
Allen Press
http://www.jstor.org/stable/3802827

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at

http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless

you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you

may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at

http://www.jstor.org/action/showPublisher?publisherCode=acg.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed

page of such transmission.

JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of

content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms

of scholarship. For more information about JSTOR, please contact support@jstor.org.

Allen Press is collaborating with JSTOR to digitize, preserve and extend access to The Journal of Wildlife
Management.

http://www.jstor.org

http://www.jstor.org/action/showPublisher?publisherCode=acg
http://www.jstor.org/stable/3802827?origin=JSTOR-pdf
http://www.jstor.org/page/info/about/policies/terms.jsp
http://www.jstor.org/action/showPublisher?publisherCode=acg


SPECIES-SPECIFIC POPULATION DYNAMICS OF CERVIDS IN A 

MULTIPREDATOR ECOSYSTEM 

KYRAN KUNKEL,'2 Wildlife Biology Program, School of Forestry, University of Montana, Missoula, MT 59812, USA 
DANIEL H. PLETSCHER, Wildlife Biology Program, School of Forestry, University of Montana, Missoula, MT 59812, USA 

Abstract: In response to the natural experiment created by gray wolf (Canis lupus) recolonization of the 
Glacier National Park area, from 1990 to 1996 we examined population trends and female survival rates of 
white-tailed deer (Odocoileus virginianus), elk (Cervus elaphus), and moose (Alces alces) preyed upon by 
wolves, cougars (Puma concolor), bears (Ursus spp.), coyotes (Canis latrans), and humans. The effects of the 

complete suite of native large carnivores on prey have not been previously reported. Annual survival rates were 
0.74 for 64 deer, 0.83 for 53 elk, and 0.88 for 47 moose. Cougars and wolves were the most significant sources 
of mortality for deer (0.09 and 0.06 respective annual cause-specific mortality rates) and elk (0.06 and 0.03 

respective annual cause-specific mortality rates), and wolves and bears were the most significant sources of 

mortality for moose (0.03 and 0.04 respective annual cause-specific mortality rates). All age classes of deer 
were relatively equally vulnerable to predators, while young and old moose and elk were most vulnerable. 
Moose survival rates were higher where wolves were absent and where white-tailed deer were present. Deer 
and elk populations declined as wolf numbers increased (X = 1.20). The moose population remained relatively 
stable. Predation appeared to be the primary factor limiting growth of deer and elk populations in this system. 
Predator-prey managers need to carefully monitor prey populations in areas wolves recolonize. Managers may 
be able to manipulate alternative prey densities to enhance prey populations that are affected by wolves, 

cougars, and bears. 

JOURNAL OF WILDLIFE MANAGEMENT 63(4):1082-1093 

Key words: Alces alces, Canis lupus, cougar, elk, gray wolf, grizzly bear, moose, Odocoileus virginianus, 
predator-prey, Puma concolor, Ursus arctos, white-tailed deer. 

Recent emphasis in ecology and conservation 

biology has shifted from single-species manage- 
ment to multispecies and ecosystem manage- 
ment, but few studies in North America have 

investigated predation in areas of high diversity 
of large predators and prey (Huggard 1993, 

Boyd et al. 1994, Weaver 1994). Those studies, 

however, have focused on the predator side of 

the relationship and on only 1 predator. Little 

work has been done to simultaneously and di- 

rectly examine how prey cope with >1 predator. 
The natural experiment created by wolf re- 

colonization of northwestern Montana in the 

mid-1980s (Ream et al. 1989) produced a great 

opportunity to elucidate predator-prey relation- 

ships in a complex predator-prey ecosystem in 

and near Glacier National Park. Until the res- 

toration of wolves into Yellowstone National 

Park in 1995, northwestern Montana was the 

only area in the United States where the 3 top- 
level North American predators, wolves, cou- 

gars, and grizzly bears (Ursus arctos), coexisted. 

The potential for such an assemblage of pred- 
ators to affect prey populations is substantial 

(Messier 1994), and the effects of predators on 

prey populations was among the greatest con- 

cerns of the public regarding wolf recovery in 

the northwestern United States (U.S. Fish and 

Wildlife Service 1987, 1994). 
We examined predator-prey relationships be- 

tween large carnivores, white-tailed deer (here- 

after, deer), elk, and moose in the North Fork 

of the Flathead Valley (North Fork) in north- 

western Montana and southeastern British Co- 

lumbia from 1990 through 1996. Our objectives 
were to determine (1) the causes, extent, and 

timing of mortality in females of each species; 
(2) factors affecting the relative vulnerability of 

each species to specific predators; (3) popula- 
tion trends of each species; and (4) the effect 

of predators on population trends. We also ex- 

amined the effects of wolf and deer presence 
on relative survival rates of cervids. Finally, we 

examined the role of environmental and animal 

condition parameters in prey to assess the role 

of these factors relative to the role of predators 
in affecting population trends of cervids. 

