynx locations and 

random lynx locations for 17 seasonal home ranges. A 1:1 relationship indicates no preference, points above the 1:1 

line indicate avoidance of roads/trails, and points below the 1:1 line indicate preference for roads/trails.  
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Road/Trail Crossing 

 

 Overall there was an average of 3.0 ± 0.4 road/trail crossings per day for the 7 study lynx, but 

individual lynx crossed roads/trails with varying frequency (Fig. 11).  Male lynx had more road/trail 

crossings per day (4.0 ± 0.1 crossings/day) than female lynx (2.0 ± 0.3 crossings/day) (t-test, t2.8 = 6.11, p 

< 0.05).  The number of road/trail crossings per day was not correlated with increasing road/trail density 

within the home range (Fig. 12; p = 0.8).   
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Figure 11. Road/trail crossings per day for male (blue) and female (red) lynx. 
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Figure 12. Linear regression of mean road density and road/trail crossings per day. Each record represents an 

individual lynx (4M/3F).  
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We examined the percent of road/trail crossings comprised of different road surface types (Table 

3).  Asphalt roads/trails made of improved native material and native material comprised the largest 

percent of road/trail crossings for most animals.  For Lynx 2 and Lynx 6 crushed aggregate or gravel 

roads also represented a large percent of road/trail crossings, and trails designated for snowmobile use 

comprised a large proportion of road/trail crossings for Lynx 2, Lynx 6 and Lynx 14.  Road/trail crossings 
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for Lynx 12 were predominantly trails made of improved native material or native material.  This was 

expected because parts of the home range of Lynx 12 were in the roadless BWCAW. 

 

We also calculated the percent of total road/trail length within a home range represented by 

different road surface types (Appendix 2). Compared to Table 3, the total length of each road/trail type 

within the home range was relatively similar to the proportions of crossings comprised by each road 

surface type. 

 

 
Table 3. Percent of road/trail crossings for different U.S. Forest Service road surface type designations by individual 

lynx. Includes number of road/trail crossings, duration of time lynx was radiocollared (days), and road/trail 

crossings per day. Roads/trails with surfaces designated for portage, hiking and cross-country skiing were not 

included here because they lack motorized vehicle traffic. 

 

 Percent of Road/Trail Crossings 

  Male Lynx Female Lynx 

  
Lynx 

02 

Lynx 

05 

Lynx 

06 

Lynx 

12 

Lynx 

07 

Lynx 

14 

Lynx 

24 

Asphalt 19 19 11 9 40 37 2 

Crushed Aggregate or 

Gravel 13 2 23 4 6 3 9 

Frozen Soil 0 1 0 1 1 0 1 

Improved Native Material 7 32 8 24 9 6 35 

Native Material 28 27 24 46 11 30 37 

Snowmobile Trail 32 0 26 6 0 23 0 

Surface Type Not Specified 1 19 3 9 34 0 16 

                

Number of Road/Trail 

Crossings 1167 815 841 140 1132 219 289 

Duration of Observation 

(Days) 272 220 200 35 511 147 115 

Road/Trail Crossings/Day 4.3 3.7 4.2 4.0 2.2 1.5 2.5 
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Discussion 

Human-lynx interaction is more likely near roads and trails because most human activity 

occurs near roads. However, the effect of roads and trails on lynx changes with the scale of 

observation and by geographic location. Lynx presence was lower as road density increased at the 

southern edge of lynx range in Alberta (Bayne et al. 2008). In Maine and British Columbia, lynx 

selected against roads and road edges within home ranges (Apps 2000; Fuller et al. 2007).  At the 

home range scale in Minnesota the distance to roads/trails for random locations within a lynx home 

range was very similar to the distance to roads/trails for actual lynx locations, which implies that there 

is not selection for or against roads/trails. However, lynx tended to be closer to roads/trails than 

random expectation when considering only the subset of lynx locations that were < 25 m from a 

road/trail. This suggests that if lynx are near a road/trail, they will be closer than expected at random.  

