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ABSTRACT. We investigated the winter density and territory size of wolves (Canis lupus) on the Yukon Flats, Alaska, where
moose (A4lces alces) was the sole ungulate prey, occurring at a low density and representing a biomass of ungulate food lower
than previously studied in North America. Using locations (GPS coordinates) from collars deployed on seven wolves, we
estimated territory sizes with adaptive kernel and minimum convex polygon methods. We then estimated wolf density from
a population area defined by these territory sizes and counts of wolves in five marked packs. From November 2009 to April
2010, we obtained 6263 GPS locations. Pack size ranged from two to 10 wolves, with average size of 5.0 in November 2009
and 4.8 in March 2010. Average winter territory size for the five packs was 1433 km? with the 95% adaptive kernel method and
1608 km? with the minimum convex polygon method. Density (wolves/1000 km?) was 3.6 in November and 3.4 in March with
the 95% adaptive kernel method and 3.4 in November and 3.3 in March with the minimum convex polygon method. Territories
were large and estimates produced by the two methods differed by 11%. Densities were low, and the two analysis methods
yielded densities that differed from each other by 3% to 6%. Low wolf density corresponded with low biomass of ungulate
food, suggesting that moose availability on the Yukon Flats likely limited wolf density.
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RESUME. Nous avons étudié la densité hivernale et la taille du territoire du loup (Canis lupus) aux Yukon Flats, en Alaska,
ou l'orignal (4lces alces) était la seule proie ongulée. Il s’y trouvait en faible densité et représentait une biomasse de nourriture
ongulée inférieure a celle étudiée ailleurs en Amérique du Nord. Grace aux positions (coordonnées de GPS) prélevées a partir
de colliers posés sur sept loups, nous avons estimé la taille des territoires au moyen de la méthode d’estimation adaptative a
noyaux et de la méthode du polygone convexe minimal. Ensuite, nous avons estimé la densité du loup a partir d’une zone de
population définie par la taille de ces territoires et par les dénombrements de loups de cinq meutes marquées. De novembre
2009 a avril 2010, nous avons obtenu 6 263 positions GPS. La taille des meutes variait de deux a dix loups, pour une taille
moyenne de 5,0 loups en novembre 2009 et de 4,8 en mars 2010. La taille moyenne du territoire hivernal de cinq meutes était
de 1 433 km? dans le cas de la méthode adaptative a noyaux de 95 % et de 1 608 km? dans le cas de la méthode du polygone
convexe minimal. La densité (loups/1000 km?) était de 3,6 en novembre et de 3,4 en mars avec la méthode adaptative a noyaux
de 95 %, puis de 3,4 en novembre et de 3,3 en mars avec la méthode du polygone convexe minimal. Les territoires étaient
vastes et les estimations obtenues a 1’aide des deux méthodes différaient de 11 %. Les densités étaient faibles, et les deux
méthodes d’analyse ont donné des densités qui différaient 'une de I’autre dans une mesure 3 % a 6 %. La faible densité des
loups correspondait a la faible biomasse de nourriture ongulée, ce qui laisse supposer que la disponibilité de 1’orignal aux
Yukon Flats limitait vraisemblablement la densité du loup.

Mots clés : Alaska; biomasse densité; GPS; orignal (4lces alces); territoire; loup (Canis lupus)

Traduit pour la revue Arctic par Nicole Giguére.

INTRODUCTION

Wolves (Canis lupus) are efficient, coursing predators
whose ability to maintain kill rates at the level needed to
meet nutritional requirements allows them to persist down
to low ungulate densities (0.11 moose/km?) or biomass of
food (0.66 ungulate biomass index, or UBI/km?; Lake et
al., 2013). Low ungulate biomass (< 4 UBI/km?) can affect
wolf populations in two ways. First, wolves may enlarge

their territories (> 800 km?; Hayes, 1995; Mech et al., 1998;
Fuller et al., 2003; Burch et al., 2005) in order to ensure an
adequate supply of vulnerable prey (Peterson, 1977). Sec-
ond, wolf populations may become smaller (Fuller, 1989;
Fuller et al., 2003; Cariappa et al., 2011; McRoberts and
Mech, 2014). The combined effect is that wolf density (i.e.,
wolf numbers divided by area occupied) is lowest in sys-
tems of low ungulate biomass (Fuller et al., 2003; Cariappa
et al., 2011; McRoberts and Mech, 2014). Examples of these
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systems include northern regions, such as parts of interior
Alaska and Yukon, where densities of wolves are among the
lowest in North America (2—4 wolves/1000 km?; Gasaway
et al., 1992; Messier, 1994; Fuller et al., 2003).

