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ABSTRACT

Lynx home ranges, habitat selection, and daily track deposition rates 

were determined in interior Alaska. Male home ranges averaged 167 km2 in 

1991-92 and 127 km2 in 1992-93, but varied (14-270 km2); females 

averaged 33 km2 in 1991-92 and 48 km2 in 1992-93. Nomadic lynx 

displayed erratic movements and large ranges, whereas others dispersed 

from the study area. Lynx with small home ranges may use snowshoe hare 

refugia whereas other lynx may range over expanded areas to acquire food. 

Lynx preferred broadleaf and mixed forests and avoided dwarf shrub/tundra. 

Lynx used a 1959 burn more than expected; more recent burns (<11 years) 

were used less than expected. Track deposition was significantly related to 

snowfall, temperature and barometric pressure change (P< 0.001), the 

overall model, however, explained only 16% of the variation in deposition 

(R2 = 0.162). Temperature was most related to track deposition; as 

temperature increased, track deposition became more variable.
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CHAPTER 1 

HOME RANGE AND MOVEMENT PATTERNS OF LYNX IN EASTERN 
INTERIOR ALASKA 

INTRODUCTION

Home ranges and movements of lynx (Lynx canadensis) have been 

explored previously to understand the area used by lynx in terms of both 

location and size. Lynx populations are cyclic throughout their range with 

highs and lows occurring approximately every 10 years (Brand and Keith 

1979). These fluctuations are closely tied to the snowshoe hare (Lepus 

americanus) cycle (van Zyll de Jong 1966, Nellis and Keith 1968), and recent 

studies have concentrated on the relationship between population cycles of 

lynx and snowshoe hare (Brand et al. 1976, Ward and Krebs 1985, Bailey et 

al. 1986, Stephenson 1986, Slough and Ward 1990). Limited resources, such 

as low densities of hares or suitable habitat, are important factors when 

determining the area used by lynx. Numerous researchers have used home 

ranges to explain population dynamics, such as movement patterns and food 

habits of lynx during various stages of prey availability (Saunders 1963, Nellis 

and Keith 1969, Nellis et al. 1972, Berrie 1973, Parker et al. 1983, Carbyn 

and Patriquin 1983, Brainerd 1985, Ward and Krebs 1985, Koehler 1990, 

Slough and Ward 1990, Poole 1992). Home-range estimates also have been 

calculated to determine habitat selection and utilization of lynx (Koehler et al. 

1979, Parker et al. 1983, Kesterson 1988, Koehler 1990). Nonetheless, 

resource limitations, the spatial response of individuals to limited resources, 

and the contribution of this response to the social organization of a population
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(i.e. the types of individuals present) has not always been a central theme for 

previous studies.

Both recreational and subsistence trappers in Tetlin National Wildlife 

Refuge (TNWR) and Wrangell-St. Elias National Park & Preserve (WRST) 

harvest lynx. Lynx are relatively easy to trap and even remote regions are 

accessible for trapping (Route and Doyle 1991). Biologists and managers 

suspect that lynx may be susceptible to over-harvest in some areas because 

of the vulnerability of this felid to trapping (Carbyn and Patriquin 1983, Bailey 

et al. 1986). In 1987, the Alaska Department of Fish & Game (ADF&G) 

began to manage lynx in interior Alaska using a "tracking harvest strategy" to 

protect against the over-harvest of lynx. This approach established 

conservative seasons and bag limits when lynx populations are low and more 

liberal trapping during high populations (ADF&G 1987). In the late 1980’s, 

during an apparent low in the lynx cycle, the price for a lynx pelt rose to a 

record high of $600. Area biologists suspected that over-harvesting may 

have occurred in Alaska Game Management Unit (GMU) 12, which includes 

TNWR, during that time (ADF&G 1987). Consequently, this study of home 

range and movement was initiated to gather data on lynx inhabiting GMU 12.

I calculated home range estimates to identify the amount of area used 

by lynx in eastern interior Alaska. My objectives were to: 1) determine the 

size of the area used by lynx in eastern interior Alaska during a snowshoe 

hare population decline; and 2) describe social organization and movement 

patterns of individual lynx.

I hypothesized that a snowshoe hare population decline would affect 

home-range dynamics of lynx. I predicted that home-range sizes of lynx
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would change during a hare population decline. I also hypothesized that 

there would be differences in seasonal (snow, snowfree) use of area by lynx 

and differences in home range size between sexes, and that site fidelity by 

lynx to an area would shift between years and seasons. I further predicted 

that home ranges of lynx would change seasonally, male and female lynx 

would differ in their home range size, and lynx would show no fidelity to 

annual or seasonal home ranges.

STUDY AREA

The 1,625 km2 Jatahmund Lake Study Area (JLSA) was located within 

the TNWR (3,745 km2) in eastern interior Alaska, centered around 62° 38’ N 

and 1410 50’ W (Fig. 1). The area was situated in GMU 12 approximately 34 

km south of Northway and 42 km west of the Alaska-Canada border. The 

approximate western and eastern boundaries of the study area were the 

Nabesna and Chisana rivers, respectively. These large glacial rivers flow 

through the Nutzotin Mountains, which formed the southern boundary of the 

study area. The Nutzotins, which are part of the Alaska Range, rise 900 to 

2,600 m in elevation. The approximate northern boundary of the study area 

was the Black Hills (600 to 1,000 m). The vegetation, habitats, and wildfires 

in the area are described in Chapter 2.

During the 3 years of my study, snowshoe hare abundance in interior 

eastern Alaska appeared to decline (Appendix 1). Densities of snowshoe 

hares peaked between 1987 and 1991 and declined rapidly in 1991. This 

high in hare abundance was not as pronounced as it was in previous hare 

cycles in eastern interior Alaska.



Figure 1. The Jatahmund Lake Study Area (JLSA) in the Tetlin National Wildlife Refuge and the Wrangell - 
St. Elias National Park and Preserve, Alaska.

4̂
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METHODS

Field Investigations

Lynx were live-trapped (April 1990, November to December 1990, 

February to April 1991, February to April 1992, November to December 1992) 

with Fremont foot snares (Fremont Humane Traps, Candle Lake, Sask.) and 

#3 and #1-1/2 padded leg-hold traps (Woodstream Corp., Lititz, PA.). Cubby 

sets with lure and visual attractors were used most often, but trail (blind) sets 

were also used. To reduce the chance of a paw freezing, leg-hold traps were 

closed when ambient temperatures were below -7 °C and foot snares were 

closed when temperatures were below -29 °C (Slough and Ward 1990). Trap 

sites were cleared of debris and vertical stems to minimize chances of 

entanglement and injury to lynx. No attempt was made to reduce human 

scent at trap sites, thus helping to minimize the incidental capture of other 

mammals.

Lynx also were captured with the aid of dogs during October 1991 and 

November 1992 when minimal snowfall (< 30 cm) and moderate temperatures 

provided good tracking conditions for lynx by dogs. Lynx tracks in snow were 

first located from the air before teams of dogs and handlers were brought in 

by helicopter. Scent trails of lynx which were stronger in the morning, allowed 

the dogs to reliably track and tree lynx (0800-1000 h Alaska Standard Time 

[AST]).

Captured lynx were immobilized with Telazol (1:1 mixture of tiletamine 

hydrochloride and zolazepam hydrochloride; 5 mg/kg) administered 

intramuscularly using a Cap-chur© dart gun for lynx treed by dogs, and a blow
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gun or jab stick for trapped cats. Every effort was made to safely remove 

treed lynx using tarps to catch immobilized animals. Lynx were fitted with 

MOD 400 (240-340 g) radio transmitters equipped with mortality switches 

(Telonics, Inc., Mesa, AZ). Collars were set no smaller than neck 

circumference of adult lynx (male = 25.5 cm, female = 24.5 cm), and if 

necessary were padded with foam rubber to attain a snug fit. We attempted 

to extract a 10 cc sample of blood from the femoral or brachial vein for 

disease screening. Live-captured lynx also were categorized as adult, 

yeariing, or kitten based on body size (B. G. Slough, YT Dep. Renew.

Resour., unpubl. data) and tooth wear. When possible we extracted the lower 

4th incisor to age by counting cementum annuli (Johnson and Watt 1980).

Radio-collared lynx were located at least twice monthly (from April 

1990 to April 1993) using a PA-18 Supercub equipped with scanner/receiver 

and dual H antennas (Mech 1983). Flights occurred primarily between 0800- 

1800 h AST. We attempted to locate each collared lynx visually during 

relocation flights. Locations were mapped on 1:63,360-scale USGS 

topographic maps and converted to universal transverse mercator (UTM) grid 

coordinates. The locations were accurate to within 200 m. If radio contact 

with a collared lynx was lost, we attempted to regain contact by searching 

extensively at high-altitudes (3,000 to 4,250 m AGL) in a Cessna 185 or in 

conjunction with other flights outside the study area.

I analyzed home range for annual and seasonal periods. Annual home 

ranges were calculated from 1 April to 31 March and were based on the 

period from mating to the dispersal of kittens (Koehler 1990). Location points 

were further divided into two seasonal periods, snow (16 0ctober-30 April)
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and snowfree (1 May-15 October). Seasonal periods were based on 25 years 

of weather data from the Northway Flight Service Station. Seasonal home 

ranges were analyzed to observe variation in the use of individual home 

ranges during the year (Laundre and Keller 1984).

Lvnx Movement Categories

Three types of individuals, defined by their movements, were identified 

within the lynx population in the JLSA — residents, nomads, and dispersers. 

Residents were adults that used well-defined home ranges. With few 

exceptions, movements and activities were confined to these areas (McCord 

and Cardoza 1982: 737).

I categorized the remaining lynx as either nomads or dispersers. Lynx 

are not truly nomadic animals according to the definition used by Caughley 

(1977), but some lynx used areas differently than residents. I defined these 

individuals as “nomads” using the following criteria. Ward and Krebs (1985) 

defined nomads as lynx that used no area consistently, traveled widely and 

were impossible to locate regularly. I defined nomads in the JLSA using the 

first and second criteria of Ward and Krebs (1985), having minimal site fidelity 

and large annual home ranges. Additionally, I defined nomadic individuals as 

lynx that did not move out of the JLSA. Dispersers were either lynx moving 

through the JLSA, initiating their movements from other areas, such as 

western Canada, or residents of the local population which moved out of the 

JLSA.

Analyses

I used the minimum convex polygon (MCP) to describe home ranges 

(Mohr 1947). Area observation curves were used to determine the average



number of relocations needed to accurately estimate a home range (Odum 

and Kuenzler 1955). Home-range size plotted against number of relocations 

indicated that 15 to 30 relocations were needed to estimate a home range 

using this method. No fewer than 16 relocation points were used to describe 

seasonal and annual home ranges.

I used program BLOSSOM (Slauson et al. 1991) and Swihart and 

Slade’s (1985) “time-to-independence” method to determine the degree of 

autocorrelation among relocation points and to create independent data sets. 

First, I tested annual and seasonal relocation points for independence using 

BLOSSOM. Autocorrelated points were discarded from the data set until 

independence was achieved. Second, using the time-to-independence 

method, I determined that 3 days was the average time interval needed to 

produce “independent” pairs of observations (Swihart and Slade 1985). In 

some cases, independence was not achieved using BLOSSOM for an annual 

or seasonal group of relocations. When independence was not achieved, I 

discarded all points within the 3 day interval to approximate independence for 

the data sets. Nevertheless, one annual and five seasonal home ranges 

reported herein were autocorrelated, thus these home range estimates were 

likely smaller than the actual home range size.

I calculated seasonal and annual home range estimates using program 

CALHOME (Kie et al. 1994). I tried to reduce the inherent problem of 

increasing home range size in the MCP by using 95% home range polygons 

to remove outliers. I used the MCP estimates in my study to compare with 

other lynx studies that reported MCP estimates of home range. For

8
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comparative purposes between home-range techniques, I also calculated 

adaptive kernel (AK) home-range estimates (Appendix 2) (Worton 1987).

I measured site fidelity as another method to examine the area of use 

by lynx. Fidelity "is the tendency of an animal either to return to an area 

previously occupied or to remain within the same area for an extended period 

of time" (White and Garrott 1990: 133). Site fidelity for individual lynx was 

examined by comparing distributions of radio-telemetry locations between 

similar or consecutive monitoring periods (annual and seasonal). Site fidelity 

was tested using the same data as home-range calculations.

I used the multi-response permutation procedure (MRPP; 5 = test 

statistic) (Zimmerman et al. 1985, White and Garrott 1990:133-137) to 

analyze home-range estimates as a function of sex and individuals. MRPP 

also was used to test for differences in distribution of radio locations between 

seasonal and annual home-range estimates of individual animals through 

time. A P-value < 0.05 indicated a significant difference in annual or seasonal 

home-range use and lack of site fidelity.

RESULTS

Twenty-two lynx (14 males and 8 females) were captured and radio

collared between April 1990 and December 1992 (Appendix 3). Cumulative 

relocation points for individual lynx varied from 2 to 136 (Appendix 4). Six 

hundred and ninety-four relocations from 15 individuals (10 males and 5 

females) were used to calculate seasonal and annual home-range estimates. 

The number of relocations per lynx used to describe annual home ranges
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varied from 17 to 58 for annual home ranges and 16 to 29 for seasonal home 

ranges.

Annual Home Ranges

Annual MCP home ranges for males averaged 174 km2 (SE = 71 km2), 

160 km2 (SE = 38 km2), and 183 km2 (SE = 66 km2) for the years 1990-91 (n 

= 2), 1991-92, (n = 5) and 1992-93 {n = 6), respectively (Table 1, Figs. 2-13). 

There was no difference in the annual home range size of males between 

1990-91 and 1991-92 (8= 1.005. P= 0.847) or between 1991-92 and 1992- 

93 (8 = 0.847, P = 0.866). Annual home-range estimates for three females 

averaged 30 km2 (SE = 9 km2) and 47 km2 (SE = 23 km2) for the years 1991 - 

92 and 1992-93, respectively (Table 1, Figs. 14, 15). No significant difference 

was observed in annual home ranges of females between years (8 = 0.862, P 

= 0.802). Their annual home ranges (12 to 90 km2) did not vary as much as 

did those of males (14 to 456 km2). Average home ranges of males were 

significantly larger than those of females in 1991-92 (8 = -2.441, P = 0.028), 

but not in 1992-93 (8 = -0.923. P = 0.153).

Seasonal Home Ranges

Seasonal home ranges were calculated for three snow periods and two 

snowfree periods for males and two snow periods and two snowfree periods 

for females (Tables 2, 3; Figs. 16-22). I pooled data between years for 

seasonal comparisons of home range size because there were no significant 

differences between years. Seasonal home ranges for male lynx were not 

significantly different between snowfree periods (8 = 0.503, P = 0.613) or 

among snow periods (8 =0.43, P = 0.642) (Tables 2, 3). Seasonal home 

ranges for female lynx were not significantly different between the snow



Table 1. Annual (1 April - 31 March) home range estimates of lynx in the
Jatahmund Lake Study Area, Alaska, 1990-1993.

LYNX 1990-91 

km2 (n)a
1991-92 

km2 (n)a
1992-93 

km2 (n)a
M ALE

M1 245 (24) .

M2 103 (31) 54 (29) 123 (49)
M4 - - 136 (40) - -

M6 - - 270 (37) - -

M8 - - 119 (41) 238 (37)
M9 - - 219 (39) - -

M11 - - - - 456 (34)
M12 - - - - 14 (42)
M13 - - - - 223 (29)
M14 - - - - 44 (36)

Mean
S E C

174b 
71

160b
38

_QCO 
<o 

CO 
CD

FEM ALE
F1 - - 41 (40) 39 (44)
F2 - - 12 (44) - -

F4 - - 37 (17) 90 (58)
F8 - - - - 13 COCM

Mean 30b 47b
S E C 9 23

a Sample size
b Annual differences not significant 
c Standard error 
d Relocations autocorrelated
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-igure 3. Annual home range of male M2 using the minimum convex polygon and adaptive kernel methods,
1 April 1990 - 31 March 1991, Jatahmund Lake Study Area, Alaska.



Figure 4. Annual home range of male M2 using the minimum convex polygon and adaptive kernel methods,
1 April 1991 - 31 March 1992, Jatahmund Lake Study Area, Alaska.



Figure 5. Annual home range of male M2 using the minimum convex polygon and adaptive kernel methods,
1 April 1992 - 31 March 1993, Jatahmund Lake Study Area, Alaska.