We hypothesized that predation would be- 
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come the primary factor limiting growth of cer- 

vid populations concurrent with wolf recoloni- 

zation in our study area. We use the term "lim- 

iting factor" as 1 that far outweighs others in 

impeding the rate of increase (Leopold 1933: 

39). We examined limiting factors to estimate 

the relative contribution of each to the trend in 

cervid populations and to identify the condi- 

tions leading to limitation (Messier 1991, Van 

Ballenberghe and Ballard 1994). We derived a 

set of predictions to test the validity of the hy- 

pothesis: (1) predators should be the primary 
cause of mortality in cervids; (2) predator- 
caused mortality should be mostly additive (e.g. 

predators do not kill only age classes that are 

most likely to otherwise die from other causes; 

(3) kill rates of each species of predator should 

be additive to each other, to other sources of 

mortality, or both; (4) predator density should 

explain more of the variation in cervid popula- 
tion trends than snow depth or animal condi- 

tion; and (5) relative to other areas in the region 
with lower densities of predators, hunter suc- 

cess for cervids in the North Fork should be 

lower and cervids should have higher rates of 

survival and be in better nutritional condition 

(due to their lower density). 

STUDY AREA 

The Whitefish and MacDonald divides 

formed the western border of the North Fork 

study area, and the Livingstone Range and Con- 

tinental Divide formed the eastern border. The 

valley bottom varied from 4 to 10 km in width 

and rose from 1,024 m elevation in the south to 

1,375 m in the north. Land east of the North 

Fork River and south of British Columbia fell 

within Glacier National Park (GNP). West of 

the river, land ownership was a mosaic of Flat- 

head National Forest, Coal Creek State Forest, 

and private property. The density of humans 

was <0.005/km2 in British Columbia and <0.1/ 

km2 in Montana. 

The climate is transitional between northern 

Pacific coastal and continental. Mean tempera- 
tures ranged from -90C in January to 160C in 

July (Singer 1979). Snow normally covered the 

area from mid-November through mid-April. 

The annual maximum snow depth at the Pole- 

bridge Ranger Station averaged 65 cm. Dense 

lodgepole pine (Pinus contorta) forests domi- 

nated most of the valley, but sub-alpine fir (Abies 

lasiocarpa), spruce (Picea spp.), western larch 

(Larix occidentalis), and Douglas-fir (Pseudo- 

tsuga menziesii) communities existed through- 
out the valley. Abundant meadows and riparian 
areas were dispersed throughout the study area. 

Detailed descriptions of vegetation communi- 

ties in this area were provided by Jenkins (1985) 
and Krahmer (1989). 

Approximately 10 wolves/1,000 km2 (Pletsch- 
er et al. 1997) and 70 cougars/1,000 km2 (winter 

density estimate within a subportion of the 

study area; T. K. Ruth, Hornocker Wildlife Re- 

search Institute, personal communication) in- 

habit the study area. Grizzly bear density was 

estimated to be 64 bears/1,000 km2 for the Ca- 

nadian portion of the study area (McLellan 

1989), and black bear (Ursus americanus) den- 

sity estimated to be approximately 200 bears/ 

1,000 km2 (B. N. McLellan, British Columbia 

Ministry of Forests, personal communication). 

METHODS 

Survival Rates (Predictions 1, 2, 3, and 5) 

Cervid Trapping and Mortalities.--During 
winter 1990-95, we captured deer in traps (Clo- 

ver 1956) on 3 winter ranges in GNP, and elk 

in collapsible traps (Clover 1956) in the Big 
Prairie grassland in GNP and along the North 

Fork River bottom. We captured moose by us- 

ing darts filled with 3.9 mg Carfentanil (Meule- 
man et al. 1984) and 0.25 mg Rompun fired 

from a helicopter in January and December 

1990. Carfentanil was reversed with 6 cc of Nal- 

oxone. Moose were net-gunned from a helicop- 
ter in December 1993. We fitted females of all 

3 species with radiotransmitters containing 

mortality sensors, and we pulled a lower canine 

tooth for aging (Gilbert 1966). We followed pro- 
tocols approved by the University of Montana 

Animal Care and Use Committee. 

We monitored radiotagged deer, elk, and 

moose for mortality signals at least 2-3 times/ 
week during winter and spring and 1-2 times/ 
week during summer and fall. When a mortality 

signal was received (usually 1-4 days after 

death), the radiocollar was located and the site 

and any remains were examined to determine 

cause of death. Predation was considered the 

cause of death when blood, subcutaneous hem- 

orrhaging at wound sites, or signs of a struggle 
were found at the site. Tracks, seats, hair, and 

disposition of the carcass were used as evidence 

to determine the species of predator responsi- 
ble (O'Gara 1978). We classified the cause of 

mortality to a dual predator group when evi- 
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dence of 2 predators was found and we could 

not determine which predator had made the 

kill. 
We computed survival and cause-specific 

mortality rates via the program MICROMORT 

(Heisey 1985, Heisey and Fuller 1985); the bi- 

ological year began on 1 June, the assumed 

birthdate of fawns and calves. Initially, each 

month was considered an interval with a con- 

stant daily survival rate. Daily survival rates for 

each interval were compared by log-likelihood 
ratio analysis; data from intervals were pooled 
if rates were not significantly different (Heisey 
and Fuller 1985). 