The most common method to assess wolf density in
these regions is by aerial surveys: the number of wolves is
determined by counting wolves or wolf tracks, and density
is the total count divided by the area surveyed (Stephen-
son, 1978; Gasaway et al., 1992; Hayes and Harestad, 2000;
ADFG, 2009; Keech et al., 2011). However, these surveys
have limitations because wolf territory size is not known,
and territories of packs on the periphery of the survey area
may overlap its boundaries, thereby inflating density. Alter-
native methods use locations of packs and calculate density
using the territory size rather than the areas surveyed (Fuller
and Snow, 1988; Burch et al., 2005; Adams et al., 2008), but
these methods are more costly and require frequent teleme-
try flights to obtain locations. Consequently, studies that use
these methods take place less often in northern regions, and
when they do, it is problematic to achieve a sampling inten-
sity that will accurately estimate territory size (Mech et al.,
1998; Burch et al., 2005; Adams et al., 2008). Ballard et al.
(1998) recommended an average of 98 locations to describe
90% of a winter territory where territory sizes are large.
Achieving this sampling intensity requires multiple weekly
telemetry flights during the winter months, which is chal-
lenging in practice with very high frequency (VHF) collars
(Mech et al., 1998; Burch et al., 2005; Adams et al., 2008).
With the advent of global positioning system (GPS) collars,
it has become straightforward to acquire location coordi-
nates at regular intervals (Mills et al., 2006; Tomkiewicz et
al., 2010) that greatly exceed the minimum sampling inten-
sity recommendations of Ballard et al. (1998). Use of such
technology provides the opportunity to estimate wolf den-
sity and territory size more accurately.

Another consideration for estimating wolf density and
territory size is the method used to analyze the locations.
Mills et al. (2006) compared the performance of the min-
imum convex polygon and adaptive kernel methods for
estimating wolf territory size. Their study demonstrated
that the adaptive kernel method was robust across a range
of sampling intensities, but the minimum convex polygon
method was not. Mills et al. (2006) concluded that the adap-
tive kernel method should be the standard for measuring
animal home ranges. However, estimates of territory size
from systems of low prey biomass in Alaska and Yukon
were based on the minimum convex polygon method
(Hayes, 1995; Mech et al., 1998; Burch et al., 2005) and in
some instances may represent only general estimates (Mech
et al., 1998).

We had the opportunity to study winter wolf density and
territory size in a landscape where wolves persisted with
less available biomass of ungulate food than had previ-
ously been documented (0.66 UBI/km?; Fuller et al., 2003).
Our goal was to use locations from GPS collars to estimate
winter density and territory size and to compare these esti-
mates with corresponding estimates from other systems
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with lower prey biomass. Secondarily, we contrasted esti-
mates of territory size and density made using the mini-
mum convex polygon method with estimates produced
using the adaptive kernel method.

METHODS
Study Area

The Yukon Flats (Alaska Game Management Unit 25,
Yukon Flats National Wildlife Refuge) is a broad, relatively
flat region of eastern interior Alaska that spans the Arctic
Circle, stretching approximately 325 km from west to east.
It is situated between the White Mountains to the south and
the Brooks Range to the north and is bisected by the Yukon
River. The heterogeneous landscape of this region includes
many wetlands, meadows of graminoids (4rctagrostis spp.,
Beckmannia eruciformis, Bromus spp., Calamagrostis
spp., Eriophorum spp., Glyceria spp., Hordeum jubatum,
Poa glauca, Triglochin spp.), sedges (Carex spp.), and float-
ing mats of bog vegetation (Menyanthes trifoliata, Poten-
tilla palustris, Caltha palustris, Equisetum spp.). Forest
stands consist of black spruce (Picea mariana), white
spruce (P. glauca), balsam poplar (Populus balsamifera),
quaking aspen (P. tremuloides), and paper birch (Betula
papyrifera). Shrub stands of willow (Salix spp.) and alder
(Alnus sp.) are interspersed, particularly around riparian
corridors. Upland habitats (91 to 912 m) are dominated by
alder, willow, dwarf birch (B. nana), Labrador tea (Ledum
decumbens), crowberry (Empetrum nigrum), and blueberry
(Vaccinium uliginosum).

