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This study considered relative impacts of some important factors on elk ( C e r n  e l u p b  

mrmitoberczis) and moose (Alces alces) population trends in Riding Mouataui National 

Park (RMNP). These factors inciuded huater success outsi& Park boundanes, beaver 

(Cbstor canadmFiS) populatio~~~. wolf(Cmis I u p )  popuIaîiow. mowsàoe hue (Lep= 

americums) populations, and weather Severi@- Weathet severity was represented by a 

winter severity index; however, irtd~dual parameters within the index were also 

examined, and comisted of yearly temperature indices (mean, minimum and maimum), 

snow accumulation, mow density and spring green-up value. This Rudy was conducted 

under the assumptiou that if the relative impacts ofthese human-induced and n a d  

factors on ungulates are undemood, managers will be better able to make decisioiis to 

rninimize human impacts on unguiate populations. 

Cross-correlation analysis was used to determine the reiationship between both 

elk and moose populations and each panmeter. TlÜs type o f f  ysis was essential to 

determine the lag effects of a mcular parameter on the eUc or moose popdation, ifany. 

Graptis and correlograms were used to explore the relationships. 

The elk population was significamly correlated to hunter W e s t  (r= - 0.48 12, 

h-2, ~ 2 2 ) .  the beaver population (d.6271, Hl, n=14), the snowshoe hare population 

(r=0.5628, k=O, n=10), the *ter severity index (~0.5998. ld, n=19). all temperature 

indices (r=û,48OO-û.S48 I, H, n=17), and snow accumulation (r4-6û47, k4, n=I9)- 

The moose population was significantly correlated to hunter harvest (F - 0.4628, k4, 

n=20), the beaver population (d JW8, Hl, n=14; ~0.6566, k1. ~ 1 2 ) .  the wolf 

population (r= - 0.5839. k-O, n=17), the mowshoe hare popdation (d.5967, M. ~ 1 0 )  

the minimum winter temperature index (0.4 12 1, k1. n=18). mow accumulation 

(d.482 1, k4, s 1 9 )  and snow density (- 0.4756, k-2, a=19). 

Of the factors examine4 hunter W e s t  and wïnter severity (specificalIy, winter 

temperature and snow accumulation) were suspected to be inauencing the e k  

populatioa Both of these factors may be creating delays in the populatiou response by 

the effects of m e r  mortality of calves, reduced recNitment and reduced fecundity. As 



well, although no sï@cant correlation was detected, it is possible that wolves are 

preventing the e k  population h m  Increasing dramaticalIy, and therefore potentiaily 

eliminating conditions suitable for a population imaptioo, The moose population was 

suspected to be UInuenced by htmter harvw baver populations and winter seven~ 

(specitically, winter temperature, smw acclanulation and snow density). Again, huater 

biuvest and winter severity conditions may be creating tirnedelayed pophion 

respoases. Althougb the wolfpopulation was found to be signincantiy conelated to the 

moose popui&-on, 00 Iag effect imptied that the poQuiaîions were acting independentIy 

of each other. It was presimied that there was a commoa response of the herbivores (ek 

moose, beavers and mowshoe hare) to winter severÏty due ta the signüicaat positive 

correIations found between these p i e s .  
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Chpter 1- htrdliction 

CHAPTER 1 

INTRODUCTION 

1.1 PREAMBLE 
Elk (Centlls elaphus rnanito6en.sis) and moose (Akes atces) are the dominant ungulates 

within =dhg Mow~tain National Park (RMNP), and trends in their relative abundance 

are considered to be refiective of the integn-ty of the Riding Mountah region (Canadian 

Park Sem-ce 1997). Managers in RMNP are faced w*th managing ungulate populations 

in an area increasingiy influenced by anthropogenic factors. This study is conducted 

under the assumption that if the relative impacts of these human-induced and natural 

factors on ungulates are undemood, managers will be better able to make decisions to 

minimize human impacts on ungulate populations. 

1.2 BACKGROUND 

Riding Mountain National Park* established in 1930, includes 2978 km' of wildemess 

set arnidst the agriculturaf landscape of southwestern Manitoba (Tarleton 1992a) (Figure 

1). Despite the stark contrat between the Park and the surrounding agricultural 

landscape, RMNP cannot be considered a discrete ecological unit; wildlife movement, 

human activity, air circulation and drainage patterns intrinsically link the RMNP 

ecosystem with the surrounding area (Tarleton 1992a). 

The park was a highly disturbed area at the time national park status was 

obtained- many flora and fauna were afEected by logging, livestock pzïng, wildfires, 

homesteading and hunting (Trottier et ui. 1983). Vegetatïon succession has altered Park 

habitats and caused corresponding changes in relative distribution and abundance of 

wi id1 i fe. More recently, fire suppression policies, increasing park visitation and 

increasing isolation of the park as a wildlife refiige are steering the park away corn a 

state of natural regulation (Trottier et al. 1983). 



Figure 1. Location of Ridiag Mountain National Park Withia Manitoba 
( R W  Round Table 1996) 

&NP Ungriic~tt! Population Dynamia 2 



Elk and moose are indigenous to RMNP and have been subjact to the influence of 

hurnan activity since settlement in southwestern Manitoba (Lothian 1976). These 

ungulates are an important component of the large mammal system in RMNP- they are 

powerful modifies of habitat through their foraging activities, they are potential prey for 

wolves (Canis Iuprrs) (Carbyn et al. 1979) and hunrers outside Park bomdaries, and they 

are in cornpetition with snowshoe hare (Le- amerkanus) populations for browse in 

winter (Trottier et ai.. 1983). Knowledge of the density and distribution of eUc and moose, 

and changes in these parameters through time, allow park managers to assess the 

interactions of these ungulates with other herbivores and major predators. Ungulate 

censusing has therefore been a pnonty activity in the Park management plan to provide a 

course of action for ungulate protection and management (Barlow et al. 1980, Trottier et 

ul. 1 983, Tarleton 1992)- 

Annual aerial sweys  of RMNP have provided information on ungulate 

population trends since 1963 (Figure 2). The use ofthese results are two-fol& Fim, they 

are released to the Manitoba Department of Natural Resources ( D m )  to be used in the 

setting of yeady hunting regdations around Park boundaries. Second, they have the 

potential to be a predictive tool for managing unguiate populations within the Park. 

Unfortunately, however, after 4 0 4 d  years of data collection, there is no accurate model, 

based on observed correlations, which rnay be used to predict the impacts of management 

actions or climatic events on wgulate populations (Tarleton 1 Wh). Further, factors (and 

th& interactions) responsible for the population tluctuations have not been previously 

identified These factors may include hunter success around Park boundaries, wi-nter 

severity, range condition (browse availability), beaver (Castor cun~demis) populations, 

snowshoe hare populations, and wolf populations. 

Park managers are now faced with the task of minirnizing the extent of human 

impacts and encouraging the restoration of natural controls upon a system which has 

endured human influence throughout this century. The Natural Resource Management 

Process (NRMP) is a framework which Canadian Parks SeMce has adopted for 

providing a rational approach to the management of the resources in a national park 

(Parks Canada 1982). The Park Conservation Plan is a step in the NRMP which aims to 





provide "a documented, integrated and priotitized course of action for the management of 

parks' natural resources" (Parks Cana& 1982). This step in the process "defines natual 

resource problems, proposes resource management actions and presents a documented, 

pnoritized plan to prepare andlor implement them" (Parks Canada 1982). The 1987 

f i N p  Park Conservation Plcm was recently revised and renamed nie !&NP Ecosystem 

Come~lrution Plan. 1997. The purpose ofthe RMNP Ecosystem Conservation Plan is to 

prescnie actions to be taken to protect, restore and monitor both nanual and cultural 

resources in the Park to ensure ecological integrity. Canadian Parks SeMce defines 

ecological integrity as "a condition where the structure and fiinction of an ecosystern are 

unimpaired by stresses induced by human activity and are likely to peniçt (Canadian 

Parks Service 1994). An ecosystem-based management approach is proposed which 

implies the need to manage ungulate populations in concert with the rest of the 

ecosystem, including hurnans (Canadian Parks Service 1997). 

"The ecological integrity of the resources in national parks will be protected 

through the elimination of threats and where possible, existing uses which compromise 

this integrity" (Canadian Parks Service 1990). Canadian Parks Semke must identiQ, then 

revise management policies and activities which are not biologically compati'ble with this 

goal. 

1.3 PROBLEM STATEMENT 
Canadian Parks Service is committed by its policy to maintain the ecological inte- of 

those areas within National Parks. Historic records show that elk and moose populations 

in RMNP have been subject to continued human influence since the settlement of 

southwestern Manitoba However, the relative impacts of nahirai and human-induced 

factors upon these ungulates in RMNP have not been previously descnbed or quantified- 

In order to enhance our management abilities for elk and moose and protect the Park's 

ecological integrity, it is necessary to understand what influences their population trends. 



C'haprcir I-  /n~oJii~-~~orr 

1.4 RESEARCH OBJECTIVES 

The primary objective of this study was to contribute to a management strategy for elk 

and moose populations in the RMNP regioa Specific objectives are: 

1 ) to examine factors (including hunter success, weather, and other wildlife 

populations), and their relative importance, that have Wuenced elk and moose 

populations in RMNP for the period 19634996; 

2) to develop a concepnial model to aid in the understanding of ungulate population 

dynamics in RMNP; and 

3) to provide infomation to al1 interested parties, and to recomrnend m e r  

research to be conducteci, using information gleaned by the project 

1.5 SCOPE 

ïhis study is specific to the RMNP region and caution should be exercised when 

extrapolating results of this study to any other park or wildemess due to the Park's 

unique management mategy and geographical setting. 

The study will focus only on some of the major parameten that may influence 

undate populations, and will not, for example, e'vamine the influence that the 

ungulates have on various other wildlife populations. 

A mathematical model to predict/ represent the influence that various parameten 

have on the ungulate populations wiIl be precluded due to large gaps in the available 

data 



Although the changes in cange condition. or other habitat dynamics, over the period 

of 1963-1996 would be usefd in helping to understand ungulate ppulation trends, 

these changes will not be assessed in this study- 

The influence that predators, other than wolves (e-g. black bears), and disease have 

on the ungulate populations will not be examined due to nonexistent or incomplete 

data sets- 

The eEects of illegal humau W e s t  and aboriginal harvest is not hcluded in the 

humer harveçt estimates, and therefore wili not be examined in this study. 
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CHAi?TER 2 

A R E m W  OF RELATED LITERATURE 

2.1 INTRODUCTION 

The following is a Iiteranire review dealing with ungdate population dynamics. The first 

section briefly d e s c n i  the life cycle ofeik and moose- The stages of the life cycle, and 

when they occur, may be pertinent to understanding delays that occur between a change 

in a p m e t e r  (e-g hunter success) and the response to this change in the elk or moose 

population. The second section will examine the most current theories as to why ungulate 

populations fluctuate in an attempt to isolate some of the factors that may be influencing 

the elk and mmse populations in RMNP. 

2.2 NATUILU, BUSTORY OF UNGULATES 

2.2.1 Elk 

Elk are herbivores, and have a diverse diet consisting of sedges with lesser amounts of 

grasses and shrubs (Jones et al. 1984). Trottier and Hutchison (1980) studied diets of elk 

and mmse in RMNP by tracking animals in snow to feed sites and by determi~ng the 

botanical composition of fecal material. Elk were found to be dependent on shnibs in late 

winter when snow prevented access to grasses and sedges, but otheMrise generally fed in 

meadowlands until snow limited grazïng. Elk preferred mixedwood stands when snow 

thickness in meadows and deciduous forest impeded their movement. 

Elk are a gregarious species. Bands of cows and their calves can be found 

foraging together during the s m e r  months, while the bulls form bachelor bands. 

Young bulls do not usually mk with the cow-calf bands until late sumrner. Bulls' antlers 

commence their annual growth in April (after shedding their prwious yeat's antlers in 

February, March and early April), and in mid-September bulls begin to rut (Ban field 

1 973). Bugling and harem formation begin with harems ranging Corn 1 5 to 30 cows 



(consisting of cows *th their calves) that are supervised by a mature bull. Young bulls 

hang around the edges of harems and oppoministically breed with the cows. Antler velvet 

is mbbed off in late August and early September. By early November most breeding has 

occuned and the bands join to fom large herds of a hundred or more animals, composed 

of al1 ages and sex-groups. In these herds the social order is a matrlarchy. The winter 

herds break up in spring as the cows separate to bear their caives and the bdls move off 

to form their bachelor bands (Banfield 1973). 

The gestation period is about eight and a half months, with most calves king 

born in early June (Jones et al. 1984). Twias are uncornmon, but if the range is good 

twins occur with a frequency of about 25 percent (Banfield 1973). Cows stay away from 

the herd for two to three weeks und the calves are capable oftravel. By mid-July, cows 

and calves are concentrated in bands on summer ranges (Jones et al. 19û4). By s p ~ g  of 

the following year, the matemal ties slacken and the calves leam to fend for themselves- 

As yearlings, they may continue to follow their mothers, but the cow's attention is 

directed to her new cail(8antield 1973). 

Well-nourished female elk have ken knowa to breed for the first time as 

yearlings (Buechner and Swanson 1955). However, breeding at two yean of age is 

considered the nom for elk (Cowan 1950, Greer 1966, Gross 1969, Kittams 1953, 

Madson 1966, Murie 195 1). The animals that ensure population swival are the 

experienced breeders- cows that are 4-12 years old (their pregnancy rate is stable at 94 2 

4 percent) (Rook 1970). 

The chief natural predators of elk, aside from man, are the mountain lion, the 

wolf, the grizzly bear, and occasionally the lynx and coyote. The golden eagle, bobcat, 

black bear, and wolverine sometimes kill unprotected young calves (Banfield 1973). 

From this list, only wolves, lynx, coyotes and black bean exist in W. 

2.2.2 hI00se 

Moose are prima-rily browsers that feed on stems, bark and leaves of many coniferous and 

deciduous trees as well as shnibs (Jones et al. 1984). Trottier et ai. ( 1980) fomd that 

moase ate rnainly shnibs during winter in R W ,  with beaked hazelnut king the 



prefened species. Moose preferred deciduous forest and shrublands in the winter, and 

were not rfftricted by the thick snow cover which affected elk Grasses, sedges and 

aquatic plants are also eaten, especially during summer (Jones et ai. 1984). These 

animals prefer eariy successionai vegetation and therefore commoniy are found in areas 

that have k e n  recently cut over, burned, or otherwïse manipulated Diet d e s  in 

RMNP (Trottier et al. 1980) indicated a ptential for cornpetition betxveen elk and moose 

only if populations exceed the canying capacity of shrub-dominateci ranges and winter 

snow conditions are severe- 

Moose appear to be the least sociable of the ungulates, and are basically solitary 

anirnals (Banfield 1973). Bulls' antler growth commences in Apnl aAer having dropped 

their previous year's antlers in December to late Februuy. The breeding season is from 

mid-September to late November. Rumag buils are restless during this season and spend 

much of their time trotting through the fore- searching for cows and challenging other 

bulls. The bdl is polygamous, but remsins with one cow until she reaches her oestrous 

period before abandoning her to find another pre-oestrous cow. The bdls carry large 

velvety antlers until late August or early September, when they begin to mb them clean 

on shmbs. 

The gestation period for moose is approximately eight months, and most calving 

takes place in late May or early June (Jones et aL 1984). Usually twins are bom on 

adequate range, but births Vary fkom singles to triplets (Banfield 1973). The cow usually 

seeks secluded shrubby lake borden or islands to serve as a nursery where she guards the 

new-bom caif for several weeks. The calves remain with their mothers for the first year 

of their lives but the cows drive them off as the time approaches for the birth of the new 

calves (Banfield 1973). 