Signal loss from radiocollars after the expect- 
ed 2-year life of the battery was assumed to re- 

sult from battery failure. We also assumed bat- 

tery failure in 1 radiocollar on a deer that dis- 

appeared after only 160 days, because the pulse 
rate of the transmitter doubled shortly after it 

was placed on the deer. Mortalities that oc- 

curred within 12 days of capture were assumed 

to be capture-related and were not included in 

survival rate calculations (Harthoorn 1977). 

Effect of Age on Survival.-We separated ra- 

diotagged animals into classes to compare their 

respective survival rates with Z-tests (Heisey 
and Fuller 1985). Deer were pooled into age 
classes by 2-year intervals. Elk and moose were 

pooled into 3 age classes because of smaller 

sample sizes. 

Effect of Wolf and Alternative Prey Density 
on Survival.-We used Z-tests to compare sur- 

vival rates of deer, elk, and moose among areas 

differing by the presence of wolves and the 

presence of deer. Wolf presence was known be- 

cause all wolf packs within the study area con- 

tained radiotagged wolves that were tracked 

regularly through the duration of our study 
(Pletscher et al. 1997). 

Recruitment Rates (Prediction 4) 

Deer--We counted male, female, and fawn 

deer in open fields on approximately 10 eve- 

nings in late April and early May each year to 

estimate fawn:doe ratios and classify deer by 
sex. We drove a 13-km transect beginning 1 hr 

before sunset and counted and classified deer 

through a spotting scope. We also estimated 

fawn:doe ratios by approaching radiotagged 
does in late April and early May each year until 
we could confirm the number of fawns with 

each doe. 

Elk.-Elk were counted and classified by sex 

and age from a Cessna 182 along a survey route 

that was flown 5 times in January of 1991 and 

1992 (Bureau 1992). A helicopter survey was 

flown each April from 1993 to 1996. For the 

latter survey, the study area was stratified into 

low-, medium-, and high-density subunits. All 

elk visible to the pilot and 2 observers were 

counted and classified by sex and age in a sam- 

ple of these subunits each year. Sightability cor- 

rections and population estimates were com- 

puted via the computer program AERIAL 

SURVEY (J. W. Unsworth et al. 1991. Aerial 

survey: user's manual, unpublished. Idaho De- 

partment of Fish and Game, Boise, Idaho, 

USA.). Mean elk population estimates were 

compared between years via 2-sample t-tests. 

Probability values used for determining signifi- 
cance were adjusted by multiplying by the num- 

ber of comparisons (Bonferroni adjustment 

[e.g., P = 0.01 and comparisons = 3; 0.01 X 3 

= 0.03; Rice 1989]). 

Moose.-In 1992-96, we located all radio- 

tagged moose on 3-5 flights each April with a 

Cessna 185 to determine the number of calves 

with each cow. Only those moose for which we 

were confident about the presence or absence 

of a calf or calves were used in estimating the 

calf:cow ratio. 

We estimated finite rate of change (X) for 

populations of female deer, elk, and moose fol- 

lowing Hatter and Bergerud (1991): 

X = (S)/(1 - R), 

where S = the finite annual adult survival rate; 
and R = the finite annual recruitment rate = 

(Y/2)/(100 + Y/2), where Y = the number of 

young/100 females. We derived confidence in- 

tervals for X by using the upper and lower limits 

of confidence intervals computed for survival 

rates by MICROMORT and confidence inter- 

vals computed for fawn:doe and calf:cow ratios 

(from AERIAL SURVEY) in the X equation. We 

had no estimate of variance from our moose 

calf:cow surveys, so we could not estimate con- 

fidence intervals for moose h. 

Pellet Trend (Prediction 4) 
We counted deer and elk pellet groups in 80 

uncleared 1.8-m-radius plots on each of 11-17 

pairs of transects during late April and early 

May each year. Using power analysis, Rachael 

(1992) indicated that 438 plots/year would be 

sufficient to detect a 20% change in population 
with 90% certainty. Plots were spaced at 50-m 
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intervals along the transect (40 plots/transect), 
and paired transects were spaced 200 m apart 
at 1.6-km intervals along Glacier Route 7. Tran- 

sects were distributed to encompass the entire 

range of habitat types and geographic variation 

in the area. Because pellet data were not nor- 

mally distributed, we used the Kruskal-Wallis 

test to compare mean number of pellet groups 

per plot among years. When Kruskal-Wallis 

tests were significant, we used the Newman- 

Keuls multiple comparison test to determine 

where differences occurred between years. 

Hunter Success (Predictions 4 and 5) 
We assisted Montana Fish, Wildlife and Parks 

in operating a hunter check station each year to 

estimate condition, age, and sex of hunter-killed 

deer and elk and to estimate hunter effort and 

success. Annual data were compared among 

years and to other check stations in the region. 
Densities of wolves in all other areas were sig- 

nificantly lower than the North Fork (U.S. Fish 

and Wildlife Service 1996). We estimated con- 

dition of deer via diastema lengths of yearling 
males killed by hunters, and we used correlation 

analysis to estimate trend (Reimers 1972, Fri- 

sina and Douglass 1989). We compared mean 

diastema length of yearling male deer with oth- 

er hunting units in northwestern Montana by 1- 

way analysis of variance (ANOVA) and Duncan's 

multiple-range post hoc tests. We correlated 

hunter days per deer or elk harvested in the 

North Fork and in other hunting units in the 

northwestern region of Montana with year to 

estimate the trend in the deer and elk popula- 
tions (Freddy 1982, Rooseberry and Woolf 

1991). We used Pearson correlation analysis to 

estimate the effects of the total daily snow 

depths for November of each year to examine 

effects of snow on hunter success. 

