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Objectives 

Canada lynx (Lynx canadensis) are a keystone species in the boreal forest and their 

populations experience large fluctuations that closely follow those of their primary prey, 

snowshoe hares (Lepus americanus). Whereas populations of lynx cycle in the north, population 

cycles of lynx dampen and disappear completely in their southern range, corresponding to an 

increased consumption of alternate prey (red squirrels; Tamiasciurus hudsonicus) and decreasing 

reliance on snowshoe hares (Roth et al. 2007). Recently, cycles in the northern and core lynx 

range have become attenuated, with evidence linking climate change to shifts in ecosystem 

regimes (Ims et al. 2008). Lynx may be particularly susceptible to shifts in climate as both lynx 

hunting success and hare vulnerability (Mills et al. 2013) are strongly linked to snow (Stenseth 

and Shabbar 2004).  While it has been shown that interference competition and alternate prey 

availability can attenuate population cycles, the mechanisms by which resource availability, 

landscape connectivity, and predator interference interact to increase population stability remain 

largely unexplored in natural populations (Morales et al. 2010).  

Although prey density has been largely been seen as be the most significant driver of 

population cycles, it is becoming increasingly evident that predator density can also limit the 

actual availability of prey per predator by reducing hunting efficiency (i.e. interference; 

Ginzburg and Arditi 2012) and thereby serve to stabilize population dynamics (May 1974). 

Further work also suggests that interference competition can be strongly influenced by prey 

behavior (Abrams and Walters 1996), prey preference (primary or alternate; Murdoch 1973), and 

access to resources across a landscape (Arditi and Saïah 1992). While it has been shown that 

prey availability and interference competition can strongly affect predator-prey interactions 

consequently population dynamics, relatively little has been done on how underlying patterns of 

predator movement and resource use can affect competition and predator efficiency. 

In order to maximize hunting efficiency, predators will likely seek out areas of high prey 

abundance or areas where prey are vulnerable while attempting minimizing overlap with 

competitors (Montgomery et al. 2014). However, in areas or times of low abundance, balancing 

these strategies may become increasingly difficult resulting in higher interference or dispersal 

rates in an effort to decrease competition (Viswanathan et al. 2000, de Jager et al. 2014). 

Therefore, the focus of my project is to examine the role of landscape and lynx behavioral 

choices in influencing lynx movement and predation pressure in a rapidly changing environment.  

Project Background 

Research on lynx in the Kluane region is a collaborative effort initiated by Trent University, the 

University of Alberta, and McGill University by Dennis Murray, Stan Boutin, and Murray 

Humphries. This project will run from the winter of 2015 until at least the spring of 2018 and 

encompass 4 PhD and 1 MSc theses. Our goal with this project is to investigate the drivers and 



consequences of the lynx snowshoe hare cycle on one of the keystone predators of the boreal 

forest.  

Location of Study 

Our study area is located in the Shakwak Trench, along 50 km of the Alaska Highway, from 

Kluane Lake to Haines Junction, both inside and outside the Kluane Wildlife Sanctuary (Figure 

1). This area covers approximately 400 km
2
 and lies just outside Kluane national park covering 

both wildlife refuges and Champagne-Aishihik first nations settlement areas. 

  

Figure 1. Map of study area (grey) within the Shakwak trench. Area used for live trapping in 

blue. 

Methods and Results 

Live trapping and collaring 

Between November 27, 2015 and March 27, 2016, 14 box traps (Figure 2;designed by (Squires 

et al. 2013) were deployed for a total of 71 days, baited with meat and/or scented lures. During 

this time, we captured 16 lynx, 5 snowshoe hares (released without harm), and 1 red squirrel 

(dead in trap) in the box traps. In addition to this we had 22 foot snares baited with scented lures 

during this period which we captured 4 lynx, 2 snowshoe hares (dead in trap), and 4 red squirrels 

(dead in trap). The foot snares were only open for 28 of 71 trapping days due to the higher 

temperature cutoff and limitations imposed by vet availability. Due to the high success rate, and 

reduced risk of injury to lynx and by catch associated with the box traps, we decided to proceed 

solely with the box traps for all future live trapping work completed on the project. Initially lynx 

were processed in the field, however, as temperatures decreased in late winter, the decision was 



made to transport lynx (Figure 3) from the field to our camp for the safety of both lynx and 

personnel.  