Figure 6. Annual home range of male M4 using the minimum convex polygon and adaptive kernel methods,
1 April 1991 - 31 March 1992, Jatahmund Lake Study Area, Alaska.
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Figure 7. Annual home range of male M6 using the minimum convex polygon and adaptive kernel methods,
1 April 1991 - 31 March 1992, Jatahmund Lake Study Area, Alaska.
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Figure 8. Annual home range of male M8 using the minimum convex polygon and adaptive kernel methods,
1 April 1991 - 31 March 1992, Jatahmund Lake Study Area, Alaska. 00



Figure 9. Annual home range of male M8 using the minimum convex polygon and adaptive kernel methods,
1 April 1992 - 31 March 1993, Jatahmund Lake Study Area, Alaska.
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Figure 10. Annual home range of male M9 using the minimum convex polygon and 
adaptive kernel methods, 1 April 1991 - 31 March 1992, Jatahmund Lake Study Area, 
Alaska.



Figure 11. Annual home range of male M11 using the minimum convex polygon and adaptive kernel methods,
1 April 1992 - 31 March 1993, Jatahmund Lake Study Area, Alaska. ro



Figure 12. Annual home ranges of males M12 and M14 using the minimum convex polygon and adaptive kernel
methods, 1 April 1992 - 31 March 1993, Jatahmund Lake Study Area, Alaska. ro

IV)
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Figure 13. Annual home range of male M13 using the minimum convex polygon and 
adaptive kernel methods, 1 April 1992 - 31 March 1993, Jatahmund Lake Study Area 
Alaska.



Figure 14. Annual home ranges of females F1, F2, and F4 using the minimum convex polygon and adaptive kernel
methods, 1 April 1991 - 31 March 1992, Jatahmund Lake Study Area, Alaska. r\3



Figure 15. Annual home ranges of females F1, F4, and F8 using the minimum convex polygon and adaptive kernel
methods, 1 April 1992 - 31 March 1993, Jatahmund Lake Study Area, Alaska. IV)cn
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Table 2. Snowfree season (1 May - 14 October) home range estimates of
lynx in the Jatahmund Lake Study Area, Alaska, 1990-1993.

LYNX 1991 

km2 (n)a
1992 

km2 (n)a
Total

M ALE
M2 42 (21) 42 (21)
M4 95 (20)
M6 215 (I6)b
M8 114 (20) 220 (21)
M9 41 (21)
M11 336 (24)
M12 10 (20)
M13 48 (21)
M14 23 (21)

Mean 101° 113° 108
S E d 32 55 32

FEM ALE
F1 25 (20) 20 (21)
F2 9 (20)
F4 59 (21)
F5e 526 (i6)b

Mean 17c 40° 28
S E d 8 20 11

a Sample size 
b Relocations autocorrelated 
c Annual differences not significant 
d Standard error
e Home range estimate not included in mean due to possible injury.



Table 3. Snow season (15 October - 30 April) home range estimates of lynx in the Jatahmund
Lake Study Area, Alaska, 1990-1993.

LYNX 1990-91 

km2 (n)a

1991-92 

km2 (n)a

1992-93 

km2 (n)a

Total

M ALE
M1 641 (i8)b
M2 104 (22) 126 (29)
M4 225 (20)
M6 46 (23)
M8 38 (24)
M9 216 (21)

M11 1 7 (22)
M12 43 (17)b
Mean 373° 108c 85c 162

S E d 269 46 42 65

FEM ALE
F1 1 0 (24)

.n^O
sJ

r-CO

F2 5 (23)
F4 38 (23) 87 (23)
F8 13 (28)

Mean 1 8C 46c 36

S E d 10 22 12

a Sample size
b Relocations autocorrelated 
c Annual differences not significant 
d Standard error

ro- j
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Figure 16. Seasonal home ranges of male lynx, snow 1990-91, Jatahmund
Lake Study Area, Alaska.



Figure 17. Seasonal home ranges of lynx, snowfree 1991, Jatahmund Lake Study Area, Alaska.
[\3
CD
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Figure 19. Seasonal home ranges of male lynx, snowfree 1992, Jatahmund Lake Study Area, Alaska. CO
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Figure 20. Seasonal home range of male M13, snowfree 1992, Jatahmund Lake
Study Area, Alaska.



Figure 21. Seasonal home ranges of lynx, snow 1992-1993, Jatahmund Lake Study Area, Alaska.

CO
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Figure 22. Seasonal home range of female lynx, snowfree 1992, Jatahmund Lake
Study Area, Alaska.
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periods (8 =0.222, P = 0.42). Although a test statistic was calculated for the 

1991 and 1992 snowfree periods for females (8 =0.707), the MRPP could not 

calculate a P-value because of the smail sample size (n = 2) for each 

snowfree period.

Male home ranges averaged 108 km2 (SE = 32 km2) for the snowfree 

season and 162 km2 (SE = 65 km2) for the snow season (Tables 2 and 3), but 

the difference was not significant (8 = 0.933, P = 1.00). Female home ranges

averaged 28 km2 (SE = 11 km2) for the snowfree season and 36 km2 (SE =

12 km2) in the snow season (Tables 2 and 3), but the difference was not 

significant (8 = 0.820, P = 0. 803). Seasonal comparisons of females were 

calculated without female F5. The estimate for her snowfree home range 

was 526 km2 in 1992, and most likely did not typify an accurate home range 

because of her old age and deleterious effects of arthritic joints.

Site Fidelity

Site fidelity was calculated for 10 lynx monitored for more than one 

season and for four lynx monitored more than 1 year. Site fidelity did not vary 

between seasons for four lynx (M2, M9, M12, F4). Five lynx (M4, M6, M8, 

M11, F2) did not exhibit site fidelity between seasons. One lynx (F1) 

exhibited fidelity over three seasons and a lack of fidelity between two 

seasons (Table 4).

Calculations of annual site fidelity were based on annual home-range 

estimates that included four individuals (Table 5). Three lynx (M2, F1, F4) 

expressed annual site fidelity, whereas one lynx (M8) shifted its home range 

between years.
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Table 4. Site fidelity of seasonal lynx home ranges on the Jatahmund Lake Study 
Area, Alaska, 1990-1993. Tests based on comparisons of relocation points 
comprising similar or consecutive seasonal home ranges. The MRPP test (test
statistic = 5) was used to detect differences in the distribution of locations. A P< 
0.05 indicates a significant difference in seasonal home-range use and lack of site 
fidelity. SN = snow season, SF = snowfree season.

LYNX Season 8 P value Site fidelity3

M2 1990-91SN:1991SF 0.542 0.6247 +
M2 1991 SF:1992SF 0.578 0.6553 +
M2 1992SF.1992-93SN -1.203 0.1045 +
M2 1990-91 SN:1992-93SN -0.011 0.3278 +

M4 1991SF:1991-92SN -2.849 0.0233

M6 1991 SF:1991-92SN -5.495 0.0012 -

M8 1991SF:1991-92SN -8.477 0.0001 _

M8 1991-92SN:1992SF -13.079 <0.0001 -
M8 1991SF:1992SF -16.199 <0.0001 -

M9 1991 SF:1991-92SN -1.682 0.068 +

M11 1991 -92SN:1992SF -6.061 0.0013 -

M12 1992SF:1992-93SN -0.623 0.1973 +

F1 1991 SF:1991-92SN -0.097 0.3034 +
F1 1991 -92SN:1992SF -0.882 0.1426 +
F1 1992SF: 1992-93SN -4.865 0.0031 -

F1 1991SF:1992SF -2.211 0.0417 -

F1 1991 -92SN:1992-93SN -1.29 0.0978 +

F2 1991SF:1991-92SN -4.537 0.0046 -

F4 1991 -92SN:1992SF 0.709 0.7817 +
F4 1992SF:1992-93SN -0.017 0.3325 +
F4 1991 -92SN:1992-93SN -0.832 0.1508 +

a + = individual expressed fidelity to seasonal home range between seasons tested, - = 
individual expressed a change in annual home range use between seasons tested.
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Table 5. Site fidelity of annual lynx home ranges on the Jatahmund Lake 
Study Area, Alaska, 1990-1993. Tests based on comparisons of relocation 
points comprising consecutive annual home ranges. The MRPP test (test
statistic = 5) was used to detect differences in the distribution of locations. A 
P< 0.05 indicates a significant difference in seasonal home-range use and 
lack of site fidelity.

LYNX Year (5) P  value Site fidelity3

M2 1990-91:1991-92 -1.091 0.1155 +
M2 1991-92:1992-93 0.369 0.5024 +

M8 1991-92:1992-93 -16.425 <0.0001 -

F1 1991-92:1992-93 -0.161 0.2918 +

F4 1991-92:1992-93 -0.848 0.1478 +

a + = individual expressed fidelity to annual home range between years 
tested, - = individual expressed a change in annual home range use between 
years tested.
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Social Organization of Lvnx

Of the 22 radio-collared lynx that were live captured, 10 animals (6 

males and 4 females) were categorized as residents (45%), five as nomads 

(23%), and seven as dispersers (32%) (Table 6). The four yearling males and 

one adult female categorized as nomads did not leave the study area, but 

they moved erratically throughout the region using no area consistently. It is 

not known if these lynx originally had home ranges that they abandoned or 

whether they immigrated from other areas.

Seven lynx (four males and three females) were categorized as 

dispersers. Two yearling males (M1, M7) dispersed approximately 26 km 

northwest and 220 km southwest of the study area, respectively. Both were 

subsequently harvested. Male M5, located only five times within the study 

area, dispersed approximately 311 km northwest and was harvested in the 

Wood River drainage south of Fairbanks during the 1992-93 trapping season. 

Radio contact was lost for M10 and F3 shortly after capture, despite several 

long-range telemetry flights. Although the fate of both animals is unknown, 

and their radios may have failed, both were suspected of dispersing and may 

have been transients. Two females (F6 and F7) dispersed from the study area 

shortly after they were captured. F6 traveled 96 km west, subsequently 

residing there, until harvested during the 1993-94 trapping season. F7 moved 

139 km northwest where she died.

One resident during 1991-92 (F2) possibly dispersed as well, but was 

not categorized as a disperser. The behavior of this individual was probably 

affected by a trap-induced injury. After she had been rehabilitated for a 

broken leg and released, she started making iong movements out of her once
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Table 6. Apparent status of radio-collared lynx in the Jatahmund Lake Study
Area, Alaska, 1990-1993.

LYNX 1990-91a 1991-92 1992-93

MALE
M1 N, D
M2 R R R
M4 - R -

M5 - D -

M6 - R -

M7 - D -

M8 - R? N
M9 - R -
M10 - D? -

M11 - - N
M12 - - R
M13 - - N
M14 - - R

FEM ALE
F1 R R
F2 R ,D -

F3 D? -

F4 R R
F5 N -

F6 - D
F7 - D
F8 R

a R = resident, N = nomad, D = disperser.
? indicates questionable status based on either censured data (M10, F3) or 

characteristics of two types of individuals (M8).
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small and defined home range. Radio contact was lost while monitoring a 

northward movement from her previous home range.

DISCUSSION

Annual Home Ranges

Mean home-range estimates did not vary between years during this 

hare population decline. The large sizes of home ranges of male lynx may be 

due to low hare densities (Appendix 1). Many large home ranges reported by 

other researchers occurred during hare declines and lows when lynx made 

large movements, presumably in search of food (Parker et al. 1983, Ward and 

Krebs 1985, Stephenson 1986, Kesterson 1988, Koehler 1990, Poole 1992). 

Mean annual home ranges for male lynx during the 3 years of this study (174, 

160, 183 km2 for 1990-91, 1991-92, and 1992-93, respectively) were large 

relative to other lynx home ranges during low densities of hares (Mech 1980, 

Carbyn and Patriquin 1983, Parker et al. 1983, Ward and Krebs 1985, 

Stephenson 1986, Kesterson 1988, Koehler 1990, and Poole 1992). Mean 

annual home ranges of female lynx estimated during this study (30, 47 km2 

for 1991-92 and 1992-93, respectively) were comparable to other female 

home ranges reported during low hare densities. Home-range estimates in 

the Northwest Territories, Canada, averaged 25.6 km2 for males and 25.3 

km2 for females at the beginning of a decline in hare numbers during the 

winter of 1991-92 (Poole 1992). Stephenson (1986) reported average home 

ranges for male and female lynx between 52-145 km2 for interior Alaska. 

Koehler (1990) described average lynx home ranges for Washington where 

mean male home ranges were 69 km2 and 39 km2 for females. Brainerd



41

(1985) reported that the average range was 122 km2 for males and 43.1 km2 

for females in Montana. Home ranges of lynx in the JLSA are most 

comparable to the findings of Stephenson (1986).

The annual home ranges of lynx from 1990 to 1991 may have been 

estimated near the end of a low-amplitude peak in the hare population 

(Appendix 1). Hare densities appeared to decline thereafter. In general, lynx 

densities do not decline for at least 1 year after the decline in hare densities 

(O’Connor 1984, O’Donoghue and Hofer 1995). Lynx home ranges during 

1990-91 should have expressed characteristics of lynx home ranges during 

the hare high because of the time lag between lynx and hare cycles. During 

snowshoe hare highs in other regions, home ranges of lynx were smaller 

(Berrie 1971, Brand et al. 1976, Slough and Ward 1990) than reported in the 

JLSA. Slough and Ward (1990) reported that home ranges in southern Yukon 

Territory, Canada during a hare high in 1987 and 1988 were 16 and 25 km2, 

respectively, with no significant difference between males and females.

Berrie (1971) noted that lynx home ranges were 11.2 km2 in interior Alaska. 

Brand et al. (1976) described minimum estimates of home ranges for males 

and females of 28 km2 in Alberta, but home ranges did not appear to be 

related to hare or lynx densities. I speculate that home ranges in the JLSA 

(e.g. 245 km2 for M1 and 103 km2 for M2; Table 1) were large for this phase 

of the hare cycle because the hare population high was of such low amplitude 

(Appendix 1).

Even though the annual averages were large, the range in size of male 

home ranges varied considerably during the 3 years of my study (Fig. 23).

The large variation in home-range sizes suggested that some resident
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Year

Figure 23. Variation in mean (bars are ± 1 SD) annual home range size for 
male and female lynx on the Jatahmund Lake Study Area, Alaska, 1990- 
1993.
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individuals (M4, M6, M9) used large areas in search of food (Figs. 6, 7, 10), 

whereas other lynx (M2, M12, M14) utilized localized areas of high hare 

densities (Figs. 3-5, 12).

Annual home ranges of females (12-90 km2) were smaller and varied 

less than ranges of males (Fig. 23). The female (F4; 1992-93) with the 

largest home range used the 12-year-oid Kennebec Burn more than other 

females (Fig. 14). The Kennebec Burn was considered low-quality habitat 

characterized by intensely burned areas, including sparse vegetation 

regrowth within the home range of F4. Habitat supporting low densities of 

hares may have caused her to use a larger area. Other females (F1, F2, F8) 

used mixed-forest habitat such as the 1959 Burn and Stuver Creek (Figs. 14, 

15). The 1959 Burn and Stuver Creek appeared to support higher hare 

densities than did the Kennebec Burn (Perham et al. 1993), resulting in 

smaller home ranges.

Annual home ranges of females that had smaller means may have 

occurred because of female reproductive status. Evidence suggested some 

females on the JLSA may have had kittens. Although reproductive 

productivity of the lynx population, based on trapped carcasses, appeared low 

at this time, denning and care of kittens may have limited movements of 

females, resulting in small home ranges during particular seasons.

An indirect measure of lynx productivity can be estimated from the 

percent kittens in the harvest (Fig. 24). Number of kittens in the harvest is 

often equated to food resources available to lynx. Generally, lynx kittens 

compose >30% of the trapped harvest in an increasing population and <10% 

in a nutritionally stressed population with low recruitment (Brand and Keith
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Figure 24. Number of lynx and percent kittens harvested by fur trappers in Game Management Unit 12, Alaska, 
1977- 1994.



45

1979, O'Connor 1984). The proportion of kittens in the harvest was low, 17%, 

5.2%, and 2.2% for 1990-91, 1991-92, and 1992-93, respectively. In the 

same period, 85 and 74% of the lynx carcasses collected in GMU 12 during 

the 1991-92 and 1992-93 trapping seasons, respectively, were <2 years old. 