Nutritional Condition (Predictions 3, 4, 
and 5) 

We collected and analyzed femur marrow 

from dead radiotagged cervids and from cougar 
and wolf-killed cervids found by snowtracking 
and other methods (Kunkel 1997). Samples 

were double-wrapped in plastic and kept frozen 

until analysis. We used the dry mass of the mar- 

row (600C for 48 hr) expressed as a percentage 
of its fresh mass to estimate percent fat (Nei- 

land 1970). 

Following the methods of Gasaway et al. 

(1992) and Carbyn et al. (1993), we considered 

predation on deer <10 years old (Nelson and 

Mech 1990), elk 512 years old (Houston 1982), 
and moose -15 years old (Gasaway et al. 1992) 
additive to other causes of mortality such as 

malnutrition and senescence. Further, we con- 

sidered predation to be additive on deer with 

>25% femur marrow fat (FMF; Cheatum 

1949), elk with >35% FMF (Bubenik 1982), 
and moose with >20% FMF (Peterson et al. 

1984). 

Factors Explaining Cervid Population 
Trends (Prediction 4) 

We assessed the relative contributions of 

snow depth, (number of days with >30 cm 

snow on the ground; Fuller 1991, Pauley et al. 

1993), animal condition (% FMF of deer killed 

by cougars and wolves), diastema lengths of 

yearling male deer, and minimum number of 

wolves present in May (Pletscher et al. 1997) to 

elk and deer population trends as estimated by 
hunter success by computing Pearson correla- 

tions and partial correlations with stepwise mul- 

tiple-regression analysis. We thereby tested for 

the effect of limiting factors while controlling 
for the effect of other potentially confounding 
factors. This procedure is similar to key-factor 

analysis (Varley and Gradwell 1960, Messier 

1991). 
We used Pearson correlations to associate an- 

nual deer survival rates, annual elk survival 

rates, and annual moose survival rates to each 

other and to the number of days with >30 cm 

of snow on the ground. 

RESULTS 

Survival Rates 
We radiotagged 67 female deer, 55 female 

elk, and 49 female moose. Median capture age 
was 4.5 years (5 fawns, 8 yearlings, 44 

-2 
yr 

old) for deer, 6.5 years (6 calves, 7 yearlings, 42 

-2 yr old) for elk, and 6.5 years (4 yearlings, 
42 >2 yr old) for moose. 

Daily survival rates for deer during August 
and September were higher than all other 

months (P < 0.05); therefore, 3 intervals were 

defined where survival was constant: (1) June- 

July, (2) August-September, and (3) October- 

May. Forty-two (66%) deer died during the 

study period, which resulted in an overall an- 

nual survival rate of 0.74 (Table 1). The annual 

deer survival rate in 1991 (0.62) was lower than 

the annual survival rate in 1992 (Z = 1.98, P = 

0.05). 
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Table 1. Age-specific survival rates of female white-tailed deer in and near Glacier National Park, Montana, from January 1990 
through June 1996. 

June-July August-September October-May Annual" 

Class nh Rate 95% CI n Rate 95% CI n Rate 95% CI Rate 95% CI 

-2 yr 636 1.00 1.00-1.00 610 1.00 1.00-1.00 5,524 0.77 0.62-0.95 0.77 0.62-0.95 
3-6 yr 3,414 0.98 0.95-1.00 3,337 0.98 0.95-1.00 13,656 0.73 0.63-0.84 0.70 0.60-0.82 

?>7 yr 3,276 0.89 0.82-0.98 3,083 1.00 1.00-1.00 9,384 0.81 0.70-0.94 0.73 0.61-0.86 
All 8,302 0.94 0.91-0.98 7,950 0.98 0.96-1.00 33,081 0.80 0.74-0.86 0.74 0.68-0.80 

"n = 49,333. 

h Radio days. 

For female elk, 4 intervals were defined 

where survival was constant: (1) June-Septem- 
ber, (2) October-November, (3) December- 

February, and (4) March-May. Twenty-eight 
(53%) elk died during the study period, which 

resulted in an overall annual survival rate of 

0.83 (Table 2). The annual elk survival rate in 

1991 (0.64) was lower than the annual survival 

rate in 1992 (0.88; Z = 2.02, P = 0.04). 
For female moose, 4 intervals were defined 

where survival was constant: (1) June-July, (2) 

August-October, (3) November-February, and 

(4) March-May. Twenty-one (47%) moose died 

during the study period, which resulted in an 

overall annual survival rate of 0.88 (Table 3). 
Survival rates of moose did not differ among 

years (P > 0.05). 