The major prey for wolves is moose, and moose densi-
ties had been low (< 0.2 moose/km?) at least since the 1960s
(Bentley, 1961; Gasaway et al., 1992; Bertram and Vivion,
2002; Caikoski, 2010; Lake et al., 2013). Density in a 2010
survey was 0.11 moose/km? (Lake et al., 2013). This den-
sity corresponded to an ungulate biomass index of 0.66
UBI/km?, which reflected a conversion of moose density<6
(Fuller et al., 2003). A biomass conversion factor of 6 was
applied to moose density to make results comparable with
systems that contained multiple prey species at varying
densities and body sizes, such as white-tailed deer (Odoc-
oileus virginianus; conversion = 1) or bison (Bison bison;
conversion = §; Fuller et al., 2003). The resulting ungulate
biomass index was more representative of food availability
to wolf populations. Minor prey species for wolves during
winter were beaver (Castor canadensis) and snowshoe hare
(Lepus americanus; Lake et al., 2013). During summer,
salmon (Oncorhynchus spp.) and ducks (Anatidae) and their
eggs were present.

Black bear (Ursus americanus) densities were high (155
or more independent bears/1000 km?) in a 2010 survey that
covered 1373 km? (Caikoski, 2011). Grizzly bears (Ursus
arctos) were also present and thought to be at low densities
(Bertram and Vivion, 2002).
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FIG. 1. Wolf pack territories and population area during winter (November 2009—April 2010) on the Yukon Flats, Alaska. Boundaries were developed with 95%
adaptive kernels. The dotted lines represent territorial boundaries of the Hodzana and Crazy Slough packs that overlap the Bald Knob territory. The remaining

packs had no overlapping boundaries.

Data Collection

We placed seven GPS collars (Telonics model TGW-
3580) on wolves in five packs on 2—3 November 2009.
The five packs that we marked with collars represented
21% (5/24 packs) of the packs observed in a spring 2009
aerial survey (Caikoski, 2009). All collars were removed
on 11—-12 April 2010. Collars were programmed to record
eight locations per day. All captures (U.S. Fish and Wild-
life Service Region 7 Animal Care Protocol no. 2008022)
were conducted by shooting a dart from a Robinson R-44
helicopter, and we remotely delivered (Palmer Cap-chur™)
540 or 572 mg of tiletamine HCL and zolazepam HCL
(Telazol®; Fort Dodge Animal Health, Ford Dodge, 1A;
Ballard et al., 1991) to chemically immobilize wolves. We
used tooth wear and staining and body size to differenti-
ate young-of-the-year, yearlings, and adults (Gipson et al.,
2000).

Territory Size Estimation

We used GPS locations from a single collar in each pack
to estimate winter territory size (early November 2009 to
mid-April 2010; Fig. 1, Table 1). Although we marked more
than one wolf in two packs, only a single collar in each pack
functioned throughout the winter months. We assumed that
locations from a single collar reflected the location of the
pack during winter. We believed this assumption to be rea-
sonable because wolf packs were cohesive during the win-
ter months (Peterson et al., 1984; Fuller and Snow, 1988),
often traveling and feeding together (Metz et al., 2011).

We used two methods to estimate territory size. First,
we surrounded the outermost locations for each pack with
a minimum convex polygon (Fuller, 1989; Ballard et al.,
1998; Burch et al., 2005; Mills et al., 2006). Second, we
estimated 95% adaptive kernel territory size by following
the guidelines of Mills et al. (2006). We used the Home
Range extension of Rodgers and Carr (1998) to estimate



territory sizes for each pack (Table 1). For adaptive kernel
territory size, our objective was to produce a single polygon
for each pack, and we followed the guidance of Mills et al.
(2006) and Kie et al. (2010) and incrementally decreased (or
increased) the bandwith parameter by 0.1 until a single poly-
gon resulted. This method was repeatable and consistent,
had a lower probability of Type 1 errors than least-squares
cross-validation and reference bandwidths (Kie, 2013),
exhibited only moderate bias compared to true home ranges
(Kie, 2013), and has been applied by others (Mills et al.,
2006; Berger and Gese, 2007; Jacques et al., 2009). We used
the default resolution (70), which Rodgers and Carr (1998)
described as a compromise between accuracy of low resolu-
tions and processing speed.