Peterson (1955) found that a few female moose are successfully bred at the age of 

sixteen months, and produce offspring on their second birtbday. More recently, however, 

Saether and Andersen (1996) studied life history variation in the moose by examiniag 

moose at four different latitudes. The authon found that the age of matunty is delayed in 

the northem population- only 50% ( ~ 1 6 )  of the calves matured at 2.5 years of age, and 

the other half matured at older ages. Similarty, Skmcke ( 1949) reported that often cows 
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do not become pregnant until they are four years old in Scandinavia, and Jones et al. 

( 1984) suggested that most reproduction in moose is by animals that are Rom Four to 12 

yean old Moose have been known to live twenty years (Banfield 1973). 

Bean, wolves and man prey on the moose (Jones et aL 1984). Wolves take their 

toll on the aged, weak and younger animds, and predation is enhanced by severe weather 

conditions. Bears have been shown to target moose calves in the spriDg (Jones et al. 

1984). 

2.3 POPULATION DYNAMICS OF UNGULATES 

2 Introduction 

A 'population' can be descnbed as a group oforganïsms of one species that is separated in 

some degree fiom other groups of the same species, by geographical or topographical 

barrien, or by some arbitmy boundary chosen by the investigator (Solomon 1976). The 

term 'population dynamicsl, then, is applied to "the study of changes in the numben of 

orgarüsms in populations and of the factors influencing these changes; also it includes the 

midy of the rates of loss and replacement of individuals, and of any regdatory processes 

tending to keep the numben steady, or at least prevent excessive changen (Solomon 

1976)- 

Huctuation and Rquiotrbn of Popd~ôns  

The study of animal populations embraces two fiuidamental questions: what creates year- 

to-year variations in animal numben (population limitation), and what, in the long term, 

imposes an upper ceiling to population growth (population regdation)? 

Populations may fluctuate irregularly in response to changes in weather or under 

the influence of other environmental facton. A limiting factor' (Messier 1 99 1 ) is any 

process that quantifiably affects population growth. Limiting factors "are responsible for 

inducing year-to-year changes in the rate of population growth an4 by extension, in 

animal abundance" (Watson and Moss 1970). 



However, although populations change in abundance fiom generation to 

generation, they tend to preserve a characteristic level of abundance as long as the habitat 

retains itsessential features, a feature centrai to the idea of 'regdation'. Regdating 

factors' are "any density-dependent processes that ultimately keep populations within 

nomal density ranges" (Fowler 1987). Regulating factors are, then, a subset of limiting 

factors, chanicterized by negative-feedback mechanisms that depress population growth 

as animai abundance increases. 

This characteristic level of abundance is, in many cases, due to the observed fact 

that, as abundance increases there is a progressive building up of resistance. For example, 

at high densities of moose there rnay be a shortage of food, or the animals rnay 

continually di& each other, or wolves rnay exploit the large ambers better than they 

did the mal1 numbea. Finally, the moose numbea are forced dom again. 

If the increase of a population is to be limited in this way, there must be at lem 

one adverse influence/ factor that cornes into play more strongiy when the numben rise, 

and ultimately stops further increase. These factors are called 'density-dependent' and can 

operate at different times and places, or at different levels of abundance, or d l  togethet, 

to contribute to the regdation of populations It is necessary to have a long series of 

observations so that the regdatory trends rnay appear through the non-regdatory 

fluctuations. 

Factors that affect a population in a way which is unrelated to its density are 

called 'density-independent'. For example, the number of elk in RMNP killed in a season 

by severe weather is density-independent- it is probable that the percentage affectai will 

not depend upon whether these eik are sparse or abundant However, even if the weather 

itself is not a fiinction of population density, the animais rnay have been abundant enough 

to eat d o m  the vegetation which would have otheWse provided food in their time of 

need. So, in effect the proportion that is killed by severe weather rnay be influenced by 

the abundance of the animals. This does not necessarily mean that the effect of weather is 

density-dependent- an inadquate supply ofanything that is needed by the animals has 

density-dependent consequences (by process of cornpetition for resources). A fair 
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statement would be that weather, availability of food and the number of elk jointly 

produce a density-dependent process. 

The effectiveness of ecoio@cai controis on ungulate populations, even in the 

largest wildlife resewes, is still debated Ungulate populations may be regulated without 

human interference through food limitation (Caughley 1976, Bobek 1977, Sinclair 1977, 

Bayliss 1985, Sinclair et aL 1985, Skogland 1985, 1990, FcyxeU 1987, Dublin et ai. 

1 WO), predation (Bergenid et al- 1983, Messier and Crete 1985, Van Balleoburghe 1987, 

Bergerud and Snider 1988, Larsen et a(. 1989, BaUard et al. 199 1), weather (Picton 1979, 

1984, Mech et al- 1987, M e d l  and Boyce 1991) and disease (Sinclair et ai. 1985). In the 

following sections, 1 summarke the literature in an attempt to assess the roles that food 

limitation, predation, and weatber play in limiàng/regulating unguiate populations. 

23.2 Food Limitation as a LimitinglRegrilating Factor 

While many studies have show that populations of ungdates exhiiit density-dependent 

changes, only a few studies have acnially docmented that food resources are limiting or 

have measured their regdatory effects on unguiate populations. Lack (1954) was among 

the pioneers of the theory that range condition is the deteminant of ungulate population 

statu. He postulated the food-limiting hypothesis, which is summarized for North 

Amencan deer as follows: 

'*The numben of North Amencan deer are limited by food shortage, which causes 

a nse in the death rate, especially amoug the yowig and senile, and a fdl in 

tècundity. The reduction is density-dependeut, though precipitated by heavy 

snowfalls. Disease seems secondary. The effect of predators (scarce because 

destroyed) is uncertain." 

Lack tried to include both density-dependent and density-independent factors in a general 

hypothesis by suggesting that in a seasonal envirooment the fecundity rate will be 

detennined in a density-independent way by the amount of resources available for 

breeoing in the favorable part of the yeac Regdation of population size would then occur 



through density-dependent mortdity through resource limitation during the non-breeding 

season (lack 1966). 

Similarly, many authors have argued that forage quality represents a key element 

of ungdate population dynaaiics (Peek 1974, Oldmeyer et al. 1977, Petenon 1977, 

Franzmann and Schwartz 1995). For example, Petenon (1977) fowid that food supply 

played a major role in moose popdation dyiiamics on Isle Royale, supported by ïnmeased 

signs of malnutrition and reduced calf production in early 1970s when moose numbers 

were at hi& levels. These findings were confinned by Messier (1 99 1) who found that 

forage cornpetition iafluenced population growth and had a further regdatory effect on 

moose numbers. 

Population Irtuptium 

A major food limitation theory has sptung from observations of population imiptions. 

Caughley ( 1970, 1976, 1979) snidied imptive behavior in several ungulate species and 

concluded that the irruption was the typical pattern of population growth for large 

herbivores. Peek (1980) defined 'imption' as " an abrupt increase* initial stabilization, 

and decline of the population, peaiüng well above the normal fluctuations and related to 

an abrupt decrease in limiting factors". Predators may delay or promote the population 

fluctuations, but are unnecesq (since it is the rapid increase of forage supplies that is 

thought to initiate the imptive sequence)(Caughley 1970). 

There is a major problem with Caughley's hypothesis- al1 documented irruptions 

recorded in North America have also been preceded by human interference with the 

ecosystem in some manner (Peek 1980). As well, it has been found that Caughley's 

assumptions usually hold for ungulates where there is littie or no predation (Blood 1974, 

Staines 1978, McCullough 1979). 

For these reasons, RMNP rnay be a prime target for a population irruption. In facf 

a population irruption has already occurred in the Park. Investigations into the population 

irruption of elk that occurred in RMNP in the fa11 of 1946, and the subsequent decrease 

in the population afier the winter of 1946147 were undertaken by Banfield (1949). The 

winter was characterized by exceptionally deep snow and low temperatures in the early 



winter, and thaws followed by cold maps creating thick cnists on the snow in the late 

winter, It was found that the severe winter conditions of 1946/47 caused an estimated 

drop from 77.1 to 58.7 elk per square mile on the coocentrated elk ranges, which are an 

estirnated 180 square miles. This meant an estimated mortality of 20 per cent due to 

winter kill. It was suggested that the severe winter conditions aBkcted the calf crop by 

losses of pcegnant cows (several obsemed), stti births (one was found) and by reg 

absorption of embryos. As well, 63.6 per cent of the 1946 calves which suMved until 

January perished before May, 1947; of the ten newbom calves examine& eight were 

fernales, suggesting a possible high p r e n d  mortality amoag the males. An anaiysis of 

the 59 carcasses examined showed that the youngest and senile classes suffered the 

greatest losses There were widespread infestations of extemal and intemal parasites 

which could have k e n  an important secondary lethal factor. 

According to the literature, there are two very different views about the causes of 

irruptions arnong uagulates. The traditional idea is that decimation of large predator 

populations reduces regdative mortality and thereby initiates a phase of unimpeded 

growth (leopold 1943). Riney (1964) suggested that irruptions are triggeced by a major 

discrepancy between existing population levels and environmental carrying capacity 

( fmd and cover), 

DynnnUrs in a PIedator-jkee Endmnlltent 

Recently, the results from severai long-tenn individual-based population stuclies of 

ungulates have k e n  synthesized (Saether 1997), allowing the addressal of an important 

question in population ecology- can a stable equilibrium between a herbivore and its food 

resources exist in the absence ofpredation? One major conclusion is that the population 

dynamics of ungulates in predator-fiee environments is strongly infiuenced by a 

combination of stochastic variation in the environment, and population density (Saether 

1997). The following sections outline evidence that supports Lack's hypothesis, that 

densityaependent and density-independent factors act in concert to regulate a 

population 



Futor-s i@uenciing Mortuliiry in (Inguhf es 

A necessary condition for population regdation is that there exists a 'retum tendency' 

(Le. a tendency for the population to recover after a mal1 perturbation away Born 

equilibrïum) in the population through density dependence (Turchin 1995). In long-lived 

species. such as ungulates. with a bigh degree of age dependence in both fecundity and 

mortality, it is dificuit to show signifiant densitydepeadent effects by statistical 

analyses of such the series. Tbis is becaw such age-specific events are likely to 

generate delays in the de-dependent response of the population and thereby funher 

increase the length of the study period necessary for detecthg densitydependence 

(Petenon et al. 1984% Fryxell et al. 199 1). 

According to Lack's hypothesis, in temperate ungulates we expect the bighest 

losses to occur during wïnter because of density-dependent resource limitation, [n red 

deer ( C e m  eIaphzi.s elapincs), the major density-dependent mortality losses occur 

arnong calves during their first winter (Houston 1982, Clutton-Brock and Albon 1982, 

Clutton-Brock et al. 1987). No densitydependence occumd in the mortality of aduits 

(Saether 1997). 

As well, a stroag interaction was found between the effects of population density 

and abiotic factors on recrWtment rate (number of calves per fernale). The recruitrnent 

rate was influenced by a combination of population density and winter severity in white- 

tailed deer (McCullough 1979). elk (Boyce 1989) and momtain goats (Oremnos 

umericanus)(Swenson 1985). Similady, in mule deer (Odocoiieus hemiontls)(Picton 

1984), white-tailed deer (McRoberts et al. 1995). red deer (Clution-Brock and Albon 

1982) and mmse (McRoberts et aL 1995). the calffemale ratio was highly conelated 

with variation in winter severity. 

In a cornparison of the mortality rate of wild reindeer populations living in almost 

predator-free environments with different resource availability during the non-breediag 

period. it was found that there was a relationship between calf swival rate and 

population density. This relationship was related to the amount of available forage during 

late winter (Skogland 1985). However, in a similar cornparison among different 

Norwegian moose populations, no relationship was found ktween winter food supply 



and calf mortality (Saether et al. 1996). In fact. most losses occurred during the summer 

season as neonatal mortality. 

Finally, it is noticeable that in some temperate species, predation is not necessary 

for large neonatai losses in wigulates, and population regulation or limitation by juvenile 

losses may occur even during the favorable part of the season despite an absence of large 

predatoa (Clutton-Brock et a/. 1985, Clutton-Brock et al- 1992, Saether et al. 1996). 

Fuctors Injluencïng Fenmdty m UnguIuues 

Population density was iound to influence the fecundity rate in red deer and Soay sheep 

(Ovis sppJ(C1uttoa-Brock et al. 1987, Jorgenson et al. 1993, Clutton-Bmck et ai. 1997). 

In both these species, the age at maturity increased with increasing population density. 

Climatic conditions also exert a strong infiuence on the fecundity rate in red deer 

as te l l  as in other temperate ungulates (Milner-Gulland 1994, Langvatn et aL 1996, 

Saether et ai- 1 996)- in particulai, the climatic conditions during winter or spring are of 

panicular importance for age at mahdy. For example, female moose matureci 

significantly earlier afier two winters with alrnost no snow cover in southem Norway 

(Saether et d 1996). 

In several temperate ungulates, it has k e n  shown that changes in body weight 

affect the fecundity rate through size-dependent onset of reproduction (Gaillard et al. 

1992, Festa-Bianchet et al. 1994, Langvatn et UL 1996). For example, Gaillard er ai. 

( 1992) found that body weigbt ofyoung me deer o h  decreases with population size, in 

particular at very high densities, possibly leading to a delay in the age of matunty at hi@ 

densities. Long-term studies of annual variation in body weight have indicated that these 

variations are related to stoçhasbc variation in the summer and the winter climate 

(Solberg and Saether 1994), probably through an influence on the quality or quantity of 

the food (Saether and Heim 1993, Langvatn et al. 1996). For example, body weight of 

moose calves, and thereby their age of maturity, is related to the biomass of favorable 

summer food on the rnother's home range (Saether and Heim 1993). 
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Rrsuits j h n  Key-Factor Amiyses 

Key-factor andysis is a conunonly w d  technique for exarnining quantitatively the effect 

of changes in different demographic vanables, at different stages of the season, on 

population fluctuations (Sinclair 1989). This method assumes that differences in 

population size c m  be interpreted as changes in mortaiity in diffemt stages of the 

season. Although key-factor anaiysis is based on several assumptions that are not truly 

fulfilled in any ungulate population (Royama 1996), key-facor analyses have been 

conducted in four different ungulate populations: red deer on Rhum (UK) (Clutton-Brock 

et al. 1985), elk in Yellowstone National Park (Houston 1982), Soay sheep on St. Knda 

(UK) (Clutton-Brock et al. 1991) and the Afiican buRa10 in the Serengeti (Taivani-a) 

(Sinclair 1977). In two of the studies (Say sheep and red deer) winter losses were the 

key factor, wwhereas neonatai calf loss and jweoile mortality were the key factors in the 

elk and wildebeest populations, respectively. Cn all four cases, the populations were 

regulated mady through densitydependent mortality in the non-breeding season- 

Popfation Cycies of V i i u t e s  

Population Eiuctuations in large mammals has traditionally been attributed to variation in 

extnnsic factors, such as food, predation, pathogew or parasites (Caughley and Krebs 

1983). However, very littie empirical evidence exists to suggest that variation in one or a 

combination of e.~rïnsic factors cm generate cyclic variation in the population sizes of 

large ungulates (Saether 1997). Both long delays and over-compensation in the density- 

dependent feedback peterson et aL 1984, Greofell et ai. 1992) or stochastic variation in 

climate (Caughley and Guna L993) can easily generate large fluctuations in population 

size of large ungulates, often of an apparently cyclic nature. Thus, an irruption-like 

pattern of variation in population size with the lack of a stable resource-dependent 

equilibrim seems to be characteristic for population fluctuations of many large 

ungulates in the absence of predatoa (Messier 1994, Saether et ai. 1996). 