Dispersing juveniles likely constituted a large portion of the trapped 

population. These lynx may not have originated in GMU 12 because of low 

productivity of lynx in GMU 12 during the previous years, but may have 

immigrated from western Canada, which experienced a hare decline several 

years earlier. The young ages of harvested lynx and the small number of 

kittens in the harvest, suggested that the lynx population in the JLSA was 

responding to low densities of hares.

Seasonal Home Ranges

Home-range sizes of lynx did not changes seasonally. Home ranges 

were smaller during the snowfree than during the snow season, but 

differences were not significant (Tables 2, 3). Published information on 

seasonal home ranges for lynx is limited. Some studies have reported iarger 

home ranges for lynx in summer than in winter (Parker et al. 1983, Noiseux 

1986, Stephenson 1986). Stephenson (1986) suggested that a decline in 

hare numbers and increasing search time for prey may have accounted for 

some of the larger home ranges in summer. Bailey et al. (1986) reported that 

one adult female had a smaller home range in the summer than in winter.

Kesterson (1988) divided home ranges of lynx into four seasons on the 

Kenai National Wildlife Refuge in southcentral Alaska. No consistent 

seasonal trends occurred for male lynx, but home ranges of females 

increased from spring to summer. This seasonal variability likely stemmed
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from activities associated with rearing kittens, such as remaining close to a 

den in spring and provisioning for kittens in the summer. Provisioning for 

kittens may be energetically expensive for female lynx in terms of the need for 

increased food and relatively longer movements in search of food.

Some variation in seasonal home ranges of female lynx in the JLSA 

may be attributed to activities associated with rearing of kittens. Only one 

collared female (F4) was observed with young (one kitten). Even though 

there was no significant difference in seasonal home-range size, activities 

associated with kitten rearing during the 1992 snowfree season may explain 

her increased home range during that period (Table 2). Although no kittens 

were observed with other collared females, presence of kittens may have 

been the reason for larger home ranges of females in snowfree 1991 (Figs.

17, 18 and Tables 2, 3).

Although mean seasonal home ranges did not differ significantly in 

size, individuals varied in their seasonal home-range size (Figs. 25a-25g). 

Home ranges during snow seasons were larger for some male lynx (M2, M4, 

M9) (Figs. 25a, 25b, 25d), while for others (M6 and M8) they were larger 

during snowfree seasons (Figs. 25b, 25c). Some lynx may have made 

extended movements in the snowfree season when food was easier to obtain 

or stayed in one area around familiar settings because of a concentrated 

source of food. Other individuals may expand their home ranges during the 

snow season to search for food, including hare concentrations. This process 

would be accentuated by low-quality habitat for hares within portions of the 

JLSA, which would contain fewer and more widely dispersed refugia for
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Figure 25a-d. Home range sizes of consecutive seasons for six lynx on the 
Jatahmund Lake Study Area, Alaska, 1990-1993. SN = snow season, SF = 
snowfree season. R = resident, N = nomad.
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Figure 25e-g. Home range sizes of consecutive seasons for four lynx on the 
Jatahmund Lake Study Area, Alaska, 1990-1993. SN = snow season, SF = 
snowfree season. R = resident.
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hares. Expanded movements of lynx during breeding (approximately March 

to early April) also would yield larger home ranges in the snow season.

Females (F1, F2, F4) had larger home ranges during the snowfree 

season than during the snow season, except during 1992-93 (Figs. 25f, 25g). 

The animals that survived to the end of the study (F1, F4) increased their 

ranges beginning with the snow season of 1991-92, perhaps in response to 

lower densities of hares.

Site Fidelity

Some lynx expressed fidelity to seasonal areas, whereas others did not 

(Table 4). Although the sample size was small, site fidelity may be a helpful 

way to distinguish between resident and nomadic individuals. All individuals 

that expressed seasonal fidelity between at least two seasons were classified 

as residents (M2, M9, M12, F1, F4). The only resident that exhibited both site 

fidelity and a geographic shift was a female (F1) that shifted during the 

snowfree season of 1992 and the following winter (Table 4; Figs. 21, 22). A 

good example of site fidelity was M2. His use of home range did not change 

through the seasons and he also used the same areas in consecutive 

snowfree seasons as well as the 1990-91 and 1992-93 winter seasons.

Of the lynx that did not exhibit site fidelity, three were classified as 

residents (F2, M4, M6) and two were classified as nomads (M8, M11). Two 

resident males (M4, M6) did not use the same areas in the snowfree season 

of 1991 and the snow season of 1991-92 (Table 4). Perhaps concentrating 

use on particular areas within the home range of an individual, such as 

localized areas of higher density prey populations, may create a spatial shift 

within the home range when prey are depleted. One female (F2) had a home
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range during the 1991 snowfree season of oniy 9 km2, and this area declined 

to 5 km2 the following winter (Table 4; Figs. 17, 18). Even though she 

occurred almost exclusively in the 1959 Burn, she may have shifted locally 

within the 1959 Burn to take advantage of hare refugia.

By definition, nomads would not be expected to express site fidelity. 

Nomads (M8 and M11) demonstrated no consecutive or similar seasonal site 

fidelity to areas that corresponded to the large and variable movements 

nomads made throughout the JLSA (Figs. 18, 19).

Annua! home ranges for three resident lynx (M2, F1, F4) remained 

geographically stable between 1991-92 and 1992-93 (Figs. 4, 5, 14, 15), and 

for one resident (M2; Figs 3, 4) between 1990-91 and 1991-92. Conversely, 

one nomad (M8) shifted home ranges between 1991-92 and 1992-93 (Figs. 8, 

9). Although based on a small sample, annual site fidelity supports results 

from seasonal site fidelity which distinguish between residents and nomads. 

Perhaps this divergence in the use of a defined area by residents and one 

nomad occurred because of decreasing hare populations. Hares probably 

declined in marginal habitat first as densities decreased. If nomads used 

marginal habitat for hares more than residents, nomads may have been 

exposed to the effects of low availability of prey before residents and 

increased their home ranges searching for food.

Social Organization of Lvnx

Lynx in the JLSA included residents, nomads, and dispersers. 

Residents had well-established areas and often exhibited annual and 

seasonal site fidelity. Some residents used small home ranges (M12, M14,



F2, F8; Figs. 12, 14, 15), whereas others used larger home ranges (M2, M4, 

F1, F4; Figs. 3-6, 14, 15).

Nomads included juvenile males (M1, M8, M11, and M13) and one 10- 

year-old female (F5; Fig. 26). McCord and Cardoza (1982: 738) described 

nomadic bobcats (Felis rufus) as being older than other nonresidents; 

nomads having access to optimal areas, such as ledges or good feeding 

sites, whereas nonresidents were excluded.

A characteristic of JLSA nomads was that they used what I defined as 

"areas of concentration" (AOC). AOCs were areas that lynx used for a short 

period of time before moving to another AOC. The adaptive kernel (AK) 

method provided a good means of identifying AOCs within individual home 

ranges (Worton 1989), while the MCP did not. AOC could represent activity 

around den sites, areas of higher prey density, or movement corridors. The 

MCP most likely included areas that were never used by these individuals as 

they moved from one AOC to another. The AK estimate of home range for 

one nomad (M13) showed disjointed areas of activity expressed by multiple 

kernels (Fig. 13). The smaller kernel of M13 was located in the 1959 Burn, 

which probably contained a high concentration of hares. Nomads may be 

searching for available concentrations of hares (hare refugia) by constantly 

moving, increasing the chance of finding such areas. Once nomads find 

refugia they likely remain until refugia are depleted and then move on, thus 

accounting for multiple AOCs. Kesterson (1988) suggested that some of the 

larger home ranges of lynx stemmed primarily from periodic shifts in the 

location of home ranges rather than from consistent use of larger areas;

51
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similar to the description of AOC nomadic movements in the lynx population 

at JLSA.

Lynx dispersal during low densities of hares has been reported 

previously (Ward and Krebs 1985, Stephenson 1986, Poole 1992). When a 

lynx was trapped and moved directly out of the area, it was impossible to 

determine if it had been a resident of the local population and dispersed 

immediately after capture or if it was just moving through the area. The 

relating high frequency of lynx moving through the area suggested the latter 

more likely. The direction of lynx dispersal is known to vary greatly (Poole 

1992), but most of the known dispersals occurred in a northwesterly direction 

down the Tanana River valley, a natural corridor. The hare cycle in Canada 

preceded the hare cycle in eastern Alaska by a year and this may have 

allowed for a general westerly movement through Alaska by dispersing lynx 

from the Yukon. Four individuals (M5, M7, F6, and F7) probably dispersed 

from the Yukon. They were caught following the hare crash in the Yukon and 

continued moving after their release. Poole (1992) assumed that a failure to 

locate a radio signal previously located in the study area meant lynx had 

dispersed, rather than being attributed to a collar failure. Using this same 

assumption following long-distance telemetry flights, two other lynx (F3, M10) 

also may have dispersed.

Only two lynx monitored for more than one year dispersed. One 

nomad (M1) dispersed out of the JLSA basin into the WRST and was 

subsequently harvested. M1 moved a shorter distance than other dispersers. 

The movement may have been to an AOC typical of a nomad. In an 

unnatural situation, resident (F2) dispersed most likely due to a capture-



induced injury. Even though she was a resident prior to the injury, F2 was 

possibly displaced by another lynx while she was rehabilitated. If so, the 

animal that displaced her may have been another collared female lynx (F8), 

which was captured 6 months later in the same area and had incorporated the 

area of F2 into her own home range(Figs. 14, 15).

Some individuals expressed characteristics of both residents and 

nomads. For example, the largest annual home range for a resident was 270 

km2 (M6). The designation of this animal as a resident was due primarily to 

constant movements along Stuver Creek. The AK home-range estimate of 

M6, however, showed multiple kernel AOCs that was a characteristic of 

nomads (Fig. 7). One resident (M9) may have used a larger area due to 

marginal hare habitat consisting of black spruce and tundra within its home 

range (Fig. 10). This adult may have relied heavily on alternate food sources 

such as red squirrels (Tamiasciurus hudsonicus), grouse (Bonasa umbellus, 

Dendragapus canadensis), or caribou (Rangifer tarandus) (Brand et al.

1976). One nomad (M8) expressed resident characteristics. In 1991-92 its 

home range was similar in size to residents, but in 1992-93 this lynx shifted 

area and doubled its home-range size, a characteristic of nomads. McCord 

and Cardoza (1982) noted that nomadic bobcats behave like residents for 

several months and then move long distances for no apparent reason, and 

these individuals may be able to establish temporary home ranges. Perhaps 

this is similar to the movement that M8 exhibited. Ward and Krebs (1985) 

reported that resident lynx seemed predictable in their movements and used 

well-defined areas, whereas nomadic lynx used large areas and moved 

unpredictably. The use of large areas with unpredictable movements may

53
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explain movements of some residents (M6, M9) as well (Figs. 7, 10). 

Individuals expressing movements of both residents and nomads may be 

adjusting their behavior in response to changing prey densities. The large 

area and multiple-kernel home ranges of some lynx may provide insights into 

differences in spatial use of areas by residents and nomads.

The social organization of lynx in the JLSA may have been a response 

to prey densities. Low densities of hares causing unstable home ranges 

could account for the large percentage of dispersers and nomads within the 

collared population of lynx. Ward and Krebs (1985) reported that lynx 

abandoned their home ranges and became nomadic when hare abundance 

dropped below a threshold density (0.5 hares/ha). When hare densities were 

0.2 hares/ha, home ranges of lynx only increased from 13.2 to 39.2 km2 

(Ward and Krebs 1985). This home-range size suggested hare densities may 

have been lower in the JLSA than in the study area of Ward and Krebs 

(1985). Kesterson (1988) reported lynx abandoned established home ranges 

when hare densities were probably <1.0 hare/ha. Bobcats also have 

abandoned home ranges at low densities of prey (Bailey 1972).

Kesterson (1988) speculated that lynx have a flexible spacing system 

allowing increased overlap among home ranges during periods of low density 

of prey. Male lynx occupied mutually exclusive home ranges that overlapped 

with one or more female home ranges (Kesterson 1988). This pattern of 

spatial use has occurred in other felids, such as bobcats (Bailey 1972), 

mountain lions (F. concolor) (Seidensticker et al. 1973), and feral domestic 

cats (F, catus) (Liberg 1984). In my study, home-range overlap contrasted 

with these felid studies. Home-range overlap in the JLSA occurred between



55

resident and nomadic maies. Males overlapped with resident females, but 

females had mutually exclusive areas. This pattern of spatial use was similar 

to home ranges of mountain lions in California (Hopkins et al. 1986). A 

breakdown in the mutually exclusive use of areas as reported by Kesterson 

(1988) and abandonment of home ranges by lynx in the JLSA may account 

for the overlap between residents and nomads.

SUMMARY

I failed to reject the hypothesis that home range sizes of lynx do not 

vary among years during a hare population decline. Annual home ranges for 

males averaged 174, 160, and 183 km2 for the years 1990-91, 1991-92, and 

1992-93, respectively, while female home ranges averaged 30 and 47 km2 for 

the years 1991-92 and 1992-93, respectively. Individual home ranges varied 

considerably, especially for males, between 14 and 456 km2.

I failed to reject the hypothesis that lynx home range size changes 

seasonally. Although a trend appeared to suggest home ranges during the 

snowfree season were smaller than during the snow season for male and 

female lynx, the trend was not significant. This trend may have reflected the 

availability of fewer and more widely dispersed hare refugia.

I rejected the null hypothesis that male and female home range areas 

are equal. Annual home ranges were larger for males than females over the 

two years monitored, but not statistically for 1992-93.

I rejected the null hypotheses that lynx show site fidelity to a home 

range annually and seasonally. Site fidelity varied among individuals; some 

lynx used the same area for snow and snowfree seasons while others shifted
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their range across seasons. Site fidelity, combined with other factors such as 

AOCs was one way to distinguish between residents and nomads. Residents 

generally expressed fidelity to certain areas while nomads switched areas 

during the time they were monitored.

Social organization and movement patterns of lynx within the JLSA 

varied. As defined by their distinctive movement patterns, three types of 

individuals were present: residents, nomads, and dispersers. Residents 

sometimes used small areas or larger, well established ones. Nomads, while 

never leaving the basin, exhibited less site fidelity, multiple kernels in their AK 

calculated home ranges, and larger home ranges. Some individuals showed 

characteristics of residents and nomads. Dispersers could have originally 

been either residents or nomads, but were most likely nonresidents. Nomads 

and dispersers comprised over 50% of the population. This social 

organization may be a response to low hare densities.

Within the JLSA, I hypothesize that there may have been a small 

resident population of lynx at the time of the study. Young lynx, most likely 

dispersers and nomads in the area, comprised the majority of the harvested 

individuals. Dispersers are more susceptible to trapping, perhaps due to their 

increased mobility, less familiarity with the area and inexperience. Due to 

these younger lynx, residents may not have been well represented in the 

harvests during the study.

Nomads and dispersers play an important role in lynx management in 

eastern interior Alaska by buffering resident lynx during the trapping season. 

Trapping during extended hare declines will have the largest impact on
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resident lynx. However, as long as there is a surplus of dispersing lynx, they 

will eventually repopulate the area should the resident population be depleted.
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CHAPTER 2 

HABITAT USE BY LYNX IN EASTERN INTERIOR ALASKA 

INTRODUCTION

Lynx (Lynx canadensis) are one of the most economically important 

furbearers in Alaska. In recent years (1977-1988) the estimated total value of 

lynx pelts was approximately 8.7 million dollars (Alaska Department of Fish 

and Game [ADF&G] 1989). Pelt value and relative ease of trapping make 

lynx an attractive resource for exploitation. Nonetheless, heavy trapping, 

especially when it occurs during a low in the lynx cycle, may harm the 

population through additive mortality on already low numbers (Brand and 

Keith 1979, Bailey et al. 1986). Overexploitation is a concern among 

managers because it may affect the timing and amplitude of the lynx cycle, 

and among trappers because it may reduce the future breeding stock needed 

for a sustainable, healthy population.

ADF&G (1987) reported that major expanses of “good” lynx habitat 

occurred in eastern interior Alaska, whereas more fragmentary habitat existed 

in the remainder of the state. Recently, Game Management Unit (GMU) 12, 

in eastern interior Alaska, had the third largest 5-year harvest of lynx (1988-89 

to 1992-93) in the state. GMU 12 accounted for 17% of the total lynx 

harvested in Alaska during the 1992-93 trapping season (ADF&G 1994). 