Density Estimation

We estimated November and March wolf density fol-
lowing the radiotelemetry method advocated by Fuller and
Snow (1988) and Burch et al. (2005), using the highest count
of wolves in instrumented packs as the numerator and the
population area during winter as the denominator. Burch
et al. (2005) advocated using more than six packs to esti-
mate wolf density, but noted that with intense sampling to
delineate territories, such as that provided by GPS collars,
fewer packs can be used. We defined the population area as
the sum of pack territories. From this population area, we
deducted portions of Hodzana and Crazy Slough territories
that overlapped with Bald Knob territory (Fig. 1). We calcu-
lated separate population areas using 95% adaptive kernel
and minimum convex polygon methods (Table 2). Aerial
counts were obtained by tracking wolves from fixed-wing
aircraft in early November (> 2 counts per pack) and late
March (> 5 counts per pack). The total number of wolves
reflected the sum of wolves observed in five packs.

RESULTS

We obtained a total of 6263 locations of the five wolf
packs from early November 2009 to mid-April 2010
(Table 1). Location fix success was high during this period
(mean = 98%). Pack sizes ranged from two to 10 wolves in
early November 2009, with a mean of five (Table 1). March
2010 pack sizes ranged from two to eight, with a mean of
4.8 wolves.

The bandwidth parameter for adaptive kernel terri-
tory sizes ranged from 0.5 to 0.9 of the reference band-
width. During winter, mean territory size was 1433 km?
(range 809-2681) with the 95% adaptive kernel method
and 1608 km? (range 880—2653) with the minimum convex
polygon method (Table 1).

Table 2 shows density estimates for November 2009
and March 2010. The total number of wolves was 25 in
November and 24 in March. Using the 95% adaptive ker-
nel method, the estimated population area was 6997 km?,
resulting in a wolf density of 3.6/1000 km? in November
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and 3.4/1000 km? in March. Using the minimum con-
vex polygon method, the population area was 7374 km?,
resulting in wolf density of 3.4/1000 km? in November and
3.3/1000 km? in March.

DISCUSSION

Low wolf density corresponded to low ungulate bio-
mass on the Yukon Flats, and this association is consist-
ent with the observation that wolf populations throughout
North America were likely limited by ungulate availability
at low biomass (Fuller, 1989; Fuller et al., 2003; Cariappa
et al., 2011; McRoberts and Mech, 2014). Thus, we suggest
that moose availability on the Yukon Flats probably lim-
ited wolf density. Low density of Yukon Flats wolves in our
study resulted from smaller-than-average pack sizes and
large territories. Pack size averaged 5.0 in November and
4.8 in March, compared to an average of 6.5 from 11 studies
in which moose was the principal prey (Fuller et al., 2003).
Average 95% adaptive kernel territory size (1433 km?) was
larger than averages of 198 km? (n = 8 territories) from
Mills et al. (2006) and 556 km? (n = 9 territories) from
Rich et al. (2012). Those two studies used kernel methods
and analyzed locations from GPS collars, though compa-
rable ungulate biomass was not reported. Where compa-
rable ungulate biomass was reported (Fuller et al., 2003),
territory sizes generally reflected a continuum of declin-
ing values with increasing ungulate biomass. At the lower
end of this continuum, some territories were one-tenth the
size of those exhibited by wolves on the Yukon Flats. At
the upper end, territories were similar in size to those on
the Yukon Flats. However, these comparisons were compli-
cated by territory sizes calculated by the minimum convex
polygon method, for which sampling intensity may have
been inadequate and from which extraterritorial forays may
have been eliminated. Accordingly, we advocate the use of
comparable territory sizes in future research and suggest
that our results may represent a baseline for territory size
at low ungulate biomass. We note that territory sizes in our
study were based on winter locations only and might have
increased if we had obtained year-round locations. How-
ever, this result would not have affected our conclusion that
territory size was large or density was low, since larger ter-
ritories would have decreased density.

This study benefited from the use of GPS collars, which
provided a sampling intensity that exceeded recommenda-
tions for estimating territory size and density (Fuller and
Snow, 1988; Ballard et al., 1998; Burch et al., 2005; Mills
et al., 2006). Additionally, we used a 95% adaptive kernel
method, which was more robust than the minimum convex
polygon method (Mills et al., 2006); we did not subjectively
eliminate extraterritorial forays (Peterson et al., 1984; Bal-
lard et al., 1998; Adams et al., 2008); and we used a repeat-
able and consistent method to select the adaptive kernel
bandwidth parameter (Mills et al., 2006; Kie, 2013). In our
study, comparison between adaptive kernel and minimum
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TABLE 1. Winter pack and territory sizes of five wolf packs on the Yukon Flats, Alaska (November 2009— April 2010). Pack sizes from
November and territories calculated by two methods are shown. The bottom row gives mean values for the five packs.