C~unclu~im.~ 

The results of the study by Saether (1997) suggest that a stable equilibrium between 

ungulates and their resource supply as expected fkom Lack's food limitation hypothesis is 

unlikely without predation This is due to the fact that, in the absence of predation, the 

regdatory me~ha~sms in population dynasnics of large ungulates will operate very 

slowiy, giving long ietwn tïmes in the population dynamics. As a resuit, large 

fluctuations in the population sue, possibly ovenhooting the carrying capacity, will 

occur- 

233 Preâation as a LimitinglRegulating Factor 

The effect of predation on population dynaaücs of unglates continues to be a topic of 

considerable debate (Boutin 1992). Redation has been descrÏ'bed as exerting a significant 

element of control (Keith 1974), the limiting factor (Bergerud et aL 1983, Bergerud and 

Snider 1988, Larsen et ai- 1989) and the reguiating factor in North American unguiate 

populations (Messier and Crete 1985, Van Ballenburghe 1987, Ballard a ai. 199 1 ). 

Predation on elk has received far less attention than that on moose or white-tailed deer, 

probably because the sympamc distribution of elk and wolves has been restricted 

(Carbyn 1983). Furthermore, the numerous studies that have been conducted on wolE 

moose interactions have taken place in areas where elk and moose do not coexia Since 

RMNP contains both mwse and elk populations, caution must be exercised in 

e.utrapolating the results of these studies to the predator-prey relationships of the Park 

Little information exists on the influence of aitemate prey on moose-wolf 

interactions (Messier 1994)- Theoretically, one can postdate two outcornes with opposite 

effects. F i a  an increase in altemate prey could decrease predation on the primary prey 

by dilution of the functional response (how the number of prey consumed per preàator 

varies with prey density), particularly if the altemate prey is preferred by the predator 

(Real 1979). For example, the presence of elk in RMNP, with a higher degree of 

vulnenbility than moose, may dilute wolf predaîion and allow for a greater abundance of 

moose than otherwise expected (Messier 1994). Studies by Pimlott et al. (1969). Carbyn 

( 1 983) and Potvin ( 1988) support this interpretation. Second, the presence of an altemate 



prey may increase predation by promoting a favorable numerical response (changes in 

predator numbers with prey density). Gates and Larter ( 1990) have proposed that the 

recent eruption of wood bison (Biron biron athabascae) in the Mackenzie Bison 

Sanctuary, Northwest Temtones, may exaggerate predation on moose, rather than 

diverring it Here, the increase in bisoa appears to favor higher wolf abundance, although 

wolves probably exploit mwse preferentiaily. An aaaiogous situation has been descnid 

by Bergenid and Elliot (1986), Edmoads (1988) and Seip (1992) with regard to the 

deciine of woodland cari'bou (Rangifet twcntdw) with expanding moose populations 

within the range distniiution of woodlmd caribou 

2.4.4 Weather as a Limiting/Regulating Factor 

T4npetature 

Low temperature and wind chi11 increase energy expenditwe by ungulates (Trottier and 

Hutchison 1982). Deer experience significmt body heat loss during extreme cold and 

strong winds (Verne 1968, Ozoga and Gyzel 1972, M m  1976). Ungulates mitigate such 

Iosses through morphological, physiological, and behavioral adaptations. They are 

insulated by hair and spend less t h e  seychuig for food (Short et (11. 1969, Thompson et 

ui. 1973, Moen 1978). Energy conservation is also assisted by lowered basal metabolic 

rates (Silver et al. 1969, Seal et d 1972, Wallmo et al. 1977). Therefore, animals search 

for vegetation that provides protective cover in winter, usually of coniferous species that 

reflect radiation back to the emitting body, offering protection fiom winds, and 

minimizing extremes in ambient temperature (Ozoga 1968, Moen 1968, Lyon 1980). 

Prolonged periods of cold weather or high wind chi11 will affect physical condition and 

subsequent reproductive potential of the animal or population (Ransom 1967, Moen 

1978)- 

Cold weather has an indirect effect on animal condition because it forces animals 

to seek cover in areas where little forage is available. Therefore, food intake is often 

reduced because food is scarce and becaw tess tirne is spent feeding (Ozoga and Verme 

1970). Prolouged 'yarding' in areas with good cover leads to range ove= in those areas 

and subsequent food shortage if severe conditions penist. 
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Snow Conditionr 

Snow thickness, hardness and density are important in the analysis of ungulate 

relationships to snow (Trottier and Hutchison 1982). in fact, Coady ( t974) stated that 

depth, density and hardness of snow were probably the characteristics rnost important to 

moose. For elk, mwse and white-tailed deer, mow places restrictions on movements 

(Telfer and Kelsall 1971) and forage quaiity and availability (Mautz 1978, Verme and 

Ozoga 198 1). Nasimovich (1955) observed that European red deer ( C e r n  elaphus 

elaphus) in Rwia dig for f i  nom under the snow oaly while snow density is low and 

thickness does aot exceed 30 to 40 cm. Coblentz (1970) found that white-tailed deer 

shifted From eating p s e s  and forbs to a bcowse diet afier about 17 cm of w w  

accumulated on the gound Moose were found to seldom paw through snow to feed but 

will oflen move fiesh, Iowdensity snow with their snouts to uncover f i  (Nasimovich 

1 955)- 

Telfer and Kelsall(1971) found that snow thickness exceeding two-thirds the 

chest height of ungulates impedes locomotion. Foot-load-on-track (FLOT) in tum 

determines the ability of animais to cope with varying density and hardness of snow 

(Nasimovich 1955, PNitt 1959, Skoglaiid 1978, Telfer and Kelsall 1979). Moose are 

morphologically well adapted to cope with deep snow typical of boreal forests (Messier 

1991). Kelsall and Prescott (1971) observed that mwse sunk to 88% of the snow 

thickness but can tolerate sinking 40 cm. Coady (1974) reported that mow depths less 

than 70 cm c a w  little himirance to the movements ofrnoose. Elk are not as well adapted 

to snow because of their higher KOT (Telfer and Kelsall 1979) and avoid areas of deep 

snow whenever possible (Telfer 1978, Lyon 1980). Subadults of all species are at a 

disadvantage in thick snow because they have lower chest heights than adults (Telfer and 

Kelsall 1979). More important are the aegative effects of year-to-year winter snow on the 

vulnerability of calves to wolf predation (Messier 199 1 ). 

Mech et al. (1987) analyzed long tenn data on the demography of moose on Isle 

Royale and white-tailed deer in northeastem Minnesota with the objective to identiS 

primary predictors of population productivity and changes in abundance. They proposed 

that winter conditions represent the primary deteminant of population changes in moose 



and deer. Funher, mow accumulation during consecutive winters has a cumulative 

influence on the nutritional status of females and therefore on female reproductive 

success. Finally, they asserted that "although wolfpredation is the main direct monaiity 

agent of fawns and caives, wolfdensity itself appears to be secondary to winter weather 

in influencing the deer and moose populations" (Mech et al. 1987, p. 6 15). 

Spring Green* Value 

The timing of spring green-up and the subsequent length of the growing season affect the 

condition of ungulates and uitimately, their reproductive potential. Mautz (1978) found 

that winter NMval of deer depends, to a large extent, on fat reserves built up during the 

summer when growing plants are available. This fat serves as insulation agahst heat loss 

and is catabolized during winter to compensate for lower f d  intake and poorer forage 

quality. Stewart et al. (1977) concluded that the energy budget of moose in northem 

Saskatchewan was highly dependent on mua l  variations in quality of available browse 

which in general was correlated with die timing of plant phenological events such as 

spnng leaf flush and autumn leaf abscission The significance, then, of a one month range 

in leaf flush (fiom early May to early Iune in RMNP) may be considered to bave a large 

effect on the reproductive potential of these and other c€!M*~s. 



CHAPTER 3 

POPLLATION DYNAMICS IN RLDiNG MOUNTAIN 
NATIONAL PARK 

3.1 INTRODUCTION 

The following is a review of Park records relating to ungulate population dynamics. The 

chapter provides a description of RMNP and a brief history of mgulate population 

dynamics within the Park. The bulk of the chapter outlines several factors that may be 

contributing to the elk and moose population fluctuations, and specdates as to how these 

factors may be influencùy elk and moose. 

3.2 STUDYAREA 

3.2.1 History 

Prior to settlement, the forests, prairies and lakes of Riding Moutain were favorite 

hunting grounds for aboriginal peoples, ïncluding the Woodland Cree, who lived in the 

highlands; and the Assiniboine, a t r i i  that lived off bison herds on the surrounding 

prairie (Dunbar 199 1). In 174 1, Pierre de la Verendrye, an explorer of the area, 

established a post at Dauphin Lake at the request of the Cree. By 1800, trading posts 

ringed the moutain which yielded a rich harvest of furs. The easiest way to ascend the 

highland was by horseback, hence the mountain's name (Dunbar 1991). 

By the 1850s, many species such as bison (Bi' bison), wolvenne (Gulo &O), 

river otter (Lutna cmdensis), martin (Martes urnericana) and fisher (Martes pennanti) 

had disappeared fiom the area; beaver hovered on the brink of extirpation (Dunbar 199 1). 

After the Canadian Pacific Railway reached the area in 188 1, homesteaden began 

farming the areas surrounding the plateau The upland was withdrawn fiom settlement at 

the end of the 1st century. It was designated a Forest Reserve in 1906 and a National 

Park in 1930 (Dunbar 1991). 



3.2.2 Description 

Riding Mountain National Park is located 225 km nordiwest of Winnipeg and 

approximately 100 lan north of Brandon in western Manitoba. The Park consists of 

forestecl, low hilis and catchment basins and is compietely surrowded by farmland 

The Manitoh Escarprnent is cleariy visible along the eastem edge of Riding Mountain, 

rising abruptly 427 m above the surrounding plain. Most of the Park, however, is siniated 

above the escarpment of the Second hirie Steppe of the Great Plains (Ehrlich et al. 

1 956). Elevations average 6 10 m, and range from 3 19 m to 756 m on the escapment 

The beârock is Cretaceous in origin and consists of silt deposits laid down in 

ancient seas (Trottier et al. 1983). The Park c m  attnbute its present laadfonn 

contiguration to subsequent uplift followed by glaciations and deglaciations. The Park 

landfom consists of deep gorges with eroding shales and glacial over-burden on the 

escarpment which contrast with rolling boulder till, knob and kettle stagnation moraine, 

and lacustrine plains dissected by glacio-fiwio outwash channels over the majority of the 

Park. 

3.2.3 Vegetation Composition 

The Park contains three vegetation zones- the Boreal Forest, the Eastern Hardwood 

Forest, and the Prairie Grasslands. 

The Boreal Forest supports a mixedwood forest with varyhg proportions of aspen 

(Popuhs tremuioides), balsam poplar (P. balsamijiëra), paper birc h (Betuiu pupyrfma), 

white s p c e  (Picea glauca), balsam tir (Ab tes balsamea) and Jack piw ( P m  

banhiana). Aspen and mixed aspen- white spruce forem occupy approximately 70% of 

the Park area (Rounds 1977). Poorly draineci sites may be sedge fens (Carer spp.), biack 

spnice (Picea muriana) bogs, or tamarack-sphagnwn (Lari.. luricina- Sphagmnn spp.) 

bogs. Riparian areas along the escarpment (and sporadic areas throughout the Park) 

consist of stands of white e h  (Unius americana), green ash (Frurimrs pennqdvmica), 

bur oak (Quercus macrocmpa) and Manitoba maple (Acer nugundo). Bur oak can also be 

found in pure stands on coarse alluvium. 



Gmslands, shniblands, and several coniferous formations account for about 20 % 

of the remaining vegetation. Approximateiy 2.5% of the Park consists of gassland 

(Bailey 1968); 0.7% of thk is rough fescue (Festuca scabrela) native grassland; and the 

remainder is upland meadows of wheat grass- blue grass (Agropyron trachycmim- Pm 

prutemis) wwhich resulted from cleariog of forest cover by fires, and lowland meadows of 

pure sedge (Cmex spp.) d o r  slough grasses (Glyceriu sp., Culcnt14grostosiis spp) 

Approximately 2% of the Park consists of upland s h b  meadows, dominated by 

hazel (CotyIus cornufa), with lesser amounts of willow ( W L ~  spp.), saskatoon 

(Amelanchier alnifiia), choke cherry (Prtonrs virginiona) and aspen; and lowland shrub 

meadows consisting primady of wiliows and speckied alder (Alnus rugosu). 

A fine-grained interspersion ofponds, marshes and lakes, and small stands of 

vegetation differing in species composition and structure (with much edge between 

types), is created by the Park's irregular surtace features. Dimptive factors such as fire 

and logging, livestock grazing and haying have had a variable effèct on the structure and 

succession of stands (Bailey 1968). As a result, there are few extensive stands of climax 

vegetation; instead, there is a rather high habitat diversity in any given area for use by 

wildlife. 

Areas bumed by wildfires occupy 10Y0 of the land and are in various stages of 

succession (Rounds 1977). In approximately 1 890, a drought pend coincident with 

senlement of the region by Europeans was the setting for two large wildfires which swept 

across the Riding Mountain (Dickson 1909). In 1909, only 23% of the area was descnkd 

as 'timbered' (Le. trees over 20 cm DBH); of this 23%,52% was poplar, 20% was white 

spruce, and the remainder was grassland, shmbland and young stands of poplar forest. in 

1930, serious attempts to conserve the timber virtuaily eliminated fire as a modifier of 

vegetation types in the area (Bailey 1968). The Gunn Lake bum in 1% 1 and the Rolling 

River bum in 1980 were two major exceptions to the 'stamp-it-out' policy. As a result, 

about 54% of the forests are mature poplar stands (Bailey 1966, cited in Trottier et al- 

1983) onginating in the 1890's. Even today, many of these stands are still in a secondary 

successional stage where conifea are scarce. 



More recently, the vegetation of the area is a compler of sera1 stages with high 

productive capacity capable of suppom-ng dense herbivore populations (Trottier et al. 

1983). ïh ïs  variety of serai stages is a result of many anthropogenic influences. For 

example, selective logging has altered mean stand ages and opened the canopy, thereby 

promotiag patches of shmb growth (Bailey 1968)- Similarly, grazing and hayuig changed 

species composition of the native grasslaads (Blood 1966), while imptive populations of 

elk and beaver have had an impact on shnib species and forest regeneration (Baafield 

1949)- 

3.2.4 Climate 

The climate of Ridïng Mountain is continental and typical of the Canadian prairies, with 

shoa warm summers (mean daily temperature for July = 20°C) and long cold winters 

(mean daily temperature for January = -19S°C). The growing season is short (mean = 65 

days, range = 43-106), and mow cover persïsts for about five months (mean = 152 

daysXKeck 1975). Elevation has a moderate control over temperature and precipitation 

with the highest regions of the escarpment receiving significantly greater amounts of 

snow and recording lower temperatures. Total precipitation is about 50 cm per year. 

3.3 EUSTORIC DESCRiPTION OF ELK AND MOOSE IN RMNP 
Elk and moose were plentifid in Manitoba prior to settlement by Europeans (Bird 1961), 

and the creation of the Riding Mountain Forest Resewe was the first step in protecting 

the area and its indigenous wildlife for funire generations of Manitobans. It was officially 

set aside by Departmental Order on 13 July 1895 to conserve the timber resources 

(Report of the Superintendent of Forestry, Canada Department of the Interior 1909). In 

1900, however, a 13 x 39 km game reserve was established, and the rest of the forest 

reserve was open to hunting, regulated by the provincial govemment. 