Of the 20 lynx captured, we immobilized and handled 15 (7 males and 8 females; Figure 4), and 

released 5 without handling (3 recaptures and 2 juveniles). 19 of the 20 lynx had no signs of 

serious injuries associated with the trapping, but 2 had bloody noses, 2 had broken or cracked 

claws, and 1 had a chipped tooth. We were unable to assess whether the damage to the claws and 

tooth were trap related or prior injuries. Two additional lynx had arrhythmias, one severe and 

one mild, but both handled anesthesia well, recovered and were released without issue. We 

collared 14 lynx (7 males, 7 females) between Nov 28 and Mar 20.  All collars consisted of a 

remote download GPS unit, VHF locator, and 3 axis- accelerometer. These collars weighed 

230g. We additionally deployed audio recorders (50g) on 5 of the collars (Figure 7b), and 

cameras (75g) on 2 of the collars.  

For the 2016-2017 trapping season we have 15 remote download collars and 10 satellite uplink 

collars for a total of 25 collars. All collars will be outfitted with a 3 axis-accelerometer to 

monitor behavioral data and a subset will have audio recorders to validate accelerometer 

behaviors.  

 

Figure 2. Box traps made of PVC and wire mesh were used to trap lynx due to their effectiveness 

and minimal injury to lynx and bycatch. Pictured here is the capture of female lynx L21 (Photo 

credit: Claire Hoffman) 



 

Figure 3. Transportation of L20 for immobilization at camp (Photo Credit: Claire Hoffman) 



 

Figure 4. Immobilization and collaring of lynx in camp (Photo Credit: Symon Ptashnick) 

Data downloads and collar recovery 

Out of the 14 collared lynx, we were able to download GPS data in the field for 10 lynx (Figure 

5). Each time we were able to download GPS data, we would visit the previous 3 days of 

locations, recording lynx behavior, habitat, snow conditions, and details of kill sites at each 

location.  This resulted in ~300 km of snow tracking, were we found 46 kill sites (33 snowshoe 

hares, 7 red squirrels, 2 spruce grouse, 2 grey jays, 1 ruffed grouse, and 1 magpie), 162 beds (57 

sleeping, 37 hunting, 5 grooming, and 63 unknown), and 90 fecal samples. We also spent 7 days 

(2-7 hours/day) following 3 different lynx to record details of behavior and activity through 

audio, video, and field notes. During this time, lynx were observed hunting both red squirrels and 

snowshoe hares, vocalizing, courting, grooming, sleeping, and feeding on freshly killed hares, 

cached hares, squirrels and grey jays. 

Currently, we have recovered 6 of the collars, which have provided us with 3-5 months of GPS 

locations every 30 minutes per collar, 3 months of continuous acceleration data per collar, 756 

hours of continuous high quality audio, and 7 days of photos every 5 minutes.  4 of these collars 

were recovered from the study area when the collar dropped off. An additional collar was 

retrieved by the Alaskan government when L08 was captured in a chicken coup in Kenny lake, 

Alaska. L08 was immobilized and recollared to be monitored as part of an Alaskan lynx project 

(Figure 6). L12 was also captured in Glennallen, Alaska by a trapper and the collar was recently 

received by us for analysis. 



 

Figure 5. Home ranges of each of the 10 lynx trapped in 2015-2016.  Polygons represent 95% 

dynamic Brownian bridge home range estimates calculated from GPS locations recorded every 

30 minutes. From left to right, female lynx are light purple, green, red and tan, while male lynx 

are grey, yellow, orange, blue, brown and purple. Home range estimates from GPS data varied 

from 8 km2 to 35 km2. 

 

Figure 6. L08 recaptured in a chicken coop and recollared. (Photo credit: Dashiell Feierabend) 

L08 and L12 dispersal  

L08 was an 11kg male lynx collared on January 28
th
 in our study area. We lost his signal in late 

March and never heard his collar subsequently. On November 3
rd

, L08 was captured in a chicken 

coop in Kenny lake, south of Glennallen, Alaska. He was contained until US Fish and Wildlife 



were able to immobilize him and replace the collar (Figure 6). Similarly L12 was a 10kg male 

collared on February 8
th

 and outfitted with a camera collar. His collar was not heard after April 

in our study area and not recovered during our collar retrieval season. On November 14
th
 L12 

was caught in a coyote snare approximately 5km south of Glennallen, Alaska.  

Both lynx dispersed from our study area in March (Figure 7). L08 went north of our study area 

along eastern shore of Kluane lake and crossed to Burwash landing on March 30
th
. Subsequently 

he ranged on the eastern slopes of the Wrangell mountains. His collar ran out of batteries on May 

26
th
, before the programmed drop off date and his exact path around or through the Wrangell 

mountains is unknown. L12 dispersed separate from L08 and had 2 exploratory movements. His 

first dispersal out of the study area was through Kimberly creek down to the Kaskawalsh river 

before returning to his home range. In April, L12 dispersed along the southern border of Kluane 

lake and into the surrounding mountains before his collar ran out of batteries on April 20
th

.  