Pack Pack size # locations 95% Adaptive kernel territory (km?) Minimum convex polygon territory (km?)
Bald Knob 4 1244 1821 2533
Beaver Creek 10 1249 2681 2653
Crazy Slough 4 1257 842 957
Hodzana 5 1259 1013 1017
Lost Creek 2 1254 809 880
Mean 5 1253 1433 1608

TABLE 2. Density of wolves on the Yukon Flats, Alaska, in November 2009 and March 2010.

Month Estimation method Population area (km?) # wolves Density (wolves/1000 km?)
November 95% Adaptive kernel 6997 25 3.6

Minimum convex polygon 7374 25 34
March 95% Adaptive kernel 6997 24 34

Minimum convex polygon 7374 24 33

convex polygon methods revealed an average difference of
11% in estimates of territory size. The minimum convex
polygon method gave the larger territory size, and corre-
spondingly, the lower density (3% lower in March and 6%
lower in November). The 11% difference between methods
that we observed in territory size was similar to the 13%
difference reported by Mills et al. (2006). Thus, our study
adds to a body of evidence that suggests adequate sampling
intensity may reduce (but not eliminate) potential impacts
of method (Mills et al., 2006) on wolf territory size. We
encourage researchers to evaluate this factor in their stud-
ies, as our sample size of packs was lower than Mills et al.
(2006; n = 8).

The low density of wolves found in this study is similar
to findings of previous aerial surveys on the Yukon Flats
(Gasaway et al., 1992; Caikoski, 2009). However, the range
of spring densities from recent aerial surveys (4.4—5.3
wolves/1000 km? in 2006 and 2009; Caikoski, 2009) was
23%—38% greater than density derived through teleme-
try methods (3.3—3.4 wolves/1000 km?). This result could
reflect either sampling variation associated with the small
sample used to estimate density with telemetry methods
(only five wolf packs), or annual variation, since no aerial
survey was conducted in 2010 because of poor snow con-
ditions. However, tracks of wolves that led outside the
boundary have regularly been noted during aerial surveys
(ADFG, 2009; J. Caikoski, unpubl. data), and we speculate
that greater density from aerial surveys was most likely
the result of wolf pack observations on the periphery of the
survey area. We recommend that managers consider the
limitations of each method and the finding of low density
common to both methods when interpreting wolf density
information for the Yukon Flats.

An example of the utility of wolf density is its use to
manage the harvest. Recently, much research has been
devoted to understanding how human-induced mortal-
ity affects wolf population density. Several thresholds of
human-caused annual mortality that did not affect wolf

population growth have been reported: 29% (Adams et
al., 2008), 24% for non-northern Rocky Mountain popu-
lations (Creel and Rotella, 2010), 34% (Webb et al., 2011),
and 48% (Gude et al., 2012). Therefore, from a Novem-
ber density of wolves on the Yukon Flats (3.6 wolves/
1000 km?), 0.86 wolves/1000 km? could be harvested at the
minimum mortality rates (24%; Creel and Rotella, 2010)
and 1.7 wolves/1000 km? at the maximum rate (48%; Gude
et al., 2012). Annual harvest in this region from 1996 to
2012 (Alaska Game Management Unit 25D; Caikoski, 20009,
unpubl. data) averaged 0.46 wolves/1000 km? (21 wolves/
45731 km?) and ranged from 0.09 to 0.92 wolves/1000 km?
(4-42 wolves/45 731 km?). We conclude that in most years
wolves were lightly harvested, and a moderate harvest was
rare.