33.1 Fluctuations in Ungulate Popdations Uatit 1950 

Elk 

With intensified sealement, elk herds were reduced by both slaughter and loss of habitat, 

especially along the southem bounQry of the reserve. By 1900. only a 'few hundred' elk 

remained (Green 193). These malt numbers were probably a result of the opening of 

the reserve to sport hunting and periodic severe winters. Until 1909, there were about 50 

settled fadies in the reserve, and they likely used mgdates as a food source. in 

addition, duruig the open hunting season an estimated 500-600 hunters created m e r  

pressure on unguiate herds. 

In 1914, an estimated 500 elk remained and a closed season was recommended by 

forestry officiais (Green 1933). Photographs exist that depict railway flat cars loaded with 

elk and moose carcasses fiom the Riding Mountah a--ting shipment from Dauphin to 

Winnipeg (Carbyn 1980). As a result, the whole forest reserve was closed to hunting by 

Legislative decree in 19 17. After seved years of protection from hunting the elk herd 

was estimated to contain 2500 animals in 1925 (Green 1933)- 

Afier national park status was obtained, population estimates for elk indicated 

quick recovery (3500 in 1933,5000-7000 in 1941 and 17000 in 1946) to a situation of 

over-population by 1946 (Banfield 1949). Although early records are too incomplete to 

reveal year-to-year fluctuations in the population, Banfield (1949) States that the increase 

was not steady, citing a severe winter kill in 1935-36 as evidence. 

The elk population eventualiy peaked at approxirnately 16800 in fa11 1946. Harsh 

winter conditions in 1946-47, and habitat deterioration caused by several successive 

yeaa of over-browsing resulted in a dramatic decline in e k  aumbers during the late 

1940's (Rounds 1977). 

krmse 

The moose population of- was not as closely monitored (Rounds 1977), and early 

accounts make infiequent mention of this species (Greea 1933). The fim estimate of 

moose numbers was made in 1950, when the first aerial srwey of the area was 

conducted. In 1950, there were an estimated 250 mmse (Rounds 1977). 



33.2 Fluctuations in the Ungulate Popuiations from 1950-1%3 

Elk 

The elk population stabilized at about 4500 animals between 1950 and 1952 (Figure 3). 

A harvest of 938 ek in winter 195 1-52 accounted for a major part of the stabilization and 

an additional kill of 1766 ani-mals in 1952-53 likely caused a population decline to 2200 

(Rounds 1977). 

In 1955, there were an estimated 1 137 eUc in the Park However, this survey can 

be deemed invalid since the survey report states that groimd conditions were poor for 

sighting aaimals. A count conducted under good conditions in 1956 resulted in an 

estimate of 5200 elk, which M e r  invalidates the previous estimate. The population 

subsequently declined to 2500 in 1957, showed a slight increase in 1958, and expanded 

rapidly in 1959 and 1960, to a population of approximately 4800 in 1960 (Rounds 1977). 

Following this, apparent range deterioration and extensive depredation on private 

lands surroundhg the Park resulted in a re-opening of hunting around the Park and a 

planned reduction of the number ofanimals within the Park In total, more than 2500 eUc 

were harvested in 1960. The next survey that was conducted was in 1963, when the 

population was estimated at about 2000 elk (Rounds 1977). 

Moose 

Moose numben were relatively low during early survey yean but a noticeable increase 

occurred during the mi& to late 1950's (Figure 3). The population remained near 1000 

animals nom 195% 1963 (Rounds 1977). 

3.4 UNGULATE POPULATION MONITORING 

Population estimates of eUr and mwse in RMNP since 1950 are based on aerial surveys 

using a fixed-wing aircrafi on uorth-south transats (a sûip census sampling method). 

Survey techniques, howevet, have van-ed considerabiy over the years. nie nurnber of 

transects flown ranged from 16 to 68, flying height fkom 30 to 125 m, and strip width 

from 0.4 to 0.8 km. Resulting coverage varied from 6.2 to 25% of the Park These 
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Figure 3. RMNP E k  and Moose Population Estimates 19504963 
(Rom& 1977) 



variations in survey techniques probably result in significant differences in accuracy of 

population estimation (Rounds 1977). Since 1963, however, the swey  technique has 

remained the same, and thus an analysis of these data can be made to reveai valid trends 

(the yean 1974 and 1975 are an exception whereby a different methodology was used). 

3.4.1 Purpose 

The purpose ofthe RMNP monitoring program for elk and moose is to provide trend 

information which can be employed to S o m  and direct management strategies. Trend 

data are provided to the Manitoba Department of Natud Resources (DNR) and are used 

by them in the annual assignent of hunting seasons in Garne Hunting Areas (GHAs) 33 

and 13A with a year's delay. The data are also w d  intemally as indicators of 

effectiveness of the resource management and protection strategies undertaken within 

RMNP. The data are intended to be used primady as indices of real population trends. 

These date are some of the most consistent data about a specific North American eUc or 

moose population (Tarieton 1 WB). 

3.42 Survey Technique 196IPre~eat 

Tarleton (1 992b) descnbed the rnethodology for ungulate aerial surveys in the Park 

Sixty-eight nonh-south transects spaced at 1.6 km (one mile) intervals cover 

approximately 25% of the Park in east-west dimensions (Figure 4). Al1 surveys were 

conducted in January, February or March. The Brst tcamect begaa exactly on the most 

easterly portion of the Park boundary. Some transects (e.g number one) were not 

complete transects, and one observer was o b s e ~ n g  outside the Park Animais observed 

outside the Park were not included in the estimate. Tfansect areas were calculated so as 

to exclude the portions of transecrs which were outside the Park. 

Each transect was 0.4 km wide (0.2 km on each side of the aircraft). To delineate 

the 0.2 km width of view, the aircraft flew above a field which was marked off at 0.4 km 

sections. The observers on each side of the aircraft were able to mark off 0.2 km on each 

side of the aüctaft when it flew dom the center of the field at the swey  height of 125 

m. The observers restncted their width of view by placing a piece of masking tape on the 
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Figure 4. Transect Set-up for Ungulate Aerial Suweys 1963- 
Present (Tarleton l992b). 



window such that the area below the tape was within the transect. 

Observers communicated with the recorder via voice-activated headsets, calling 

out each sighting according to species and group size. The recorder wted each sighting 

on a 1:75000 map of RMNP. Different pen colon were used to distinguish between eik 

and moose observations. The recorder noted the time on and tirne off (or elapsed tirne) 

for each transect- The s w e y  crew consisted of a pilot, a navigator, a ieft and right 

observer and a recorder- Reliminary data analysis was perfomed on dBase version 4.1. 

Transect areas were recorded on a sepamte dBase file. A dBase report was used to 

generate the standard enor, m s  of squares, and populations estirnates (Appeudix A). 

Data were stored on 3-5" disks and have been filed at warden stores- 

3.4.3 Reliability of Aerial Suweys 

Visibility bias can occur when an observer fails to see and count every animal within the 

suwey area. Caughley ( 1 977) has observed that undercounting is usually senous enough 

to invalidate the use of an aerial srwey as estimation of absolute abundance, although the 

survey result may stïll be useful as an index of population sue. 

Species behavior and dispemon, observen, weather, habitat type and 

methodology are factors that also create visibility b is .  LeResche and Rausch ( 1974) 

found an observer with current aerial survey experience counted an average of ody 68 

percent of the moose present in an area under excellent viewing conditions. Kauge and 

Keith ( 198 1) reported an observation efficiency of 50 percent for aerial surveys of moose 

from fixed w*ng a i r c d  Similarly, MacLe~en (1975) calculated a 'miss factor' for elk 

in the Porcupine forest of Saskatchewan of 2040 percent 

Increased visibility bias can result corn increased survey speeâ, height and width 

of transects (Caughley et al. 1 976). S imilarly, observer fatigue (including time-ofaay), 

boredom and ainickness were found to be cesponsible for as much as 26 percent of the 

variation in an aerial survey (Norton-Griffiths 1976). Norton-Gtiffiths (1976) 

recommended that survey flights be no more than three hours in order to minimize this 

visibility bias. Caughiey et al. (1 976) demonstrated that the use of different observen 

resulted in significantly different counts; while LeResche and Rausch (1974) showed that 



inexperienced observers saw approximately 10 percent fewer moose than experienced 

observen under all types of viewing conditions. They recommend that aerial moose 

surveys shouid oaly be conducted by experienced obsewers under conditions of 

complete, fksh snow cover. 

Weathet factors increase variation between yearly swey resuits by infiwncing 

ungulate behavior and aenal visibility. Severe weather conditions, particularly deep saow 

and late winter conditions, may cause both elk and moose to seek shelter in coniferous or 

mixedwood areas (Trottier aad Hutchison 1982). thus reducing aerial Msibility and 

negatively biasing the count For example, Trottier et al. (1983) employed 19 aerial 

sweys during the winters 1977-78,1978-79 and 1979-80 in a study of elk and moose 

habitat selection. They found that late wiater surveys produced lower counts than early 

winter surveys (partïcularly for ek), and amibuted this discrepancy to shelter-seeking 

behavior. 

Population estimates are not accurate predictions of population ske, but should 

be precise estimates of trends. Therefore, the population statistics should be treated as 

indices to the statistics of interest, When resources are not available to control or 

estimate biases, the chiefvalue of these population statistics, as indices, is in their ability 

to be compared from year to year (such as the aerial surveys from 1963 to present). 

3.5 FACTORS [NFLüENCING UNGULATE POPULATIONS 

The following section outlines and descn'bes some of the factors that may have 

influenced elk and moose populations in RMNP in the past in an attempt to illustrate 

some of the reasons why each of these factors were explored in this study. 

3.5.1 Hunter Hnrvest of Ungiilates in the RMNP Region 

The Manitoba Department of Natural Resources (Dm) also takes some responsibility 

for managing the RMNP region Hunting is an important regional economicl recreational 

activity that DNR uses as a tool to manage the wildlife populations in the Province 

(Tarleton 1992a). As well, the Province of Manitoba is responsible for compensating 
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affected f m e n  for lost income corn depredation of standiag crops and stored hay by eUc 

herds (Tarleton 1992a). Unfortunately, the two agencies which share responsibility for 

managing the elk and moose of RMNP on behalfof Manitobens and Canadians have not 

developed common objectives for e k  and mwse. Two jurisdictiow (provincial and 

federal) w*th differeat mandates, and with different tools to achieve those mandates, 

managing lands adjacent to one another will obviously create transbounda~ issues. For 

example, RMNP pays for and disîributes the results of its annual aerial sunreys to DNR 

eariy in each calendar year. Yet, these results are aot figured uito the sening ofseasons or 

tags issued by DMZ dl the followlng year due to the lead time needed to approve 

regulations, print licenses, etc. As a result, there is a one-year delay in the Province's 

managing of the ungulate populations surrounding RMNP (based on the population 

estimates from the surveys). 

Presently, elk and moose are legal to harvest by Manitoba resideuts in the 

Bowhunting, Landowner and Fiream season types during set periods fiom late August 

until late January within GHAs 23 and 23A (Figure 5). The number oftags is limited and 

allocated by draw, with only one tag beuig issued to every two hunters For the Fireann 

draw season (Manitoba Naturai Resources 1997). One animal may be taken per tag, but 

both huntea must buy a license. 

Garne Hunting Areas 23 and 23A differ nom other Manitoba GHAs (and 

jurisdictioas) in that there are no restrictions as to the sex of the animal taken for the bag 

limits- in al1 cases the bag limit is one eUc or one moose. However, with elk, for example, 

regulations designed to focus harvest on particular portions of a population are necessary 

in some managemeat systerns (Mohler and Toweill1982). To keep a population at 

maximal level for example, it is thought that the total size of the population must be 

controlled, and, in most areas, each sex harvested in such proportions as necessary to 

maintain the optimal sex ratio for herd productivity. Most states and provinces have an 

antlered-only season, followed or preceded by a season during which any elk, antlered or 

antleriess, may be harvested The reasons for this strategy relate to elk behavioral 

patterns (Mohler and Toweill 1982). 



Figure 5. Came Hunting Areas 23 and 23A (Manitoba Department of 
Naturd Resources L 997) 



It is difficult to predict the impact of no restrictions in sex for the bag limit. With 

no protection of the cows, there is a possibility that this might skew the ser ratios, 

causing unguiate populations to fluctuate with lag effects. For exaq.de, antlerless elk i-e. 

cows and calves, huated in an either-sex or antlerless-ody season, are somewhat less 

wlnerable thaa bulls d d g  the because the former are silent during this period and 

do not move about as widely as bdls do (Mohler and Toweill 1982). Mer the rut, 

however, antierless elk move in groups toward wintering aceas- Their rnovements are 

more predictable and their collective presence makes them more noticeable, and hence 

more vulnerable to hunters than are bulls. And because cow elk tend to take over 

leadership ofelk bands during this period, they often are the first to expose themselves to 

opportunistic hunters. Following them bull e k  lose their aggressiveness and tend to 

become so l iw  or follow elk bands led by mature cows (Mohler and ToweilI 1982). 

Anderson (1958) confimed the speculation that elk cows are more vulnerable later in the 

hunting season by reportkg that, in Wyoming, more bulIs than cows were killed during 

the early part of the hunting season, but the reverse was mie after elk grouped along 

migration routes. 

Tables 1 (elk) and 2 (moose) represent the estimated number of bulls, cows and 

calves harvested Rom 197 1/72 to l995/96 (Source: Brian ffiudson, DNR). With elk, in 

50% of the observations, there were more cows haniested that bulls (and in one case 

there was as much as 3.5 times as many cows harvested). Similarly, with moose, more 

cows were harvested than bulls 36% of the tirne. 

Table 1. Estunated Number of Elk Bulls, Cows and Calves Harvested fiom 
1971172 to 1995/96 

Bulls Cows Calves Cowsl Bulls 



21 
38 
9 
56 
7 
2 
O 
ufa 
6 
2 
8 
16 
36 

Table 2. EsEimated Number of Moose Buils, Cows and Calves Harvested 
fiom 197 1/72 to 1995/96 

Bulls Cows Calves Cowsl Bdls 

58 
67 
79 
O 
O 
58 
115 
73 
36 
53 
57 
92 
57 
103 
19 
50 
O 
39 
4 
nia 

Rounds (199 1) presented a preliminary analysis of what is known about the effect 

of hunting seasons on the populations ofelk and moose in RMNP. He round that, 

between 195 L and 1980, there was no significant relationship between total ungulate 

populations and total hunter kill (df=19, m. 12; p O .  10). In fact, he found that less ihan 

two percent of the population variation is accowted for by total kill (R'4.0 15). Similar 

patterns were apparent for each species. Elk kill was weakiy related to eik populations 

( d e  17, ~ 0 . 4 0 ;  m. 10). but accounted for only 16 percent of population variation. 
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Moose kill showed no long-term relationship to moose population (df--9, ~ û . 2 2 ;  

W. 10). He concluded that the available information indicated that licensed hunting bas 

had vimially no effect on population fluctuations. Potential lag effects were not 

examined, 

Rounds (199 1) also examined the percentage of the ungulate population that was 

taken by hunten on a yearly bsis. He estimated that, between 195 1 and 1980, hunters 

harvested between 1 1 and 53 percent of the ek during early seasons (Table 3). Because 

elk far oumumbered moose, the perceatage kill of al1 large ungulates apptoximated that 

for elk. Moose kill was reported oniy in 1974, when it was estimated that 18 percent of 

the herd was haivested From 1980 and on, though, Rounds (199 1) foud that the legal 

hanest of e k  was less than five percent in five ofthe nine years of record, l e s  than ten 

percent in eight of the years, and reached 23 percent only in 1984. Moose hawests were 

less than five percent of populations in six of nine years, and never exceeded Rine 

percent. Total legal harvest ofboth populations was less than five percent in seven of 12 

years of record and exceeded ten percent oniy in 1984, when 17 percent o f  al1 large 

ungulates were harvested Using only years in which both hawest and population records 

were available, hunten harvested 16 percent ofall available elk, five percent of rnoose, 

and 1 1 percent of al1 animals. Numbers, however, are heavily skewed by harvests in early 

years (Rounds 199 1). 