Recent sealing records for pelts of lynx in GMU 12 (1977-78 to 1990-91) 

indicated that 40% of the harvest (577 lynx of a total of 1498 harvested) 

occurred on the Tetlin National Wildlife Refuge (TNWR), which comprises
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only 15% of the area (TNWR unpubl. data). Assuming equal trapping effort, 

the TNWR may contain some of the better lynx habitat in GMU 12.

In 1990, the TNWR, in cooperation with the Wrangell-St. Elias National 

Park and Preserve and ADF&G, initiated a study on lynx demography and 

ecology. This study focused on the relationship between densities of lynx and 

snowshoe hare (Lepus americanus) and lynx trapping in GMU 12. One 

objective of this study was to investigate habitat preference of lynx.

Use of habitat by lynx depends largely on the prey populations 

supported in different habitats (ADF&G 1987). Because snowshoe hare is the 

principal food of lynx, good habitat for hares is presumably good lynx habitat 

(McCord and Cardoza 1982). By ascertaining which habitats lynx select in 

their home ranges, managers may be able to describe the habitats that could 

be enhanced or preserved for lynx.

Habitat use and selection by lynx have been documented throughout 

the boreal forests of Alaska, Canada and the contiguous U.S. (Saunders 

1963, Berrie 1971, Koehler et al. 1979, Parker et al. 1983, Bailey et al. 1986, 

Stephenson 1986, Quinn and Thompson 1987, Kesterson 1988, Major 1989, 

Koehler 1990, Slough and Ward 1990). Nonetheless, boreal forests vary in 

vegetation types and geographical differences make comparisons throughout 

the range of lynx difficult.

Boreal forests are a mosaic of vegetation types shaped primarily by 

wildfires. The need to study responses of lynx to wildfires has been 

recommended by Bailey (1989) and Johnson and Paragi (1992). Few studies 

have described habitat selection by lynx for wildfire-influenced habitat 

(Koehler et al. 1979, Golden 1987, Kesterson 1988, Staples 1995, Johnson et



65

al. [in prep.]). Fire management, whether wildfire suppression or prescribed 

burning, is an important management tool on public lands in interior Alaska. 

Information on lynx response to fire can be used to guide management 

activities related to wildfires. My study was designed to examine some of the 

questions pertaining to the importance of wildfires and the use of post-fire 

habitat by lynx in interior Alaska.

Specific objectives of this project were to: 1) determine habitat 

preference of lynx in eastern interior Alaska; and 2) describe how different 

aged burns are utilized by lynx. I hypothesized that lynx would exhibit habitat 

preference to particular habitats and that burns of different age would be used 

differently by lynx. I predicted that lynx would select mid-successional post

fire habitat (-30 years old) and tend to avoid early successional post-fire 

habitat (< 10 years old).

STUDY AREA

This study was conducted on the 2,846 km2 Jatahmund Lake Habitat 

Site (JLHS) in eastern interior Alaska (Fig. 26). The study area was centered 

at 620 38' N, 141° 50‘ W, including portions of the TNWR and the Wrangell - 

St. Elias National Park and Preserve. The JLHS consisted of a mosaic of 

forested uplands and wetlands influenced by wildfires, glacial rivers and 

permafrost. The dominant vegetation included spruce forest and dwarf 

shrub/tundra communities interspersed with wetlands (USFWS 1987). Black 

spruce (Picea mariana) occurred throughout the study area, sometimes in 

large expanses. Deciduous hardwoods, such as balsam poplar (Populus 

balsam if era), aspen (P. tremuloides), and paper birch (Betula papyrifera)



Figure 26. The Jatahmund Lake Habitat Site, eastern interior Alaska, 1990-1993.
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occurred on old wildfire sites and well-drained areas. Hardwoods grew in 

pure stands or were mixed with black and white {P. glauca) spruce. Stands of 

willow (Salix spp.) and alder (Alnus crispa) also occurred throughout this area 

especially along lake and stream banks and in burns.

Four fires have burned approximately 10% of the area since 1959 (Fig. 

27). In 1959, 10 km2 burned along the southcentral slope of the Black Hills 

(1959 Burn). A 1982 lightning strike ignited 127 km2 of spruce forest and 

tussock tundra in the central Black Hills, surrounding the 1959 Burn 

(Kennebec Burn). In 1989, lightning ignited 17 km2 between Stuver Creek 

and the Chisana River (Stuver Creek Burn), and a prescribed fire burned 14 

km2 between the Nabesna and Cheslina rivers in 1989 (Trail Lake Burn).

METHODS

My study was based on orders of habitat selection (Johnson 1980) and 

study designs for resource use and availability (Thomas and Taylor 1990). 

Recognizing the hierarchical nature of selection, Johnson’s (1980) orders 

appeared to be the most appropriate way to measure habitat selection. I 

studied second-order habitat selection at the population level by comparing 

habitat use of lynx within the JLHS (Thomas and Taylor 1990). The JLHS 

was defined by combining 16 annual home ranges of 12 radio-collared lynx 

into a composite home range. The composite home range was a 95% 

minimum convex polygon (MCP) calculated with program CALHOME (Kie et 

al. 1994). Secondly, I studied third-order selection of habitat of individual lynx 

(Thomas and Taylor 1990) within their annual home ranges (See Chapter 1).



Figure 27. Predominant burns within the Jatahmund Lake Habitat Site, Alaska, 1959 through 1993.
O)00
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Habitat Availability

Habitat availability was estimated for the JLHS and individual home 

ranges using aerial photos and LANDSAT imagery (Talbot et al. 1984). 

Availability within the study area was estimated using Marcus and 

Loftsgarten’s (1980) nonmapping technique. Approximately 1,600 random 

points were used to estimate habitat availability within the study area for 

second-order habitat selection. Habitat availability within individual home 

ranges (third-order selection) was estimated by superimposing each home 

range on a LANDSAT image and grid system (grid cell = 0.25 km2). One 

random point was selected within every grid cell in the home range and the 

habitat type corresponding to that point was recorded. Habitat availability was 

estimated as the percentage of points representing each habitat within a 

home range. The number of points used to enumerate habitat availability 

depended on the size of the home range (289 grid-cell points were used for 

the smallest home range, while 6,814 grid-cell points were used for the 

largest home range).

Habitat Utilization

Habitat use was determined annually (1 April - 31 March) and 

seasonally from radio-telemetry data collected primarily between 0800 and 

1800 h Alaska Standard Time. Seasons were divided into winter (15 October 

- 30 April) and snowfree periods(1 May - 14 October).

Habitat observations were recorded using the vegetation-classification 

scheme of Viereck et al. (1986). Habitat use was quantified by frequency of 

locations of radio-collared lynx. Some habitats were combined due to 

difficulty in identifying and distinguishing between some vegetation types on
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LANDSAT imagery and aeriai photographs. The habitats used in my analysis 

were divided into six categories (Talbot et al. 1984):

1) Broadleaf forest. 25-100% canopy cover, primarily mid- 

successional stands of Betula papyrifera, Populus tremuloides, and Populus 

balsamifera . Picea glauca may occur infrequently in the main canopy or 

more so in the understory.

2) Dwarf shrub/Tundra. Composed of two separate habitats 

combined because of their open structure. Dwarf shrub occurs along water 

courses, poorly drained sites, and more recent burns. Included in this are 

recent successional to mature habitats. This category includes tussock- 

forming graminoids, such as Eriophorum spp. and Carex spp. in the open, 

tundra areas. Shrubs include Salix spp., Vaccinium spp., Betula nana, 

Ledum groenlandicum, and Potentilla fruticosa.

3) Herb/Marsh. Graminoid marsh periodically inundated with standing 

or slow moving water associated with dwarf shrub-graminoid tussocks or 

tundra. Includes Carex spp., Calamagrostis canadensis, and Equisetum spp.

4) Mixed forest. 25-100% canopy cover occurring in riparian zones 

and early and mid-successional stands. The principle coniferous needleleaf 

is Picea glauca; predominant broadleaf species include Betula papyrifera and 

Populus tremuloides. Less frequent components include Picea mariana and 

Populus balsamifera.
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5) Needleleaf forest. Generally includes mature, climax stages. 

Subcategories include: a) Closed needleleaf forest (60-100% canopy cover;, 

predominantly Picea glauca ; b) Open needleleaf forest, predominantly Picea 

mariana (25-59% canopy cover); and c) Needleleaf woodland (10-25% 

canopy cover), predominantly Picea mariana .

6) Other. Includes rivers, lakes, streams, and sparsely vegetated 

areas, such as barren floodplains and screes.

Habitat Preference

White and Garrott (1990: 183) stated that habitat preference occurs 

when individuals spend more time in a habitat than would be expected based 

on its availability. I used the Friedman’s test (Zar 1982) to determine habitat 

preference of radio-collared lynx (White and Garrott 1990: 194). I tested for 

differences in percentage availability and percentage use to determine habitat 

preference. If preference was detected, Bonferroni's simultaneous confidence 

intervals (Byers et al. 1984) were calculated on each individual to determine 

the habitats that were preferred or avoided. Bonferroni probability statements 

were used for individual habitat preference (Byers et al. 1984). Because of a 

lack of independence in some cells of the X2 tests (Aebischer et al. 1993), I 

accepted a P-value <0.025 to control for a type I error. During this 

discussion, “preference” and “avoidance" indicated statistical significance.

Burn Use

Use of wildfire burns by lynx was determined separately from the six 

habitat types. Not all burns were available to all radio-collared lynx, therefore,
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Friedman's test (Zar 1982) was not performed. Instead, independent 

Bonferroni confidence intervals (Neu et al. 1974) were calculated to determine 

the relative use and importance of burns to individual animals. Each burn and 

all remaining unburned areas within individual home ranges were treated as 

separate habitats to calculate independent confidence intervals. Data were 

pooled over sexes and years to examine the use of various burns to increase 

the sample size of lynx using various burns. The terms “more than expected” 

and “less than expected” were used to describe habitat selection or avoidance 

by lynx.

RESULTS

Habitat Availability

The percent of habitats available on the JLHS that were used to 

address second-order selection were: broadleaf (3%), dwarf shrub/tundra 

(25%), herb/marsh (2%), mixed forest (9%), needleleaf (52%), and “other” 

(9%). The percent of habitats available within individual home ranges (third- 

order selection) was different for each lynx (Table 7).

Habitat Use

Seasonal habitats were pooled by sex to analyze annual habitat use by 

lynx. There was no significant difference in habitat selection of males during 

snowfree and snow seasons (X2 = 5.45, 5 df, P=  0.361). There was a 

seasonal difference for females (X2 = 16.72, 5 df, P = 0.0002), but only for 

use of herb/marsh habitats (Appendix 5). As a result, female seasonal use of 

habitats also was pooled because herb/marsh was a small component of the 

JLHS (2%), there were few relocations in herb/marsh, and I believed the



Table 7. Habitat availability and use by sex within 16 annual home ranges of
12 lynx, Jatahmund Lake Habitat Site, Alaska, 1990-1993. From Appendix 6.

% of lynx using habitat type 
within home range

Habitat Class % availability within 
individual home ranges

More than 
expected

Not different 
than  

exp ec ted

Less than 
expected

Male 
(mean ± SD)a

Female 
(mean ± SD)a

Male Female Male Female Male Female

Mixed forest 4-45 1-21 42 100 50 0 8 0

(10.8 ±11-6) (7.4 ±9.1)

Broadleaf 1-21 1-18 25 0 67 100 8 0

(5.1 ±5.7) (5.6 ±8.0)

Needleleaf 17-76 37-82 8 0 67 50 25 50

(58.3 ± 15.9) (66.5 ±20.0)

Herb/marsh 0-4 0-3 0 0 50 100 50 0

(1.4 ± 1.3) (0.7 ±1.3)

Dwarf shrub/ 11-27 9-21 0 0 25 50 75 50

Tundra (20.6 ±5.6) (14.8 ±5.4)

Other 1-12 0-14 0 0 8 0 92 100

(3.7 ±3.0) (5.0 ±6.3)

a SD = standard deviation
-si
CO
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importance of the herb/marsh habitat to prey of lynx was minimal based on 

lack of adequate cover. All lynx, when combined, were highly selective in 

their annual use of habitat (X2 = 61.54; 5 df; P < 0.001).

Second-order selection by males and females was similar (Appendix

6). Both sexes preferred broadleaf and mixed forests and avoided dwarf 

shrub and “other” habitats while needleleaf forests and herb/marsh were used 

in relation to their availability.

I examined patterns of habitat selection by individuals for 12 lynx, 

including three annual estimates for one male, two annual estimates for one 

male and one female, and single-year estimates for seven males and two 

females. These data were pooled over 3 years during which snowshoe hares 

declined (Appendix 1).

The lynx population reflected individual variation in habitat use; third- 

order selection indicated a similar trend to that observed in second-order 

selection (Table 7). Degree of habitat preference, however, varied 

considerably between individual lynx within their home ranges (Appendix 6). 

Mixed forest was the most consistently selected habitat type within individual 

home ranges. Eight lynx preferred the mixed forest with two lynx selecting it 

in 2 consecutive years. Six lynx expressed no selection for mixed forest.

One male avoided mixed forest. Broadleaf forest was preferred by three 

males and used less than expected by one male, whereas the remaining five 

males and all females used it in relation to its availability. Three lynx avoided 

needleleaf, one female used needleleaf less than expected for 2 consecutive 

years, and one male preferred the habitat. Herb/marsh habitat was avoided 

by four male lynx and for two consecutive years by another male, while the
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remaining males and all females used herb/marsh relative to its availability. 

Dwarf shrub/tundra was avoided by nine lynx and by one lynx for two years. 

The remaining five lynx used dwarf shrub/tundra in relation to availability. All 

lynx avoided the “other” habitat type. Although one male showed no habitat 

preference initially, the following year this male avoided the "other" habitat. 

Burn Use

Relative use of burns suggest lynx select mid-successional post-fire 

habitats more than expected and used early successional post-fire habitats 

less than expected (Table 8). When available, the 1959 Burn (mid- 

successional) was selected by three lynx and avoided by another. Unburned 

habitat was used relative to its availability except for two lynx that used it less 

than expected. Portions of the 1982 Kennebec Burn (early successional) 

were available to ail lynx except one male (Appendix 7). Seven lynx avoided 

this burn, including one that avoided it for 2 years. The Trail Lake Burn (early 

successional), available only to one lynx, was neither preferred nor avoided. 

Likewise, the Stuver Creek Burn (early successional), available to two lynx, 

was avoided by one and used in proportion to its availability by another.

DISCUSSION

Habitat Use

This study corroborates previous findings based on tracks or locations 

of radio-collared individuals that mixed and broadleaf forests were preferred 

habitats for lynx. For the most part, mixed forests within the JLSA were mid- 

successional stages of the boreal forest, progressing towards mature, spruce 

habitat. Mid-successional stages are characterized by dense coniferous and



Table 8. Availability and use among burned and unburned areas within 16 annual home ranges of 12 lynx,
Jatahmund Lake Habitat Site, Alaska, 1990-1993. From Appendix 7.

Habitat Type % availability within 
home range 

(mean + SD)a

Nos. of lynx with
access

Nos. of lynx 
using habitat 

More than 
expected

Nos. of lynx 
using habitat No 

different than 
expected

Nos. of lynx 
using habitat 

Less than 
expected

1959 Bum (1959) 0 - 5 8  

(13.6 ± 21.2)

10 3 6 1

Unhurried 1 3 - 9 9  

(75.2 ± 25 .7 )

16 0 14 2

Kennebec Burn (1982) 1 - 3 8  

1(6.4 ± 11.4)

14 0 6 8

Trail Lake Burn (1989) 7 1 0 1 0

Stuver Creek Burn (1989) 3 - 6  

(4.6 ± 1 .7 )

2 0 1 1

a SD = standard deviation

-vlO)
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deciduous regeneration (Magoun 1991). Kesterson (1988) and Staples 

(1995) determined that lynx on the Kenai National Wildlife Refuge in Alaska 

selected mid-successional forests composed of either white or black spruce 

and birch, and avoided large expanses of mature needleleaf forest. 

