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ABSTRACT 

A complex fire pattern alonq North Fork of the Flathead River 

resulted from the superposition of a hiqh natural incidence of 

liqhtninq fires upon stream and river flood plains and a variety of 

post-qlacial topoqraphic and moisture conditions. A natural fire 

rotation of about 123 vears prevailed for the area. Fire behavior 

varied from primarilv surface fires in qrassland complex, lodqepole 

pine savanna and Douqlas-fir stands at mean intervals of 10-36 years, 

to primarily crown fires in aspen and lodqepole pine/subalpine fir 

stands at intervals of about 51 vears and to near fire exclusion 

from mesic spruce stands undisturbed for 250-370 years. The influence 

of fire is subtle in stable, self-reqeneratinq qrassland complex, 

lodqepole pine savanna, willow/sedqe, wash/cottonwood and spruce 

communities, intermediate in Douqlas-fir communities and major in fire 

serai lodqepole pine/subalpine fir and aspen communities. Burned rate, 

expressed by percentaqe of the study area burned per centurv, was 81 

percent in the presuppression period (1706-1930), increased to 200 

percent durinq the settlement period (1900-1930) and decreased to 

3 percent in the suppression period (1930-1973). Successional 

chanqes in the absence of fire have been an increase in old-aqed 

lodqepole pine/subalpine fir stands, lack of reproduction in aspen 

stands, alterations in the structure of lodqepole pine savanna, 

an increase in saqebrush distribution and invasions of lodqepole pine 

and aspen on the qrassland complex. 
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White-tailed deer used habitats primarily stable or intermediate 

with respect to fire and in this area exploited only small serai habitats 

created by crown fires, or habitats modified by surface fires where a 

conifer canopy remained. Moose exploited larger serai habitats created by 

crown fires, althouqh they used primarily habitats stable with respect 

to fire during the present fire regime. Elk were intermediate between 

whitetails and moose in use of habitats with respect to fire influence. 

Elk exploited primarily stable habitats but also exploited habitats modified 

by surface fires and serai habitats created by crown fires in sites which 

did not accumulate deep snows. 

Elk, whitetails and moose were highly negatively associated during 

the winter; elk and whitetails were highly negatively associated during 

the spring. Elk sex/ac;e groups were weakly associatad during the fall 

and spring and were highly negatively associated during the winter, 

exhibiting differences in habitat preferences year round. Elk were 

involved in important dietary overlaps with whitetails and moose in 

certain habitats, but the overlaps did not constitute competition. 

Hiche distinctness among the three species and elk separation by 

sex and age resulted from differential selection of the variety of 

vegetation types, stand age units and physiographic features available. 

Fire, by contributing to vegetative and stand age diversity, enhances 

niche distinctness. 



INTRODUCTION 

The primary purpose of the National Park Service in administering 

natural areas is to preserve, maintain, or restore an area's ecosystem 

in as near pristine a condition as possible while providing for the inter

pretation and protrayal of natural phenomena to the park visitor 

(Houston 1971; U.S. Department of the Interior 1968). The role of 

wildfires in shaping vegetation is recognized in many natural areas 

and its influence is being restored by prescribed burning in Everglades 

(Robertson 1968) Sequoia and Kings Canyon National Parks (Kilgore 1973) 

and, recently, by use of wildfires in Grand Teton and Yellowstone 

National Parks (Sellers and Despain 1974). 

Few published studies are available on the effects on ungulates 

and their habitat of "restoring" fire to wilderness areas. Fewer 

studies still have involved more than one species, annual cycles, or 

the repeat of annual§cycles. The purpose of this study was to document 

pristine fire conditions and to relate habitat and forage use by the 

ungulate component of this ecosystem to fire. In addition, habitat 

and forage interrelationships of all ungulate species were evaluated. 

I conducted the investigation during six consecutive seasons, 

December 1973-June 1974, in the valley of the North Fork Flathead 

River, Glacier National Park. The area harbors year-round populations 

of elk, (Cervus canadensis) white-tailed deer (Odocoileus vivginianus) 

and moose {Aloes aloes). Indigenous woodland caribou (Rangifev tarandus 

caribou) were absent and mule deer (Odocoileus hemionus) use of the area 
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is minor, highly localized and seasonal; mule deer use was not evaluated, 

Spring use by grizzly bears (Ursus avatos) was studied since the bears 

function as large herbivores and use habitats with elk and white-tailed 

deer. The area lies within a belt of high wildfire incidence along 

the west side of Glacier National Park (O'Brien 1969). 
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STUDY AREA 

The study area lies between Fork Creek and Lone Pine Prairie along 

the North Fork Flathead River in the northwestern corner of Glacier 

National Park, Montana (Fig. 1). Of the 71.3 km^ study area, 81 

percent is in Glacier National Park, 16 percent on adjacent privately 

owned lands, and 3 percent on adjacent Flathead National Forest lands. 

Elevations range from 1067 meters (3509 feet) to 1280 meters (4210 

feet). 

Climate 

Precipitation averages 59 cm (23 in) annually, based on the 1933-73 

mean at Polebridge weather station. The mean annual temperature is 

4.0°C, the July mean 16.1°C and the January mean -il.3°C. The study 

area is generally snow-covered from mid-November to mid-April with 

maximum snow depths occurring during February. Mean annual snowfall 

at Polebridge weather station is 311 cm (122 in). Average snow depths 

on 1 March are 60 cm (range 23-97) at Polebridge station (elevation 1097 

m) and 93 cm (range 48-170) at Kishanehn snow survey station (elevation 

1185 m, 13 km upriver from study area) 1946-74. Snow survey records 

at Kishanehn for March and April 1973 were low at 55 and 47 percent of 

the monthly means, respectively, while snow depths in March and April 

1974 were normal at 93 and 97 percent, respectively. 

History 

Ungulate population levels have varied considerably on the study area 

since 1900. Moose and white-tailed deer were common and elk were present 
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Fig. 1. The study area, North Fork Flathead River Valley, 
northwestern Montana. 

4 



only in small numbers in the North Fork at the turn of the century 

(Bailey and Bailey 1918). Elk increased following the establishment 

of Glacier National Park in 1910 and large fires in 1910, 1926 and 

1929, peaked in 1946 and stablilized at about 450 head (Wasem 1967). 

Denniston (1956) reported a decline -in moose numbers in the North Fork 

during mid-1900's, an observation supported for some localities by 

systematic counts of residents (H. F. Evans, T. Laddenburg, M. McFarland, 

personal communications). Wasem (1967) felt that the decline of moose 

was due to regrowth of old burns and to forage competition from an 

expanding elk population. Woodland caribou were present prior to 1915 

and ranged through the area at least until 1960 (Evans 1964). Moist 

forest stands available on the study area are suitable habitat for 

caribou (Edwards and Ritcey 1960; Freddy 1974) and historical observations 

indicated they used the area. 

Indian tribes were not resident in the North Fork Valley and there 

is no evidence that they ignited fires in the area. Bands of the Kutenai 

and Flathead tribes passed through or close to the study area on hunting 

trips to the eastern prairies (Blakiston 1859). Vaught /undated/ felt 

that the only Indians to frequent the North Fork Valley or to hunt or 

trap there were the Stonies (Assiniboine) who did so only in the 1880-1895 

period when buffalo and other game grew scarce on the eastern plains. 

Explorers and trappers passed through the North Fork Valley in the late 

1800's and homesteading,including settlements in Glacier National Park, 

occurred from the mid-1890's to 1930. Activities included cattle and 
r 

horse grazing, haying, hunting, trapping and limited logging. Present 

activities outside the Park on the study area include (1) partial cut 
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logging, (2) grazing by 150-250 head of cattle and 20 head of horses, 

(3) hunting of elk, deer and moose and (4) trapping. 

Large carnivores inhabiting the study area include mountain lion 

{Felts oonaolor), coyote {Canis latrans) , black bear {Ursus ameriaanus) 

and grizzly bear (Ursus avctos) . Wolves {Canis lupus) are reported 

rarely (Brittan 1953) and one was shot on the study area in 1972. 

Lynx {Lynx canadensis) are common and a small number of badgers 

(Taxidea taxus) are present. 

Vegetation 

Eight major vegetation types on the study area were recognized 

and described from (1) ground surveys, (2) vertical aerial black 

and white photos, (3) oblique infrared color slides, (4) sampling 

plant species for coverage and frequency in 44 vegetative stands and 

(5) vegetative descriptions for the area (Habeck 1970; Koterba and 

Habeck 1971). Table 1 lists the physiographic distribution and 

characteristic plant species for each vegetation type. Douglas-

fir stands were identified as the Douglas-fir/Symphoricarpus albus 

forest habitat type (h.t.) following Pfister et al. (1972), lodgepole 

pine/subalpine fir as the Abies lasioearpa/Clintonia uniflora h.t. 

and spruce as the Pieea engelmanni-glauca/Linnaea borealis h.t. 

Scientific and common names of plants follow Hitchcock and Cronquist 

(1973) . 
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Table 1. Physioaraphic distribution and characteristic plant species of 

eight major vegetation types on the study area. 
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VEGETATION 
TYPES 

Lodgepole pine/ 
subalpine fir 

Grassland complex 
a. Bunchgrass 

b. Sagebrush/ 
bunchgrass 

c. Wet meadow 

Douglas-fir 

Sprue e 

Willow/sedge 

Wa sh/cottonwood 

Lodgepole pine 
savanna 

Aspen 

PHYSIOGRAPHIC 
DISTRIBUTION 

Glacial moraines. 