Adams et al. (2010) documented use of salmon by wolves
in an ungulate prey system in Alaska and concluded that
this alternative prey explained why wolf densities in a por-
tion of their study area were only 17% lower (4.4—5.8 vs.
5.8—7.2 wolves/1000 km?) even though ungulate densities
were 78% lower. These differences in ungulate and wolf
densities resulted in a threefold difference in predation
rates, which has important implications for wolf-ungulate
relations (Adams et al., 2010; Vucetich et al., 2011). On the
Yukon Flats, moose are the sole ungulate prey of wolves,
but each summer more than a million chum (O. keta) and
Chinook (O. tshawytscha) salmon are counted traveling up
the Yukon River (U.S.—Canada Yukon River JTC, 2011).
These salmon are potentially available to wolves in the
numerous tributaries that branch from the Yukon River, and
in September 2010, collared wolves were observed adjacent
to a stream that contained salmon and were presumed to
be foraging (N. Guldager, pers. comm. 2010). Understand-
ing whether wolves on the Yukon Flats benefit numerically
from use of a seasonal, non-ungulate food would be valua-
ble, as use of alternative prey may inflate wolf densities and
the impact of predation on ungulates (Adams et al., 2010).



ACKNOWLEDGEMENTS

Funding for this project was provided by the United States
Fish and Wildlife Service and Alaska Department of Fish and
Game. We thank M. Shelton and R. Swisher, who piloted the
helicopter during wolf capture, and N. Guldager and C. Moore,
who piloted the plane during aerial wolf counts and captures.
S. Arthur provided filtering code for GPS collars. A. Rodgers
graciously explained how to implement his computer program
on a recent operating system, and S. Hart proofed data. Diligent
comments from anonymous reviewers improved the manuscript.
Reference to any specific commercial product, process, or service
by trade name, trademark, manufacturer, or otherwise is for
descriptive purposes only and does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the U.S.
government. The views and opinions of document authors do not
necessarily state or reflect those of the U.S. government.

REFERENCES

Adams, L.G., Stephenson, R.O., Dale, B.W., Ahgook, R.T,
and Demma, D.J. 2008. Population dynamics and harvest
characteristics of wolves in the central Brooks Range, Alaska.
Wildlife Monographs 170. 25 p.
http://dx.doi.org/10.2193/2008-012

Adams, L.G., Farley, S.D., Stricker, C.A., Demma, D.J., Roffler,
G.H., Miller, D.C., and Rye, R.O. 2010. Are inland wolf-
ungulate systems influenced by marine subsidies of Pacific
salmon? Ecological Applications 20(1):251-262.
http://dx.doi.org/10.1890/08-1437.1

ADFG (Alaska Department of Fish and Game). 2009. Wolf
management report of survey-inventory activities 1 July
2005-30 June 2008. Project 14.0. Juneau, Alaska: ADFG,
Division of Wildlife Conservation. 286 p.
http:/www.adfg.alaska.gov/static/home/library/pdfs/wildlife/
mgt_rpts/09 wolf.pdf

Ballard, W.B., Ayres, L.A., Roney, K.E., and Spraker, T.H.
1991. Immobilization of gray wolves with a combination
of tiletamine hydrochloride and zolazepam hydrochloride.
Journal of Wildlife Management 55(1):71—74.
http://dx.doi.org/10.2307/3809242

Ballard, W.B., Edwards, M., Fancy, S.G., Boe, S., and Krausman
PR. 1998. Comparison of VHF and satellite telemetry for
estimating sizes of wolf territories in northwest Alaska.
Wildlife Society Bulletin 26(4):823 —829.

Bentley, WW. 1961. Moose population inventories — Interior and
Arctic Alaska. Alaska Wildlife Investigations. Administrative
report. Juneau, Alaska: Alaska Department of Fish and Game.
11 p.

Berger, K.M., and Gese, E.M. 2007. Does interference competition
with wolves limit the distribution and abundance of coyotes?
Journal of Animal Ecology 76(6):1075—1085.

Bertram, M.R., and Vivion, M.T. 2002. Moose mortality in
eastern interior Alaska. Journal of Wildlife Management
66(3):747-1756.
http://dx.doi.org/10.2307/3803140

WOLVES IN A LOW BIOMASS MOOSE SYSTEM - 67

Burch, JW., Adams, L.G., Follmann, E.H., and Rexstad, E.A.2005.
Evaluation of wolf density estimation from radiotelemetry
data. Wildlife Society Bulletin 33(4):1225-1236.
http://dx.doi.org/10.2193/0091-7648(2005)33[1225:EOWDEF]
2.0.CO;2

Caikoski, J.R. 2009. Game Management Units 25A, 25B, 25D,
26B, and 26C wolves. In: Harper, P., ed. Wolf management
report of survey-inventory activities 1 July 2005-30 June
2008. Project 14.0. Juneau, Alaska: ADFG, Division of
Wildlife Conservation. 248—-256.
http://www.adfg.alaska.gov/static/home/library/pdfs/wildlife/
mgt_rpts/09 wolf.pdf