Stephenson (1986) reported that lynx in interior Alaska used mixed 

spruce/hardwood forests 42% and hardwoods 13% of the time. Track counts 

by Golden (1987) on the Yukon Flats National Wildlife Refuge and Johnson et 

al. (in prep.) on the Nowitna National Wildlife Refuge suggested that lynx 

selected mid-successional mixed coniferous-deciduous forests. Others have 

reported that mid-successional forest was important for lynx in Washington 

(Koehler 1990), Newfoundland (Saunders 1963 ), Nova Scotia (Parker et al. 

1983), Ontario (Thompson 1988) and in the Yukon Territory (Major 1989, 

Slough and Ward 1990). All these studies defined mid-successional forest 

stages as 20 to 40 years old.

Needleleaf/deciduous regeneration in early and mid-successional 

stages provide good cover and browse, which are important to snowshoe 

hares (Keith and Windberg 1978, Wolff 1980, Litvaitis et al. 1985). Lynx may 

prefer mid-successional forests because these habitats provide more food 

and cover for snowshoe hares and consequently hares are generally more 

plentiful (Golden 1987). In my study area, hare pellets were most abundant in 

mixed-forest habitats (Appendix 1).

Forests in the boreal region of Alaska, such as mixed-forest habitat of 

the JLHS, can be created by riverine action. Stuver Creek was the largest 

stream within the JLHS and represented a mixed-forest stage. Most of its 

riparian zone, situated in the upper portions of the watershed, was white
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spruce-balsam poplar overstory with willow and alder understories. Three 

lynx (M6, M14, F2) used the riparian zones of Stuver Creek extensively.

Pellet transects indicated the'riparian zone of Stuver Creek contained the 

second highest concentration of hare pellets (Chapter 1) behind the 1959 

Burn.

Needleleaf forest, composed of white and black spruce, was the 

predominate habitat type within the JLHS (52%). Despite large expanses of 

this type, it was used relative to its availability when all lynx were compared 

(Table 7); some lynx avoided it and one selected it (Appendix 6). The 

needleleaf subcategories on the JLHS (closed, open, and woodland) could 

have been used differentially by lynx, but small samples and problems 

distinguishing between the three subcategories warranted condensing these 

into a broader habitat type.

Needleleaf habitat may have been used by lynx for reasons other than 

searching for snowshoe hares. I noted relatively low densities of hare pellets 

in mature needleleaf forests of the JLHS (Appendix 1). Keith et al. (1984) 

determined that hare habitat deteriorates as forests mature. Lynx may have 

used needleleaf habitat for resting, travel routes or for hunting alternate prey 

such as red squirrels (Tamiasciurus hudsonicus) or grouse (Bonasa 

umbellus, Dendragapus canadensis). Staples (1995) suggested red squirrels 

were most abundant in mature needleleaf stands and that squirrels were an 

important source of food for lynx during a hare low in southcentral Alaska.

At times lynx select needleleaf habitats. Koehler et al. (1979) reported 

one lynx that used dense stands of pure lodgepole pine resulting from a 

wildfire in 1910. An abundance of snowshoe hares in the pine habitat relative
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to other habitats accounted for this use. Only one lynx (M9) selected 

needleleaf forests in the JLHS.

Hares did not appear abundant in needleleaf habitat, but habitat 

structure or alternate prey may account for selection of this type by lynx M9. 

Habitat structure is based on visibility and stem density within each habitat 

and affects predator and prey visibility (Major 1989). Major (1989) suggested 

habitat structure may strongly influence habitat selection by carnivores as 

travel and activity patterns are a function of hunting behavior. He reported 

that hunting success of lynx was highest in mature spruce because of its open 

structure, despite relatively low hare numbers. Perhaps use of needleleaf 

habitat by M9 was influenced by the availability of other prey. Nellis and Keith 

(1968) and Brand et al. (1976) suggested that lynx rely more heavily on 

alternate prey than on hares in the summer. An expanded prey base may 

have sustained this individual through the summer but a lack of adequate 

food probably led to his death the following winter as suggested by a 

subsequent necropsy.

Dwarf shrub/tundra habitat may have been used primarily as travel 

routes between other habitats. Berrie (1973) noted that lynx rarely used 

tundra even though it composed 50% of his study area. Occasionally lynx 

were located during telemetry flights in small islands (< 200 m2) of aspen or 

balsam poplar surrounded by tundra. Hares appeared to not use tundra 

habitat (Chapter 1), but lynx may have hunted these isolated stands for hares 

or used them as resting areas with broad, clear views. Telemetry locations 

suggested lynx observed caribou {Rangifer tarandus) from these islands as 

well. Caribou were increasingly used as an alternative food source during the



course of this study whether as carrion or prey. Nine lynx were documented 

on at least 18 caribou kills during the study.

The dwarf shrub/ tundra and water bodies, included in the “open” 

habitat, may have influenced use by lynx, as speculated by Johanson (1989). 

Johanson (1989) reported that European lynx (L  lynx) in Norway used bodies 

of water in excess of their availability in winter, and suspected that the water 

served as travel corridors. Lynx may have taken advantage of this open 

habitat to achieve an unobstructed view of surroundings. Lynx used lakes, 

ponds and rivers during the winter in the JLHS. On three separate occasions 

individual lynx were observed on lake edges laying on the snow-covered ice, 

although they were always close to the shore and forest edge. Observations 

of lynx tracks also indicated that many small bodies of water were crossed 

and circumnavigated during winter.

Johnson et al. (in prep.) stressed that optimal habitat for lynx in 

western Interior Alaska was a mosaic of early, middle and late successional 

stages of mixed-forest stands. Habitat analysis indicated that important 

habitat for lynx in the JLHS was a variety of mid-successional habitats based 

on the amount of use by lynx. Perhaps one reason mid-successional mixed 

and broadleaf forests were important for lynx in the JLHS was because these 

isolated stands were situated within broad expanses of mature spruce forest 

that comprise most of the area where these stands occurred. Hares likely 

were more abundant in mid-successional stands than in the surrounding 

spruce forest based on evidence collected. Thus, lynx may use this area 

more than the surrounding needleleaf habitat. Needleleaf forests may not be 

good habitat for snowshoe hares but may be used by lynx for other reasons.

80
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Perhaps the most appropriate time to study habitat selection by lynx for 

identifying hare refugia is during a low in numbers of snowshoe hare. During 

this period, hares should be concentrated in habitats most important for their 

survival. As hare densities decline, lynx would likely concentrate in habitats 

with the highest densities of hares. During my study, densities of snowshoe 

hares declined in eastern interior Alaska (Appendix 1). Only a slight shift in 

habitat use occurred between 1991-92 and 1992-93 (Appendix 6). Mixed and 

broadleaf habitats were used slightly more in 1992-93 (mean percent habitat 

use = 28.5 and 15.1%, respectively) than in 1991-92 (mean percent habitat 

use = 27.6 and 12.2%, respectively). Needleleaf habitats were used slightly 

less in 1992-93 than in 1991-92 (average percent habitat use = 49.9 and 

49.2%, respectively). Thus, mid-successional mixed and broadleaf forests 

may be the most beneficial habitats for lynx in the JLHS based on prey 

availability.

Burn Use

Results of this study corroborate previous findings that post-fire mid- 

successional stages of forests are beneficial to lynx. Slough and Ward (1990) 

reported that regenerating pine/willow stands from a 30-year-old burn with 

unburned inclusions were used heavily by lynx. Kesterson (1988) and 

Staples (1995) reported that lynx preferred the mid-successional forests of a 

40-year-old burn in the Kenai National Wildlife Refuge, Alaska. Golden 

(1987) observed that lynx selected a 36-year-old burn on the Yukon Flats 

National Wildlife Refuge, Alaska. Much like the JLHS 1959 Burn, the Little 

Black River Burn was characterized by mixed coniferous/deciduous forests 

with willow and alder understories. Likewise, Johnson et al. (in prep.)
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reported lynx selected a 27-year-old burn in the Nowitna National Wildlife 

Refuge, Alaska.

Vegetation composition of the mid-successional burns and its use by 

snowshoe hares may explain the selection for those burns and avoidance of 

more recent burns by lynx. Previous studies indicate hares use mid- 

successional forests for both cover and food (Keith and Windberg 1978, Wolff 

1980, Litvaitis et al. 1985, Kesterson 1988). Availability of mid-successional 

habitat for hares undoubtedly influenced lynx habitat selection in all of these 

studies with the possible exception of Kesterson’s (1988) work on the Kenai 

National Wildlife Refuge. In his study browsing competition between hares 

and moose played a critical role in determining habitat availability of hares 

which, in turn, possibly influenced habitat selection by lynx.

The 1982 Kennebec Burn and the 1989 Stuver Creek Burn were used 

less than expected by radio-collared lynx in the JLHS. Other studies 

suggested that burns similar to the more recent JLHS burns are avoided as 

well. Johnson et al. (in prep.) reported that lynx avoided a 1985 burn. 

Evidence from tracks suggested that lynx avoided a 7-year-old burn in 

Golden’s (1987) study. Kesterson (1988) reported that lynx avoided a 15- 

year-old burn.

Only one lynx (F4) used the more recent Kennebec Burn extensively 

during the snow season of 1991-92. She occurred primarily in riparian zones 

along hillsides and her locations were not near the edge of the burn. On 

several occasions she was observed resting on rock outcrops and mineral soil 

within the burn. Johnson et al. (in prep.) noted that lynx only crossed through 

a 9-year-old burn while traveling to other areas. Perhaps the Kennebec Burn
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was avoided by other individuals and allowed F4 to exploit portions of the 

burn, such as riparian zones that retain habitat characteristics that benefit 

hares. This lynx may have been able to exploit other prey species that used 

the Kennebec Burn, such as the yellow-cheeked vole (Microtus 

xanthognathus) that inhabits recent burns (T. F. Paragi, U. S. Fish and Wildl. 

Serv., pers. commun.). The yellow-cheeked vole has not been documented 

on the TNWR, and neither small mammals nor diets of lynx were analyzed 

during this study.

Wildfires are thought to benefit lynx (Fox 1978) when the burned areas 

reach mid-successional stages and increases occur in cover and food, 

especially winter browse, for snowshoe hares (Magoun 1991). Bailey (1989), 

Magoun (1991) and Johnson et al. (in prep.) suggested that the principal 

factor determining suitability of burns for lynx appeared to be the abundance 

of hares in those areas. Our indices showed that the 1959 Burn contained 

the highest density of hare pellets (Chapter 1). Six instrumented lynx used 

the 1959 Burn during spring 1992. A high concentration of lynx in this 

relatively “small” area during a hare decline suggested that mutually exclusive 

areas defined by lynx home ranges may have been abandoned in an effort to 

survive (Ward and Krebs 1985).

Route and Doyle (1991) suggested that the relatively large home 

ranges of radio-collared lynx and the presence of nomadic individuals on the 

JLHS indicated a low density source of food. Densities of hare pellets 

provided further evidence that hares were declining or at a low in their cycle 

(Appendix 1). Several lynx had small home ranges during this period and 

these animals may have been using hare refugia (Wolff 1980), whereas the



84

remaining lynx were ranging over an expanded area to acquire food. I 

speculate that the 1959 Burn was a hare refugium because: 1) density of hare 

pellets within this area was greater than in all other habitats (Appendix 1); 2) 

home ranges of lynx utilizing the burn were smaller compared with individuals 

not using the burn (Chapter 1); and 3) several radio-collared lynx used 

portions of the 1959 Burn simultaneously.

Although the 1959 Burn may not be large enough to record a 

measurable effect on the lynx population in eastern Alaska, it may be large 

enough to become a local refugium for snowshoe hares. Hare refugia, 

composed of mid-successional mixed forest, are important for lynx.

Examining the characteristics of the 1959 Burn may help illustrate the type of 

wildfire needed to produce important hare habitat (hare refugia) that would 

benefit lynx. Regeneration of certain vegetation types after a fire depends on 

variables such as prior vegetation, terrain features, underlying permafrost, the 

intensity and duration of the burn, and the remaining structure of the soil, 

organic layer and seed bed (L. A. Vanderlinden, U. S. Fish and Wildl. Serv., 

pers. commun.). He further stated that prior to the 1959 wildfire, the area was 

most likely dominated by white spruce with smaller amounts of black spruce 

and hardwoods. Based on the shape of the 1959 Burn, the fire appeared to 

have burned evenly under light to moderate northwest winds. Uniformly 

distributed fuels and few unburned inclusions created a unique kidney-shaped 

area with no offshoots (Fig. 27). Today, vegetation in the 1959 Burn consists 

of dense stands of birch with mixed spruce, alder and willow understory. After 

35 years the dominating deciduous vegetation in the smaller 1959 Burn 

visually contrasts with the surrounding spruce and forest inclusions of the



85

Kennebec Burn. The 1959 Burn is situated mainly in well drained, warm soils, 

rolling hills, with scattered “pothole” lakes. This terrain may explain the return 

of deciduous trees that are useful to hares for cover and food.

The differences in hare use between early and mid-successional post

fire habitats may be related to factors other than the post-fire age of the 

habitat. The pre-fire habitat of an area burned may be as important as stand 

age. The difference in characteristics important for hare refugia may be 

manifested in the dominance of white spruce versus black spruce in mature 

serai stages before fire. The only recent fire with common characteristics to 

the 1959 Burn was the 1994, 33 km2 Pickerel Lake Burn, located on the 

TNWR, south of the JLHS. Although nonuniform fuels burned and some 

fingering occurred, homogenous stands of white spruce in terrain similar to 

the 1959 Burn may tend toward the same deciduous regrowth that occurred in 

the 1959 Burn. Unfortunately, without replication of the 30-year age class 

burn, there was no way to distinguish the relative importance of age versus 

site factors that may influence population trends of hares and patterns of 

habitat selection by lynx.

From a management standpoint, a prescribed fire may be the most 

useful way to produce a hare refugium. Optimal pre-fire habitat, geographic 

features, size, and weather conditions could be selected based on conditions 

that created known hare refugia. The post-fire habitat could be monitored for 

lynx and hare densities. This would be a long-term project that could increase 

our understanding of the importance of hare refugia for lynx.
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SUMMARY

I rejected the null hypothesis that lynx show no habitat preference.

Most lynx preferred broadleaf and mixed forests, despite the relatively small 

area of broadleaf and mixed forests within lynx home ranges. Dwarf shrub 

and needleleaf forests comprised large portions of the area within home 

ranges. Strong avoidance trends occurred in the dwarf shrub/tundra and 

"other'' habitat types. Neither preference nor avoidance occurred in 

herb/marsh and needleleaf habitat. The importance of broadleaf and mixed 

forest types most likely reflected the importance of these habitats to 

snowshoe hare, the principle prey of lynx. Hares were most abundant in 

these types and scarce in needleleaf and dwarf shrub/tundra. Individual 

habitat preference and avoidance variations may have been due to declining 

hare numbers, with large numbers of hares occurring only in refugia.

Important lynx habitat in eastern interior Alaska contained mid- 

successional vegetation stages created by wildfire and riverine action. 

Needleleaf forest was used relative to its abundance and lynx may have used 

it for resting areas, travel corridors and searching for alternate prey. The 

amount of spruce habitat available probably made it difficult for lynx to avoid 

it, which is another reason why this suspected low quality habitat was used in 

proportion to availability.

My data supported the alternate hypothesis that lynx select mid- 

successional (-30 years old) post-fire habitats. Lynx selected the 1959 Burn 

and avoided early successional (<10 years old) post-fire habitats (the 1982 

Kennebec Burn and 1989 Stuver Creek burn). The mid-successional mixed 

forest of the 1959 Burn had higher hare densities, which probably explained
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its selection by lynx. Wildfires played an important role in the formation of the 

vegetational mosaic of the JLHS and subsequently, the creation of hare 

refugia. Small, even, low intensity fires burning through uniform spruce fuels 

in non-permafrost soils may create the current deciduous regrowth 

regeneration necessary to provide optimal hare habitat or “refugia” during low 

hare densities.
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CHAPTER 3 

PRELIMINARY INVESTIGATION OF THE INFLUENCE OF SNOWFALL, 

TEMPERATURE, AND BAROMETRIC PRESSURE ON LYNX 

MOVEMENTS AS DETERMINED BY TRACK COUNTS 

INTRODUCTION

Monitoring lynx (Lynx canadensis) abundance and population trends is 

important for managers when setting trapping seasons. Historically, 

managers have relied on harvest data to estimate relative abundance and 

population trends of lynx because few other methods exist. Techniques used 

for estimating abundance of free-roaming, secretive, furbearers, such as lynx 

are sometimes difficult to implement (Brand and Keith 1979). Enumerating 

winter tracks is one technique used to monitor trends in furbearer abundance. 