Alluvial flats of 
river flood plains 

Alluvial flats of 
river flood plains. 
Morainal drainages. 

South and west slopes 
or glacial moraines. 

Moist pockets of glacial 
moraines, river flood 
plains. 

Morainal drainages. 

River flood plains. 

Alluvial flats of 
river flood plains. 

Morainal drainages. 

CHARACTERISTIC 
PLANT SPECIES 

Pinus contovtay pioea 
engelmanni-glaucat Abies 
lasiocarpa 

Festuaa scabrellai F. 
idahoensist Agropyron 
spicatum, Danthonia 
intermedia 

Artemisia tridentatat F, 
idahoensis 

Phleum pratenset F, soabrellat 

Poa pratensist Geranium 
visoossisimum 

Pseidotsuga menzeisii 
var glauaa 

Pioea engelmanni-glauoa 

Salix drummondit S, candida3 

Carex rostrata, C. nebrascensis 

Populus triohocarpas S, 
interior 

Pinus contortaj F, soabrellat 

Agropyron smithii 

Populus tremuloides 



METHODS 

Fire Ecology 

Fire history was estimated by dendrochronology of 12 wedges and 

35 sections from live fire-scarred trees and 8 sections from dead 

fire-scarred trees located throughout the study area. Three general 

cultural periods were recognized relative to fire: (1) presuppression 

period, 1706-1900, when Indians, explorers and trappers traveled through 

the area; (2) settlement period, 1900-1930, when agricultural activities 

peaked inside and outside the Park and fire suppression was not active; 

and (3) suppression period, 1930-1973, when fires were vigorously 

suppressed by the National Park Service and the U.S. Forest Service. 

Nine major fire/age units were delineated according to the 

year of last major disturbance by fire, flooding or logging. I 

delineated each unit by a combination of aging over 1,000 overstory 

trees, inspecting aerial photos, National Park Service records, 

inspecting over 1,000 fire-scarred trees, sampling 55 fire-scarred trees 

and by the presence or absence of charcoal and/or tree skeletons 

(Heinselman 1973). Each burned stand was categorized as a relatively 

even-aged stand resulting from a crown fire or a multiple-aged, fire-

scarred stand resulting from surface fire(s). I grouped fire/age 

units which were similar to facilitate analysis and presentation of 

data. For example in the 1890 unit, I included 17 stands burned in 

1886, 1890, 1893 and 1895. 

To estimate fire frequency, I presented fire scar information 
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in two ways: (1) estimation of the return interval of fire to three 

fire-scarred stands (Aldrich and Mutch 1973) and (2) estimation of 

a mean fire frequency from 144 fire scar intervals (Houston 1973). 

Resin buildups in certain tree species after fires (Ayres 1900) could 

affect subsequent scarring patterns. In support of this contention, 

the mean age of initial cambium injury in ponderosa pine (104 years) 

was found to be significantly greater than the mean subsequent fire 

interval (36 years) (p<0.05, z = 5.4). Consequently, only fire intervals 

subsequent to the initial scar were included in the estimations. 

Habitat Use 

Ungulate use of. vegetation types and fire/age units was sampled 

during 140 observation days; each sighting or track observation of 

an ungulate or ungulate group constituted one observation. The 71.3 

km'' study area was accessible by 34 km of dirt roads, 11 km of fire 

trails and 36 km of convenient off-trail routes. These routes were 

systematically traveled or re-traveled during each month, spring 1973-

spring 1974. In total during that period I traveled 3153 km by 

vehicle, 774 km by skiing, 353 km by hiking, 251 km by saddle horse, 

43 km by river raft and conducted 7 aerial surveys. Observation time 

was proportionately distributed in each vegetation type and fire/age 

unit. In addition, in the winter of 1972-73 I traveled 424 km during 

19 observation days, but these observations were not proportionately 

distributed in each vegetation type and fire/age unit. The 1972-1973 field 

effort is merely commented on in the text and the observations were not 

9 
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analyzed. Extensive aerial surveys and eight ground counts throughout 

the North Fork Valley provided information on the relative abundance 

of ungulates. 

Ungulate preference or avoidance of vegetation types and fire/age 

units was evaluated using Chi-square and Bonferroni z tests, as described 

by Neu et. al. (1974). The null hypothesis for the Chi-square test 

was that each vegetation type or fire/age unit was used in proportion 

to its occurrence on the study area. Planimeter and grids were used 

to determine the area of each major vegetation type and fire/age 

unit. I divided the year into four seasons: spring - April, May 

and June; summer - July and August; fall - September, October and 

November; winter - December, January, February and March, based upon 

snow records and plant phenology for the area. Low observability 

of grizzly bears during the spring, and of elk and moose during the 

summer, precluded analysis of their habitat preference or avoidance 

during those periods. 

To determine differences in habitat selection, elk sex/age groups 

were separated into three major categories (Altmann 1956): (1) bull 

groups—adult and/or yearling bulls, (2) cow groups—cows with calves 

or yearling bulls and (3) mixed groups—adult bulls and cows with 

calves or yearling bulls. Evaluation of habitat preference or avoidance 

by sex/age groups was similar to that for ungulate species. I evaluated 

association between bull and cow elk groups by Chi-square tests and 

coefficients of interspecific association, C7 (Cole 1949) which expresses 

the observed association (positive or negative) between elk as a proportion 
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of the maximum association (1.0) or negative association (-1.0) possible. 

The criteria for association was animals in the same vegetation type in 

same square kilometer for all kilometers traveled. 

Interspecific associations among all three ungulate species were 

evaluated as described for elk sex/age group associations. Ungulate 

tracks and sightings during winter 1973-74 and sightings of highly 

observable elk and white-tailed deer during spring established presence 

or absence of a species in a unit. 

Snow stakes were checked three times per month, November 1973-

April 1974. A Chi-square test was used to determine if distribution 

of each ungulate species was independent of snow depth. 

Chi-square tests were used to determine preference or avoidance 

of the park sector versus the private sector, after correction 

was made for disproportionate availability of seasonally preferred 

habitats. 
* 

Food Habits 

Food habits of ungulates and grizzly bears were sampled by the 

feeding site method (Cole 1956; Knowlton 1960). Each bite, or what 

was assumed to be one bite, on each plant species was recorded as 

a single instance of use. At least 100 instances of use were recorded 

at each feeding site. Percentages for individual forage species were 

aggregated and averaged for all sites (Martin et. al. 1946). 

Cover and frequency measurements of plant species in 44 vegetation 

stands during the summer of 1973 and of shrubs at 95 winter feeding 
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sites and descriptions of the area by Koterba and Habeck (1971) 

provided information on forage availability. 

I calculated a dietary overlap coefficient (c) for any two species 

with substantial combined use of a habitat (Zaret and Rand 1971). A 

coefficient of 0 indicates the diets are completely distinct while 

a value of 1 indicates the diets are identical. An overlap coefficient 

of 0.G0 or greater is considered important (Zaret and Rand 1971), 

but does not imply statistical significance. Any changes in habitat 

use, forage preferences, or forage availability from one year to 

the next would alter the coefficient. 
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RESULTS 

Fire History 

The average interval between fire years was about 5 years for the 

1706-1973 period (Table 2). The average interval between important 

2 fire years (those burning over 3 km ) was about 16 years. The calculated 

natural fire rotation (number of years required to burn an area 

equal to the entire study area /Heinselman 19737) was 123 years. In 

three fire-scarred stands which were sampled intensively (17 trees 

total), correlation in fire dates occurred for only 37 percent of the 

fire years, suggesting that some loss of fire scar information occurred 

by reburns (Houston 1973) or that some very small fires were being 

sampled. Agreement in some fire dates, however, from distant points 

in the study area suggested that large fires were being sampled. 

The portion of study area burned per century was 81 percent for 

the total period, 81 percent for the presuppression period, 200 percent 

for the settlement period and 3 percent for the suppression period 

(Table 2). Fires related to logging, the burning of savanna pasturage 

and limited suppression efforts contributed to the increase in fires 

during the settlement period. Decrease in fires during the suppression 

period was related to the decline in settlement activities within the 

Park and to more active fire suppression. 

Fire Frequency 

Most portions of the study area were subjected to repeated fires. I 

calculated return intervals of fire of 15, 11 and 10 years, respectively, 



Table 2. Fire intervals and fire sizes on the study area for three cultural periods, 

1706-1973. 

Period 

Total period 
"(1706-1973) 

Suppression period 
(1930-1973) 

Settlement period 
(1900-1930) 

Presuppression period 
(1706-1900) 

Average 
interval 
between 
fire 
years 

(years) 

4.7 

3.9 

3.3 

5.2 

Average 
interval 
between 

important 
fire 
years zf 

(years) 

15.7 

44.0 

• 5.0 

17.6 

Burned 
area 

accounted 
for by 
important 

fire 
years 

(percent) 

205 

0 

59 

147 

Portion 
of 
study 
area 

burned 
per 
year 

(percent) 

.81 

.03 

2.00 

.81 

Portion 

: o f 

study 
area 

burned 
per 

century 
(percent) • 

81 

3 

200 

81 

> Length 
of 

record 

(years) 

267 

43 

30 

194 

2 
1/ Year when over 3 km were burned. 
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for three fire-scarred stands. These stands were in dry Doualas fir 

and savanna communities which had a history of periodic surface fires. 