Recruitment and Rate of Change 
Fawn:doe ratios (expressed as fawns:100 

does) obtained from roadside counts were sim- 

ilar to ratios obtained from radiotagged does 

(1994: 25.4 vs. 30.0; 1995: 31.9 vs. 37.0; 1996: 

30.4 vs. 33.0). The rate of change (X) for the 

deer population was <1.0 for all years (Table 

4). 
Lambda for elk was <1.0 for all years (Table 

5). Lambda for moose was >1.0 before 1994 

but was <1.0 for 1995 and 1996 (Table 6). 

Pellet and Aerial Counts 

The mean number of deer pellet groups per 

plot declined from 1990 (0.46, n = 480 plots; 
Table 4) to 1992 (0.29; P < 0.05), from 1992 to 

1994 (0.16; P = 0.01), and from 1994 to 1996 

(0.11; P < 0.05). The trend was similar when 

we compared 960 plots annually. 
The mean number of elk pellet groups per 

plot increased from 1991 (0.08, n = 960 plots; 
Table 5) to 1993 (0.18; P < 0.05) and declined 
from 1993 to 1996 (0.11; P < 0.05). Based on 

helicopter surveys, the estimated number of elk 

in the core study area was lower in 1994 (287) 
than 1993 (619; P < 0.001; Table 5). 

Hunter Success 

The number of hunter-days per deer har- 

vested increased from 1990 to 1996 (r = 0.73, 
P = 0.01; Table 4). The number of hunter-days 

per elk harvested increased from 1991 to 1996 

(r = 0.69, P = 0.01; Table 5). 

Cause-Specific Mortality Rates (Prediction 1) 

Cougars were the most common cause of 

mortality for deer, accounting for 14 deaths 

(33%; Table 7). Wolf predation resulted in 10 

deaths. Cougars were also the most common 

cause of mortality for elk, accounting for 12 

deaths (43%; Table 8). Bears were the most 

common causes of mortality for moose, ac- 

counting for 7 deaths (33%; Table 9). 

Effect of Age on Survival (Prediction 2) 
The annual survival rate was lower for 4-5- 

year-old deer (0.57) than the annual survival 

rate for 2-3-year-old deer (0.85; Z = 2.57, P = 

0.01). Survival rates were similar when ages 
were grouped into 3 classes (52, 3-6, >7 yr; P 

> 0.10, /3 = 0.85; Table 1). 
The annual survival rate of elk 52 years old 

(0.59) was lower than the annual survival rate 

for elk 3-7 years old (0.93; Z = 2.50, P = 0.01; 
Table 2). The annual survival rate for elk 3-7 

years old was greater than the rate for elk >8 
years old (0.79; Z = 2.50, P = 0.01). 

The cougar-caused mortality rate on elk -<2 
years old (0.23) was greater than the cougar- 
caused mortality rate on 3-7-year-old elk (0.01; 
Z = 2.09, P = 0.04). The cougar-caused mor- 

tality rate on elk 28 years old (0.07) was greater 
than the rate on 3-7-year-old elk (Z = 2.00, P 
= 0.05). Wolf-caused mortality rates were not 

different among c-2-year-old elk (0.07), 3-7- 
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year-old elk (0.02) or >8-year-old elk (0.02; Z 
= 0.71, P > 0.10). The grizzly-caused mortality 
rate was marginally greater on >8-year-old elk 

(0.04) than on 3-7-year-old elk (0.00; Z = 1.71, 
P = 0.09). 

Moose 11-17 years old had a lower survival 

rate (0.80) than moose 3-10 years old (0.93; Z 
= 2.17, P = 0.03; Table 3). 

Additive Versus Compensatory Mortality 
(Prediction 3) 

Thirty-four of 38 (89%) radiotagged deer 

killed by predators were ?10 years old. The 

mean FMF of deer killed by predators was 67% 

(range = 6-95%); only 1 deer killed by preda- 
tors had a FMF <25%. Twenty of 29 (69%) 

radiotagged elk killed by predators were 512 

years old. The mean FMF of predator-killed elk 

was 60% (range = 17-92%); only 1 elk killed 

by predators had FMF level <35%. Sixteen of 

21 moose cows (76%) killed by predators in our 

study were -15 years old. The mean FMF of 

moose killed by predators was 74% (range 
41-89%). 

Ninety-two percent of all nonradiotagged 
deer and 94% of all nonradiotagged moose 

killed by wolves and cougars since 1986 had 

FMF values >20% (deer: I = 71%, n = 244; 
moose: k = 65%, n = 32). Ninety-five percent 
of elk killed during the same period had FMF 

values >35% (f = 71, n = 76). 

Among nonradiotagged cervids killed by 
wolves and cougars since 1986, 93% of all deer 

were younger than 10 years old, 90% of all elk 

were <12 years old, and 90% of all moose were 

younger than 15 years old. 

Predators (including humans) were respon- 
sible for >90% of all cervid mortality. As such, 
it followed that whenever the predation rate of 

a particular predator on a particular cervid in- 

creased in a given year, survival rates of that 

cervid declined by that same margin, thus pro- 

viding evidence for the additive effects of pre- 
dation (Tables 4-9). This additive effect is illus- 

trated by lack of correlation in the predation 
rates of the 2 most significant predators on deer, 
wolves and cougars (r = 0.03, P = 0.96). When 

cougar predation rates increased, annual deer 
survival rates decreased. 