The basic assumption is that track counts can be used as an index of relative 

abundance if tracks have an approximately linear relationship with animal 

numbers (Caughley 1977, Golden 1987).

Track counts have been used to calculate indirect indices of 

abundance for lynx (Golden 1987, Golden 1988, Slough and Ward 1990, 

Poole 1992, Johnson et al. [in prep.]). Counts are based on rates of track 

deposition and track retention (Golden 1993). Track deposition is the number 

of tracks deposited in a particular period of time (usually one day). Track 

deposition is related to the number of animals present and the rate that 

animals deposit tracks (Golden 1993). Track deposition of lynx is a function 

of a number of intrinsic and extrinsic factors including behavior, prey 

availability and abundance, habitat quality and availability, and severity of
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weather (Golden 1993). Golden (1993) stated that the number of tracks 

present after they are deposited is related to the retention of the tracks. Track 

retention is not necessarily the sum of track deposition as track overlap 

(tracks laid over each other), sublimation, and evaporation can remove tracks. 

Track retention can be thought of as the number of tracks that accumulate 

over an extended period of time (usually measured between snowfalls).

Track counts of furbearers currently used by wildlife agencies, assume 

a linear rate of deposition for tracks measured in tracks/km/day. For example, 

if track counts are conducted 3 days after the most recent snowfall, total 

tracks counted (accumulation) would be divided by the number of days after 

snowfall (e.g. 3). This deposition is usually measured in "days after snowfall" 

(DAS). The assumption, however, that lynx tracks are deposited at the same 

rate each day after a snowfall may not be correct.

Lynx movements in relation to weather including temperature, 

barometric pressure, and snowfall are not fully understood. Few researchers 

have reported the effects of temperature on movements of lynx and other 

furbearers (Meslow and Keith 1971, Thompson et al. 1989). There are few 

data on the effects of barometric pressure in relation to movements of 

carnivores. Snow, in conjunction with hunting behavior and hunting success 

of lynx, has been discussed in Haglund (1966), van Zyll de Jong (1966), Nellis 

and Keith (1968), Brand et al. (1976) and Murray and Boutin (1991). 

Knowledge of influences of weather on lynx movements and track deposition 

may help interpret lynx population trends and abundance indices based on 

track counts.
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I designed this study to describe trends between deposition of lynx 

tracks and weather variables. Information from this preliminary study may 

provide a working foundation for future research examining the relation 

between lynx track deposition and weather. The objective of this study was to 

determine the effects of temperature, snowfall and barometric pressure during 

the winter months (October through April) on track deposition. I hypothesized 

that there was a relationship between deposition of lynx tracks and these 

weather variables.

STUDY AREA

I measured track deposition by lynx along a 26-km survey route on 

Stuver Creek in the Tetlin National Wildlife Refuge (TNWR). The north and 

south ends of the transect were approximately 141° 35' 30” W, 62° 37’ 50” N 

and 62° 34’ 10” N, 141° 48’ 10” W, respectively. The TNWR (3,745 km2) 

was located in eastern interior Alaska (Fig. 1). Stuver Creek was 

approximately 10 m wide, and free of vegetation, which created ideal 

conditions for track sightability. White spruce (Picea glauca) dominated forest 

overstories along Stuver Creek, which included balsam poplar (Populus 

balsamifera) and black spruce (P. mariana) interspersed with aspen (P. 

tremuloides) and alder (Alnus crispa) understory. This mixed-forest riparian 

zone contained high densities of snowshoe hare (Lepus americanus) pellets 

relative to surrounding vegetation, suggesting that this riparian forest 

contained larger populations of snowshoe hares than surrounding habitats 

(Chapter 2).
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Winter weather on the study area was typical of interior Alaska. Winter 

begins in early October and lasts through April. Temperatures in the area 

often stay below -40 °C for a week and below -18 °C < 1 month (USFWS 

1987). The area receives an average of 85 cm of snow/year, with some years 

recording up to 100 cm (USFWS 1987). Large rivers on the TNWR (Nabesna 

and Chisana rivers) freeze in October and usually thaw in early May. The 

large, deep lakes on the refuge thaw 1 month later (USFWS 1987).

METHODS

Data Collection

Daily track deposition of lynx along the Stuver Creek transect was 

recorded for the entire trapping season (Appendix 8). I collected data on 

track deposition from 23 February to 17 April 1992 (Spring 92), 11 November 

to 18 December 1992 (Winter 92), and 26 March to 8 April 1993 (Spring 93). 

Lynx tracks were recorded on 1:63,360-scale USGS maps.

I measured daily temperature (°C), barometric pressure (mm Hg) and 

snowfall (cm) on the study area. Daily low and high temperatures were 

measured using a high-low thermometer. Mean temperature was recorded as 

the average of the daily low and high temperatures (Appendix 8). Daily 

barometric pressure was obtained from the Northway Flight Service Station, 

Alaska. Track deposition was correlated with the change in barometric 

pressure, which was calculated as the difference in pressure at 1200 h 

(Alaska Standard Time) of the previous day to 1200 h on the day of track 

recording (Appendix 8). Snowfall was compared with rate of track deposition 

during the following days and was measured along the transect.
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Track deposition was determined by recording all tracks entering or 

exiting on the east side of the snowmachine trail and tracks deposited on the 

trail itself were counted for daily deposition. All tracks were then removed. I 

defined a lynx track intercept (Tl) as any lynx trail or track intercepting the 

east side of the snowmachine trail (Stephenson and Karczmarczyk 1989).

Data Analysis

Mean daily temperature, change in barometric pressure, and snowfall 

were analyzed as independent variables to examine track deposition using 

simple and multiple regression analyses. Multiple regression was performed 

to determine any time-period effects (Spring 92, Winter 92, Spring 93) within 

these data. A 3-variable model also was calculated to determine the 

importance of the combined weather variables against deposition of lynx 

tracks. Simple regression analysis on each weather variable was used to 

determine the importance of individual variables in predicting track deposition 

by lynx. Coefficients of partial correlation were calculated to explain the 

contribution of each weather variable in predicting lynx-track deposition. 

Significance refers to P-values < 0.05.

Mean daily temperature was ranked into categories after trends in track 

deposition were examined. I ranked the temperature data into 6 °C 

increments to make the pattern of relationship more obvious when examining 

temperature data (Table 9). Ranking also allowed an examination of practical 

applications, such as the creation of a temperature zone and temperate cut

off when conducting track counts using my data.
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Table 9. Ranking of daily mean temperature used to determine trends in lynx 
track deposition along Stuver Creek, Alaska, 1992-1993.

Temperature (°C) Rank

-24.1 to -30.0 1

-18.1 to -24.0 2

-12.1 to -18.0 3

-6.1 to -12.0 4

0.0 to -6.0 5

R A S M U S O N  LIBRAR Y
UNIVERSITY OF ALASKA-FAIRBANKS
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RESULTS

Multiple regression analysis indicated differences between recording 

periods (Spring 92, Winter 92, Spring 93). During Spring 92, the 3-variable 

model (daily mean temperature, change in barometric pressure, and snowfall) 

was related to deposition of lynx tracks (P = 0.0142, P2 = 0.208) while the 

same model indicated no significant relation to track deposition in Winter 92 

(P = 0.9699, R2 = 0.01) or Spring 93 (P = 0.3391, P2 = 0.275). Because of 

the small data sets of Winter 92 and Spring 93 (n = 29 and 14, respectively) 

and the preliminary nature of these data, I chose to pool the three periods to 

enlarge the data set.

Multiple regression analysis of the 3-variable model indicated that track 

deposition was significantly related to weather parameters, but explained only 

16.2% of the variation (P < 0.001). Partial correlation coefficients indicated 

that mean daily temperature explained 15% of the variation in track 

deposition, while change in barometric pressure explained 0.7% and snowfall 

0.6% of the remaining variation. Simple regression analysis of the three 

variables separately suggested that track deposition was significantly related 

to mean daily temperature (P < 0.001, z2 = 0.15) (Fig. 28a). There was no 

significant relation between track deposition and change in barometric 

pressure (P= 0.175, z2 = 0.02) or snowfall (P= 0.596, z2 = 0.003) (Figs. 28b, 

28c).

DISCUSSION

A relationship appeared to exist between track deposition and 

temperature. Daily mean temperature appeared to influence lynx track



Tr
ac

k 
De

po
si

tio
n 

pe
r 

da
y 

Tr
ac

k 
De

po
si

tio
n 

pe
r 

da
y

101

Mean temperature (Celsius)
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Figure 28. Lynx track deposition in relation to: a) mean temperature and b)
change in barometric pressure, Stuver Creek, Alaska, 1992-1993.
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Figure 28, continued. Lynx track deposition in relation to: c) snowfall, Stuver
Creek, Alaska, 1992-1993.
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deposition in my study most. Deposition of lynx tracks decreased at lower 

temperatures. Track deposition became more variable as temperature 

increased due to a nonconstant variance. The effects of temperature on the 

movements of lynx and other furbearers have been examined indirectly by 

others. Meslow and Keith (1971) noted a decrease in snowshoe hare activity 

associated with extreme cold as evidenced by fresh tracks. They were 

unable to detect a dominant influence of any of 12 weather variables against 

snowshoe hare population parameters. Cold winter weather, however, was 

the only factor that hinted at a dominant influence. It also has been 

acknowledged by trappers in Alaska that furbearers, including lynx, appeared 

to reduce activity when temperature decreased (D. B. Carlson, pers 

commun.). Thompson et al. (1989) suggested that extreme cold reduced 

marten (Maries americanus) activity compared to warmer temperatures. 

Thompson et al. (1989) also suggested that cold weather may reduce red 

squirrel ( Tamiasciurus hudsonicus) activity as well.

When mean track deposition was ranked, this variable suggested a 

decreasing trend in track deposition as temperatures decreased (Fig. 29). 

Ranks 4 and 5 had higher average depositions than other temperatures (10.4 

and 8.6 Tl/day, respectively), whereas ranks 2 and 3 appeared to have similar 

mean rates of deposition, 4.4 and 5.8 Tl/day, respectively. Average 

deposition in rank 1 decreased to 0.85 Tl/day. Determining the most 

appropriate temperature zone for track counts may help biologists accurately 

enumerate lynx residing in an area. Ranked data suggest that lynx 

movements are reduced at mean daily temperatures below -12 °C and 

increased on warmer days (-12 °C and above). There may be less variability
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-18 to -12.1

4
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5

-6 toO

Mean temperature rank 

°Celsius

Figure 29. Average lynx track deposition in relation to mean temperature 
rank, Stuver Creek, Alaska, 1992-1993. Standard error bars given.
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in track deposition in temperature ranks 2 and 3 (-12.1 to -24 °C) because of 

their smaller standard errors and similar average of Tl/day in both ranks.

Track counts conducted during these temperatures should provide a more 

precise estimate of tracks. A temperature cutoff, such as -24 °C, should be 

considered below which counts should not be conducted.

Change in barometric pressure appeared to have little influence on 

deposition of lynx tracks. In contrast, other trappers noted that trapping 

success for river otter (Lutra canadensis) in Minnesota appeared to increase 

before and after storms (Route, U. S. Natl. Park Serv., pers. commun.).

Route and other trappers believed there was a relation between animal 

activity and change in pressure associated with a storm; otters may have 

increased their movements before a storm. After a storm, otters again may 

have became more active hunting. In my study, a more appropriate measure 

of barometric pressure to reflect the change in pressure, such as a 

measurement of stable, increasing, and decreasing barometric pressures may 

help explain how lynx may “sense" an impending storm.

No relationship appeared to exist between snowfall and track 

deposition of lynx. Snowfall < 13 cm had no apparent affect on deposition of 

lynx tracks (Appendix 8). The importance of snow regarding the mobility of 

carnivores, including lynx, has been recognized since the work of Formozov 

(1946), who stated that snowcover is an important factor in determining the 

availability of food for animals in northern climes. Snowfall also affects the 

movements of prey for lynx. Thompson et al. (1989) suggested that deep 

snow may reduce activities of red squirrels. Meslow and Keith (1971) noted a
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decrease in snowshoe hare activity associated with fresh snowfall as 

evidenced by fresh tracks.

Snow parameters other than snowfall may have more accurately 

portrayed the relationship between snow and lynx movements. Bearing 

strength of the snow (e.g. firmness or softness) may be more important to a 

lynx than snow depth. In Alberta, Nellis and Keith (1968) reported the bearing 

strength of snow affected the speeds attained by both lynx and their prey. 

Kitchener (1991), using data from Haglund (1966), showed that hunting 

success was higher for Eurasian lynx (L  lynx) in firm snow. Haglund believed 

that soft snow thwarted the hunting attempts of lynx. Kitchener (1991), with 

data from Brand et al. (1976), also showed that lynx in Canada had similar 

hunting success in firm snow compared to data from Haglund (1966).

DAS may have some relationship to the bearing strength of snow.

After a snowfall the snow may initially be “soft,” but become progressively 

hard as a result of settling until a subsequent snowfall. As the number of DAS 

progress, the snow becomes firmer and movement of lynx may increase.

In my study, the average number of tracks per day was constant up to 

7 days after a snowfall (Fig. 30). This suggests that track counts for lynx 

could be performed up to 7 days after a snowfall without a dramatic difference 

in track deposition. The variability in average deposition after day 8 was 

partly the result of smaller sample sizes. Fewer data were available for 8 to 

15 DAS; only one recording each was available for 13, 14, and 15 DAS.

Track counts on the TNWR have been performed 60 - 84 h after a snowfall (L. 

A. Vanderlinden, U. S. Fish and Wildl. Serv., pers. commun.). Others have 

conducted track counts a minimum of 72 h after a fresh snowfall (Golden



Av
er

ag
e 

tra
ck

 
de

po
si

tio
n 

pe
r 

da
y

107

DAS

Figure 30. Average lynx track deposition relative to days after snowfall
(DAS), Stuver Creek, Alaska, 1992-1993. Standard error bars given.
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1987). Golden (1993) reported that deposition of lynx tracks and retention 

rates were not significantly different along the entire length of his 100-km 

transect (which included my 26-km transect) during 9 days in spring 1993. 

Data on track deposition from my resuits suggest that track counts could be 

conducted up to seven DAS with no significant change in retention rates. The 

track counts could be subdivided by up to 7 days to standardize units as 

tracks/day.

Deposition of lynx tracks in my study was highly variable and not highly 

correlated to any one weather variable. Thompson et al. (1989) also reported 

extreme variability in lynx and movements of other furbearers due to weather 

conditions. Variability in track deposition could be explained by differences in 

behavior and health of individual lynx or by extrinsic factors such as weather 

parameters not investigated here, prey availability, or habitat (Golden 1993).

Changes in snowshoe hare abundance may have been a greater 

influence on movements of lynx along Stuver Creek than was weather. 

Declining hare numbers likely affected the number of lynx tracks along the 

transect between recording periods. Hare densities declined during my study 

(Appendix 1) and Ward and Krebs (1985) reported that movement rates of 

lynx increased as hare densities declined. Resident lynx may have 

responded to decreasing hare numbers by increasing their movements along 

the Stuver Creek riparian forest or searching for prey away from Stuver 

Creek. Also, declining hare numbers may have increased movements of 

nomadic and dispersing lynx (Chapter 1).

The meandering course of Stuver Creek in relatively uniform habitat 

may have accounted for variation in track deposition. Lynx probably criss-



crossed Stuver Creek often, thus increasing track intercepts. Track intercepts 

along this creek were evenly distributed, most likely because of the uniform 

habitat and associated density of prey along the transect.

Track counts winter provide a promising method to monitor trends in 

lynx populations and abundance on a large scale (Stephenson 1986). 

Numerous intrinsic and extrinsic factors cause variation in movements by 

lynx. An understanding of some of the factors that affect lynx movement may 

improve accuracy of track counts for monitoring trends in populations, habitat 

use, or relative density of lynx.

This pilot study has defined some limitations in determining the effects 

of severity of weather on movements of lynx. Modifications of data collection 

could improve our knowledge of the effects of weather on lynx movements. 

Suggested improvements include:

1) Replicate counts of track deposition during the same time intervals. 

Early and late winter comparisons may be invalid. Meslow and Keith (1971) 

reported that the most critical time for survival of adult snowshoe hares was 

mid winter to early spring (January to April). Movements of lynx may be 

related to this critical time period for hares. Future investigators may want to 

concentrate on the late rather than early winter.