Table 3. Estimated EUc and Moose Hunting W in RMNP 

- 

2s O 
Ur) O 
2sO O 
a00 O 

1000 O 
t a  O 
ms I I  
3880 3 
3M)o 3 
31JO 6 
3292 5 
ne 9 
IW 3 
0o( - 
1616 3 
24S2 4 
tnt i 
2434 - 



There is no sure way to determine if a population, or subset oCa population ( e g  

cows), is king overharvested in a prtïcular year- Rounds ( 199 1) suggested that mon elk 

(and moose, by implication) herds can witbstand 20-30 percent annuai mortaiity. 

However, one has to take into account al1 monality faors, including predatoa and 

winter severity, in this estimate. nie 19741976 management fmework foi elk in 

Colorado included a provision that annual harvest would aot exceed 30 percent of the 

preseason e k  popdatioa (Caudiil 1976). Since 1980, at l e m  harvest percentages in 

RMNP have rarely approached either of these figures. 

ALthough moriality relating to hunring has k e n  reported to be a minor and 

insignificant component of total mortality in RMNP, it is likely to be more important at 

the same time as other mortality is high (Rounds 199 1). For example, elk leave the 

highlands of RMNP for the lowland areas in severe winters (Rounds 199 1) (presumably 

to escape the deep snow of the highlands). If this phenomena occurs durhg the hunting 

season, hunter success around Park boundaries would presumably increase, therefore 

potentially increasiag total mortality of eUc in a particular year. Weather must also 

directly influence hunter effort, Le. person houn in the field, and thus also influence 

harvest, 

3.5.2 Beaver 

The successional change of vegetation from grassland to large areas of aspen since Park 

establishment, coupled with minimal beaver coatrol in the Park, are undoubtedly 

responsible for the current high beaver population levels. Each year the activities of 

beaver cause large cash expenditures for the surrounding landownen due to damage to 

hay, pasture, and cropland on f m s  (Carbyn 1980). 

Although no detailed studies have ken  carried out in the Park, it is very Iikely 

that the beaver popuiation directly affects habitats of ungulates (Carbyn 1980). Peterson 

( 1955) noted that moose and beaver ofien appear to be directly associated in a common 

habitat. He also suggested that beaver dams are responsible for maintaining the water 

levels in streams and lakes, thus, in tum, allowing aquatic vegetation to be established 

and maintained as a source of food for moose during the summer. Occasionally, flooding 



of lowlands kills some moose food plants; however, the maintenance of water levels in 

swampy areas undoubtedly increases the growth of various plants that moose use for 

food However, since shrubs (especially beaked haaeinut, poplar and willows) make up 

260% of the moose's diet for most of the year (witb shrubs king >80% during the winter 

months), the influence ofbeaver may be in creating conditions favorable for these shrubs 

(Trottier et uf. 1983)- 

3.53 Wolves 

The roie of predation in shaping and maintaining the structure of animal communities in 

RMNP is not ciearly understood A review of wolf population fluctuations suggests bat  

when the intensive wolf studies began in 1975, wolf numbers were at, or near, peak 

densities (Carbyn 1980). Since then, the population has dropped h m  an estimated 120 

wolves ( 1975) to an estimated 28 wolves in 1996. The reasons for this population decline 

is unknown, but could include harvest by hunters and tmppers dong Park boundaries 

(Carbyn 1980) and mange (G. Goulet, pers. coma). Ungulates, on the other han& seem 

to be inneasing in number. 

Carbyn ( 1983) has suggested that wolf predation on elk in RMNP reduces rates 

of increase and possibly prevents an irruption like that documented in 1947 (Banfield 

1949). However, he also found that wolves killed a larger proportion of young and old eUc 

when compared to hunter kills adjacent to the Park, suggesting the wolf predation may be 

compensatory rather than regulatory. 

An important consideration of whether a predator 'limits' a prey population or 

just provides compensatory mortality (kills only surplus animais) is an analysis of the 

predatod prey ratios and the examination of the availability of altemate or buffet prey 

species (Carbyn 1980). Carbyn (1980) found that, from 1975 to 1978, in six wolf packs 

temtories examined in W, the wolf: elk ratio equaled or exceeded the wolE moose 

ratio. The number of elk per wolf ranged from 22 to 90 and the number of moose per 

wolf ranged between 14 and 34. The mean wolf ungulate ratio for al1 packs was 1:83 (55 

elk and 28 moose). In 1996, the number of elk per wolf was 179, and the number of 

moose per wolf was 157, the highest ratios ever recorded in the Park. Obviously, there 



h a ~  been an increasing number of ungulates for every wolf from 1963 to present, as the 

wolf population has steadily deciined, whereas the elk and moose populations have 

steadily increased. 

Mech (1970) considered predatoc prey ratios in terms of biomass pet wolf. His 

tentative conclusion was that wolf predation is a population controlling facor when prey: 

wolf ratios are 11,000 kg or les  per wolf Carbya (1980) estimated the biomass ratio to 

be appmxirnately 22,041 kg per wolf at that time in the Park. Based on Mech's model, 

the prey base in RMNP codd have supported twice as many wolves, or alternately the 

prey could have decreased to halfof its population sire before predation could be 

considered the primary controlling influence. Obviously, the prey base in RMNP is 

considerably higher now, and could probably support many times more wolves. The 

question then becomes, with such a large prey: predator base, codd the wolves be 

significantly impacthg the ungulate populations? As mentioned, it is possible that elk, 

with a higher degree of vulnerability than rnoose, may dilute wolfpredation and allow for 

more moose than otherwise expected (Messier 1994). 

3.54 Snowshoe Hare 

Samoil(1979) attempted to define the role of the snowshoe hare as a consumer and, 

more specifically, answer the question of whether snowshoe hares compete with 

ungulates for browse during the winter. Cornpetition is only one of the many ways in 

which snowshoe hues may be affecting ungulate populations. Amensalism (when one 

species is inhibited and the other is uaaffected) and commensalism (where both benefit 

by this association) as defined by Odum (1971) are two other possible interactions. 

Cornpetition as defined by Pianka (1 976: 1 14) "occurs when two or more 

organims, or ot her organismic uni6 such as populations, interfere with or inhibit one 

another." Competitioa may be classed as direct or interference type, as in the case of 

intenpecific temitoriality, or indirect or exploitive, arising from the joint use of the same 

resources (Pianka 1976). In Samoil's (1979) study in RMNP, the hypothesis that was 

tested was ~snicted to whether exploitive cornpetition exists between the snowshoe hare 

and one or more species of ungulates. 



The alternative hypothesis was that the species are coexisn'ng in the same habitat 

Cody ( 1974: 7) suggested that "coexistence is achieved by the evaiuation of some 

minimal degree of difference in resource use-" He suggested that competition can be 

avoided by species having differences in the selectioo of horizontal and vertical habitats 

( feeding areas), and timing of feeding activitïes. 

Cole (1958) d e s c n k  four requirements for detemiining the existence of 

exploitive competition among herbivores: 1) the potentially competing species must use 

the same area; 2) they must both use the same forage plants; 3) the forage plants must be 

important sources of food for both species involved; and 4) the forage plants king used 

must be in limited supply or deteriorathg as a resuit of combined w. M e t  comparing 

the interactions between ungulates and mowshoe hares, Leonard (1980) examineci an 

additional condition- the species must use the same feeding space in RMNP. 

In Samoil's rmdy (1979), the first condition of competition was examined 

through selection of representaave vegetation cover types and through mck count 

surveys conducted to detennine whether hares and ungulates occupied that same habitats 

in the same areas. The condition was satisfied (Samoil 1979). 

The second condition, that of use o f  the same browse species, was investigated by 

tracking animais and recording the species of plants on which they browsed Data 

presented in Trottier and Samoil ( 1978) showed that there was a considerable overlap in 

use of the browse resource by the ungulates and snowshoe hares. To quanti@ the degree 

of overlap in usage of woody browse species, and index of similarïty (Krebs 1972) was 

calculated based on the number of species of browse occuming in the late winter diets of 

snowshoe hares, moose, elk, and deer. The amount of overlap varied from 47.6 to 66.7%. 

The second condition also appeared to be satisfied (Samoil 1979). 

The third condition, that the browse species must be important food sources for 

the animal species involved, would also seem to be satisfied Beaked hazel was the most 

Frequently used species by snowshoe hares, moose, etk and white-tailed deer, and nine 

species of btowse accounted for 95% of the diets of these four herbivores (Tromer and 

Samoil 1978). 



The fourth condition, if the forage plants being used are in limited supply, was 

examined by Trottier and Hutchison (1980). They noted that beaked hazelnut was in 

good to excellent condition at al1 range transects, and that its unlization appeared to be 

far less than production Ïn ail situations- As well, they found that at sites where beaked 

hazelnut was fiequently browsed, productivity appeared greater because amual growth 

and suckering were stimulated by the impact of utilization. The results imply that this 

condition was not satified. 

The last condition, if the species used the same feeclïng space was addressed by 

Leonard (1980). He found that use of ungulate feedhg sites by haes was low since those 

sites were mostly openings in the forest with poor cover for hares if the snow was thick- 

However, as hare numbers increase such marginal sites may be occupied by dispersing 

individuals because the food supply wouid be attractive. Samoil(1979) and Leoaard 

( 1980) reported that the percentage of plants browsed by hares that were also browsed by 

ungulates increased as the winter progressed Elk and white-tailed deer take the bulk of 

their food €tom the same stratum, but moose take the bulk of their food fiom a higher 

matum that other ungulates. Hares are capable of overlapping vertically with ungulates 

(Trottier and Samoil 1978, Leonard 1980) dependiag on niow thickness and s h b  stem 

diameter. Moreover, girdling of stems by bares kills plants and constitutes an additional 

mode of vertical overlap. Therefore it appears that elk and hare use the same feeding 

space, but moose and hare do not. 

In summary, four of the five conditions are satisfied for elk and three of the five 

conditions are satisfied for moose- Cornpetition, then, may occur at selected times, 

especially for hares and elk The mode1 of the snowshoe hare cycle proposed by Keith 

and Windberg (1978) postulates a hare-vegetation interaction in the peak years, during 

which overbrowsing causes deterioration in range condition, which in tum contributes to 

a decline in the hare population. Given the similarity in food habits ofhares and the 

ungulates studied, if the vegetation is damaged by one species (Le. hares) to the deaiment 

of other species dependent on that resource (Le. elk and moose), poor performance by the 

dependent species wouid be expected As Trottier and Samoil(1978) have suggested, this 

might explain the observations by Rounds (1976) that elk and moose populations 



sumived the mild winters of 1972-73 in poor condition and suffered significant losses in 

their cow-calf cohorts. This foliowed a regional peak in hare abundance during the 1970- 

7 L period (Rusch et al. 1978). There is evidence, however, that suggests that cornpetition 

does not occur when the supply of hazel is sufficient to support several herbivore species 

(Trottier and Samoil 1978). 

3.5.5 Winter Severity 

Trottier and Hutchison (1982) examined ungulate-winter severity relationships in RMNP 

from 1977-1980. The following section is largely based on their study. 

The Mcter Severity Inder 

The apparent inseparability of factors in the winter environment has led researchea to 

devise indices of winter severity which express the cumulative effects of those factors on 

the energy budgets of unguiates. There are no reports wliich present a N l y  satisfactory 

equation defuiing the relationship between winter regïme and animal energetics. Each 

species has a unique strategy for coping with wuiter, and each area has a unique 

combination of parameters that influence ungulates; therefore, individual indices have to 

be deveioped (Trottier and Hutchison 1982). 

A severity index is useful because it recognizes that some factors in the winter 

environment are inseparable an4 whereas one factor alone may not be critical in 

influencing the populations, a combination of factors may. However, severity indices 

reflect winter-long average or cumulative conditions and, consequently, are insensitive to 

short periods of extremely severe weather (Coughenour and Singer 1996). For example, 

alternative periods of wami and fieezing temperatures can be detrimental to elk or moose 

because the insulating capacity of their coats might be decreased If this is the case, then 

it is possible that an index could not pick up this event because the event would be 

averaged over time and therefore lose its significance. 



Sterfar 's WSI 

From 1977 to 1980, winter severity &ta were collected in RMNP and a winter seventy 

index (WSI) was calculated for those years according to Stelfox (1976). A monthly 

winter seventy index (November to Apnl) was derived using the following additive 

T = mean mow thickness (cm) (this is the reading at the end of the calculation pend). 
D = mean snow density x 100. 
H = snow hardness 

(O = supports nothing; 5 = supports hares, lynx; 10 = supports squirrels, mink, 
porcupine; 15 = supports wolves, coyotes; 20 = supports deer, sometimes ek, 
moose). 

MT = mean t empeme (O C). 

A yearly sevecity index (WSI) was calcuiated as follows: 

WSI = C MSI +GU 

MSI values were denved from November through April 
GU = spring green-up value 

[the difference between the date of green- when grass growth oa gmsland 
ranges reaches 10 cm- and the no& green-up date for the Park (May 1 lth) 
(Dolaa and Tempany 1980)]. 

RMNP Ungrrlote- FEntet Sèvedily ReIatr'omk@s 2977-1988 

A die-off of elk and deer in the Park during late winter 1978-79 coincided with 

abnormally high snowfall late mow melt and delayed greewp of the vegetation. The 

subsequent cdf crop for elk was low and together the eflects of winter accounted for a 

population decrease. There was insufficient information on the reaction of moose to 

these conditions to observe the impact of such things as late green-up and Iow 

temperatures on its population dynarnics. 

Mobility of adult eUc was restricted oaly during late winter 1978-79, while moose 

mobility was not likely adversely af5ected except for a brief period during late April 

1979. Elk calves were likely restricted in movement in March of 1979-1980 and from 

Febniary to May of 1978-79. Moose calves were likely only afTected in late winter to 

early spring of 1978-79. #en snow cover restncts mobility, ungulates travel in dense 
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canopy white spruce and mixedwood which have good snow interception qualities. These 

vegetation types account for only 14% ofthe study area; therefore overlap in range use is 

likely during prolonged periods ofduck snow cover. Observations during March 1979 

indicated that e& avoided meadowland and deciduous forest by moviag into the srna11 

amount of mixedwood and coniferous habitat, whereas moose were seen regularly 

throughout the study area mostiy in deciduous stands (Trottier and Hutchison 1980). 