The mean fire frequency for the entire study area, based upon 144 

fire year intervals, was 33.9 years (SD = 22.1). 

Fire frequency varied between different plant communities as indicated 

by stand aqes, fire sizes, fire intervals and the presence of charcoal. 

Samples consistina of 65, 67 and 12 fire scar intervals, respectively^ 

indicated a mean fire frequencv of 36 years (SD = 24) for Douqlas fir 

stands, 29 years (SD = 19) for savanna stands and 51 years (SD = 24) 

for lodaepole pine/subalpine fir stands, while most mature spruce 

stands were estimated to have qone 250-370 years without fire. These 

spruce stands were fire breaks as described by Heinselman (1973). 

Fire Ecology 

I made observations of fire behavior and the role of fire and other 

forces which miqht be important in the formation and maintenance of 

plant communities. 

Fire behavior varied between plant communities. Understory 

fires were characteristic in the dry savanna and Douqlas-fir stands. 

Crown fires were characteristic in most other coniferous forest 

stands. Fire was larqely excluded from some other stands such as 

wet spruce stands in morainal pockets, islands and other protected 

sites in the river flood plains. 

The active role of the wild river and streams in disturbance 

and soil erosion, sorting and despcsition was noted during two 

springs, 1973 and 1974. Several communities (wash/cottonwood, 



16 

bunchgrass, sagebrush/bunchgrass and lodgepole pine savanna) were 

restricted to the river flood plains. Yearly indicators of spring 

flooding including standing water, water seepage, soil erosion and 

deposition, were observed at all wet meadows, aspen and willow 

communities. 

Invasion of bunchgrass and sagebrush communities by lodgepole 

pine and aspen is presently slow, but is variable among sites, 

localities, years, years since fire and probably in relation to 

grazing and haying histories. According to old photos, major 

forest invasions of grasslands occurred near Moose Creek and south 

of Polebridge since the 1929 fire and on the Home Ranch Bottoms 

since 1914 (Eva Bebbe, pers. comm.). However, I aged 183 lodgepole 

pine on the edges of Big Prairie and Round Prairie f.nd found invasion 

rates to be low; many trees on the peripheries were 94-130 years 

old. I observed the death of invading lodgepole pine seedlings 

during the summer bf 1973, while Koterba and Habeck (1971) reported 

the killing-back of trees up to 40 years old on prairie edges during 

the drought of 1967. It appears that rapid invasion of some grasslands 

occurs in the first years following a fire, but that the present 

grassland distributions (46 years after the last important fire) are 

relatively stable and their maintenance must be related to other factors. 

The role of fire in the lodgepole pine savanna was determined from 

2 

observations of the results of a 1970 fire which burned 4400 m , from 

22 fire-scarred tree samples within the community and from the presence 

of charcoal and tree skeletons. Lodgepole pine savanna stands are 
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situated on older, higher alluvial benches adjacent to prairies, or 

in the ecotone between prairies and forest stands. In this community, 

the establishment rate for lodgepole pine seedlings is low, fire 

frequency is high (10-29 years) and the resulting survival pattern 

is scattered; this promotes widely spaced lodgepole pines with lower 

limbs pruned and an open growth form. In the 1970 fire, 36 of 

141 trees (26 percent) survived. The difference between the mean 

age of the trees surviving, 35.9 years, and of those perishing, 

18.5 years, was significant (p < 0.05, z = 7.6). Also, the mean 

diameter at breast height (dbh) of the trees surviving, 21.7 cm, 

was significantly greater than the mean dbh of the trees perishing, 

8.1 cm (p < 0.05 J z = 8.1). Survival was lowest in areas of younger, 

tightly stocked trees and highest for trees that were older, isolated, 

larger in diameter and that had survived previous fires. 

Fire has stimulated the successful reproduction of aspen stands 

on the study area." Mean coverage by quaking aspen sprouts (under 1 m) 

was 30 percent in one 1967 stand, 4.5 percent in six 1926 stands and 

less than one percent in six 1893 stands. Mean canopy coverage of 

willows (mostly Salix scouleriana and S. bebbiana) in the three burn 

age classes were 31 percent, 53 percent and 3 percent, respectively. 

Several species, including spruce, red-osier dogwood {Cornus stolonifera) 

and black hawthorn ( Crataegus douglasii) increased in the oldest stands 

(1893). Deteriorating aspen are not regenerating, with the exception 

of a few stands adjacent to grassland complexes. Old photos, ground 

surveys and recent fires indicated that most aspen stands in a unit 
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are burned and mortality of aspen is very high. Most stands are small 

and are adjacent to or surrounded by conifers which subjects them 

to adjacent crown fires or induced surface fires. 

Big sagebrush (.Artemisia tridentata) distribution has increased 

on the study area in the absence of fire. Present distribution on 

both the grazed sector -outside the Park and the ungrazed sector in 

the Park is greater than that seen on 194 7 aerial photos and on a 19 33 

description (U.S. Department of the Interior 1936). Fire has been ex

cluded from all stands since at least 1929. 

Fire was a factor in converting dry, open cottonwood stands into 

bunchgrass flats. Four recent bunchgrass stands, burned in 1910 and 1929, 

were inspected. Numerous charred black cottonwood stumps and skeletons 

were present but tree seedlings and sprouts were absent. 

Relative Abundance of Ungulates 

Elk and whitetails were the most abundant ungulates on the study area, 

while mule deer, moose and grizzly bears were less common (Table 3). 

Assuming errors in counts from methods, cover and observer were similar 

during the same season throughout the North Fork Valley, elk and grizzly 

bear densities were among the highest in the Valley, while white-tailed 

deer and moose densities were several factors less than the highest 

densities reached. Elk were the most observable animal; all animals were 

most frequently observed in spring except moose, which were more readily 

observed in winter (Table 4). Known factors partially responsible for 

seasonal differences in observability were movements on and off the study 

area, changes in use of cover and changes in relative amounts if diurnal 

activity. 
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Table 3. Ungulate and grizzly bear numbers counted on the study area, 

1974. 

Species 

Elk 

White-tailed deer 

Moose 

Mule deer 

Grizzly bear 

Date 
(1974) 

24 April 

2 May 

7 February 

15 April 

24 April-20 May 

Highest 
Count 

214 

116 

11 

22 

21 

Corresponding Mean 
Number per km2 

2.9 

1.6 

.15 

.3 

.3 

Table 4. Ungulates and grizzly bears observed per 100 km traveled 

on the study area by season of the year, 1973-74. 

Season 

Summer 

Fall 

Winter 

Spring 

Elk 

1 

67 

50 

185 

Whitetail 

6 

5 

8 
t 

70 

Moose 

0 

0 

3 

1 

Grizzly 
Bear 

0 

0 

0 

2 
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Use of Vegetation Types by Elk 

Elk used vegetation types differently during the two winters 

of the study. The winter of 1972-73 was one of the three mildest 

since 1946; snov; depths were 51 percent of the mean and spring green 

up was one month earlier than normal. Elk used primarily grassland 

complex ( 38 percent of 21 observations /316 elk/ ) and lodgepole pine 

savanna (36 percent) habitats during the winter. High use of the 

grassland complex and elk concentrations corresponded with green 

up, March 9-18. Elk use was similar in the more normal winter of 

1973-74 until the deepest snow period, February-March. During that 

period; (1) elk continued to use the lodgepole pine savanna habitat 

but shifted foraging under open growth lodgepole pine from grasses 

to browse, (2) elk use of forest habitats with a closed canopy, 

especially spruce, increased and (3) elk use of the river and shore

lines as travelways increased, some elk literally wintered in the 

river, traveling b'y waterways between islands and adjacent spruce 

and wash/cottonwood stands. Spring greenup and corresponding 

elk concentrations occurred on the grassland complex April 7-16. 

The grassland complex received 52 percent of the total annual 

elk use and was preferred during the fall and spring (Table 5). 

Bunchgrass stands received regular use, while wet meadows were used 

in the summer and early fall (rut) and sagebrush stands were used 

during the late fall and early winter. 

Elk Snow Depth Relations 

Difference in snow depth were only significant (p «; 0.05) between 



Table 5. A comparison of availability of vegetation types with utilization by elk, white-tailed 

deer and moose, spring 1973-spring 1974. " + " indicates preference for a particular habitat, 

" - " indicates avoidance and " o " indicates neither preference or avoidance at the .90 

confidence level ( Neu et. al. 1974 ) . 