Factors Explaining Declines (Prediction 4) 

Deer--Annual survival rates were negatively 
correlated with the number of days per winter 

with >30 cm of snow on the ground (r = 0.72, 
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P = 0.06; Table 4). Hunter-days per deer har- 

vested (deer population trend) was not corre- 

lated with total snow depth during the Novem- 

ber hunting season (r = -0.07, P = 0.85) or 

number of days per winter (previous) with >30 

cm snow (r = -0.30, P = 0.38). Hunter-days 

per deer harvested was correlated with hunter- 

days per elk harvested (r = 0.79, P = 0.004) 
and marginally with wolf numbers (r = 0.53, P 
= 0.09). Hunter-days per deer harvested was 

not correlated with the mean FMF of deer 

killed by wolves and cougars (r = -0.12, P = 

0.80), nor with mean diastema length of year- 

ling male deer killed by hunters (r = 0.26, P = 

0.43). Wolf numbers explained more of the in- 

crease in hunter-days per deer (deer decline) 
than did snow depth or diastema length (r 

0.53, P = 0.09). 
Elk.-Annual survival rates of elk were not 

correlated with the number of days per winter 

with >30 cm of snow on the ground (r = 0.41, 
P = 0.42). Annual elk survival rates were mar- 

ginally correlated with annual deer survival 

rates (r = 0.78, P = 0.07). 
We found no relation between hunter-days 

per elk harvested (elk population trend) and 

depth of snow in November (r = -0.36, P = 

0.92) or number of days per winter (previous) 
with >30 cm snow (r = 0.05, P = 0.89, n = 

11). Hunter-days per elk harvested was corre- 

lated with wolf numbers (r = 0.58, P = 0.06). 
Wolf numbers explained more of the increase 

in hunter-days per elk (elk decline) than did 

snow depth (r = 0.58, P = 0.08). 
Moose.-Annual survival rates of moose were 

not correlated with the number of days per win- 

ter with >30 cm of snow on the ground (r 

0.32, P = 0.55). 

Effect of Wolf and Alternative Prey 
Densities on Survival (Prediction 5) 

The November-February interval survival 

rate of moose living in wolf territories (0.90, n 
= 25) was lower than the interval survival rate 

for moose outside wolf territories (1.00; Z = 

2.58, P = 0.01, n = 13). The annual survival 

rate for moose living in wolf territories (0.82, n 

= 25) was not different than the rate of moose 

outside wolf territories (0.90; Z = 1.35, P = 
0.18, n = 13). 

The wolf-caused mortality rate for moose in 

areas without wintering deer (0.08, n = 13) was 

greater than that for moose in areas with win- 

tering deer (0.00; Z = 2.09, P = 0.04, n = 4). 
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Table 4. Population trend indices for white-tailed deer in and near Glacier National Park, Montana, 1986-96. 

Hunter- Pellets/plot Sa Fawns:doe Lambda No. days 
days/ >30 

Year deer ? SE Rate 95% CI SE h 95% CI cm snow 

1986 12.6 57 

1987 19.9 76 
1988 27.8 7 
1989 22.7 85 
1990 27.7 0.46 0.04 0.39 0.05 69 
1991 19.7 0.32 0.04 0.62 0.47-0.82 0.34 0.03 0.75 0.53-0.99 104 
1992 24.4 0.29 0.04 0.84 0.71-1.00 0.33 0.02 0.98 0.81-1.18 13 
1993 28.6 0.37 0.05 0.76 0.62-0.93 0.25 0.02 0.84 0.68-1.07 105 

1994 38.5 0.16 0.02 0.71 0.57-0.90 0.25 0.03 0.80 0.62-1.04 70 
1995 24.9 0.16 0.02 0.72 0.57-0.90 0.32 0.02 0.82 0.65-1.06 74 
1996 55.8 0.11 0.02 0.80 0.64-0.80 0.30 0.03 0.92 0.72-1.18 30 

a Survival rate for radiotagged female deer. 

North Fork Versus Regional Trends 

(Prediction 5) 

Deer--In contrast to our study area, hunter- 

days per deer harvested in northwest Montana 

were negatively correlated with year, declining 
from 1987 to 1995 (r = -0.71, P = 0.03). The 

mean (? SE) diastema length of yearling males 

brought through the North Fork check station 

from 1992 to 1996 (70.7 + 0.9, n = 33) was 

higher than the mean from 2 other check sta- 

tions in northwestern Montana (Olney: 67.9 + 

0.3 mm, n = 272, Duncan's multiple-range test 

P < 0.05; Swan Valley: 68.0 ? 0.3 mm, n = 

376, Duncan's multiple-range test P < 0.05). 
The mean diastema length of yearling males for 

all check stations in northwestern Montana 

combined declined from 1985 to 1995 (r = 

-0.78, P = 0.008), while there was no change 
in the North Fork (r = 0.13, P = 0.14). 

Elk.-Unlike the North Fork, hunter-days 

per elk harvested in northwestern Montana did 

not change significantly from 1987 to 1995 (r = 

0.16, P = 0.67). The sample size of diastema 

from yearling male elk from the North Fork 

check station was too small to compare with 

other check stations in northwestern Montana. 