 

The relatively uniform road density across Lynx Analysis Units (LAUs) (Moen et al. 2010) 

could at least partially explain the lack of a relationship between road density and lynx use at larger 

scales. The ubiquity of roads in each LAU in the Superior National Forest outside of the BWCAW 

caused lynx to occur an average of 300 m from roads/trails within their home range, with about 60% 

of home range locations occurring within 300 m of a road/trail. Lynx were even closer to roads/trails 

during long-distance movements outside of their home range. Lynx preferentially used roads or road 

corridors on long-distance movements, occurring an average of 177 m from a road/trail (Moen et al. 

2010; Moen et al. In prep b). 

 

Use of roads/trails would benefit lynx by reducing energetic expenditure during travel and 

increasing opportunities for foraging.  Movement rate decreased with increasing road/trail density. 

Movement rates on long-distance movements were also faster in the roadless BWCAW than the 

roaded portions of the Superior National Forest (Moen et al. 2010).  This suggests that lynx were not 

using roads solely for increasing the speed of travel. Prey abundance, vehicle traffic, human activities 

and encounters with competitors may contribute to slower movement rates on roads, but we cannot 

determine which factor is responsible for observed differences in movement rates with existing data.   

 

Based on past research on snowshoe hare, there is some support for prey abundance reducing 

lynx movement rates on roads. Snowshoe hare occur along roads/trails where browse and understory 

cover are abundant, and are also subject to high rates of predator kills along roads (Pietz and Tester 

1983; Sievert and Keith 1985).  In Ontario, snowshoe hare track distributions were dependent on 

distance from anthropogenic corridors, including roads and ditches, with hares appearing more 
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abundant at least 10-30 m from such corridors (Davey 1997).  Thus, prey abundance and encounters 

along roads may not only explain the tendency for slower movement in areas with higher road/trail 

densities, but also the occurrence of lynx near roads/trails. 

 

The proximity to roads/trails, occurrences on roads/trails, and road/trail crossings indicate 

that lynx could also be subject to the mortality risks associated with roads during movements and 

activities inside the home range, as well as during extra-territorial movements.  In northeastern 

Minnesota nearly half of recorded lynx mortalities have been caused by hunting, trapping and vehicle 

collisions (Moen et al. 2008).  The proportion of asphalt roads crossed by lynx also indicates that at 

least some lynx frequently use highways and other roads with potentially high volumes of traffic 

without mortality.  The effect of traffic volume on lynx road use requires further study to quantify the 

risks of vehicle traffic on lynx survival. Vehicle collisions negatively affect survival and serve as a 

major source of mortality for other carnivore species, especially larger species with low reproductive 

rates and high mobility, which may increase their vulnerability to the risks of roads (Snow et al. 2011; 

Bateman and Fleming 2012; Rytwinski and Fahrig 2012).   

 

Reducing the risk of mortality to Canada lynx in the Superior National Forest would benefit 

recovery of the species, but reducing mortality risk may not be as simple as closing access to roads. 

An implicit assumption is that mortality rates are higher closer to roads (e.g,. Bayne et al. 2008). If 

true, time that lynx spend near roads/trails should be viewed in the context of how much time a lynx 

would be potentially vulnerable to human-caused mortality. Results from this study indicate that the 

proportion of time lynx spend near roads/trails is greater than expected. Within the home ranges, 

about 3% of locations were on or within 6 m of a road/trail, and about 10% of locations were within 

25 m of a road/trail. Assuming that GPS locations are a representative sample of lynx locations, a 

lynx would be within 6 m of a road/trail about 45 minutes each day, and within 25 m of a road/trail 

about 2.5 hours each day. This leads to a potential for increased risk of human-caused mortality 

because of the proximity to human activities, but we have not yet demonstrated that mortality risk is 

increased because lynx spend time near roads/trails. Additional work on the distance of influence for 

human-caused mortality would be required to fully evaluate the risk to a lynx of being close to a 

road/trail. 