Vegetation Type 

Lodgepole pine/ 
subalpine fir 

Grassland complex 

Douglas-fir 

Spruce 

Willow/sedge 

Wash/cottonwood 

Lodgepole pine 
savanna 

Aspen 

Total Observations 

Percent of 
Study Area 

43 

14 

13 

9 

7 

6 

5 

3 

Elk 

3 o 

76 + 

8 o 

0 o 

2 o 

1 o 

10 0 

0 o 

(147) 

Spring 
Deer 

3 -

73 + 

5 -

tr -

1 o 

2 o 

11 o 

5 o 

(245) 

Percent < 

Moose 

14 o 

5 o 

5 o 

18 o 

36 o 

0 o 

0 o 

23 o 

(22) 

of Total 

Fa] 
Elk 

2 o 

62 + 

4 o 

0 o 

0 -

15 o 

15 o 

2 -

(53) 

. Observa 

LI 
Deer 

7 o 

20 + 

3 o 

0 o 

0 o 

13 o 

57 o 

0 o 

[30) 

tions 

Elk 

9 -

10 o 

13 o 

23 + 

6 o 

10 o 

26 + 

3 o 

(249) 

Winter 
Deer 

13 -

1 -

43 + 

26 + 

1 -

2 o 

8 o 

6 o 

(85) 

Moose 

14 -

0 o 

0 o 

36 + 

24 + 

2 o 

0 o 

23 + 

(98) 

to 
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three categories of habitats. Significant differences in snow depth 

occurred between open types (grassland complex, willow/sedge, wash/ 

cottonwood and aspen), conifer canopy types (lodgepole pine/subalpine 

fir, lodgepole pine savanna and spruce) and Douglas-fir (Fig. 2). 

Elk used each category in proportion to its occurrence on the study 

area (p = .05, X2 = 1.14). 

Klk/Sex/Age Group Associations 

The various sex/age groups of elk selected vegetation types differ

ently (Table 6). Cow groups preferred lodgepole pine savanna and avoided 

Douglas-fir, while bull groups used both in amounts proportional to 

their availability. Bull groups used willow/sedge substantially more than 

cow groups and used wash/cottonwood substantially less than cow groups. 

Bull and cow elk groups were weakly associated during the spring 

and fall and negatively associated during the winter. Coefficients 

of interspecific association were + 0.360 +_ 0.034 in spring (Xr = 

120), + 0.142 + 0.061 in fall (X2 = 71) and - 0.885 + 0.271 in winter 

(X = 93). Summer samples were insufficient for analysis. 

Generally, cow groups were distributed in the river flood plains 

and bull groups in adjacent morainal forest and drainages. Within 

the grassland complex bull groups tended to use wet meadows and cow 

groups bunchgrass and sagebrush stands. Bull groups used spruce 

stands in morainal pockets and drainages, and cow groups used 

spruce stands in the river flood plains. Departures from this general 

pattern occurred during the fall rut when both groups focused use 
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F i g . 2 . T r e n d s i n w i n t e r u n g u l a t e use of categories of 

h a b i t a t s in relat ion to snow d e p t h , w i n t e r 1973—74. 
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Table 6. A comparison of availability of vegetation types with 

utilization by elk sex/age groups, spring 1973-spring 1974. " + " 

indicates preference of a particular habitat, " - " indicates avoidance 

and " o " indicates neither preference or avoidance at the .90 

confidence level (Neu et. al. 1974). 

Vegetation Type 

Lodgepole pine/ 
subalpine fir 

Grassland complex 

Douglas-fir 

Spruce 

Willow/sedge 

Wash/cottonwood 

Lodgepole pine 
savanna 

Aspen 

Total Groups Observed 

Percent of 
Study Area 

43 

14 

13 

9 

7 

6 

5 

3 

Percent of 

Bull 

9 -

37 + 

16 o 

16 o 

13 o 

0 o 

8 o 

1 o 

(97) 

Total Group C 

Cow 

3 -

42 + 

4 -

13 o 

1 o 

8 o 

26 + 

3 o 

(160) 

)bservations 

Mixed 

0 o 

84 + 

0 o 

3 o 

0 o 

0 o 

13 o 

0 o 

(38) 
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on wet meadows, during early spring when both groups concentrated 

on initial green-up on bunchgrass slopes and during late spring 

when cow groups began using wet meadows as their diet shifted to 

forbs. 

Elk were found inside the Park.sector more than expected on the 

basis of area available during spring and early winter (Dec.-Jan.) 

(p * 0.05, X^ = 10, 28). Elk preferred the natural grasslands in 

the Park sector to the low stature grazed and/or hayed grasslands 

in the private sector in spring and early winter. Robust bunchgrasses 

in the Park sector, particularly rough fescue, greened up one week 

ahead of most other forages in the spring, were more available than 

other grasses when the early snows arrived and were heavily utilized 

during those periods. Diurnal avoidance of the private sector during 

fall hunting season was compensated for by nocturnal use and return 

to the Park sector by dawn (17 observations). 

Use of Vegetation Types by White-tailed Deer 

White-tailed deer preferred the grassland complex during spring 

and fall but avoided it during winter, when Douglas fir and spruce were 

preferred (Table 5). Lodgepole pine savanna and wash/cottonwood were 

important to whitetails during the fall. Whitetails used categories of 

habitats with different snow depths differently than expected (p < 0.05, 

X = 75). The open types were used less than expected (X̂  = 13), 

the conifer canopy types in the amounts expected (X̂  = 1.3) and the 

Douglas-fir type was used more than expected (X = 62). White-

tails were found in the Park and private sectors in the amounts expected. 
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Use of Vegetation Types by Moose 

Moose preferred spruce, willow/sedge and aspen during the winter 

(Table 5). Moose selected browse thickets and their habitat use was 

independent of snow depth (Fig. 2); they used the open types more 

2 
than expected (p < 0.05, X = 21), the conifer canopy types in the 

amount expected (X2 = 0.2) and the Douglas-fir type less than expected 

(X = 11). Moose were found in the Park and private sectors in the 

amounts expected according to their availability. 

Ungulate Use of Fire/Age Units 

Selection of fire/age units was related to the availability of 

vegetation types within the unit, with some exceptions. 

Flooding was determined to be the last disturbance for stands 

within the alluvium unit and was suspected to be the last disturbance 

for most spruce stands in the 1600-1725 unit, particularly those in 

the river flood plains. Ungulate use of these units corresponded 

to use of the major vegetation type involved. 

Ungulate response to logging v/as primarily in three moist spruce 

stands which were partial cut in 1950 and 1970-72. Moose used the 

cutover spruce stands throughout the winter and spring. Elk used 

logged spruce stands during both winters, but during the peak snow 

accumulation period in the winter of 1973-74, restricted their use 

to the one stand where the spruce canopy was still virtually closed. 

Both elk and moose browsed on downed trees and elk upon lichens on 

downed trees during logging operations. 



Table 7 . Comparison of t . v a i l ab j l i t y of the v a r i o u s f i r e / a g e u n i t s w i th u t i l i z a t i o n by e l k , w h i t e - t a i l e d dee r and moose, s p r i n g 1973-
s p r l n g 197^. " + " I n d i c a t e s p re fe rence of a p a r t i c u l a r f i r e / a g e u n i t , " - " I n d i c a t e s a v o i d a n c e , and " • " i n d i c a t e s n e i t h e r 
p r e f e r e n c e o r avo idance a t t h e <>90 confidence l e v e l (Neu e t . a l . 1 9 7 4 ) . Types of d i s t u r b a n c e a r e crovr, f i r e s ( C ) , su r face f i r e s ( S ) , 
combinat ion of crown and su r f ace f i r e s (CS) , l ogg ing ( L ) , and f l o o d i n g ( P ) . 

Year of l a s t 

D i s t u r b a n c * 

1890 (CS) 

1926-29 (CS) 

1910 (C) 

Cras s f i r e 
(s) 

1925 (is) 

1600-1725 
(T) 

Al luvlum(F) 

1855 (c) 

1967 (c) 

T o t a l O b s e r v a t i o n s 

Major V e g e t a t i o n Pe 

Types Involved o t 

Lodgepole p i r e / s u b a l p i n e f i r 
D o u g l a s - f i r , wet meadows, 
a s p e n , wi l low/sedge 

Lodgepole p l n e / s u b a l p l n e f i r 
D o u g l a s - f i r , wet meadows, 
a s p e n , w i l low/sedge 

Lodgepole p i r . e / s u b a l p l n e f i r 
w i l l o w / s e d g e , g r a s s l a n d complex 

Bunchgrass , l odgeco l e p ine 
savanna , s ageb rush /bunchgra s s 

D o u g l a s - f i r , wet meadows, a s p e n , 
sp ruce 

Spruce 

Vash/cot tonwood 

Lodgenole p l n e / s u b a l p l n e f i r 

Lodgepole p i n e / s u b a l p i n e f i r 

r u e n t of 

udy >.rea 

35 

23 

13 

10 

9 

7 

3 

1 

• 3 

Elk 

15 -

10 -

12 0 

50 + 

9 0 

1 0 

0 0 

0 0 

3 0 

(15D 

S n r i n g 

Deer 

19 -

6 -

6 -

63 + 

H e 

1 0 

l 0 

0 0 

Tr 0 

(245) 

Moose 

31 0 

35 0 

0 0 

9 0 

17 0 

l» 0 

0 0 

0 0 

k 0 

(23) 

Summer 

Deer 

5 0 

9 0 

9 0 

50 + 

0 0 

9 0 

lfl 0 

0 0 

0 0 

(22) 

Fa: 

Elk 

19 0 

U 0 

5 0 

55 + 

2 0 

2 0 

13 0 

0 0 

0 0 

(53) 

.1 

T'eer 

3 0 

3 0 

0 0 

81 + 

0 0 

3 0 

10 0 

0 0 

0 0 

(3D 

Elk 

. 4 -

27 0 

4 -

29 + 

2 0 

30 + 

2 0 

0 0 

2 0 

(248) 

V i n t e r 

Deer 

32 0 

35 0 

0 -

4 0 

1 • 

28 «• 

0 0 

0 0 

0 0 

(85) 

"oo«« 

30 0 

28 0 

6 • 

0 -

7 0 

21 + 

2 0 

2 0 

4 0 

(98) 
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Last disturbance in the remaining six units (Table 7) was by fire. 