Snow conditions influence nilnerabüity of unguiates to predatioa In late winter 

1978-79 snow crusts in the GUM Lake area supported wolves and coyotes, but lmgulates 

penetrated the cnist Carbyn (1980) reported increased Lü1 rates and surplus killing by 

wolves in the study area during this pend 

Increases in snow thickness coincided with reduced intake of grass, sedge and 

forbs by al1 ungulates in the study area This effect was more Qamatic for elk than for 

mwse or deer because fiom October through May, 60 to 70% o f  the elk diet may be 

obtained fiom grazing sedges and grasses if mow is absent, patchy, or less than about 30 

cm thick and of low density (Trottier and Hutchison 1982). 
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CHAITER 4 

METHODS 

4.1 INTRODUCTION 
This chapter provides an ovem-ew as to the methods uiat were used in the study of 

population d-CS in RMNP. First, data were compiled nom RMNP records. Manitoba 

Department ofNaîural Resources @NR) and Environment Canada- Since historical data 

sets provided moa ofthe information needed in this mdy. many ofthe methods used in 

this study c m  be fond in an appenk Trends in elk and moose in RMNP were then 

analyzed in relation to other parameters for the pend 1963-1996 by simple methods of 

time series annlysis. FUially, a conceptual mode1 was created to visually represem the 

factors that were fond to be significant in contnbuting to eik or moose population 

dynamics. 

4.2 COMPILATION OF DATA 

1.2.1 Unguiate Aerial Survey Results 

Moose and elk population estirnates fiorn the 1963-1 996 aerial surveys were compiled 

fiom KMNP records (Figure 2). The swey usualty took place for 4-6 days in early to 

mid-Febniary each year Yearly counts were assessed for Imifomity of method aud 

validïty (Le. recommendations by the report author to ignore results). The quantitative 

results from the 1971 and 1975 nwey (Rounds 1974,1975) were ignored since a 

different aerial m e y  technique was used All other aerial surveys were considered valid 

for further statitical analysis. An e-ded description of the survey technique can be 

found in Section 3-42, 
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1.2.2 Hunter Success Data 

Annual hamen estimates for elk and moose were obtained fiom the Department of 

Narural Resources (DM) for Game Hunting Axeas (GHAs) 23 and 23A sunounding 

RMNP (Figure 5) for the p e r d  1969-1996 (Figure 6). Each year, hawest statistics for 

various species ofbig game are estimated by a questionnaire method, conducteci by DNR. 

niis methodology is descriid in Apjmdk B (Hummelt 1990). 

4.23 Beaver Aerial Sarvey Results 

Beavea may influence uagulate population trends because the caches they build mod@ 

water levels and therefore the amount of habitat available for mgulates. Beaver 

population trends were taken as an index from beaver cache counts (4-7 beavedcache; 

Trotner 1987) from the 1973-1995 aetiai naveys (no suweys were flown prior ta 1973) 

(Figure 7). These data were compiled in a similar marner as the unguiate surveys. The 

s u m q s  were flown in October as soon as leaf-faIl was complete and, if it was possible, 

before Freeze-up (since ice on ponds and subsequent snowfall would make it difficult to 

see food caches. Trottier (1980) descn'bed the s~npling technique for the beaver aeriai 

surveys (Appendiu B). 

1.2.1 Wolf Cmuud Survey Results 

Wolf population estimates were taken 6om the 1975- 1996 predator ground survey 

reports (Figure 8). m a t e s  were mainly derived from an intense five-day wolf tracking 

survey in February. Koggigins (1993) àescn'bed the methodolog for the ground surveys 

(Appendix B). 

4-25 Snowshoc Hare Track Survey Results 

Studies of abundance of mowshoe bares in RMNP were initiated in the winter of 1977 

while hare populations were increasing, and continued untiI 1989 to provide a temporal 

index of hare abundance and distribution (Figure 9). Samoil(1979) descnbed the 

methodology (Appendiu B). 
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42.6 Winter Severity Data 

From 1977 to 1980, wi-ater severity data were collected in RMNP and a wùiter severïty 

index (WSI) was calculated for those yem accordhg to Stelfox (1976). Unfortunately, 

most va-ables incluéed in the WSI were not sampled in the years followiag 1980 (mean 

snow thickaess, mean snow deasity, mow hardness and @ng green-up value). It was 

necessary to modify Stelfox's WSI (p. 45) to include &ta that were available to create a 

WSI fiom 1967-1989 (Figure 10). 

Daiiy and montMy temperature and precipitatioa data were acquired Born Environment 

Canada from 1967-1 989 (consistent data were not available Born 19904996). Winter 

weather panmeters (mow accumulation, mow demity, mean temperature and number of 

degree days) were incoprated into a modifiecl WSI for this p e r i d  Monthly winter 

severity indices (November to Apnl) were derived USiLlg the following additive 

relations hip: 

MSI = A +MT (if> O* C) or -Ml' (if c O" C )  

A = snow accumulation (cm) for that month 
= mean temperature (O C) for that month 

A yearly severity index (WSD was calculated as follows: 

MSI values were derived from November thmugh Apd 
GU = in theory, the difference between the date of green-up for that year and the normal 

green-up date for the Park (May 1 Lth). The mean degree &y requirement for the 
park (estimated at 44.7 + or - 2.6 days) can be used to estunate green-up of 
previous years by examining temperature records and determining: 

x [ h  - 1727O C] = 44.7 = mean de- &y reqtnrement for RMNP 
h = maximum daily temperatwe 





DI = an index repremnting the snow density ( m e a s d  oniy in F e b q  and March) for 
a partïcuiar year. The index was calculated as follows: 

Note: It was necessmy to m a t e  a m o w  density index that was proportional to Stelfor's 
(1976) mean monthly sww deasity (calculated nom November to Apnl). 
Thedore, the density values for Febmacy and March wee  multiplied by a factor 
of two hundrect 

Since the validity of Stelfox's WSI in RMNP bas not ken  teste4 and due to the 

subnantial modification of the WSI, each parameter included in the WS[ (temperature, 

mow accumdatioq snow density and green-up value) was analyzed indiMduallyY As well 

as  examiniag mean winter temperatures (incorporated into the WSI), maximum wimer 

temperatures and minimum winter temperatures .were also examined as poteatially more 

appropriate indicaton of winter severity- To further analyze the winter weather 

parameten. it was neces- to modifL the MSI values (temperature and mow 

accumulation) and represent them as yeady values. These yearly values (nunmed from 

rnonthly values caicuiated from November to Apnl) were calculated as follows: 

TI = yeariy winter temperature index (" C )  
T= monthly temperature (O C) 
AT0 T = yearly snow accumulation (cm) 
A = monthly snow accumulation (cm) 



ïhis analysis was exploratory in nature, and Looked for structure in rnultivariate &ta. 

Therefore it was necessary to initially p p h  each relatiouship so general patterns of 

structure codd emerge- Secottâiy, correlation aaalysis was used to quanti@ the men& 

of the relatiomhip. In correlation d y s i s ,  the degree to which two variables are 

interdependent, or Vary together, is estimated Unlike regression analysis, one variable is 

not expressed as a fiinction of the other, and there is no distinction between independent 

and dependent vanables (Sokai and Rohlf 1995). 

Due to the cornplex population interactions, thou& direct correlations may not 

give accurate resuits. This is prùnanly due to the Eta that there can be lag effects of a 

paaicular factor on the elk or moose population To d e  the interactions even more 

complicated, we are dealhg with synergistic effects in population studies, or the joint 

action of each discrete factor that results in a greater effect than the ~m of their effects 

when acting independently- 

To account for the fact that there may be lag effects, auto- and cross-conelation 

analyses were undertaken to determine what the lag effect mi-ght be, ifany- 

Autocorrelation is an approach to time-series adys i s  whereby the evolution of a process 

through time can be d e s c n i  A series of quantities called sample correlation 

coefficients measure the correlation between obsemations at different distances apart 

(correlation between X,  and Xr+*)- Similarly, crosscorrelation a h  rneasures correlation 

between successive observations, but focuses on observations in two tirne series 

(correlation between Xt and y&). Sets of auto- or cross-correlation coefficients were 

presented using a p p h  called a correlogram in which rk was plotted against the lag k. 

Inference was based on these fiinctions and is bown as an analysis in the time domain 

(Chatfield 1989). Under the hypothesis of nomality, confidence intervals (a = 0.05 and 

a = 0.10) were computed and drawn on the correlogram, in order to test whether the 

autocorrelation is significantly different nom zero (Legendre and Legendre 1983). When 

the number n of ternis in a series is high, rk Jn-l-k is nomally dim%uteQ so that 

the hvpthesis r k  = O must be rejected when 
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196 
rk ' =,/- (probability c 0.05) 

1-64485 (probability c 0.10) rk>=~n-l-k 
k = lag period 
n = number of observations 

Significant correlation coefficients were examined together with scatterplots since 

the saine coefficient can result from very different underIying relationships. For example, a 

correlation coefficient of zero can result tiom a completely random plot of variables, or a 

cluster of points more or less forrning a concave. As well, a few outlying points can result 

in a significant correlation, where most ofthe points are chstered in no discemible 

pattern. Scatterplots were gaphed for al1 relationships that were found to be significant. 

4.4 DEVELOPNIENT OF CONCEPTUAL MODELS 

Once the results were computed, conceptual models were developed For both elk and 

moose in an attempt to outline the factors examined in rhis study that were potentially 

influencing the populations. The concepcual models did not sirnply represent the results of 

the statistical anaiyses. though. Instead, the models attempted to incorporale any 

inferences that were made afier careful consideration of the results of the analyses, and the 

recent Iiterature. Thus, these factors were determined from an in-depth consideration of 

the results of the statistical analyses, literature findings, and local observations. Further 

discussion of the rationale supponing the models is provided throughout Chapter 5 .  



RESULTS AND DISCUSSION 

This chapter presents exploratory data analyses perfiomed on availaôle data to m e r  

understand the relationship between ungulate populations and various parameters. It 

e.xplores severai approaches to t h e  series snalysïs, focushg on 1) the analysis of two 

time series by an initial plotting on the data series, and 7) more quantitative approaches, 

Le. autocorrelation and cross-correlation dyses .  

Twelve parameten were examiaed in this midy agaimt elk and moose 

populations. For elk, nine of the twelve parameters were datistically significant ( a = 

0.05 orcr = 0.10) when conelated with the eUc population. Many of these parameters had 

a lag effect on the elk population of up to four years. SimiMy. for moose, eight o f  the 

twelve factors examined were found to be statistically significant with Iag effects. Tables 

4 and 5 represent a summary of the mults of these analyses- 

Table 4. Summriry Table of S i g n ~ ~ a n t  Relatioasbips for Elk 

Ek 
Hunter Hawest 

Temperature 
~ e a n  0.53 IO* 17 none . e r s v b i ; i s o r ~ f e  
fi 0-4800~ 17 none rnmlity dw 10 atmne tanpemnxc3. 

h h  0.548 1 * 17 none 

0.4668' 

-0.48 12' 
1 I 

none Beavers 

18 

- 11 

popuIatimeiTccts. 
BCZIWTS and eIlc * W ~ Z I Y  
to ~cverr wintsp nnd positivciy to d d  

0.627Lr 

Ioyezrr 

z-year 

14 

n i r F > p u l n t i o n ~ ~ + ~ u k s ~ o n  
the e k  popuIntion the -vair bet'on. 

ffiehh.~ç"o~-* recmirmeat O~G&ES, QU+ dch~ m 



Table 5. Summary Tabfe of Significant Reiationships for Moose 

Snow 
Accumdation 
Snow Density 

C 

Winter Severity none - - 

19 

- 

r 

0.6047* 

none 

' Index 
Temperature 

Spring Green-up 

Possibre OXpIc~l~otfbn 
--->-" 

~ ~ o t f -  

~ t o a t h c ~ p a p t l o u m c &  

~ ~ ~ ~ ~ I U U Z I C  ~ ~ ~ o ~ - ~  of =tas. cielajs in 
popukuima 

Putame ter 
Moose 

Hunter Harvest 

4- 

- 
none i - 1  - 

Each of the following sections explores a relahoaship between elk or moose and another 

'L*rnwmod~ o"D1vc1. d u c d  
rrcriiimient nte d rrductd fCCULlidip- 
~usrdeias5 r n ~ ~ o ~ d i i .  

Beavers 

. . 

~ o ~ e ~ u t b o n  1 n f h g  

Mean 
ml. 
Max 

Snow 
Accumulation 
Snow Density 

Spring Green-up 

parameter by pcesenting a line graph and correlogram of the relationship. (Al1 analyses of 

relationships that were not fouad to be natistically significant c m  be fomd in Appendk 

l-year 
2-year 
eyear 

0.6497* 
0.4865~ 
-0.4628" 

* = statistically signiscant, a = 0.05 (Legendre and Legendre 1983) 
- = natisticdly significant, a = 0.10 (Legendre and Legendre 1983) 

none 
0.41îli 
none 

0.482 1' 

-0.4756' 

- 

C). Scatterplots of the signincant relationships can be found in Appendk D. Tables that 

18 
19 
20 

0.5908* 
0.4566' 

represent values plotted in the conelograms (for significant relationships) can be found 

14 
12 

none 
1-year 

18 

19 

19 

in Appendiv E. A discussion follows each section, examinhg the possible reasons why 
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- 
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5.2 AUTOCORRELATION ANALYSIS 

5.2.1 Elk 

The elk population in a mcuiar year was signincantly correlated to the elk population 

in the previous year (i.e- a one-yr. lagXr=0.4668, n=l8, ~ 0 . 1 0 )  (Figure I 1)- 

Figure 1 1. Correlogr~m- Elk 

Lag Period (yean) 

_ _ _ _ - _  a = 0.05 confidence interval (Legendre and Legendre 1983) 
_ - - - -  a = O. 10 confidence interval (Legendre and Legendre 1983) 

The relationship observed in the correlogram is mt at al1 unexpected, and characteristic 

of a short-terni correlation- a fairly large value of rI followed by a few funher 

coefficients which, while greater than zero, tend to get successively smailer (Chatfield 

1989). It is elcpected that the elk population in a particular year is dependent upon the 

population the year before, and less and l e s  infiuenced by the population in each 

preceding year. Thus the population in a @cular year acts as a baseline for the 

population the next year, with some modifications (either an increase or a decrease due 

to a variety of fimors). 



The moose population was statiçtically significant and positively correlated with the 

moose population the year before (r0.6497, FIS, v0.05).  The mwse popdation was 

also significdy conelated to the moose population two years before (H.4865, n=19, 

~ ~ 0 . 1 0 )  (Figure 11). 

Figure 12. Correlogram- Moose 

Lag Period (years) 

The relatiomhip observed in the conelograrn foUows the same pattern as with the elk 

autocorrelation. However, it can be noted that the moose exhit a much stronger positive 

correlation with a one-year lag, as well as a statistically sigdicant and strong positive 

correlation with a two and three-year lag respectively. This discrepancy may relate to 

age-specific events such as the length of time to reach sexual rnaturity. Whereas elk tend 

to reach sema1 maturity at two years of age (Murie 1951). mmse do not reach sexual 

matunty un01 approximately four years of age (Slruncke 1949). With a longer time to 

reach s e W  matudy, moose could be expeaed to have a strong positive correlation with 

a two-year and a three-year lag. For example, a moose that was born in 1992 would still 

be immature in 1995,3 years later, whereas an elk that was bom in 1992 wodd be 

mature in 1994, causing the age structure of the population to change within a shorter 

period 



RELATIONSHIP BETWEEN CTNGULATES AND EnrNTER 
HARVEST 

Elkand Huater Harvest (Figure 13) 

Figure 13. Number of Elk vs. Elk Hervested 

Year 
Elk + Elk Harvested 

Correlation analysis produced a statisticaily si@cant correlation coefficient with a 2- 

year lag effect (F 4-48 12, n=Z 1, ~ 0 . 0 5 )  (Figure 14). 