2) Extend recording periods to increase the number of weather events, 

such as storms, snowfalls, and temperature fluctuations. A larger sample of 

weather events is needed to accurately portray the effects of weather 

variables on deposition of lynx tracks. For example, in my study there were 

not enough snow events to determine how snow affects movement and track 

deposition of lynx. Multiple-year data sets during a 2-month, late-winter

109
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period would allow a more complete analysis of weather variables against 

track deposition. The stochasticity of weather events, however, will likely be 

one determinant when defining the size of the data sets needed to understand 

lynx movements. A large data set, possibly spanning multiple years, could 

better determine the appropriate temperature zone and the number of DAS 

when track counts should be conducted.

3) Change in barometric pressure was probably not the best 

measurement of barometric pressure as a determinant of deposition of lynx 

tracks. Perhaps a measurement of stable, increasing, and decreasing 

barometric pressures may be more suitable. The relationship between 

barometric pressure and track deposition of lynx may not be linear as some 

lynx may react differently depending on other weather parameters.

4) Snow firmness as it relates to bearing strength of the snow may be a 

better measurement of the relationship between snow and track deposition of 

lynx. Bearing strength of the snow could be measured directly using a 

penetrometer (Murray and Boutin 1991) or indirectly using DAS as a 

measurement of snow hardness.

SUMMARY

This pilot study may help direct future research into areas that could 

accurately measure weather parameters against track deposition of lynx or 

other furbearers. I rejected my null hypothesis that no relationship exists 

between lynx track deposition and temperature, barometric pressure, and 

snowfall. Lynx track deposition was significantly related to the 3-variable 

model, but the influences of barometric pressure and snowfall were not. The
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weather variables I chose explained only 16.2% of the variation in track 

deposition. I rejected my null hypotheses that no relationships exists between 

track deposition and temperature. I failed to reject the null hypothesis that no 

relationship existed between lynx track deposition and barometric pressure 

and snowfall. Change in barometric pressure, however, may not have been 

the best barometric pressure parameter to test. The low number of snow 

events most likely influenced my failure to reject the null hypothesis in regards 

to snowfall.

Track deposition was highly variable. Using coefficients of partial 

regression, daily mean temperature was the most significant predictor of track 

deposition of the chosen variables, accounting for 15% of the variation in 

track deposition. Change in barometric pressure and snowfall explained 0.07 

and 0.06% of the variation, respectively.

Several guidelines are suggested as a result of this study. I defined an 

appropriate temperature zone (-12.0 to -24 °C) to conduct track counts using 

ranked data on temperature. Although track deposition of lynx was more 

variable in the upper temperature limits, lynx reduced their movements 

considerably below -12 °C. A -24 °C temperature cutoff could be 

implemented to reduce the variation in lynx track deposition. Average track 

deposition in this study did not vary greatly up to 7 days after a snowfall 

suggesting that track counts could be performed up to a week after a snowfall 

without an apparent change in track deposition.

Recommendations for future research on the relation between weather 

and lynx track deposition included: 1) record track deposition during the 

same time periods; 2) extend the recording periods to increase the number of
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weather events; 3) use a different measurement than change in barometric 

pressure to test the relation of barometric pressure to track deposition of lynx; 

and 4) measure snow hardness as it relates to the bearing strength of the 

snow.
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Concurrent with the lynx research, I collected information on 

snowshoe hare density to determine the stage of the snowshoe hare 

population cycle in eastern interior Alaska. Information used to determine 

the stage of the hare cycle and the relative abundance of hares on the 

TNWR between 1990 to 1993 were based on hare pellet counts, hare track 

counts, hare cycles in other areas near the JLSA, and historical data. 

Trapper questionnaires compiled by Alaska Department of Fish and Game 

were also compared with the information I gathered to determine how the 

abundance of hares changed during this study.

Pellet Counts

Hare pellet counts were used to monitor trends in snowshoe hare 

abundance (Krebs et al. 1986). Hare pellets were counted within 50 

quadrats distributed along 1,6-km transects. Each quadrat measured 5.1 

cm by 305 cm (1.2 m2) and were permanently marked along transects at 

intervals of 32.3 m. In 1990 and 1991, four pellet transects were measured. 

Transects were located in different vegetation types: spruce, tundra, and 

mixed forest (including the 1959 Burn) (refer to Chapter 2 for vegetation 

descriptions). In 1992, four transects were added, one in each of the 

following: 1959 Burn, mixed forest, spruce forest, and the mixed forest 

riparian area along Stuver Creek. In 1993, new quadrats were established 

on the 1959 Burn transects and another mixed forest transect was 

established along Stuver Creek. Pellets were counted and removed from 

each quadrat in June of 1990 through 1994.

Appendix 1. Snowshoe hare abundance in the JLSA, 1990-1994.
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Although not statistically significant, decreasing pellet indices of 

snowshoe hare abundance declined during this study (Fig. a). Pellet 

numbers increased from 1990 to 1991 in the 1959 Burn and mixed forest 

transects. The 1959 Burn was considered an area of high hare 

concentration (hare refugium) and some of the increase between 1990 and 

1991 may be explained by hare movement into the 1959 Burn. Pellet 

numbers during the same period decreased in black spruce and tundra 

transects. All transects except those in tundra showed declining pellet 

numbers from 1991 to 1993.

Pellet counts were the most quantitative method available for 

determining hare abundance in this area. However, pellet counts did not 

span the full snowshoe hare cycle and were most likely initiated after the 

hare population peaked. The decreasing trend of mean pellets/quadrat 

expressed in the pellet counts suggested that the snowshoe hare cycle was 

in the decline phase during this study.

Track Counts

Winter track surveys were also used to monitor trends in snowshoe 

hare abundance. TNWR staff conducted winter track counts on all animals 

along six 1.6-km transects in and adjacent to the Kennebec Burn from 1982 

to 1992. The burn perimeter was divided into three vegetation types: 

tundra, black spruce, and mixed spruce-birch forest. Paired 1.6-km 

transects were selected in each vegetation type with one inside and one 

outside of the burn and both at an angle perpendicular to the burn 

perimeter. Transects were divided into 10 equal, permanently marked 

segments, numbered 1-10. Each winter, transects were walked three times,



Figure a. Mean number of snowshoe hare pellets collected from transects, 1990 to 1994, Jatahmund Lake Study 
Area, Alaska.
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once each in November, January, and March. Transects were walked three 

to five days after a fresh snow and all animal tracks crossing the transect 

were recorded by segment. Individual snowshoe hare tracks were counted 

when possible, but multiple tracks that could not be separated were tallied 

as trails. The number of fresh tracks and trails per day per 1.2 km of 

transect was used as an index of hare abundance.

Although snowshoe hare winter track counts did not span the entire 

snowshoe hare cycle, they did detect a peak in the number of hare trails and 

tracks present (Fig. b). Hare trails increased before hare tracks in 1987-88 

and hare tracks appeared to plateau between 1988-89 to 1990-91. The 

relative importance between hare trails and tracks was hard to interpret 

because they did not peak simultaneously. Snowshoe hare track counts 

were highest between 1987-88 and 1990-91, indicating the peak occurred 

sometime during this time period. An important aspect of the winter track 

counts is the large decrease in hare trails and tracks between 1990-91 and

1991-92. This decrease suggests that the period of rapid decline in hare 

abundance occurred during 1991, which coincides with the largest decrease 

in pellet densities.

Snowshoe Hare Cvcle in Other Areas

Smith (1983) in Quinn and Parker (1987) suggested that the 

snowshoe hare cycle initiated in and emanated from central Canada. 

Regional peaks of the hare cycle can differ one to two years between areas 

(O’Connor 1984, M. McNay, Alas. Dept. Fish and Game, pers. commun.). 

For example, O’Connor (1984) reported that hares in the Yukon Basin were 

abundant from 1967-68 through 1970-71 and hares in the Tanana Basin



Figure b. Snowshoe hare population index for the Jatahmund Lake Study Area. Index reflects the number of 
snowshoe hare tracks and trails intersected per day per kilometer of transect walked.
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(including the area which later made up the JLSA) were abundant from 

1970-71 through 1973-74.

More recently, hares in the Yukon Territory increased in the late 

1980s, peaked in 1989 and 1990, and declined between 1991 and 1993 

(O’Donoghue and Hofer 1995). Elsewhere in the Yukon Territory, Slough 

(1995) reported that snowshoe hare density peaked in 1990 and declined in 

late 1990. Likewise, hares declined sharply during the winter of 1990-91 in 

the Northwest Territories (Poole 1995).

The hare cycle was much more apparent in western Canada than in 

eastern interior Alaska. The eastern portion of the state never experienced 

the high numbers of hares and the subsequent dramatic decline reported in 

western Canada. Based on pellet and track counts the hare population 

cycle in eastern interior Alaska may have been synchronous with portions of 

the Yukon Territory (O’Donoghue and Hofer 1995) and lagged one year 

behind other areas of the Yukon and Northwest Territories (Poole 1995,

Slough 1995). The time difference of one year in the snowshoe hare 

population peaks between hares in Canada and those in eastern interior 

Alaska may be explained by asynchrony in the cycles.

Trapper Questionnaires

Trapper questionnaires provided the only information available about 

snowshoe hares that expressed relative hare densities throughout the most 

recent snowshoe hare cycle (Table a). The JLSA is included in the area the 

ADF&G defines as the Upper Tanana Basin. The abundance of snowshoe 

hares in the Tanana Basin based on trapper questionnaires suggested that they 

were scarce from 1982-1986 and between 1985 and 1986 they had started to
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Table a. Annual summary of trend indices for snowshoe hares based on 
Alaska Department of Fish and Game trapper questionnaires for the Upper 
Tanana Basin, Alaska.

Year Abundance3 Trend in relation to 
previous year

86/87 ★ INCREASING
87/88 C MORE
88/89 A MORE
89/90 C MORE
90/91 A SAMEb
91/92 C SAME
92/93 S FEWER
93/94 S SAME

* - information not available 
a A = abundant 

C = common 
S = scarce 

b M. McNay, pers. commun.
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increase (ADF&G 1987). The questionnaire summary for 1990-91 stated that 

hares were “abundant” in 1990-91 and that hare abundance was equal to the 

previous year (1989-90). Hares appeared to decline thereafter. Hare indices 

were “common,” “scarce,” and “scarce,” for the regulatory years 1991-92,

1992-93, and 1993-94, respectively. Trapper questionnaire information 

supported my conclusion that a high in the hare cycle occurred between 1989 

and 1991 and a decline followed. Trapper questionnaires are qualitative and 

very subjective for both abundance and trend values. However, based on 

trapper questionnaires the hare peak in the Upper Tanana Basin most likely 

occurred between 1989 and 1991 (M. McNay, Alas. Dep. Fish and Game, pers. 

commun.).

Hare track surveys, pellet counts and trapper questionnaires 

suggested that snowshoe hare densities peaked between 1987 and 1991 and 

declined rapidly in 1991. This high was not as pronounced as it was in 

previous hare cycles in eastern interior Alaska. Snowshoe hare abundance 

expressed a general decline through 1992.
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Appendix 2. Annual (1 April - 30 March) home range estimates of lynx on the 
Jatahmund Lake Study Area, Alaska, 1990-1993. Minimum convex polygon 
(MCP) and Adaptive kernel (AK) areas are measured in km2. Number of 
relocations in parentheses.

LYNX 1990 -91 1991 -92 1992 -93

M CP AK N MCP AK N MCP AK N

M ALE
M1 245 681 (24) _ . _ _

M2 103 88 (31) 54 99 (29) 123 210 (49)

M4 - 136 275 (40) - - -

M6 - 270 295 (37) - - -

M8 - 119 246 (41) 238 368 (37)

M9 - 219 370 (39) - - -

M11 - - - - 456 802 (34)

M12 - - - - - 14 20 (42)

M13 - - - - - 223 320 (29)

M14 - - - - - 44 61 (36)
Mean

S E b

174
71

385
297

160
38

257
45

183
66

297
116

FEM ALE
F1 _ _ _ 41 84 (40) 39 72 (44)

F2 - - - 12 25 (44) - - -

F4 - - - 37 58 (17) 90 125 (58)

F8 - - - - - - 13 23 (23)a
Mean

S E b

30
9

56
17

47
23

73
29

a Relocations autocorrelated 
b Standard error



Appendix 3. Summary of lynx radio-collared on the Jatahmund Lake Study Area, Alaska, 1990-1993.

Lynx ID Capture Date Sex/
Age

Tooth
age*

Weight
(kg)

Blood (cc) Trap type Trap set Fate as of January 1994

M1
(GARTH)

12Apr90 M/Kit 8.0 0.0 Fremont F.S. cubby Dispersed 26km S, 
trapped 10Nov91

M2
(RENE)

14Apr90 

19Mar91

M/Adt 13.5 0.0

0.0

#3 soft catch 

Fremont F.S.

cubby

cubby

14Mar92 15.5 0.0 Fremont F.S. cubby/toilet Residing in area

F1
(KARIN)

8Mar91 F/Adt 10.5 0.0 Fremont F.S. cubby Unknown: collar failure; 
last location 26Feb93

M3
(JESSIE)

10Mar91 M/Adt C-2A 13.0 10.0 Fremont F.S. cubby Capture induced mortality 
14Mar91

F2
(KATHY)

17Mar91

31Mar92

F/Adt I-3B 10.5

8.7

10.0

0.0

Fremont F.S. 

Fremont F.S.

cubby

carcass

12Apr92

13.8

0.0 Fremont F.S. trail Broke left leg. Rehabbed 
& released 1Jun92

Unknown: last location 
25Jun92

M4
(MIKE)

24Mar91 M/Ylg 10.8 10.0 Fremont F.S. cubby Unknown: collar failure; 
last location 2Jun92

M5
(JEB)

26Mar91 M/Ylg I-1C 10.7 6.2 Fremont F.S. cubby Dispersed 311 km NW, 
trapped ~ 20Dec91
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Appendix 3, continued.

Lynx ID Capture Date Sex/
Age

Tooth
age

Weight
(kg)

Blood (cc) Trap type Trap set Fate as of January 1994

M6
(BAKER)

31Mar91

14Apr92

9Nov92

M/Adt I-2C

C-3A

9.9

11.8

10.2

10.0

10.0

Fremont F.S. 

Fremont F.S. 

Dogs

cubby

trail Collar failure; last 
location 21May92

Capture induced mortality

M7
(JACOB)

2Apr91 M/Ylg I-1B 11.4 10.0 Fremont F.S. cubby Dispersed 216km NW & 
trapped 25Apr91

M8
(FELIX)

3Apr91 M/Kit C-2A @ 
death

6.8 2.0 Fremont F.S. cubby Natural mortality between 
18Dec & 29Dec92

M9
(LEIGH)

5Apr91 M/Ylg 1-1B 11.6 10.0 Fremont F.S. cubby Natural mortality between 
28Apr92 & 5May92

F3
(CHRIS)

15Apr91 F/Ylg 1-1B 9.5 9.0 #3 soft catch trail Unknown: last location 
18Apr91

M10
(ROGER)

140ct91 M/Adt 11.1 10.0 Dogs Unknown: last location 
8Nov91

M11
(FRED)

160ct91 M/Ylg C-2A @ 
death

9.3 0.0 Dogs Trapped ~17Dec92

F4
(JESICA)

170ct91 F/Adt 9.8 2.0 Dogs Residing in area

M12
(DEXTER)

3Mar92 M/Ylg 1-1B, 
C-4A @ 

death

10.5 7.0 Fremont F.S. trail Natural mortality between 
18Dec & 1Jan93
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Appendix 3, continued.