In general, selection of all fire units by ungulates was for the 

vegetation types involved. 

No differences were detected in whitetail use of the same 

vegetation type in different fire units. No winter whitetail use 

was observed in the one Douglas-fir stand were the canopy had been 

destroyed bv a fire in 1926. 

Moose selected primarily aspen and willow/sedge habitats in all 

fire units. Different forages were available in the different units, 

but I could determine no significant differences in use of different-aged 

stands of the same habitat. Differences were suggested, however, from 

the food habits data (Table 8). The forages available in younger (1926) 

aspen stands (aspen, S^ouler willow, black cottonwocd and Salix spp.) 

made up a larger proportion of the moose diet than did forages available 

in the understories of older (1910 and 1890) aspen stands (serviceberry 

and red-osier dogwood). Similarly, forages available in younger (1926) 

willow/sedge stands (Scouler and Bebb willow, primarily) were more 

important in the moose diet than forages in older (1910 and 1890) 

stands (Salix drummondit S. Candida and other willows). In summary, 

all ages of aspen stands and willow/sedge stands supported a succession 

of browse thickets palatable to moose, due apparently to their physiographic 

location in wet sites, but more recently burned stands were more important 

to moose. 

No differences in moose use of lodgepole pine/subalpine fir in 

different fire units were detected, with two exceptions. The oldest 
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lodgepole pine/subalpine fir stand (1855 unit) was the only stand with 

an availability of suhalpine fir browse; its winter use by moose was 

related to foraging for subalpine fir. High use of two lodgepole pine/ 

subalpine fir stands (1967 unit) by moose occurred during the spring, 

summer and winter, but due primarily to the small size of this unit 

2 
(.22 km ), this was not considered a significant preference (p < .10). 

Hrovse (aspen, serviceberry, black cottonv.'ood and Scouler willow) and 

forbs (particularly Epilobium angustifolium) used by moose were 

available in abundance in this unit. Based upon comparisons with 

1944 and 1949 burns on the studv area, it appears that these recent 

burns rapidly progress to dog hair stands of lodgepole pine 15-20 years 

after burning and consequently become much less exploitable by moose. 

Elk use of fire units was related to their preference for vegetation 

types; no significant differences were detected in use of different-aged 

stands of the same vegetation type, with one exception. High use of only 

one of two 1967 burns occurred. The burn which was used was located in an 

elk wintering area; due to differences in elevation and aspect, it 

accumulated only 71 cm of snow in late winter 1973-74. The burn which was 

not used was located 2 km from the nearest elk wintering area and accumulated 

102 cm of snow. 

Predation may have had some influence upon use by elk and whitetails 

of deep snow areas, such as recent crown burns. Predation losses (14) were 

greater than legal and illegal huntina losses (12) , a conservative 

statement since most hunting losses were known while not all predator losses 

were found. Deep or deep-crusted snow appeared to be at least involved if 
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not the critical factor in predator advantage and success in 3 whitetail 

kills and 6 elk kills by mountain lions and coyotes. Three unsuccessful 

predation attempts were observed out of areas with deep snow. One 

involved three whitetails escaping from a coyote in shallow snow and 

two cases involved three elk and two whitetails, respectively, escaping 

from coyote packs by running into the river. 

Food Habits 

Elk diet (239 feeding sites) consisted of 75 percent grasses 

during the fall of 1973, 73 percent grasses during both springs and 

70 percent grasses during the mild winter of 1972-73 (Table 8) . B-rowse 

comprised 88 percent of the diet durina the winter of 1973-74. Elk diet 

was 88 percent forbs in the summer of 1973. 

Important elk browse species (red-osier dogwood, serviceberry, 

biack cottonwood and willows) were all common on the study area. Big 

sagebrush vas restricted to certain alluvial flats, yet it made up 

12 percent of the fall 1973 diet and 5 percent of the winter 1973-74 

diet. 

The most important grasses in the elk diet (rough fescue, timothy 

/Phleum pvatense/, Festuoa idahoensis and Poa spp.) are all common grasses 

on the study area (Koterba and Habeck 1971). Bluebunch wheatgrass 

(Agropyron spioatum) was restricted on the study area to south and west 

facina bunchgrass slopes within the grassland complex. Spring use of 

bluebunch wheatgrass followed the initial snow melt and green up on 

these sites. Western wheatgrass and Ehjmus glauaa were also localized 

and their use in the fall was related to greenup. 



Table 8 . F«od h a b i t s of e l k , v h i t e - t a i l e d deer and moose on the Big P r a i r i e Study Area , s p r i n g 

J973-sprlng 1974. 

Tax'-: Used 

Amelanohler a l n i f i 11a 
Comus ; ; tolonlf- .pa 
i o r u l u s t remulo l r ies 
I o p u l u s t r l o h o o a r p a 
: ;-al ix s c o u l e r l a n a 
S . exigua or S . arcyaloid 

Elk 

!'r& 

— 
--
— 
Vr 

6 3 — 

Ar temis i a t r i d e n t - t a - -
Symphoricarpos a l b u s 
Kosa s p . 
Rlbes l a c u s t r e 
P inus con t o r to 
t ' seunotsuga m e n z i e s l i 
Abies 1;'. sloo<.rpa 
.. l e c t o r l a spp . 
TOTAL BROV/'SE 

Fes tu r a s o a b r t l l a 
Kestuoa idahoer . s i s 
a n o l e r i t . o r l s t a t a 
Dactylis gloperate 
Phleuro p r a t e n s e 
Agropyron spicatum 
Agropyron s ^ l t h l l 
Poa spp . 
Klyr.ua £,laucH 

TOTAL GRASS 

Taraxacum o f f i c i n a l e 
Geranium viscos lss imum 
Scnec io spp . 
F.pllobium a n g u s t i f o l i u m 
Aquat ic submergents 
Geum t r i f l o r u m 
P o t e n t i l l a g landulosa 
Clrclum canadens i s 
A c h i l l e a m i l l e f o l i u m 
S o l i d a g o s p p . 
Heracleum lanatum 

TOTAL FORB 

To ta l i n s t a n c e s of use 

Number of f eed ing s i t e s 

--
— 
Tr 

— 

u 
20 
It 

- -
23 
12 
3 

Tr 
Tr 

73 

8 
Tr 

5 
— 
— 
— 
Tr 
Tr 
Tr 

?1 

61+31 

l»J 

Sp 
Deer 

9 

— 
2 

Tr 
— 
3 

_= 
— 
H 

— 
- -

— 

21 

3 
3 

_= 
— 
_ 
- -
— 

9 

6 
7 

Tr 
_ „ 

— 
19 
15 
Tr 

9 

70 

185 

23 

r i n g 
Koose 

13 
3 

22 
--
no 
— 

— 
— 
- -
— 
- -

7 

?7 

— 

— 
— 
— 
- „ 

— 

0 

__ 
— 
— 
Tr 
11 
— 
— 
- „ 

— 

14 

954 

? 

Average A 

Gr i zz ly 

- -

— 
— 
— 

- -
— 
- . 
— 
— 

— 

0 

m_ 
— 

— 

32 

Tr 
— 
26 
— 
— 
— 
— 
Tr 
Tr 

33 

66 

2720 

26 

Elk 

^_ 
— 

— 
— 
- -

— 
--

— 
- -

— 

0 

_._ 
— 

3 
— 
Tr 
<=_ 

6 

5>» 
28 
3 

— 
-_ 
— 
Tr 

Tr 

?4 

539 

3 

ggregut 

Sun pier 
Deer 

„ _ 

12 

6 
— 
77 

— 
- -

— 
- -

— 

vP 

- . 

— 
-_ 
— 
— 

0 

— 

— 
~ 
~ 

Tr 

2 

589 

4 

e Percent Krequenc, 

Moose 

6 
— 

— 
4 3 

— 
— 

--
- -

— 

•;? 

— 

_„ 

— 
„ -

- -

0 

. . . 
— 

15 
33 
— 

— 

48 

262 

3 

F a l l 
F.Ik 

5 
'.'r 

Tr 
— 

13 
--
--
... 
Tr 

— 
— 
'v? 

27 
15 

_., 
Tr 

6 
12 

6 

75 

Tr 
_-

— 
=.. 

— 

2 

84ll 

6? 

Deer 

2 
- -

13 
— 

— 
14 
— 

6 
- „ 

— 
4 

!~4 

5 
6 

16 

— 
- -
— 
— 
- -

31 

12 
- . 

— 

9 

5 

25 

751 

8 

i 

v;i 
Elk 

15 
31 
Tr 

9 
6 

Tr 
Tr 
Tr 

5 
— 
Tr 

4 

~ 
— 
c« 

Tr 
•Tr 

Tr 
Tr 

3 
Tr 
Tr 

10 

Tr 
= „ 

_.. 