Figure 14. Correlogram- Elk vs. Ek Harvested 

Lag Period (yean) 



AIthough these analyses may suggest that hunter harvest does have some influence on the 

elk population trends, the scatterplot of this relationship showed that there were some 

outlying points (Appeadk D)- These outiying points could be misrepresentative of the 

trend, but since both points are representing years where the elk harvest was large, one 

must be cauiious in rwaoving them. 

If it is assumed that the negative correlation is valid, a lag of two yean might 

seem illogical- if an elk is hanrested in a ptïcular year, there wiu be one less elk that 

year, and the reduction should show up tbat same year (the elk are harvested before elk 

numbers are estimated in a partïcular year). For example, ifa cow is harvested Ui 199 1 

(in the l99O/9 1 season, al1 e l '  haivested were taken as king harvested in 1991), then one 

would expect a high negative correiation with no lag effect, since cows taken and their 

potential calves that wouId not be bom in the summer would doubley negatively impact 

the elk population that year. 

In faa, a negative correlation with a tweyear lag impties that after a high hunter 

harvest the elk population declines for two y-. A two-yew Iag effect might suggea 

that the negative correlation relates to both the life history of elk (Le. that the females do 

not produce oEspring u .  they are two years of age) and that W e s t  of cows has 

traditionally ken uncontrolled If e k  cows are k i n g  heavily hawested, as Table 1 

suggess, then it couid make sense that the two yean following a high elk hamest may 

affect the elk population dynamics. Cows that are 4-12 yean old are the experienced 

breeden, and enwe population Survival (Flook 1970). In yean of high West ,  these elk 

cows that are harvested will not be able to produce cakes for the following summers, 

causing the population to decline. However, it must be assumed that a harvest will 

increase calf survival, since winter cornpetition will be reduced as the number of 

senescent cows in the population decreases (Taber et 41. 1982). If this is mie, then 

harvest of cows actually immediately benefits calves, the fuwe source of new offsprhg. 

Thus it is possible that two years after a high hunter hawest, the elk population may be 

able to recover due to the survival of many of these calves. 



53.2 Moose and Hunier Harvest (Figure 15) 

Figure 15. Number of  Moose vs. Moose Harvested 

Year 
+ Moose Harvested 

Correlation analysis produces a statisbcally significant negative correlation coefficient 

with a 4yr. lag ( ~ 0 . 4 6 2 8 ,  ~ 1 0 ,  p<O. lO)( Figure 16). 

Figure 16. Correlogram- Moose vs. Moose 
Ha wested 

Lag Period (years) 



~n examination of the scatrerplot mates some uncertainty as to if a relationship acnially 

exists, though (Appendix D). The distriimion of the points is rather scatterrd and no 

clear negative correlation is evident However, if we assume that hunter harvest does 

have some influence on the moose population trend, it is possible that, again, the fow 

year 1% eflect has somethiag to do with the life history ofmoose and the high proportion 

of cows hamested, 

The arapments are essentially the same as for e k  Ifmoose cows are king 

heavly harvested, as the numben may suggest, in years of high W e s t ,  these 

e.xperienced breedea would not be able to produce calves in the suamers to follow. 

However, assriming that most of  the female calves that nwived that winter d l  begin to 

produce offspring in four years, the moose population may recover four years later. 

5.4 RELATCONSHIP BETWEEN UNC;CrLATES ,QND BEAVERS 

5.4.1 Elk and Beaven (Figure 17) 

Figure 17. Number of Elk vs. Beaver Caches 

+ Elk 
Year 
+ Beaver Caches 
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Correlation analysis illusnated that thete is a Statistically significant positive conelation 

with no lag effect (Le. the population fluctuatioris of beaver and elk are in M W  

synchrony) (~0.6271, n=l4* p4.05) (Figure 18). 

Figure 1 8. Correlogram-Eik vs. Beaver 

Lag Period (years) 

nie expianation for this relates to the time ofyear that the aerial surveys are done- Since 

the beaver population is estimated in the fdl (mid4Mokr) and the ungulate populations 

are estimated in late winter (early to mid- Febniary) of a particular year, it is quite 

possible that some underlying factor, such as winter severity, is causing both of the 

populatiom to fluctuate vimially in perfect syochrony. 

Beavers have unique adaptations to nwive winter with Iimited access to forage 

apart from woody stems stored in an undenvatet food cache and some use of aquatic 

macrophytes (Jenkk and Busher 1979). However, violent s p ~ g  breakups and melt afker 

a high wiater snowfall can raise water levels in streams and may destroy lodges and 

occupants or drown large numben of beaver under the ice (Hakala 1951, Boyce 1974). 

Starvation at northern latitudes has also been noted as a mortality factor (Gunson 1970, 

Bergerud and Miller 1977). Dyck and MacArthur (1993) suggested that, based on 

prevïous esîhates of  the energy content and digestibility of forage cached prior to 

freeze-up, it is dikely that the winter energy requirements of th is  species can be met 

solely frorn the nibmerged food cache. These calculations suggest that northern beaven 



balance their energy budget in winter by supplementing food resources in the cache with 

aquatic vegetation acquired away nom the pile. As well. the beaver is most vulwrable to 

predation by mammalian predators such as wolves (Young and Jackson 195 1, Mech 

1966) when it k away nom water- Where these large pedators occur, food shortages that 

require beaver to forage great distances nom water cause sa ter  exposure to predatioa 

5-12 Moose and Beaver (Figure 19) 

Figure 19. Number of Moose vs. Beaver Caches 

Year - Moose -c Beaver Caches 

There was a staastically signifcant correlation coefficient for both no lag (r4.5908, 

n44, pa.05) and a 1-yr. lag (r=0.6566, n=12, ~ 0 . 0 5 X  Figrne 20). 





impacts on the etk population. This finding supports the fact that, with such a large prey: 

ratio in the Park wolves may not be significantly impacting the ungulate population 

(Cacbyn 1980). 

However, this finding contradicts previous mrdies that reported that wolves may 

exkt targeiy on e k  Carbyn (1980) studi*ed the ftequeacy of occurrence of  f i  items in 

scac and found that elk was the most important year-round prey p i e s  in RMNP- Of 

520 winter food items and 1,196 çummer food items recovered corn 1,626 scat sampies, 

the percent occurrence of elk was 52% and 37% (26% adult, 11% cal0 for winter and 

summer, respectively. Moose (12% in winter, 2% in surnmer) and deer (16% in winter, 

2% in swnmer) were Iess important, Taber et. al. (1  982) confirm these observations, by 

reporting thac where wolf and ek exkt together, woIf may exist largely on elk 

It codd be presumed, then, that it would be the elk population, rather than the 

rnoose population, that would be iatluenced by the wolfpopulatioa And the upward 

trend of both the elk and moose populations would. preswlledly, cause the wolf 

population to hcrease as well. However, no such trend is show- the wolf population has 

k e n  steadiIy decreasing suice 1975. This leads us to believe tbat the ungulate population 

and the wolf population are fluctuating independent of each other. 

5.5.2 Moose and Woives (Figure ? 1) 

* 
fc Figure 2 1. Number of Moose vs. Wolves 

-t Moose + Wolves 



There is a statistically significant correlation coefficient (-0.5839) when there is no lag 

effect (Figure 72). 

Figure 22. Correlogram- Moose vs. Wolves 
1 + 

-1 & 
Lag Period (yean) 

The scatterplot, though, suggests that this negative correlation may be invalid due to two 

outiying points (Appendix D). Howevet, caution must be exercised in ignoring these 

points since these represent a low number of wolves corresponding with a high number 

of rnoose, 

in effecf as the moose population increases, the wolf population continues to 

dedine. No lag effect seems to hply  w causaiity, Le- there are factors that are ailowing 

the moose population to uicrease, and factors (the same or welated) that are causing (or 

contniutiag) to the decline of the wolf population. This would support the findings in the 

previous section. 

Theoretically, constant predation pressures on some prey populations could 

prevent any ungulate ftom becomuig dominant at the expense of other species. Moose 

populations in the Park are curremly expanding despite wolf predation It is possible that 

because wolf predation is disproportionately heavy on elk, a competative advantage is 

gained by moose. This would support the hypothesis diat the presence of an altemate 

prey species (Le. ek) that is preferred will dilute wolf predatioa causing the primary prey 

species (Le. moose) to flourish (Real 1979). At the same time, even i f  wolf populations 

have ample prey available, there is a possibility that their aumbers may have coatinued to 

decline due to little breeduig stock, hunter harvest and mange- No studies of the wolf 



population of the region have k e n  done receatly to examine potential causes ofthe 

decline. This wodd lead to relative- independent tluctuatioas of the moose and wolf 

populations. 

5.6 RELATIONSHIP BETWEEN UNGULATES AND SNOWSHOE 
HARE 

5.6.1 EUE aad Saowshœ Elan (Figure 23) 

* Figure 23. Number of Elk vs. Snowshoe Hare 
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The highest correlation factor (~0 .5628 ,  n=LO, p<O. 10) occurred when there was no 1% 

effect ( Figure 24). 



Figure 24. Correlogram- Elk vs. Snowshoe Hare 

Lag Period (years) 

Unfortunately, the sample size was mal1 (n=10), and therefore a significant comtation 

rnay not have k e n  detected or, altemately, the analysis may have identified a 

relationship that may not exkt Appendix D inchies the scatterplot for this relationship. 

A high positive correiation with no lag suggests, then, that there is some 

underlying factor, such as winter severity, as discussed previously with beavers, that is 

causiog these two populations to fluctuate aearly in synchrony. Pol1 ( 198 1) stradied 

mowshoe hare population dynamics in RMNP during wïnter 1979-80. He examined why 

the relative abundance of hares was vecy similar between 1978-79 and 1979-80 within 

RMNP when Leoaard ( 1980) predicted the hare cycle was in an increasing phase. Feith 

and WUidt>erg ( 1  978) fouud that, durhg the cyclic increase near Rochester, Alberta 

between 1966 and 197 1, the annuai rate of increase averaged two-fold for five 

consecutive yean.] 

Poll(198 1) examined winter weather parameten as potential factors reducing the 

expected rate of uicrease. Meslow and Keith (1971) reported significant negative 

correlations between winter temperature and mowfall, and s d v a l  of adult suowshoe 

hares in nordiern Alberta, Conway and Wight (1972) found that, in cottontail populations 

in Missouri, onset of breeding could be delayed by severe weather conditions redting in 

the 1 0 s  of one litter fkom the annual production Winter weather was also discussed by 

previous investigators of the snowshoe hare midy (Samoil 1979, Leonard 1980) as well 



as elsewhere (Bider 196 1) in terms of its influence on winter rnovements of hares. Bider 

( 196 1 ) conctcuied that wind, light and mow are independent facton which play a 

restrictive role in winter movements of hares. In addition, both fresh snowfall and cold 

temperatures have been observed to markedy decrease advity ofsnowshoe hares 

(Meslow and Keith 197 1) and the mountain hare (Lindlof et al. 1974). 

Leonard (1980) suggested tbat tk observed synchrony of intercount fluctuation in 

hare activim regardess of cover type, during winters 1977-78 and 1978-79 was due to 

extemal factors. Although he found w si@cant correlations between various 

enviromenta1 parameters and hare activity7 there was a strong similarïty between the 

patterns of fluctuation in activity and temperature, pdcdarly when the mean 

temperature fiom the two-day period preceding track CO- was compared Data fiom 

the past wùrters' observations supports these findings (Poll 198 1 ). Although few 

significant correlations were found between temperature and activity, the patterns of 

increase and decrease in hare activity and temperature were closely associateci 

Poll (198 1) suggested that the increased severity of the winter of 1978-79 was 

responsible for dampening the uicreasing hare population within the midy area by 

reducing both adult wiater sumival and the length of the breeding seasoa In fm the 

winter of 1978-79 was one of the three most severe winters. Evidently, winter severity 

affects mowshoe hare populations, and may be msponsible for causing herbivore 

populations to fluctuate, to some extent, in synchrony. 

It was hypothesized uiat mowshoe hare might be competing with elk (and 

possibly moose) for browse, especially in severe winters. [n f a a  no relationship was 

found IO), implying that cornpetition is not a signïficant factor influencing elk 

population trends. Perhaps, though, during the study period there was never a 

coïncidence of the right factors, e-g. hi@ numben of a11 species and a severe winter. 
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5.6.2 Moose and Snowshoe Hare (Figure 25) 

Figure 25. Number of Moose vs. Snowshoe Hare 

Year - Moose + Snowshoe Hare 
Again, the highest correlation factor (r4.5967, a= I O, PO. 10) occrnred when there was 

no iag effect (Figure 26). 

Figure 26. Correlogram- Moose vs. Snowshoe Hare 

Lag Perïod (years) 

The same assurnptions are valid as in the previous section Mwse and mowshoe hare 

may be highly positively correlated due to similar responses to severe weather. The 

resuits also suggest that rnoose and hare were not competing for browse. 



5.7.1 Elk and Wiater Weatbet Severity (Figure 27) 

Figure 27. Number of Elk vs. Winter Severity 

Year 
+ Winter Severity index 

A statistically significant positive correlation at a four year lag was found for elk and 

winter severity (r4.5998, n=19, pO.OS)(Figtue 28). 

Figure 28. Correlogram- Eik vs. WSI 

Lag Period (years) 



In effect, there were three very severe winten during the study period- 1966-67, 

1971-75 a d  1978-79. Severe wintea were usually preceded and proceeded by mild 

tvinten. Thus a Ning and fâliing trend of a severe winter is followed by a rising and 

€allins trend in the elk population appr~~uimately four years fater. It appears tk t  after a 

very severe winter the e k  population contùiued to increase for approximately four years 

before it began a descending trend For e.uample, after the severe winter of 196667. the 

elk population continued to increase, began to plummet in 1971 and hally recovered 

&er 1973. The severe winter of 1974-75 and 1978-79 followed a simïiar pattern 

IFLack's hypothesis is ri& in a seasonal environment (with little or no 

predation) the fecundity rate d l  be detemiined in a density-independent way by the 

amount of resources available for breeding in the favowable part of the year. Regulation 

of population size would then occur through densitydependent moctality through 

resource limitation during the non-breeding season Assuming this hypothesis holds me, 

and with such a high ciegree of age dependence in both fecundity and rnortality in 

ungulates, lag effects in the response of the population are likely to occur. Such time 

delays are Iikely to pnerate cornplex population fluctuations (May 198 1). 

According to Lack's hypothesis. in temperate ungulates we e.xpect the highest 

losses to occur in winter because of densitydependent resource limitation If these losses 

are o c c ~ n g  in severe winters arnong elk calves during their Rrst winter, as found in 

previous midies, then a whole age class of the population may disappear. This would 

have delayed effects on the population since these calves would not get a chance to 

mature and produce offspring until two years later. As well. it has k e n  found that 

vm-ation in winter severity affects recniitment rate. If this is truc. then the calfifernale 

ratio will be lower after severe wintea. Again, a delay in this effect will be evident since 

there will be fewer newboms that would have evenhially produced offspring hvo years 

later. 

Similady, climatic conditions may exert an influence on fecundity rate in elk In a 

severe winter the quality and quantity of food rnay be poor. This m g  cause large losses 

in body weight which wiil affect the fiecundity rate through size-dependent onset of 

reproduction (mal1 femdes mature later than large fernales). A comequence of ttùs is 



that a delay will occur benveen the occurrence of the ecological change (change ui the 

winter feeding conditions) and the response to this change in the population. This delay 

couid be up to four yean, since the normal age of matuky ofelk is two yeas. 