——— 2010. Game Management Units 25A, 25B, and 25D
moose. In: Harper, P., ed. Moose management report of survey-
inventory activities 1 July 2007—30 June 2009. Project 1.0.
Juneau, Alaska: ADFG, Division of Wildlife Conservation.
611-642.
http://www.adfg.alaska.gov/static/home/library/pdfs/wildlife/
mgt_rpts/10_moose.pdf

——— 2011. Game Management Unit 25D black bear. In:
Harper, P., ed. Black bear management report of survey-
inventory activities 1 July 2007—30 June 2010. Project 17.0.
Juneau, Alaska: ADFG, Division of Wildlife Conservation.
257-261.
http://www.adfg.alaska.gov/static/home/library/pdfs/wildlife/
mgt_rpts/11_blb.pdf

Cariappa, C.A., Oakleaf, J.K., Ballard, W.B., and Breck, S.W.
2011. A reappraisal of the evidence for regulation of wolf
populations. Journal of Wildlife Management 75(3):726—730.
http://dx.doi.org/10.1002/jwmg.74

Creel, S., and Rotella, J.J. 2010. Meta-analysis of relationships
between human offtake, total mortality, and population
dynamics of gray wolves (Canis lupus). Plos One 5(9).
http://dx.doi.org/10.1371/journal.pone.0012918

Fuller, T.K. 1989. Population dynamics of wolves in north-central
Minnesota. Wildlife Monographs 105. 41 p.

Fuller, T.K., and Snow, W.J. 1988. Estimating winter wolf
densities using radiotelemetry data. Wildlife Society Bulletin
16(4):367-370.

Fuller, T.K., Mech, L.D., and Cochrane, J.F. 2003. Wolf population
dynamics. In: Mech, L.D., and Boitani, L., eds. Wolves:
Behavior, ecology, and conservation. Chicago: University of
Chicago Press. 161—191.

Gasaway, W.C., Boertje, R.D., Grangaard, D.V., Kellyhouse, D.G.,
Stephenson, R.O., and Larsen, D.G. 1992. The role of predation
in limiting moose at low densities in Alaska and Yukon and
implications for conservation. Wildlife Monographs 120. 59 p.

Gipson, P.S., Ballard, W.B., Nowak, R.M., and Mech, L.D. 2000.
Accuracy and precision of estimating age of gray wolves by
tooth wear. Journal of Wildlife Management 64(3):752—758.
http://dx.doi.org/10.2307/3802745

Gude, J.A., Mitchell, M.S., Russell, R.E., Sime, C.A., Bangs, E.E.,
Mech, L.D., and Ream, R.R. 2012. Wolf population dynamics
in the U.S. Northern Rocky Mountains are affected by
recruitment and human-caused mortality. Journal of Wildlife
Management 76(1):108—118.
http://dx.doi.org/10.1002/jwmg.201



68 « B.C. LAKE et al.

Hayes, R.D. 1995. Numerical and functional responses of wolves,
and regulation of moose in the Yukon. MSc thesis, Department
of Biological Sciences, Simon Fraser University, Burnaby,
British Columbia.

Hayes, R.D., and Harestad, A.S. 2000. Demography of a
recovering wolf population in the Yukon. Canadian Journal of
Zoology 78(1):36—48.
http://dx.doi.org/10.1139/299-186

Jacques, C.N., Jenks, J.A., and Klaver, RW. 2009. Seasonal
movements and home-range use by female pronghorns in
sagebrush-steppe communities of western South Dakota.
Journal of Mammalogy 90(2):433 —441.
http://dx.doi.org/10.1644/07-M AMM-A-395.1

Keech, M.A., Lindberg, M.S., Boertje, R.D., Valkenburg, P,
Taras, B.D., Boudreau, T.A., and Beckmen, K.B. 2011. Effects
of predator treatments, individual traits, and environment on
moose survival in Alaska. Journal of Wildlife Management
75(6):1361—-1380.
http:/dx.doi.org/10.1002/jwmg.188

Kie, J.G. 2013. A rule-based ad hoc method for selecting
a bandwidth in kernel home-range analyses. Animal
Biotelemetry 1:1—13.
http:/www.animalbiotelemetry.com/content/1/1/13