_ „ 

Tr 

21921 

130 

n t e r 
Deer 

34 
10 

5 
2 

— 

__ 
-*. 
— 
— 
7 

12 

— 
b 

— 
6 

?0 

Tr 
— 

„ -

— 
_= 
— 
~ 

6 

__ 
... 

— 

„ -

4 

5512 

42 

K.oose 

3 
21 

8 
Tr 
36 

10 
4 
7 

— 
— 
— 

— 
— 

2 
— 

10c 

__ 
— 

__ 
— 
«.» 
— 
— 

0 

_.» 
— 

Tr 

— 

Tr 

15585 

131 

Tr = Trace amounts , l e s s than 2 p e r c e n t of a g g r e g a t e fo r season . 

3 1 

http://Klyr.ua
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Wet meadows in the grassland complex provided greatest availability 

of forbs (Koterba and Habeck 1971) and most late spring and summer elk 

use. 

The diet of white-tailed deer (77 feeding sites) contained 62 

percent browse year round. Forbs comprised 25 percent of the year-

round use, while grasses were important only during the fall and early 

sprint. 

Serviceberry, red-osier dogwood, Sympaoricarpos albuss Rosa 

spu. and Spirea betulifolia were all common on deer winter ranges and 

were correspondingly well represented in winter diets. Leaves were 

eaten during the summer, especially black cottonwood, Salix exigud and 

S, amygdaloides. 

Cured grasses were important during the fall season, comprising 

31 percent of the deer diet and durina the shallow-snow winter of 

1972-73 when they were more available. Spring use of grasses was 

primarily durino the 7-10 day period of initial greenup. 

Important forbs in the whitetail diet, Geum tviflorum, Potentilla 

alandulosa, Achillea millefolium and Geranium viscossisimum, were 

widespread and nenerally available within the grassland complex. 

Dandelion (Taraxacum officinale) is more localized, suggesting a 

selection for it during the fall. Use of Senecio spp. was high durina 

a 7-day period in early spring 1974 indicating a strong selection. 

Spring, summer and winter diets of moose (143 feeding sites) were 

79 percent browse, with willows alone accounting for 47 percent. Forbs, 

particularly fireweed and aquatic £>lants, were taken during the summer 
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period. Luthy and Zwickel (1949) found Nuphar va.viega.tum> Potamogeton 

alpinus and Potamogeton pusillus to be heavily utilized aquatics in 

the North Fork. 

Important moose browse (red-osier doqwood, serviceberry, subalpine 

fir, Salix dvumv.ondi and S, Candida), were widely available on the study 

area. Most willow/sedqe habitats on the study area were dominated by 

Salix dvwtmondx and S. aandi la. Scouler willow, Rebb willow {Salix 

bebhiana) and quakinq aspen browse, on the other hand, were primarily 

restricted to aspen and willow/sedqe habitats within the 1926-29 fire 

unit and to the 1967 fire unit. Their importance in the moose diet 

(52 percent), suggested a strong selection. 

Grizzly bear diet on the study area (26 feeding sites) was almost 

entirely herbaceous. Observations and 160 scats collected durinq sprinq 

1973 and 1974 revealed only one ungulate kill and three cases of 

suspected scavenqing. Of 26 feedinq sites inspected, 15 were in 

wet meadow, 6 in lodqepole pine savanna and 5 in willow/sedqe or 

aspen habitats. Forbs, particularly Jieraaleum lanatum and Seneaio spp., 

comprised 66 percent of the sprinq diet. Four tall, rhizomatous qrasses, 

(timothy, western wheatqrass, Elymus glauca and Daat'jlis glomerata) 

comprised 32 percent of the diet. Roots comprised only 2 percent of 

the diet during both springs. 

Interspecific Relationships 

Elk, whitetails and moose were neqatively associated durinq the 

winter? elk and whitetails were nqqatively associated durinq the 

sprinq. The coefficients of interspecific association (C 7). durinn the 

http://va.viega.tum
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winter were, for elk and deer, -0.800 + 0.085 (X2 = 120)> for elk and 

moose, -0.910 +_ 0.073 (X2 = 144); and for deer and moose, -0.920 + 0.036 

(X = 65). Based unon observations alone of highly observable elk and 

whitetails during spring (see Table 4), I calculated C7 = -0.867 +_ 0.034 

(X2 = 66) . 

Differences in winter habitat selection by ungulates were related 

to snow depths, dearee of slope and shrub coveraae. Mean snow depths 

were 16 cm for whitetail habitats, 39 cm for elk and 65 cm for moose. 

Mean slopes used were 10 • for whitetail habitats, 5° for elk and 4<* for 

moose. Mean shrub coverage varied from 48 percent (low shrubs) in 

whitetail habitats, 62 percent (low and tall shrubs) in elk habitats 

and 73 percent (tall shrubs) in moose habitats. 

Dietary Overlaps 

I calculated dietary overlap coefficients for any two species with 

a substantial habitat overlap (Table 9). Important overlap occurred 

between elk and deer diets during the fall in wash/cottonwood habitats 

and during the winter in spruce habitats. Important overlap also 

occurred between elk and moose during the winter in spruce habitats. 

In addition, I felt use of wet meadows (spring) and the spruce habitat 

(winter) by three species and use of the lodgepole pine savanna 

(fall and winter) by two species were noteworthy. 

Competition for a resource implies a demand by two organisms in 

excess of immediate supply (Iteatherly 1963) or combined use of a range 

plant in deteriorating condition (Cole 1958). According to these 

criteria, competition did not occur between the four animal species. 
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Table 9. Coefficients of dietary overlap amonq ungulates and grizzly 

bears in habitats receivinq substantial combined use, spring 1973-

spring 1974. 1.0 indicates diets are identical, 0 indicates diets are 

completely distinct while .60 or greater indicates important overlap 

(Zaret and Rand 1971). 

Vegetation Type 

Grassland complex 
(Spring) 

Wet meadow 

Buncharass 

Wash/cottonwood 
(Fall) 

Lodgepole pine 
savanna (Fall) 

Lodgepole pine 
savanna (Winter) 

Douglas fir 
(Winter) 

Spruce 
(Winter) 

Flk/Deer 

.29 

. .40 

.60 

.51 

.30 

.43 

.67 

Elk/Hrizzlv 
Rear 

.47 

Elk/"oose 

.64 

Deer/Grizzlv 
Dear 

.15 

Deer/Moose 
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Browse in vigorous wash/cottonwood stands was present in abundance far 

above observed use levels by elk and whitetails. The deep snows which 

placed forages in limited supply in the lodgepole pine savanna during 

the late winter of 1973-74 also excluded whitetails from the type. 

Red-osier doqwood, the plant receiving most combined use in the spruce 

habitat, was browsed substantially in some stands. However, the stands 

subjected to un to 15 years of heavy use, e.a., certain river islands 

(Ted Ross, personal communication), had the highest abundance of red-

osier dogwood, averaging 56 percent of total shrub canopy coverage. 

In wet meadows, Seneaio spp. were used extensively by elk, 

whitetails and grizzly bears during a 7-day early-spring period. 

Seneaio was restricted to a few early-flooded sites which greened up 

before other areas. Elk and whitetails were observed to "wait-off* 

up to five times while grizzly bears fed upon Seneaio. However, since 

ungulates were not excluded from the forage and the period of 

importance was so'short, I did not consider the combined use to 

constitute competition. Use by grizzly bears in spring and elk during 

fall green up of four rhizomatous grasses (timothy, western wheatgrass, 

Elymus glauca and Daatulis glomerata), while not in excess of supply, did 

result in noticeable soil and plant disturbance at certain sites. These 

grasses appeared to dominate repeatedly disturbed sites more than less 

disturbed sites. 
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DISCUSSION 

Role of Fire in Vegetation 
Communities 

Fire has been an important influence upon vegetation in the Biq 

Prairie area. The natural fire rotation for the area was 123 years, 

as compared to about 100 years for the Boundary Waters Canoe Area of 

northeastern Minnesota (Heinselnvnn 1073). The mean fire frequency 

for the entire study area was 34 years compared to a 20-25 year 

frequency in northern Yellowstone Park (Houston 1973). Houston (1973) 

felt that fire scar data underestimated the fire frequency due to each 

tree not being scarred by every fire or to scars being burned away 

by subsequent fires. Therefore, natural fire rotation and fire 

frequency estimates are probably conservative. 

Fire frequency and fire behavior differences between different 

vegetation communities were suggested by data gathered in this study. 

Heinselman (1973) reported that great variability in fire patterns 

occurred in the Boundary Waters Canoe Area. Similarly, Aldrich and 

Hutch (1972) reported fire frequency and behavior differences between 

various vegetation types in the White Cap drainage of Idaho. The fire 

pattern in the Park sector is highly complex. Frequent lightning 

fires (O'Brien 1969) occurin vegetation existing upon a major river 

and stream flood plains and a variety of post-glacial topographic and 

moisture conditions. A less complex fire pattern in the private sector 

results from more restricted drainage patterns, less topographic variety 
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and more continuous forest types. Consequently, the largest fires in the 

o 
Park sector burned 16-28 percent of the study area (11.4-20 km ) , while in 

areas west of the Park, larger fires, including the 1929 fire, have occurred, 

Heinselman (1973) felt that vegetation and physiographic factors 

had important effects upon fire patterns in the Boundary Waters Canoe 

Area by creating firebreaks and firepaths and by effecting surface or 

crown fires. The complex fire pattern on the Birt Prairie area qreatlv 

enhanced community diversity by creating different-aged stands and 

differentially-burned stands. 