 

Whether mortality would decrease if road/trail access were limited is also dependent on the 

type of mortality that would occur. Even though lynx are close to a road/trail, this does not mean they 

would be visible to humans. For much of the year, when forbs and grasses are growing and leaves are 
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on shrubs, a lynx would not be easily seen even when it was only 1 or 2 m from the edge of a road or 

trail. This would reduce the risk of incidental shooting, but visibility would not be as much of a factor 

for incidental trapping. If traps are set within 25 m of roads/trails, at a minimum, lynx would be 

potentially vulnerable to being trapped about 2.5 hours each day during the trapping season. Adult 

lynx radiocollared in Minnesota survived from 1 to 6 years (mean = 1.73 years), with few individuals 

caught in traps. This indicates that at least these lynx avoided being trapped at current road/trail 

densities.   

 

We cannot predict that the lynx population in SNF would increase if roads were closed based 

on the current analysis. There is a strong link between snowshoe hare density and lynx presence in the 

Superior National Forest, and there are also many areas with very few or no snowshoe hare (McCann 

and Moen 2011, Moen et al. 2012).  If snowshoe hare populations are not present where roads are 

closed, there will not be a response by lynx. Closing roads in areas with few or no snowshoe hare, or 

no activities planned to improve hare habitat would not benefit lynx, and probably should not be 

identified as beneficial for lynx, without first identifying and justifying hare presence, or plans for 

increasing hare presence in the future. 

 

 If an LAU has road densities that are above the desired road/motorized trail density of 2 

mi/mi
2
, if the link between human road use and lynx mortality is supported, and if there are snowshoe 

hare densities or hare habitat improvement projects that can be done in an area adequate to support 

Canada lynx, then it might be desirable to consider road closures specifically for the benefit of lynx. 

If a road/trail closure is not biologically justified based on snowshoe hare presence, there is a 

potential backlash that could increase human-caused lynx mortality. Lynx behavior makes them 

vulnerable to human-caused mortality, and if the public associates road/trail closures with lynx, some 

individuals may choose to illegally kill lynx that they see on roads/trails. Furthermore, lynx that are 

incidentally taken in traps may not be reported. A fear of illegal activities should not drive ESA 

policy, but on the other hand prudent biologically-based decisions might be beneficial to the overall 

lynx population in Minnesota.  

 

 We recommend conducting further studies to better understand the risk to lynx from vehicle 

traffic, and to inform the development of additional conservation measures. These studies could be 

accomplished using existing data. For example, the mortality database currently being maintained by 

the USFWS could be used to identify types of roads where lynx have died from direct and incidental 

take, although the data may be biased because dead lynx are more visible on roads. A second 
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important project would be to increase understanding of the relationship between road density, road 

use by humans, road use by lynx, and risk of mortality. It would be desirable to explicitly identify a 

link between road density and lynx mortality. One possibility would be to consider looking at traffic 

volumes on roads in relation to lynx use, evaluating lynx mortality, and evaluating survival of lynx 

when home ranges include different types of roads and trails.  
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Appendix 1. Distance to nearest road/trail (+ SEM) for actual locations and random locations by seasonal 

home range. Difference in distance to roads/trails (Random mean – Actual mean) is also shown. Plus sign 

(+) indicates seasonal home ranges for which actual locations were further from roads/trails than random 

locations, asterisks (**) indicates home ranges for which mean distance to roads/trails did not differ 

between actual locations and random locations, and minus sign (-) indicates home ranges for which 

random locations were closer to roads/trails than actual lynx locations. 
 

Lynx 
Seasonal Home 

Range SEX 

Mean 
Distance 

Actual (m) 

Mean 
Distance 

Random (m) 

Difference in Mean 
Distance  

(Random - Actual)   

Lynx 07 Winter 2004 F 251.8 (± 12) 221.5 (± 4) -30.2 + 
Lynx 05 Winter 2006 M 471.3 (± 19) 456.6 (± 6) -14.7 + 
Lynx 05 Winter 2005 M 400.6 (± 13) 388.1 (± 5) -12.5 + 

Lynx 14 Summer-Fall 2004 F 391.6 (± 22) 388.3 (± 8) -3.3 ** 
Lynx 02 Winter 2005 M 338.9 (± 11) 346.4 (± 4) 7.5 ** 
Lynx 12 Denning 2004 M 477.8 (± 44) 488.1 (± 15) 10.3 ** 
Lynx 02 Winter 2004 M 431.2 (± 25) 445.1 (± 9) 13.9 ** 