Kie, J.G., Matthiopoulos, J., Fieberg, J., Powell, R.A., Cagnacci,
F., Mitchell, M.S., Gaillard, J.-M., and Moorcroft, P.R. 2010.
The home-range concept: Are traditional estimators still
relevant with modern telemetry technology? Philosophical
Transactions of the Royal Society B: Biological Sciences
365(1550):2221-2231.
http://dx.doi.org/10.1098/rstb.2010.0093

Lake, B.C., Bertram, M.R., Guldager, N., Caikoski, J.R., and
Stephenson, R.O. 2013. Wolf kill rates across winter in a
low-density moose system in Alaska. Journal of Wildlife
Management 77(8):1512—1522.
http://dx.doi.org/10.1002/jwmg.603

McRoberts, R.E., and Mech, L.D. 2014. Wolf population
regulation revisited—Again. Journal of Wildlife Management
78(6):963-967.
http://dx.doi.org/10.1002/jwmg.744

Mech, L.D., Adams, L.G., Meier, T.J., Burch, JW., and Dale,
B.W. 1998. The wolves of Denali. Minneapolis: University of
Minnesota Press.

Messier, F. 1994. Ungulate population models with predation:
A case study with the North American moose. Ecology
75(2):478—488.
http://dx.doi.org/10.2307/1939551

Metz, M.C., Vucetich, J.A., Smith, D.W., Stahler, D.R., and
Peterson, R.O. 2011. Effect of sociality and season on gray wolf
(Canis lupus) foraging behavior: Implications for estimating
summer kill rate. Plos One 6(3).
http://dx.doi.org/10.1371/journal.pone.0017332

Mills, K.J., Patterson, B.R., and Murray, D.L. 2006. Effects of
variable sampling frequencies on GPS transmitter efficiency
and estimated wolf home range size and movement distance.
Wildlife Society Bulletin 34(5):1463 —1469.
http://dx.doi.org/10.2193/0091-7648(2006)34[1463: EOVSFO]2.
0.CO;2

Peterson, R.O. 1977. Wolf ecology and prey relationships on Isle
Royale. U.S. National Park Service Scientific Monograph
Series 11. Washington, D.C.: U.S. Government Printing Office.
https://archive.org/details/wolfecologypreyrOOpete

Peterson, R.O., Woolington, J.D., and Bailey, T.N. 1984. Wolves
of the Kenai Peninsula, Alaska. Wildlife Monographs 88. 52 p.

Rich, L.N., Mitchell, M.S., Gude, J.A., and Sime, C.A. 2012.
Anthropogenic mortality, intraspecific competition, and prey
availability influence territory sizes of wolves in Montana.
Journal of Mammalogy 93(3):722—731.
http://dx.doi.org/10.1644/11-MAMM-A-079.2

Rodgers, A.R., and Carr, A.P. 1998. HRE: The home range
extension for ArcView. Thunder Bay: Ontario Ministry of
Natural Resources, Centre for Northern Forest Ecosystem
Research.
http://flash.lakeheadu.ca/~arodgers/hre

Stephenson, R.O. 1978. Characteristics of exploited wolf
populations. Juneau, Alaska: ADFG. 26 p.

Tomkiewicz, S.M., Fuller, M.R., Kie, J.G., and Bates, K.K.
2010. Global positioning system and associated technologies
in animal behavior and ecological research. Philosophical
Transactions of the Royal Society B: Biological Sciences
365(1550):2163-2176.
http://dx.doi.org/10.1098/rstb.2010.0090

U.S.-Canada Yukon River JTC (The United States and Canada
Yukon River Joint Technical Committee). 2011. Yukon River
salmon 2010 season summary and 2011 season outlook.
Regional Information Report No. 3A11-01. Anchorage, Alaska:
ADGF, Division of Commercial Fisheries. 220 p.
http://yukonriverpanel.com/salmon/wp-content/uploads/
2009/03/jtc-report-final-2010.pdf

Vucetich, J.A., Hebblewhite, M., Smith, D.W., and Peterson, R.O.
2011. Predicting prey population dynamics from kill rate,
predation rate and predator—prey ratios in three wolf-ungulate
systems. Journal of Animal Ecology 80(6):1236—1245.
http://dx.doi.org/10.1111/j.1365-2656.2011.01855.x

Webb, N.F., Allen, J.R., and Merrill, E.H. 2011. Demography of a
harvested population of wolves (Canis lupus) in west-central
Alberta, Canada. Canadian Journal of Zoology 89(8):744—752.
http://dx.doi.org/10.1139/z11-043