DISCUSSION 

All the individual population indices clearly 

pointed to a significant decline in the deer pop- 
ulation, and all but 1 (pellet counts) pointed to 

a decline for elk. Elk distribution during winter 

in our study area was more affected by winter 

severity than was deer distribution (Bureau 

1992, Rachael 1992). As a result, distribution of 

elk pellets probably varied more among winters 

than distribution of deer pellets, and pellet 
trend may reflect elk distribution more than elk 

population. 
Additive and compensatory effects fall along 

Table 5. Population trend indices for elk in and near Glacier National Park, Montana, 1986-96. 

Hunter- Pellets/plot Sa Calves:cowb Lambda 

days/ 
Year elk Count' E SE Rate 95% CI I SE s 95% CI 

1986 34.9 

1987 38.9 

1988 73.9 

1989 73.5 

1990 151.1 
1991 82.7 0.08 0.01 0.64 0.47-0.88 0.41 0.08 0.77 0.55-1.10d 

1992 85.8 0.12 0.01 0.88 0.77-1.00 0.16 0.02 0.97 0.82-1.09 

1993 228.6 619 122 0.18 0.02 0.89 0.77-1.00 0.12 0.01 0.94 0.81-1.07 

1994 113.3 287 34 0.06 0.01 0.82 0.69-0.98 0.14 0.03 0.88 0.73-1.07 

1995 107.2 382 106 0.09 0.01 0.89 0.78-1.00 0.16 0.05 0.96 0.82-1.11 

1996 260.2 396 183 0.11 0.01 0.84 0.72-0.98 0.13 0.04 0.90 0.75-1.07 

a Survival rate for radiotagged female elk. 
b From spring helicopter survey, except 1991 and 1992, which were from airplaine; 90% confidence interval. 

From spring helicopter survey; 90% confidence interval. 
d Lambda 95% confidence interval. 
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Table 6. Population trend indices for moose in and near Gla- 
cier National Park, Montana, 1991-96. 

Year S" 95% CI Calves:cowh Lambda 

1991 0.88 0.76-1.00 0.25 0.99 
1992 0.97 0.90-1.00 0.22 1.07 
1993 0.85 0.73-0.98 0.44 1.04 
1994 0.90 0.79-1.00 0.30 1.03 
1995 0.84 0.73-0.98 0.10 0.89 
1996 0.81 0.68-0.98 0.09 0.85 

a Survival rate for radiotagged female moose. 

h Based on calves seen with radiotagged cows during spring, except 
1995 and 1996, which was the ratio of all calves and cows seen from the 
air in December. 

a continuum. Predation by multiple predators 
in the North Fork occurs toward the additive 

end of the spectrum. Wolf and cougar predation 
rates on deer were not correlated. Both wolves 

and cougars readily took prime-aged deer and 

deer that, based on FMF content, probably 
would have survived the winter had they not 

been killed by predators. We do acknowledge 
that other stressors may result in the death of 

an animal even if FMF value is high (Mech et 

al. 1995). However, we found only 8 winter- 
killed elk and deer in 5 years. 

Mortality agents have generally been consid- 

ered additive when cervid populations are well 

below carrying capacity (Gasaway et al. 1983, 
Ballard and Larsen 1987, Gauthier and The- 

berge 1987, Gasaway et al. 1992). Filonov 

(1980) found a high degree of substitution 

among mortality factors acting on moose, red 

deer (Cervus elaphus), sika deer (Cervus nip- 

pon), roe deer (Capreolus capreolus), and rein- 

deer (Rangifer tarandus) on reserves in the for- 

mer Soviet Union. Despite this conclusion, she 

reported that mortality of ungulates was highest 

during years of high wolf density. Additionally, 

Table 7. Annual cause-specific mortality rates of female 
white-tailed deer in and near Glacier National Park, Montana, 
from January 1990 through June 1996. 

Source n (%) Rate 95% CIa 

Wolves 10 (24) 0.06 0.03-0.10 
Humans 5 (12) 0.03 0.00-0.06 
Bears 4 (10) 0.03 0.00-0.05 

Cougars 14 (33) 0.09 0.04-0.13 

Coyotes 2 (05) 0.01 0.00-0.03 

Wolf-cougar 1 (02) 0.01 0.00-0.01 
Unknown predator 2 (05) 0.01 0.00-0.03 
Old ageb 1 (02) 0.01 0.00-0.02 
Unknown 3 (07) 0.02 0.00-0.04 

a 49,333 radio days. 
b Complications from pneumonia. 

Table 8. Cause-specific mortality rates of female elk in and 
near Glacier National Park, Montana, from January 1990 
through June 1996. 

Source n (%) Rate 95% CI" 

Cougar 12 (43) 0.06 0.02-0.10 
Human 6 (21) 0.04 0.01-0.08 
Wolf 3 (11) 0.03 0.00-0.05 

Grizzly 3 (11) 0.02 0.00-0.04 
Bear-wolf 3 (11) 0.02 0.00-0.04 
Unknown 1 (04) 0.01 0.00-0.02 

a52,578 radio days. 

much of the compensatory response she ob- 

served occurred when prey was probably at or 

above carrying capacity. Human-caused mortal- 

ity (hunting) was additive to other mortality of 

adult female white-tailed deer in 3 areas of 

Montana (Dusek et al. 1992). 
Little is known about how alternative prey 

affect cervid-wolf systems (Messier 1994). Al- 

ternative prey may either dilute or exacerbate 

the effects of the predator on the primary prey. 
Dilution (by diversion) might be expected 
where alternative prey is more vulnerable (Pim- 
lott et al. 1969, Carbyn 1983, Potvin et al. 