Settlement changed the fire chronology of the Big Prairie area. The 

portion of the study area burned per century increased from 81 percent 

to 200 percent during the Settlement Period and declined to 3 percent 

during the Suppression Period. Heinselman (1973) calculated a similar 

trend in the Boundary VJaters Canoe Area. Heinselman felt that a "fading" 

record for the early period (1542-1727) biased upward the intervals 

between fire years 'through obliteration of increasing amounts of fire 

evidence by reburns of fire scars. In this study the record does not 

"fade" appreciably since evidence does not begin until 1706. The present 

period without fire for all Douglas-fir and lodgopole pine/subalpine fir 

stands is 48 years, an interval greater than the mean fire interval for 

those communities. 

Plant communities were grouped, for convenience of discussion, 

according to their stability or fluctuation in space and time, following 

Geist (1974b). 

t 

Stable and self-regenerating communities were wash/cottonwood, 



39 

spruce, grassland complex, lodgepole pine savanna and willow/sedge. Wash/ 

cottonwood and spruce stands are generally protected from fire and spruce 

stands are self-regenerating. Wash/cottonwood stands do eventually proceed 

to spruce communities or to bunchgrass flats, but the active, wild river 

constantly creates new communities, thus maintaining relatively stable 

amounts of each. Similar alluvium succession patterns have been described 

for the Chena River, Alaska (Viereck 1970) and the Squamish River, British 

Columbia (Orlochi 1963) and have been described as perpetual succession 

by Campbell and Green (1968). 

Grassland complex and lodgepole pine savanna were felt to be 

stable communities. Rapid invasion of some grasslands occurred 

following fires and closer stocking rates and occasional spruce 

reproduction occurs in lodgepole pine savanna in the absence of fires. 

However, the time required for major modification of most communities is 

so great, based upon present condition, and the probability of development 

of additional stands within the river flood plains is so high, that I 

consider them to be stable. 

Willow/sedge communities are also stable in space and time due to 

predictable, repeated flooding and to successful willow reproduction in 

old-aged stands. 

Douglas-fir communities exhibit an intermediate type of 

stability. Douglas-fir communities were subjected to repeated surface 

fires and, in a few cases, to crown fires. 

Lodgepole pine/subalpine fir and aspen communities fluctuated in space 

and time, primarily in response to fire. Tree mortality was high in these 
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stands after burning (with the exception of a few dry morainal crests) 

and resulted in serai stands. Recently-burned aspen stands were dominated 

by aspen and willow sprouts or seedlinqs, while older stands were 

characterized by an even-aged aspen overstory, increasing amounts of 

spruce reproduction and no significant aspen reproduction. Fires in 

lodgepole pine/subalpine fir stands resulted in serai communities 

dominated primarily by lodaepole pine seedlinas and aspen, serviceberry 

and Scouler willow sprouts. At 20-25 years these communities proceed to 

dog hair stands of lodgepole pine. Increasing amounts of spruce 

reproduction occur and are followed by primarily subalpine fir reproduction 

in stands 84-118 years and older. 

Role of Fire in Ungulate 
Ecology 

Table 10 presents a summary of year round ungulate use in each of 

the three categories of plant communities as related to fire influence. 

Table 10.—Summary of ungulate use of plant community categories as 
related to fire influence. 

Community category 

1—Stable 

2—Intermediate 

3—Fluctuating (Serai) 

Per 

Elk 

82 

11 

7 

cent species use 

Deer 

72 

17 

11 

Moose 

60 

2 

38 

t 

All ungulates used primarily habitats which were stable or intermediate 
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with respect to fire. Only moose used serai communities substantially. 

My data suqgest that whitetails in this area would be unable to 

substantially exploit new habitats created by crown fires unless the fires 

were small and located adjacent to suitable cover, but deer would be 

capable of exploiting habitats modified by surface fires where a canopy 

remained. This hypothesis was supported by the observed winter avoidance 

of n large Doualas-fir stand where the canopy had been reduced in a 

1926 fire, yet heavy winter use by whitetails (minimum density 16.5 

deer per km ) occurred on four very small (mean size 0.9 km ) burns 

interspersed with mature canopy Douglas-fir stands along middle Kintla 

Creek. Peek (1972) felt that due to deep snows and predators, 

whitetails could not use large burns as effectively as moose in 

northeastern Minnesota. Ilildebrand (1971) found thcit whitetails used 

mature forest and avoided clearcut areas for winter range in the Swan 

Valley, Montana; he felt that the selection was made on the basis of 

differences in snow depths because clearcut areas were used in other 

seasons. 

My data suggest that moose are capable of exploiting new habitats 

created by crown fires on the study area. This hypothesis was 

supported by high use of serai comminities, greater than expected use 

of the deep snow habitat and high use of two small recent burns. Peek 

(1974) reported initial response by dispersing juvenile moose to a 

large burn in northeastern Minnesota. Spencer and Chatelain (1953) 

felt that moose increased four-fold, 1950-53, after a 1947 fire in Kenai 

Peninsula, Alaska. Present habitat use patterns of moose on the study 
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area may be comparable to islands of permanent habitat which hold low 

moose densities (Geist 1971). Lutz (1956), however, felt that the 

"more fire • more moose" relationship was simplistic. My data supported 

this contention since moose were observed to prefer 250-374 year old 

spruce stands, to use stands 48-84 years old and to apparently select 

a 119 year old lodgepole pine/subalpine fir stand. Moose have increased 

in Jackson Hole, Wyoming, in spite of few fires dtiring the past 75 years, 

the increase being due primarily to an increase in subalpine fir, a 

staple food item (Loope and Gruell 1973). 

My data suggest that elk in the area are intermediate between moose 

and whitetails with respect to use of communities relative to fire 

influence. Elk were dependent upon stable plant communities, but were 

capable of exploiting habitats modified by surface fires and capable of 

exploiting serai habitats created by crown fires during early winter or 

in situations where the serai habitats do not accumulate deep snows. This 

hypothesis was supported by the observed use of one of two recent burns 

which accumulated less snow, by the importance of a conifer canopy in 

late winter habitat selection and by the importance of river microclimate 

during winter, similar to that described for thermal areas in the Madison 

Drainage by Craighead et. al. (1973). 

Surface fires affect the structure of lodgepole pine savanna; fire may 

increase elk use of this habitat. Conversely, if fire decreased the 

distribution of big sagebrush, an important early winter forage might 

be limited. However, since big sagebrush rapidly reinvades burned-over 

sites with coarse soils soon after fire (Loope and Gruell 1973) and 

since only portions of the big sagebrush distribution were ever affected by 
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a single fire (since 1706), only a limited decrease in distribution under 

a natural fire regime is suggested. 

Fire chronology suggests that Evans' (1964) contention that forest 

fires contributed to the decline of woodland caribou is reasonable for 

this area. The decline in woodland-caribou coincided with an increase in 

forest fires, 1900-1930. The. amount of burned area, however, was less 

during the presupnression period and a variety of different aged stands, 

including old-aged lodgepole pine/subalpine fir stands and spruce stands 

250-374 years old, occurred. In a natural fire regime, therefore, enough 

old-aged forest stands would be present to provide the arboreal lichens 

required by woodland caribou, as indicated by the presence of caribou 

during the presuppression period. 

Geist (1974) hypothesized, "The exploitation of stable, self-

regenerating, climax plant communities selects in ungulates for juvenile-

retention (which manifests itself in cohesion between individuals,leadership 

gradual disassociation of mother and young and home range traditions); 

exploitation of serai plant communities which appear due to catastrophic 

events (fires, floods, avalanches) and which cannot be predicted in space 

and time, selects for juvenile dispersal". On the study area, moose 

exhibited greatest exploitation of serai communities, while elk and white-

tails used primarily stable communities and showed intermediate or variable 

abilities to exploit serai communities. The solitary existence of moose 

(mean group size = 1.1) suggested juvenile dispersal, while the grouping 

behavior of elk and whitetails (mean group sizes of 10.6 and 3.2, female/ 

young groups sizes of 7.9 and 3.5, respectively) suggested juvenile 
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retention and home range traditions. Response, primarily by immigrating 

juvenile moose, to a large burn within the first two growing seasons was 

reported by Peek (1974), while other studies suggest intermediate or 

variable juvenile retention-dispersal patterns for elk and whitetails. 

Elk are highly social animals with strong home range traditions; Martinka 

(197 5) felt it took 25 years for elk numbeis to peak after a major fire. 

Knight (1970) and Craighead et. al. (1973), however, found elk qrouns 

to be unstable with a lack of cohesion between individuals. Hawkins 

and Klimstra (1970) found a high degree of association between whitetail 

qroup members and stronrr home range traditions (emigration was mostly by 

yearlinq bucks), while Ozoga (1972) reported greater variability in cohesion 

between individuals. Geist (1974) and Jarman (1974) suggested variations 

in forage availability or in dispersion of food items may result in 

different populations of the same ungulate species assuming different 

social organizations. The vegetation complex, deep snows and predator 

pressure on the study area could result in different patterns of both 

social behavior and exploitation of serai communities by elk and white-

tails in comparison to other areas. 