 

Figure 7. GPS track of L08 (Yellow) and L12 (Orange) during dispersal from home ranges. L08 

dispersed north of our study area while L12 had 2 exploratory bouts outside of the area before 

the gps battery died.  

Camera collars 

The 2 camera collars were deployed in the 2015-2016 season and set to take photos every 5 

minutes from 8am-8pm. These cameras were custom created using an open source 

microcontroller (Arduino mini) and camera (Adafruit VC0706) but were unable to capture 

infrared photos for night time activity. One collar was recovered via drop off and captured 7 days 



of photos. While the battery was designed to capture approximately 3 months of photos, the 

camera was detached after 7 days due to normal deterioration. The second collar was recovered 

by a trapper in Alaska on November #, 2016 but did not capture any usable photos.  

These collars were able to capture decent resolution of habitat and surrounding (Figure 8.) but 

were less successful at observing feeding and identifying prey items. For this reason, we invested 

in 10 more accelerometers this year as their ability to discriminate distinct behaviors was greater 

than that of the cameras.   

 

Figure 8. Examples of photos from cameras attached to collars indicating habitat selection and 

some behavior. (A) sunning on south facing slope of hungry lake. (B) bedding in forest. (C) 

Rubbing on tree trunk. 

Prey density and availability  

An important component of this project is lynx habitat selection and kill site distribution in 

relation to prey abundance and availability. While densities of hares are known on established 

1km
2
 grids in the valley, the overall distribution of prey on a larger scale is unknown. In order to 

assess the densities of prey in relation to habitat 50 transects were established to measure the 

densities of snowshoe hares by quantifying the number of hare turds distributed throughout the 

course of 1 year. Red squirrel availability was also quantified using the distribution of middens 

on said transects. These transects are also distributed near and on established grids to provide an 

ability to directly compare methods. An additional 50 transects will be established this spring on 

a much large scale to provide more data across the valley of prey abundance. Vegetation surveys 

on these transects will also be used to ground truth GIS layers to be acquired to estimate prey 

availability and vulnerability across the landscape.  



2016-2017 trapping progress 

For this season we have built an additional 4 box traps (18 traps total) with plans for more to be 

built as the season progresses. As mentioned above we have 25 collars with accelerometers 

(remote download and satellite uplink) to deploy for the season.  

Trapping commenced on November 12th and 15 traps have been open a total of 13 days. As of 

December 1
st
 we have captured of 3 lynx and deployed 2 UHF download collars and 1 satellite 

iridium collar.   

Media 

Two film crews passed through of field camp during the 2015-2016 field season. One film crew 

was from Nat Geo Wild’s “Dr. Oakley: Yukon Vet” and filmed the immobilization and handling 

of one lynx.  The footage from this can be viewed online at the webpage for the show. A film 

crew from CBC’s Wild Canadian Year spent six weeks filming lynx in the area, including a 

couple of the collared lynx. The footage generated from this will air on CBC October 2017. 

This winter three film crews will be joining us to film lynx. The CBC crew will be returning to 

capture more footage for their segment and an additional two film crews from BBC will be 

arriving to film lynx documenting both wild lynx and our research.  

Lynx movement analysis 

Movement analysis will be done by analyzing lynx the strategies lynx employ to search for an 

unknown distribution of prey across a landscape. Theoretically, predators should utilize a 

diffusive strategy to search for prey when prey availability is high (James et al. 2008). When 

prey densities are low, superdiffusive searching patterns are predicted to be more efficient (Sims 

et al. 2008). These superdiffusive strategies also have the benefit of decreasing  encounter rates 

between competitors (de Jager et al. 2014). Currently preliminary analysis indicates that many 

lynx are employing a composite strategy of 2 or more behavioral states. Using fine scale 

behavioral data from accelerometers combined with gps movement data we can identify the 

distribution of behaviors and identify the selection of lynx movement in relation to hunting 

efficiency, competitor distribution, and landscape features.  

  



 

 

Figure 9. Random walk movement analysis of lynx steplenghts at 30 minute intervals with the 

gps movement path on the left, steplength distribution in the middle and turning angle 

distribution on the right.. The best fit model is a composite correlated random walk showing a 

bimodal distribution in steplengths indicating that the lynx likely utilizes 2 different behavioral 

states while searching for prey in its home range.  

Budget  

The cost of collar refurbishment this year was $4850 Canadian including the replacement of drop 

off mechanisms and shipping. The remaining $250 of the Fur institute grant was appropriated to 

the cost of veterinary supplies and drugs.  