1988), whereas exacerbation might be expected 
where the alternate prey produces a numerical 

response in the predator. Exacerbation or dilu- 

tion effects are probably not mutually exclusive 

and may best be described as a continuum that 

occurs over time. Fuller (1990) believed the ef- 

fect of wolves on deer in northeastern Minne- 

sota was exacerbated by the abundance of 

moose. Tests of the dilution or exacerbation the- 

ories have not been conducted. The dilution 

theory seems most plausible within our study 
area, at least over the short term, where deer 

and moose coexist. Where deer were present in 

our study area, the wolf-caused mortality rate 

Table 9. Cause-specific mortality rates of female moose in 
and near Glacier National Park area, Montana, from January 
1990 through June 1996. 

Source n (%) Rate 95% CI" 

Grizzly 5 (24) 0.03 0.00-0.06 
Wolf 5 (24) 0.03 0.00-0.05 
Human 3 (14) 0.02 0.00-0.04 
Bear 2 (10) 0.01 0.00-0.03 
Unknown 2 (10) 0.01 0.00-0.03 
Bear-wolf 1 (05) 0.01 0.00-0.02 
Accident 1 (05) 0.01 0.00-0.02 
Unknown predator 1 (05) 0.01 0.00-0.02 

Injury-pneumonia 1 (05) 0.01 0.00-0.02 

a 40,404 radio days. 
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on moose was significantly lower than in areas 

where deer were absent. 

The presence of deer on moose summer 

ranges may have diverted wolf predation from 

moose and allowed moose numbers to increase 

despite the presence of 3 species of predators. 
Densities of moose in our study area (0.42- 

0.55/km2; Langley 1993) are higher than the 

mean density of moose in areas in Alaska and 

Yukon where wolves and bears are only lightly 
harvested (0.15/km2; Gasaway et al. 1992), but 

they are not as high as densities in other sys- 
tems where ungulates assumed to be more vul- 

nerable than moose are also found (0.6-1.3 

km2; Bergerud 1992). The moose density in our 

study area is at the upper end of the range that 

Messier (1994) referred to as low-density equi- 
librium where predation may regulate numbers. 

We could not compare mortality rates of deer 

or elk in the presence and absence of each oth- 

er, because spatial separation did not occur. 

However, we did find a correlation between the 

decline of elk, the preferred prey for wolves in 

our study area (Kunkel 1997), and an increase 

in selection of deer by wolves (Kunkel 1997). 
This change in selection may exacerbate, in the 

long term, the decline in elk numbers because 

the presence of deer may maintain wolf num- 
bers and predation pressure on elk. Deer have 

a higher reproductive potential than elk and can 

likely withstand greater predation pressure than 

elk. Where deer occur at high densities relative 

to elk, and both wolves and cougars are present, 
we hypothesize cycling in deer populations and 

low density equilibriums in elk. 

With the addition of a new population of 

predator (wolves) to an existing multipredator 

system, our results indicated that deer and elk 

populations declined and, based on our 5 pre- 
dictions, that predation was the primary factor 

limiting these populations. The overall trend in 

the moose population was not as clear, but 

based on agreement with 4 of the 5 predictions, 

predation was the primary factor affecting the 

population. If deer had been less available in 

this system, the effect of predation on moose 

likely would have been greater. 

MANAGEMENT IMPLICATIONS 

As wolves continue to recolonize the western 

United States, managers must be especially 
alert to changes in cervid populations and their 

causes, especially in those areas where multiple 

predators are present. Managers should expect 

lower cervid populations that may remain low 

for extended periods where wolves, bears, cou- 

gars, and humans vie for the same prey (Gasa- 

way et al. 1992, National Research Council 

1997). Lower cervid densities may in turn ulti- 

mately yield lower predator densities and thus 

slow wolf and grizzly recovery (McLellan and 

Hovey 1995, Boertje et al. 1996). 
Near the end of our study, we began to see 

what may become a significant decline in wolf 

and cougar density that may allow some prey 

recovery (Kunkel 1997; T. K. Ruth, Hornocker 

Wildlife Institute, unpublished data). Depend- 

ing on management objectives, managers 
should be prepared to reduce hunting pressure 
on cervids to prevent potentially long-term low 

equilibriums for prey where multiple predators 
are limiting prey populations (Gasaway et al. 

1983, Fuller 1990, Boertje et al. 1996). Habitat 

improvement and manipulation of alternative 

prey may also benefit prey populations (Boertje 
et al. 1995, Kunkel 1997). Enhancement of deer 

populations may divert predation pressure on 

moose, and reduction of deer populations may 
reduce wolf density and predation levels on elk, 

although more research is necessary to substan- 

tiate these hypotheses. 
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