Lynx ID Capture Date Sex/
Age

Tooth
age

Weight
(kg)

Blood (cc) Trap type Trap set Fate as of January 1994

M13
(NATHAN)

16Mar92 M/Ylg 1-1 A,
C-2A @ 
death

8.6 0.0 Fremont F.S. trail Trapped ~11Nov92

F5
(PATTY)

8Apr92 F/Adt 1-1OA 7.5 10.0 Fremont F.S. trail

16Apr92 C-11A 
@ death

---- 0.0 #3 soft catch trail Natural mortality between 
21 Jul92 & 4Aug92

M14
(CRAIG)

11 Apr92 M/Adt I-3B 10.0 0.0 Fremont F.S. cubby

15Dec92 C-3A
©death

10.5 0 Fremont F.S. trail Capture induced mortality 
by 1Jan93

F6
(CHLOE)

18Nov92 F/Ylg 9.5 6.0 Fremont F.S. trail Dispersed -96  km W by 
7Jan93. Trapped mid 
Dec93

F7
(SUSIE)

22Nov92 F/Kit C-2A 7.8 8.5 Fremont F.S. trail Dispersed -139 km NW. 
Mortality between 15Jan 
& 5Feb93 (starvation)

F8
(JENAY)

16Dec92 F/Adt I-6B 10.8 0.0 Fremont F.S. trail Residing in area

* C = canine, I = incisor, # = estimated age; A = results nearly certain (+/- 0 years), B = error possible (+/- 1 
year), C = error likely (+/- 2 years).
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Appendix 4. Radio telemetry monitoring history of lynx, Jatahmund Lake
Study Area, Alaska, 1990-1993.

LYNX Capture date Date of last location # of Relocations

M ALE
M1 12 April 1990 15 June 1991 40
M2 14 April 1990 22 June 1993 136
M3 10 March 1991 14 March 1991 3
M4 24 March 1991 02 June 1992 54
M5 26 March 1991 05 April 1991 6
M6 31 March 1991 09 November 1992 49
M7 02 April 1991 25 April 1991 5
M8 03 April 1991 29 December 1992 83
M9 05 April 1991 14 May 1992 47
M10 14 October 1991 08 November 1991 4
M11 16 October 1991 17 December 1992 56
M12 03 March 1992 06 January 1993 51
M13 16 March 1992 16 November 1992 35
M14 15 December 1992 06 January 1993 38

FEM ALE
F1 08 March 1991 11 March 1993 98
F2 17 March 1991 25 June 1992 59
F3 15 April 1991 18 April 1991 2
F4 17 October 1991 22 June 1993 88
F5 08 April 1992 04 August 1992 16
F6 18 November 1992 07 January 1993 12
F7 22 November 1992 23 February 1993 15
F8 16 December 1992 22 June 1993 38
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Appendix 5. Seasonal use of habitat by sex during Snow (14 October -
30 April) and Snowfree (1 May - 15 October) seasons on the Jatahmund
Lake Habitat Site, Alaska, 1990-1993.

Habitat C lass Season na % Habitat 
available

% Habitat 
use

Significance13

Mixed forest Male Snowfree 61 9 27.7 +
Male Snow 46 9 24.7 +

Female Snowfree 17 9 20.7 +
Female Snow 51 9 37.2 +

Broadleaf Male Snowfree 33 3 15 +
Male Snow 18 3 9.7 +

Female Snowfree 17 3 20.7 +
Female Snow 18 3 13.1 +

Needleleaf Male Snowfree 105 52 47.7 o
Male Snow 103 52 55.4 0

Female Snowfree 37 52 45.1 0
Female Snow 65 52 47.4 o

Herb/ Marsh Male Snowfree 4 2 1.8 0
Male Snow 7 2 3.8 o

Female Snowfree 1 2 1.2 o
Female Snow 0 2 0 -

Dwarf shrub/ Male Snowfree 16 25 7.3 _
Tundra Male Snow 11 25 5.9 -

Female Snowfree 10 25 12.2 -

Female Snow 3 25 2.2 -

Other Male Snowfree 1 9 0.5 _
Male Snow 1 9 0.5 -

Female Snowfree 0 9 0 -

Female Snow 0 9 0 -

a Sample size

b + = significant habitat selection 
o = no selection
- = significant habitat avoidance
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Appendix 6. Percent habitat use and availability by lynx within individual
home ranges on the Jatahmund Lake Habitat Site, Alaska, 1990-1993.

Habitat C lass Lynx ID % Habitat 
available

% Habitat 
use

Significance^

Mixed forest

Broadleaf

M2 (90-91) 9 6 31 +
M2 (91-92) 6 6.4 20.7 0
M2 (92-93) 14 6.1 28.6 +
M4 (91-92) 12 5.9 30 +
M6 (91-92) 7 6.3 20 o
M8 (91-92) 11 9.6 26.8 o
M8 (92-93) 7 4.1 18.9 o
M9 (91-92) 9 44.7 23.1 -

M11 (92-93) 19 6.3 54.3 +
M12 (92-93) 19 21.3 45.2 o
M13 (92-93) 11 6.9 32.4 +
M14 (92-93) 4 6.3 11.1 o

Males combined 128 9 28.7 +

F1 (91-92) 11 2.8 28.2 +
F1 (92-93) 14 5.1 31.8 +
F2 (91-92) 19 20.8 44.2 +
F4 (92-93) 9 1 15.5 +

Females combined 53 9 29 +

M2 (90-91) 3 3 10.3 o
M2 (91-92) 5 2.9 17.2 o
M2 (92-93) 5 3.5 10.2 0
M4 (91-92) 3 3 7.5 0
M6 (91-92) 2 4.5 5.7 0
M8 (91-92) 4 3.5 9.8 o
M8 (92-93) 8 2 21.6 +
M9 (91-92) 1 10.9 2.6 -

M11 (92-93) 2 2 5.7 o
M12 (92-93) 10 21.3 23.8 o
M13 (92-93) 8 4 23.5 +
M14 (92-93) 7 0.6 19.4 +

Males combined 58 3 13 +

F1 (91-92) 4 1.4 10.3 o
F1 (92-93) 5 2.5 11.4 o
F2 (91-92) 14 17.6 32.6 o
F4 (92-93) 3 0.9 5.2 0

Females combined 26 3 14.2 +
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Appendix 6, continued.

Habitat C lass Lynx ID % Habitat 
available

% Habitat 
use

Significance^

Needleleaf

Herb/ Marsh

M2 (90-91) 15 63 51.7 o
M2 (91-92) 12 65.7 41.4 -

M2 (92-93) 29 74.1 59.2 0
M4 (91-92) 22 68.3 55 o
M6 (91-92) 22 57.1 62.9 o
M8 (91-92) 20 57.6 48.8 o
M8 (92-93) 17 63.4 45.9 o
M9 (91-92) 26 16.6 66.7 +

M11 (92-93) 10 58.8 28.6 -

M12 (92-93) 13 41.4 31 o
M13 (92-93) 12 58.4 35.3 -

M14 (92-93) 24 75.8 66.7 0
Males combined 222 52 49.8 o

F1 (91-92) 21 81.8 53.8 _
F1 (92-93) 24 74.3 54.5 -

F2 (91-92) 9 37 20.9 o
F4 (92-93) 42 72.8 72.4 o

Females combined 95 52 51.9 o

M2 (90-91) 0 0.3 0 _
M2 (91-92) 0 0.5 0 -

M2 (92-93) 1 2 2 0
M4 (91-92) 0 0.4 0 -

M6 (91-92) 0 1.5 0 -

M8 (91-92) 1 0.3 2.4 0
M8 (92-93) 1 3.5 2.7 0
M9 (91-92) 0 3.2 0 -

M11 (92-93) 1 1.3 2.9 o
M12 (92-93) 0 0 0 o
M13 (92-93) 2 3.1 5.9 0
M14 (92-93) 0 0.4 0 -

Males combined 6 2 1.3 o

F1 (91-92) 0 0 0 0
F1 (92-93) 0 0 0 o
F2 (91-92) 0 0 0 o
F4 (92-93) 1 2.6 1.7 o

Females combined 1 2 0.5 o
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Appendix 6, continued.

Habitat C lass Lynx ID na % Habitat 
available

% Habitat 
use

Significance13

Dwarf shrub/ M2 (90-91) 2 26 6.9
Tundra M2 (91-92) 6 22.6 20.7 0

M2 (92-93) 0 12.4 0 -

M4 (91-92) 3 21.5 7.5 -

M6 (91-92) 4 25.3 11.4 o
M8 (91-92) 4 27.2 9.8 -

M8 (92-93) 3 15.4 8.1 0
M9 (91-92) 3 20.3 7.7 -

M11 (92-93) 3 26.2 8.6 -

M12 (92-93) 0 11.2 0 -

M13 (92-93) 1 23.1 2.9 -

M14 (92-93) 1 16.2 2.8 -

Males combined 30 25 6.7 -

F1 (91-92) 3 12.6 7.7 o
F1 (92-93) 1 17.5 2.3 -

F2 (91-92) 1 20.8 2.3 -

F4 (92-93) 2 8.6 3.4 0
Females combined 7 25 3.8 -

Other M2 (90-91) 0 1.8 0 _
M2 (91-92) 0 1.9 0 -

M2 (92-93) 0 1.8 0 -

M4 (91-92) 0 0.8 0 -

M6 (91-92) 0 5.3 0 -

M8 (91-92) 1 1.8 2.4 0
M8 (92-93) 1 11.6 2.7 -

M9 (91-92) 0 4.4 0 -

M11 (92-93) 0 5.3 0 -

M12 (92-93) 0 4.8 0 -

M13 (92-93) 0 4.5 0 -

M14 (92-93) 0 0.6 0 -

Males combined 2 9 0.4 -

F1 (91-92) 0 1.5 0 _
F1 (92-93) 0 0.6 0 -

F2 (91-92) 0 3.8 0 -

F4 (92-93) 1 14.2 1.7 -

Females combined 1 9 0.5 -

a Sample size b + = significant habitat selection 
o = no selection 
- = significant habitat avoidance
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Appendix 7. Use of burned and unburned areas by lynx within individual
home ranges on the Jatahmund Lake Habitat Site, Alaska, 1990-1993.

Habitat C lass Lynx ID na % Habitat 
available

% Habitat 
use

Significanceb

1959 Burn M2 (90-91) 3 3.5 10.3 o
M2 (91-92) 0 1.3 0 -

M2 (92-93) 4 6.4 8.2 o
M4 (91-92) 1 1.5 2.5 0

M8 (1991-92) 10 8.1 24.4 o
M8 (1992-93) 14 4 37.8 +
M11 (92-93) 12 2.6 34.3 +
M12 (92-93) 26 57.8 61.9 o
M13 (92-93) 10 1.4 29.4 o
F2 (91-92) 33 49.1 76.7 +

Unburned M2 (90-91) 22 66.9 75.9 0
M2 (91-92) 19 75.4 65.5 o
M2 (92-93) 39 72.5 79.6 0
M4 (91-92) 34 83.9 85 o
M6 (91-92) 32 89.1 91.4 0

M8 (1991-92) 25 59.9 61 o
M8 (1992-93) 22 78.9 59.5 0
M9 (91-92) 34 93.2 87.2 o
M11 (92-93) 16 78.4 45.7 -

M12 (92-93) 12 18.5 28.6 o
M13 (92-93) 24 92.8 70.6 -

M14 (92-93) 36 96 100 o
F1 (91-92) 39 96 100 0
F1 (92-93) 44 99.7 100 0
F2 (91-92) 7 13.1 16.3 0
F4 (92-93) 52 88.2 89.7 0

Kennebec Burn M2 (90-91) 4 29.6 13.8 o
M2 (91-92) 10 23.2 34.5 0
M2 (92-93) 6 21 12.2 o
M4 (91-92) 5 14.7 12.5 0
M6 (91-92) 0 5.1 0 -

M8 (1991-92) 6 32 14.6 -

M8 (1992-93) 1 17.2 2.7 -

M11 (92-93) 7 15.6 20 0
M12 (92-93) 4 23.7 9.5 -

M13 (92-93) 0 5.8 0 -

M14 (92-93) 0 4 0 -

F1 (91-92) 0 4 0 o
F1 (92-93) 0 0.3 0 -

F2 (91-92) 3 37.7 7 -

F4 (92-93) 6 11.8 10.3 o



Appendix 7, continued.

Habitat C lass Lynx ID na % Habitat 
available

% Habitat 
use

Significance13

Trail Lake Bum M9 (91-92) 5 6.8 12.8 0

Stuver Creek M6 (91-92) 3 5.8 8.6 0
Burn M11 (92-93) 0 3.4 0

a sample size

b + = significant habitat selection 
o = no selection
- = significant habitat avoidance



Appendix 8. Data collected along Stuver Creek Track Transect, Alaska, from 23 February to 17 April, 1992; 11 November to 18 
December, 1992; and 26 March to 8 April, 1993.

Year/month Date Deposition TRX/Kma D ASb Snowfall (cm) Low temp. (C) High temp. (C) Mean temp (C)c Temp Rankd Baro A (mm Hg)e
§2 February 23 0 6 2 6.254 -33 -16

_ -2 4 7
1 -0.07

24 0 0 1 0 -28 -12 -20 2 0.07
25 1 0077 2 0 -21 -7 -13.9 3 -0.18
26 0 0 3 0 -15 -2 -8.3 4 -0.13
27 1 0.154 4 0 -13 4 -4.7 5 0.24
28 7 1.346 5 0 *7 4 -1.4 5 -0.42
29 6 1.385 6 0 -23 -6 -14.4 3 0.42

92 March 1 12 3.231 7 0 -22 -14 -18.3 2 0
2 4 1.231 8 0254 -26 -21 -23 3 2 0.34
9 9 0.692 2 0 -19 2 -8.3 4 0 13
10 3 0.346 3 0 -16 2 -6.9 4 -0.08
11 9 1.385 4 0 -12 3 -4.7 5 0.09
12 2 0.385 5 0 -10 5 -2.5 5 0.45
13 16 3.692 6 0.254 -7 1 -3.1 5 -0.31
14 6 0.231 1 0 -19 -1 -9.7 4 0.32
15 16 1.231 2 0 -22 -2 -12.2 3 -0.04
16 5 0.577 3 0 -24 -4 -14 2 3 -0.07
17 2 0.308 4 0 -23 -1 -11.9 4 -0.01
18 14 2.692 5 0 -16 2 -6.9 4 -0.07
19 10 2.308 6 0 -16 3 -6.1 4 -0.25
20 21 5654 7 0 -13 1 -6.1 4 -0.06
21 2 0.615 8 0.254 -19 2 -8.6 4 0.16
22 8 0.308 1 0 -22 2 -10 4 0.33
23 9 0.692 2 0 -15 2 -6.7 4 -0.05
24 3 0.346 3 0 -15 3 -5.8 5 -0.4
25 4 0615 4 0 -14 6 -4.2 5 -0.05
26 5 0.962 5 0 -15 4 -5.6 5 0.07
27 6 1.385 6 0 -12 1 -5.3 5 0.2
28 6 1.615 7 0 -23 -4 -13.3 3 0.27
29 8 2.462 8 0 -17 -5 -11.1 4 -0.02
30 13 4.5 9 0 -11 0 -5.6 5 -0.24
31 13 5 10 0 -17 1 -7.8 4 0.03

92 April 1 16 6.769 11 0 -18 6 -6.1 4 -0.01
2 4 1.846 12 5.08 -7 -4 -5.3 5 0.06
3 5 0.192 1 0.254 -8 -6 -6.7 4 0.09
4 14 0.538 2 0 -20 -4 -12.2 3 0.1
5 10 0.769 3 0 -22 -2 -12.2 3 0.2
6 5 0.577 4 0.254 -16 1 -7.2 4 -0.04
7 19 0.731 1 0.254 -21 1 -9.7 4 0.2
8 12 0.462 1 1.905 -7 2 -2.2 5 -0.02
9 15 0.577 1 1.27 -8 2 -3.3 5 -0.24
10 17 0.654 1 3.175 -4 1 -1.7 5 -0.31 co
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Appendix 8, continued.

Year/month Date Deposition TRX/Kma DASb Snowfall (cm) Low temp. (C) High temp. (C) Mean temp (C)c Temp Rankd Baro A (mm Hg)e
§3 April 1 3 1.638 9 6 -16 ....... 7 " -4.7 ' .. 5 0.15

2 6 2.308 10 0 -9 8 -0.6 5 0.1
3 8 3.385 11 0 -15 7 -4.2 5 0.18
4 9 4.154 12 0 -19 7 -6.1 4 0.02
5 2 1 13 0 -16 7 -4.7 5 0.06
6 3 1.615 14 0 -16 6 -5 5 -0.03
7 0 0 15 1.905 -16 4 -5.6 5 -0.09
8 2 0.077 1 0 -3 2 -0.6 5 -0.3

a TRX/Km  = Lynx tracks/ kilometers 
b DAS = Days after snowfall
c Mean temperature calculated as the average of daily low and high temperature 
d Refer to Table 9 for definitions of temperature rank
e Baro A  (mm Hg) = change in barometric pressure from 1200h of previous day 

to 12000h on the day of track recording

coco