Interspecific Relationships 

Exploitation competition between large herbivires did not occur 

for forages in limiting supply (Weatherly 1963) or for forages in 

deteriorating condition (Cole 1958). Significant levels of use occurred 

for red-osier dogwood and several rhizomatous grasses. However, 

dominance by the grasses on disturbed sites and high coverage by red-osier 

doqwood in spruce stands subjected to repeated, heavy winter use by 

ungulates suggested that heavy use does not harm these plants and in 
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fact may benefit them. Red-osier dogwood withstands heavy browsing by 

ungulates due to an ability to reproduce by sprouting and layering 

(Habeck 1959) , an ability also demonstrated by the rhizomatous grasses. 

Jaeger (1974) suggested that in addition to differential exploitation, 

two species may compete through interference; competitive interactions 

may be affected by periodic scarcity of a resource, by availability 

(rather than abundance) of a resource and by the influence of predators- on 

competitors. My observational data and study period were insufficient 

to determine these factors. 

Snow environment may have a strong influence on competitive interactions. 

Snow depths increased from the lower to the upper North Fork river flood 

plains along with a.change in elevation of 167 m. Mean snow depths grade 

from 93 cm near the International Boundary (1185), to 60 cm on the study 

area (1097.ni) and to 38 cm at Camas Creek (1018.m) . White-tailed deer in 

winter were widely distributed in the valley near Camas Creek, were re

stricted to south and west exposures on the study area and were excluded 

from the valley near the International Boundary. Elk numbers in winter 

were high at Camas Creek and on the study area, but near the International 

Boundary numbers were less and elk were restricted to wintering in the river 

and drainages. Moose densities during winter were highest for the North 

Fork near the International Boundary where snow depths were the greatest. 

Vegetation is very similar throughout the river flood plains involved. 

Elk were involved in all important diet overlaps between species. Elk 

were more generalized with respect to use of snow depth-habitat categories, 

with respect to use of communities as related to fire influence and with 
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respect to diet. Elk fed upon 69 plant species, whitetails 49 and moose 20. 

Consequently, elk were more efficient users of food resources, as suggested 

for Jasper National Park, Alberta by Carbyn (1974). 

Efficiency in use of resources by elk was also demonstrated by diff

erential habitat selection, weak associations in the spring and fall and 

negative association during the winter for sex/age groups. The negative 

association during the winter involved the use of habitats with deeper 

snows and with less abundant and more dispersed food resources by bull 

groups than by cow groups. Geist (1974a) suggested that it is adaptive for 

male ungulates to assume different food habits and habitat preferences and 

thus reduce competition with gestating and lactating females. Peek and 

Lovaas (1968) and Flook (1970) described differential distributions of elk 

by sex and age in the Gallatin Drainage, Montana and Canadian National Parks, 

respectively. 

Elk, whitetails and moose were highly negatively associated during the 

winter and elk and whitetails were highly negatively associated during the 

spring. Kramer (1973) felt that the calculation of ungulate associations 

which I used (Cole 1949) did not take into account varying observability 

or the influence of different population densities. The use of track ob

servations in the winter compensated in part for varying observability, but 

since it was demonstrated that both moose and whitetail densities were below 

their maximum potential for the North Fork, the observed and calculated 

associations could be different than those in a more intensely competitive 

situation. 

The competitive exclusion principle states (Hutchinson 1965), if two 



sympatric, non-interbreeding populations occupy the same ecological niche, 

one will ultimately exclude the other. If this principle holds true, 

then competition sometime in the past could have resulted in the distinct 

niches of the three ungulates present, or the use of a habitat by one 

ungulate species could modify it, making it less attractive to another 

ungulate species. The latter suggestion is plausible in the case of moose, 

which were observed to "hole-up" in browse thickets during the winter. If 

such habitats were located near elk or whitetail distributions and were 

already heavily browsed, then the typical feeding pattern of moose would 

be discouraged. Batcheler (1960) found that stand ages of a forest were 

more important in explaining the relative abundance of roe, red and fallow 

deer in Scotland than was inter-specific competition. Niche distinctness 

for elk, moose and white-tailed deer on the study area was due to differen

tial selection of the variety of vegetation types, physiographic features 

(environmental gradients), cover/snow depth types and forage dispersion/ 

abundance areas rather than stand age units. Telfer (1967) found that 

moose and whitetail winter range was more distinct in the highlands of 

Nova Scotia where greater elevation and snow depth gradients occurred 

than in the lowlands. Fire, by contributing to vegetation and stand 

age diversity should enhance niche distinctness. 

47 
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Appendix I . F ire year data for the Big P r a i r i e area ( 7 1 . 3 km ) , 1706-1973 A. D0 

F i r e 

Year 

1973 
1967 
1955 
I949 
19^7 
1944 
1940 
1937 
1935 
1934 
1931 

"I929 
3928 

*3 926 
•1925 

1919 
1917 

•1915 
•1910 
•1904 

1697 
*1895 
*]893 
*1890 

1888 
• 1886 

2883 
16S0 

*]878 
1873 
1871 

* l 8 6 o 

Time 

s ince 

pre-

v! ous 

year 

Year 8 

6 
12 

6 
2 
3 
It 

3 
2 
l 
3 
2 
1 
2 
1 
6 
2 
2 

5 
6 
7 
2 
2 
3 
2 
2 
3 
3 
2 
5 
2 

11 
5 

Fire 

set. rs 

f cund 

Number 

_— 

__ 
1 
2 
1 

— 
1 
1 
1 
1 
1 

— 
1 

18 
1 
1 
1 

3 
3 
8 
2 
1 
5 
8 

1 
2 
3 
1 
U 
1 
l 
3 

Known 

area 

of 

burns 

1 / 

Kilomet2 

.01 

.22 

.05 

.02 

.64 

— 
— 
— 
„ 

4 ,18 
— 

9.72 
3 . 4 l 
__ 
— 

4.co 
8 .45 
7. co 

. 03 
4 .06 

10 .0 
8 .62 

_.. 
4 . 2 2 

• 74 
— 

6.49 

— 
-_ 

15.50 

Propor

t ion of 

study 

area 

burned 

Percent 

.02 

. 4 
__ 
• 07 

1.0 

— 
— 
— 
_ 
— 

6 .7 
__ 

15.5 
5 .4 
__ 
— 

6 . 4 
13.5 
11 .2 

.04 
6 .5 

16 .0 
1 3 . 7 

7 .0 
1.2 

— 
10.3 

_ 
-_ 

24 .7 

Propor- " 

t i on of • 

stands • 

dat ing • 

from f i r e « 

year in • 

1973 • 
Percent 

.02 

. 4 
_ -
.07 

1.0 
— 
— 
— 

__ 
__ 

6 .7 
— 

1 5 . 5 
5.4 

__ 
— 

0 
13 .5 
0 

. 0 4 
6o5 

I60O 
13 .7 

— 
— 
— 
— 
— 
— 
— 

Fire 

Year 

* i 8 5 5 
1852 

*1844 
1840 
1839 
1837 
183? 
1831 
I830 
1820 
1815 

• 1809 
1805 

*1795 
1793 
1782 
1770 
1768 
1758 
1756 
1750 
1747 
1739 

*1721 

1715 
1706 

Time 

s ince 

pre

v ious 

year 

Years 

3 
8 
4 
1 
2 

5 
1 
l 

10 
5 
6 
4 

10 
2 

11 
12 

2 
10 

2 
6 
3 
0 

17 
6 

9 
? 

Fire 

scars 

found 

Number 
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2 
2 
2 
2 
1 
1 
3 
1 
1 
4 
4 
l 
4 
2 
2 
2 
4 
1 
1 
1 
1 
1 
3 
2 
1 

Known 
area 

of 

burns 

Kilomet2 

17.50 
.12 

3 . 0 
.04 
.16 
— 
— 

.09 
— 
— 

1.08 
7 .04 

— 
10.20 

.80 

. 8 0 
1.45 
1.08 

— 
— 
— 
— 
— 

4.74 
. 10 
— 

• 

Propor

t ion of 

study 

area 

burnel 

Percent 

28.-
. 17 

5.0 
.06 ' 
. 2 5 
— 
_., 
.14 
— 
— 

1.7 
11.2 

— 
I 6 . 3 
1.3 
1 •» 
2.3 
1.7 

— 
— 
— 
— 
_ 

8 .0 

.16 
— 

Propor

t ion of 

stands 

dat ing 

from f i r e 

year in 

1973 

Percent 

. 9 
__ 
__ 
__ 
— 
— 
- . 
— 
— 
— 
— 
— 
—. 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

1/ Burn s i z e s from I89O on are based upon c r o s s - d a t i n g of f i r e s c a r s , stand igir.g and a s e r i e s of a e r i a l photos . 
Area of burns prior to I89O are based upon c r o s s - d a t i n g of f i r e scars only and s u b s t a n t i a l l y l e s s accuracy I s in f erred . 

2 
* = "Important f i r e year", burning more than 3 km . 
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