Status of project 

As of December 1
st
, 2016, the Kluane lynx project has just completed its first year of data 

collection. Initial analysis of the gps data is being done although there still is a need to quantify 

the behaviors logged using the accelerometers and acquired adequate GIS layers to complement 

our GPS data with habitat and prey features across the landscape. In addition at least 8 of our 

collars remain on lynx with 3 being unaccounted for. Efforts will be focused on trying to 

recapture these individuals in order to recover the data logged on the collars either through live-

trapping or by working with local trappers during the trapping season.  

Even though our second season has begun, there are still many unknowns as to how the cycle 

will continue. Hare densities were expected to crash and result in prey limitation for lynx, 



however a recent census indicated that the crash has not yet occurred. In addition, lynx have been 

documented to disperse in the study area during hare declines (Krebs et al. 2001) due to food 

limitation, but the dispersal of 2 of our lynx into Alaska indicates that there are likely other 

factors dictating lynx home range choice, dispersal, and prey searching strategies. Understanding 

the motivations which dictate lynx movement may shed more light on the mechanisms and 

consequences of the snowshoe hare cycle.  

Acknowledgements  

I would like to thank the Fur institute for their contribution to our project. Addition thanks goes 

to Dennis Murray (Trent University), Stan Boutin, and Murray Humphries for their logistical and 

financial support, as well as, Yasmine Majchrzak, Emily Studd, Ally Menzies, Darcy Doran-

Meyers, and Mike Peers for their intellectual and individual contributions to the scientific 

development of the project. 

 Special thanks goes to Dr. Michelle Oakley (Nat Geo), Tom Jung (YTG), Ramona Maraj 

(YTG), and many other members of the Yukon and Alaskan Government for their assistance in 

providing additional equipment and more importantly experience and training. Thanks also to 

research assistants Sean Konkolicks, Sam Stead, Claire Hoffmann, Shannon Whelan, and Symon 

Ptashnick.  

References 

Abrams, P. and Walters, C. 1996. Invulnerable prey and the paradox of enrichment. - Ecology 

77: 1125–1133. 

Arditi, R. and Saïah, H. 1992. Empirical evidence of the role of heterogeneity in ratio-dependent 

consumption. - Ecology 73: 1544–1551. 

de Jager, M. et al. 2014. How superdiffusion gets arrested: ecological encounters explain shift 

from Lévy to Brownian movement. - Proc. R. Soc. B Biol. Sci. 281: 20132605. 

Ginzburg, L. R. and Arditi, R. 2012. How species interact: altering the standard view on trophic 

ecology. - Oxford University Press. 

Ims, R. A. et al. 2008. Collapsing population cycles. - Trends Ecol. Evol. 23: 79–86. 

James, A. et al. 2008. Optimizing the encounter rate in biological interactions: Ballistic versus 

Lévy versus Brownian strategies. - Phys. Rev. E 78: 1–5. 

 2001. Ecosystem dynamics of the boreal forest: The Kluane project (CJ Krebs, S Boutin, and R 

Boonstra, Eds.). - Oxford University Press. 

May, R. M. 1974. Stability and complexity in model ecosystems. - Princeton University Press. 

Mills, L. S. et al. 2013. Camouflage mismatch in seasonal coat color due to decreased snow 

duration. - Proc. Natl. Acad. Sci. 110: 7360–7365. 



Montgomery, R. A. et al. 2014. Where wolves kill moose: The influence of prey life history 

dynamics on the landscape ecology of predation. - PLoS One in press. 

Morales, J. M. et al. 2010. Building the bridge between animal movement and population 

dynamics. - Philos. Trans. R. Soc. Lond. B. Biol. Sci. 365: 2289–2301. 

Murdoch, W. W. 1973. The functional response of predators. - J. Appl. Ecol. 10: 335–342. 

Roth, J. D. et al. 2007. Geographical gradients in diet affect population dynamics of Canada 

lynx. - Ecology 88: 2736–43. 

Sims, D. W. et al. 2008. Scaling laws of marine predator search behaviour. - Nature 451: 1098–

1102. 

Squires, J. R. et al. 2013. Combining resource selection and movement behavior to predict 

corridors for Canada lynx at their southern range periphery. - Biol. Conserv. 157: 187–195. 

Stenseth, N. and Shabbar, A. 2004. Snow conditions may create an invisible barrier for lynx. - 

Proc. R. Soc. B Biol. Sci. 101: 0–2. 

Viswanathan, G. M. et al. 2000. Levy flights in random searches. - Phys. A Stat. Mech. its Appl. 

282: 1–12. 

 