Lynx 07 Denning 2005 F 163.3 (± 11) 177.9 (± 3) 14.6 - 
Lynx 07 Winter 2005 F 235.5 (± 9) 251.7 (± 3) 16.3 - 
Lynx 02 Denning 2004 M 526.5 (± 36) 551.7 (± 13) 25.3 - 
Lynx 06 Denning 2004 M 199.9 (± 22) 230.9 (± 6) 31.1 - 
Lynx 14 Denning 2004 F 312.4 (± 16) 347.9 (± 7) 35.5 - 
Lynx 07 Summer-Fall 2005 F 172.5 (± 9) 227.1 (± 4) 54.6 - 
Lynx 07 Winter 2006 F 236.7 (± 11) 295.8 (± 4) 59.1 - 
Lynx 24 Summer-Fall 2004 F 263.3 (± 17) 347.5 (± 7) 84.2 - 
Lynx 06 Winter 2004 M 186.0 (± 11) 303.1 (± 4) 117.0 - 
Lynx 24 Winter 2005 F 172.1 (± 11) 374.6 (± 6) 202.5 - 
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Appendix 2. Percent of total road/trail length for different U.S. Forest Service road surface type 

designations by seasonal home range. Includes mean percent length for individual lynx, all male lynx, all 

female lynx and all animals. Due to a lack of motorized vehicle use roads/trails with surfaces designated 

for portage, hiking and cross-country were not included. 
  

Percent of Total Road/Trail Length 

  Asphalt 

Crushed 

Aggregate or 

Gravel Frozen Soil 

Improved 

Native 

Material 

Native 

Material  

Snowmobile 

Trail 

Not 

Specified 

Male Lynx               

Lynx 02               

Winter 2004 8 16 0 3 39 28 4 

Denning 2004 12 15 0 2 37 30 4 

Winter 2005 12 15 0 8 36 27 2 

Mean 11 16 0 4 37 28 3 

Lynx 05               

Winter 2005 31 0 0 23 21 0 26 

Winter 2006 14 1 4 20 30 0 30 

Mean 22 1 2 21 26 0 28 

Lynx 06               

Winter 2004 10 20 0 3 42 21 1 

Denning 2004 7 26 1 6 40 12 3 

Mean 9 23 0 4 41 17 2 

Lynx 12               

Denning 2004 5 9 2 20 47 9 8 

Mean 5 9 2 20 47 9 8 

All Male Lynx 12 13 1 11 37 16 10 

Female Lynx               

Lynx 07               

Winter 2004 36 6 0 5 14 0 40 

Winter 2005 39 4 1 8 17 0 32 

Denning 2005 35 9 0 8 4 0 44 

Summer-Fall 

2005 32 3 3 13 19 0 30 

Winter 2006 31 7 7 6 15 0 34 

Mean 35 6 2 8 14 0 36 

Lynx 14               

Denning 2004 46 0 0 15 13 26 0 

Summer-Fall 

2004 27 8 0 6 29 31 0 

Mean 37 4 0 10 21 29 0 

Lynx 24               

Summer-Fall 

2004 8 18 1 21 39 0 14 

Winter 2005 0 14 1 31 36 0 18 

Mean 4 16 1 26 37 0 16 

All Female 

Lynx 28 8 1 12 21 6 23 

ALL LYNX 20 10 1 12 29 11 16 
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Appendix 3. Deliverables Listing 

 
Deliverable #1 is this Technical Report. 
 
Deliverable #2 consists of the digital shapefiles that were used in this project and that are not publicly available. 

These shapefiles include: 
 
 Lynx locations at 6 hour intervals 
 Lynx home ranges used to identify lynx locations used in this Technical Report.  
 
Deliverable #3 will be completed after this Technical Report is accepted by the Forest Service. The Technical 

Report will be reformatted to be suitable for submission for publication in a peer-reviewed journal. 
 
Deliverable #4 (assistance and guidance on results) has been and will be done on an as needed basis. 
 
Deliverable #5 is met by this Technical Report. 
 
Deliverable due dates were delayed based on a delay in obtaining GIS shapefiles but have deliverables have been 
met with submission of this Technical Report.  
 

 

 
  