5.7.2 Moose and Winter Weather Severity 

Although there was a similar pattern of this conelogram (Appendix C) to the elk and 

winter severity correlogm.cn (Figure 18). no signi~ficant correlations were f o d  The 

highest positive correlation did occur at a four-year Iag (Appendix C)- Aîthough not 

considered significant, there is definitely a pattern that can be observed wiui the moose 

population as welL After the severe winter of 196667, the rnoose population increased 

for approximately four yean, declined after 1971, and recovered after 1973. The severe 

winters of 197475 and 1978-79 seemed to act in conce% increase and fluctuate tom 

1973 to f 98 1. and plummet after this (recoveruig in the late '80's). This pattern and tune 

fnme is almost identical to the pattern of the ek population, but is slightly les  severe. 

An e-xarnination of the factors that are included in the winter severity index (below) may 

give some hints as to which winter parameter(s) moose might be mod least sensitive to. 

5.7.3 Elk and Witer Temperature (Fi,we 29) 

Figure 29. Number of Elk vs. Winter 
Tempe rature Indices 

Year 
-k +Mm, W ' i  lemp. fndex Wnittr Temp, indu -Mean Wit t  Temp. hidtx 



Ek were found to be statisticalty sigiificant and positiveiy conelated to the mean winter 

temperature index ( d - 5 3  10, ~ 1 7 ,  ~&O5)(Figre  XI), the minimum winter 

temperature index (r4.4800, n=l?, pcO.lO)(Fiaure 3 1), and the maximum winter 

temperature index (FOS48 1, n=L7, ~O.on(Figure 32). 

Figure 30. Correlogram- Elk vs. Mean Winter 
Temperature Index 

T 

Lag Period (years) 

Figure 3 1. Correlogram- Elk vs. Minimum Winter 
Temperature Index 

Lag Period (years) 



T i ~ u p w  5- RCVI~IS ~ u d  DIsc -~~ss i~~ t t  

Figure 32. Correlogram- Elk vs. Maximum Winter 
Temperature Index 

Lag Period (years) 

The sia@ficmt positive correlation with no lag effect found in ail three temperature 

parameters could have a possible relationship to the aenal w e y  itself. in years with 

severe wiaten, elk tend to leave the Park in high aumbers (Rounds 1991). This would 

imply that in severe winten aerial sweyon would tend to see more elk as they were 

forced out of sheltered areas to seek food (Aerial surveys also cover transects 

irnmediately adjacent to the Park- Fi=we 4). 

Another theocy is that ellc are just responding immediately to a severely cold 

wïnter. For e-uample, the severe winter of 1 966-67 was proceeded by a milder winter; 

similarly, it codd be eqected that, based on the theory that etk were dying immediately 

in a severely cold winter, the elk population would decrease. 

The hi& positive correlation between elk and mean monthiy minimum 

temperature with a four-year lag effect is interesting for a couple of reasons. Firsk it 

complies with the four-year lag effect found with elk and overall winter severity. Second, 

it suggests that if this four-year lag effect is valid, then mean monthly minimum 

temperature may be the temperature panmeter that best predicts winter severity for 

ungulates, and, if so, should be incorporated into a modified winter severity index (mean 



7 . 4  ~Woose and Winter Temperature (Figure 33) 

Figure 33. Number of Moose vs. Winter 
Temperature Indices 

Year 
-MO* I M Î Î .  Wiitter Temp. Index +Max, Winter Temp. Index -Mean W m  Temp. Index 

There were no significant relationships found, except for a significant positive 

correlation with a one-year Iag effect ( d . 4  12 1,  n= 18, ~ 0 . 1 0 )  between moose and the 

minimum winter temperature index (Figure 34). 

Figure 34. Correlogram- Moose vs. Minimum 
Winter Temperature Index 

Lag Period (years) 

The relationship suggests that the moose responds to this severe winter by decreasing in 

nurnber the tollo~virtg year (Le. by the time the aeriai survey was completed early in 



The relationship suggests that the moose rwponds to this severe winter by decreasing in 

number the following year (Le. by the tinte the aeerial sumey was completed early in 

1968). Temperature may be intluencing m o d i t y  of calves, recnùtment rate and 

fecundiw rate, leadulg to delays Ui these e f f i  on the moose population. 

5.7.5 Elk and Saow Accumulation (Figure 35) 

Figure 35. Number of Ellc vs. Yearly Snow 

-+- Elk 

T Accumulation 

Year 
+ Snow Accumulation 

'Ihere is a statistically sigificant positive correlation betweeo elk and yeady mow 

accumulation with a four-year lag (~0.6047, ri=19, pO.OS)(Figure 36). 

Figure 36. Correlogram- Elk vs. Yearly Snow 
Accumulation 

Lag Period (years) 
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nie exact sarne pattern is evident here as with elk and the winter severity index 

Assuming the index is valid, mow accumulation rnay be the rnost important winter 

parameter affecthg ungulates. This finding complies with many other midies (Coady 

19XY Mech el al_ 1987, Messier 199 1)- 

5.7.6 Moose and Snow Accumuïation (Figure 37) 

Fi,pre 37. Number of Moose vs. Yearly Soow 
Accumulation 

Year - Moose + Snow Accumulation 

There is a sipificant positive correlation between moose and yearly snow accumulation 

Figure 38. Correlogram- Moose vs. Yearly Snow 
Accumulation 

Lag Period (years) 



The four year lag is. again, less severe than thût of the elk A potential reason for snow to 

not impact moose as much as it may impact eIk could relate the much higher chest heipht 

of moose. Snow cover exceeding two-thirds the chest height of wild cervids impedes 

movement (Telfer and Kelsatl 1971,1979). The fact that moose is significuitly 

correlated to mow accumulation suggests that this might be the most important winter 

weather parameter affecting the population 

5.7.7 Elk and Snow Density 

There were no si-eficant conelatioas between elk and snow density (Appendk C). 

5.7.8 r\(Coose and Snow Density (Figure 39) 

Figure 39. Nwnber of Moose vs. Snow Density 
Index 

Year 

-Moose + Snow Density Index 

There was a sipificant negative correlation between moose and snow density with a 



Chnprer 5- Resulrs nntl Discussion 

Lag Pefiod (years) 

This conelation sugjests that the snow density in a particular year affects the moose 

population two years later. Again. snow density might be causing delays in the response of 

the moose population to mortality of caIves, Iow recniitment rate and reduced Fecundity. 

5.7.9 Elk and Green-up Value 

There were no significant positive or negative correlations found (~ppendis C). 

57.10 Moose and Greeu-up Value 

There were no significant positive or negative correlations found (Appendix C ) .  

5.8 CONCEPTUAL MODELS 

Conceptual models Cor elk and moose are ponrayed in Figures 4 1 and 42, respectively. 

These models present an overview oFthe factors that are suspected to be influencing elk 

and moose populations. and are based on speculations presented in this chapter. 

The suspected strengh of a relationship was represented by the thickness of a lin+ 

and classified as either a "minor". "moderate" or ''hi&" influence on the elk or moose 

population. Arrows were also color-coded to represent either a positive or nesative 

influence on the elk or moose population. The relationships that were purely inferred (i-e. 

were not found to be statistically signiticant) were represented by a dashed line. A 

complementary description of the models is presented throushout Chapter 6. 



Figure 41. ELK MODEL 
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Figure 42. MOOSE MODEL 



SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Since 1963, RMNP tus conducted consistent yearly aerial sweys over the Pack to 

estirnate elk and moose nmbers. Uatil this study, there had been no long-tenu analysis 

of the overall population trends in order to determine what fmors might be responsible 

for causing the ungulate populations to fluctuate. 

This study attempted to isolate and explore some of the quantifiable factors that 

may be influencing ek and moose population trends. These factors included hunter 

success around Park boudaries, beaver populations. wolf populations, snowshoe hare 

populations and winter severity Through understanding these interactions, and their 

influence on mgdate populations, managers will be better able to predict the impact of 

human activities on madate populations. 

Cross-correlation anabis was used to determine the relationship between both 

elk and rnoose populations, and each parameter- This type of ana1-i-s was essential to 

detemine the lag effects of a @cular parameter on the elk or moose population, if any. 

Line p p h s  and c o r r e l o ~ s  were used to explore the relationships. 

Both elk and mwse populations were found to be autocorrelated However, 

moose were more strongly autocorrelated and a sipificartt relationship existeci for as 

long as hvo yean, suggesting th& the moose population changes much Iess dnmatically 

than the elk population The difference could relate to such age-specific events as age at 

maturi ty. 

The relationship of elk md moose to elk and moose harvested, respectively, was 

suspected to be related to both the life history of each species and the hewy harvest of 

cows (due to no restriction in ser for the bag Iimit at any time in the season) in the 

RMNP region Both relationships had a lag effect approlomately equivdent to the age to 

reach rnaturity for each species. This could be a resdt of barvesting large nuruben of 

cows that were therefore not able to produce female calves in the following years, 



causing the populations to decline. The populations may recover hvo (elk) or €ou yem 

(moose) later when those cakes that survived the wi-nter of the hi& harvest wodd have 

begn to produce offsprïng 

Both elk and moose populations, and the beavet population seem to be fluctuatirtg 

somewhat in synchrony. This might be related to a common reaction of these species to 

van-ation in winter severity. As weil, the beaver population was suspected to be affectïng 

the rnoose population in the folIowing year. This could be related to the fact that beaver 

tend to introduce favorable habitat for moose- 

Although elk have been found to be the foremon prey item for wolves in RMNP, 

there was no statistlcally significant relationship found between the two species. Wolves 

were negatively correiated to moose population trends, though. These population trends 

may likely be independent of each other. Remas could be that moose are gaining a 

cornpetitive advantage over elk (suice wolves prefer to prey on elk), therefore causing a 

steady population increase in moose. Wolves, on the other hanci, tend to be steadily 

decreasing. The reasons for this rnay include Little breeding stock, hunter W e s t  and 

mange. 

As with beaver, both elt  and moose populations seemed to be fluctuating 

sornewhat in synchrony with the snowshoe hare population Again, this is suspected to 

relate back to the animals' similar reaction to winter seventy- As well, it was 

hypothesized that mowshoe hare may be competing with elk for browse in winter, 

especially in years when the hare population is at its peak However, no relationship was 

found. 

The elk population was found to be significantly conelated to the WSI with a 

four-year lag- The reason for the four-year lag could relate to winter cal€ mortality, 

reduced recniitment and reduced fecundity after severe winten. Moose did not show any 

significant correlation to the WSI, even though they exhLbited essentially the same 

pattern in their ~orre lo~am (with the highest correlation at a four-year lag). Assuming 

that the WSI is valid, it would seem as if moose were not as afEected by severe winten as 

elk were. In case the WSI was not valid and to get more information as to which 



parameten within the WSI were most important, each parameter w s  individually 

correlated to both the elk and rnoose populations. 

The elk population was foimd to be significantly positively correlated to the mean 

~Mnter temperature index, the maximum winter temperame index and the mi rhum 

wkter temperature index This could relate to the weather conditions at the tune of the 

aerial survey (in years with severe winters, elk tend to leave the Park in high ambers to 

seek food and avoid snow- accumulation, makùig them more visible) or could mean that 

the elk are Unmediately responding to a severely cold winter. Elk were also found to be 

strongly correlated to the miaimum winter temperature index with a four-year lag effea 

the same lag-&ect as was found between the elk population and the WSI. Moose were 

found to be sigificantly correlateci to the minimum winter temperature index with a one- 

year lag eRect The relationship suggests that minimum temperatures in winter rnay be 

causing delays in the response of moose populations to mortality ofcaives, low 

recruitment rate and reduced fecundity- 

niere was a significant positive conelatioa between both elk and moose, and 

snow accumulation with a four-year l ag  Again, a four-year lag seems to be important in 

understanding the influence weather has on the mgdate population The four-year lag 

for moose is less severe than that of the elk A potential reason that mow accumulation 

rnay not impact moose as much as it may impact elk could be due to the much higher 

chest height of moose, thus less impedement 

nie moose population was correlated to snow density with a two-year 1% 

suggesting similar time-delayed responses to effects of winter weather. EUc and rnoose 

were not significantly related to green-up value in any way. 

6.2 CONCLUSIONS 

Of those examinecl, the most important factors found to be potentially influencing the elk 

population were hunter harvest and winter severity (specifically, snow accumulation and 

winter temperature). Both of these factors seem to be creating delays in population 

response by the effects of winter mortality of calves, reduced recruitment and reduced 

fecundity. As well, although no significant correlation was detected, it was suspected that 



wolves are, at le* preventing the elk population from increasing drarnaticalb This 

relationship is potentially eliminating conditions suitable for a population irruption The 

moose population \vas found to be intluenced by hunter harvest, beaver populations and 

winter severity (specifically, M t e r  temperature* snow accumulation and mow density). 

Again, hunter W e s t  and wiater severity conditions may be creatiag time-delayed 

population responses. Although the woifpopulation was fomd to be signïficantiy 

correlated to the moose population, the tact that there was no lag effect implied that the 

populations were acting independedy of each other. Tt rvas presumed that there was a 

common response of the herbivores (elk, moose, beaver and snowshoe hare) to wuiter 

severity due to the significant positive correlations found between these species. This 

finding suggests that winter severity may ultimately coatrol the mammal system of 

RMNP. 

In an ecological midy such as this, where individual factors are e.xmined in an 

attempt to better understand an entire system, ofien we lose sight of the fxt taat we are 

dealing with nature- a cornplex system with many factors interacting in some marner, 

and resdting in synergistic effects. Funher, knowing only what factor is the most 

infiuential in tems of population rate of increase restricts our understanding of 

population dynamics. For example, mow depth may be the best correlate of population 

decline of ungulates in RMNP, yet it may have no significance in tems of feedback 

within the system's dynamics, Le. as a mechanism of population regdation. Therefore 

caution must be exercised in dnwing any finn conclusioos fiom these resuits. On the 

other haaQ these results represent a depth of analysis into ungulate population dyoamics 

that has not been previously undertaken by RMNP, and therefore can represent a basis for 

further research into elk and moose populations in the Park 

6.3 RECOMMENDA'MONS 

1.  Elk and rnoose populations should continue to be monitored, and m e r  explorations 

intu factors affecting their population trends should be examined once more data are 

collected As well, a study of the accuracy/ precision of the mgdate aerial surveys 

should be undertaken, since models are only as good as the data poing into them. 
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2. Given the importance of food supply shown in other studies. a browse survey 

rnethodology should be chosen and implemented in the Park as soon as possible, and 

the vegetation in the Park should be assessed yearly in order to determine if it is being 

extensively over-browsed, a sign of a possible population irruption. 

3. The Park should urge the provincial govemment to set hunting seasons for a given 

year afier a e d  survey results are in. In this way, if the ungulate population seerns to 

be dramatically decreasing (such as when or if a population irruption occurs). 

provincial resource manasen can make appropriate amendments to harvest regulations 

for that year (rather than the next, as is curent practice). Lf this is not possible, 

perhaps the provincial government can be persuaded to have alternate measures 

available if the elk and moose populations are threatened in any way. For example, 

DNR misht postpone draws until rnid-summer (and therefore be able to change the 

number of tags issued. if necessary). As weil, a mechanism should be in place so that 

that DNR can close a season after the aerial survey results are in. 

4. Further studies into the effect that the declinin_r wolf popuiation in RMNP is having on 

the ungulate populations should be undenaken. 

5.  Stelfox's winter seven'ty index should be examined, considering the latest iiterature, 

and detemiining the appropriate weighting for the parameters within the index. Once 

the index is modified. the Park should undenake a program whereby necessary data 

are collected and indices are calculared on a yearly basis. This may give Park managers 

some predictive ability as to how and when the population will respond to severe 

winter conditions. 

6. Before any conclusions are drawn about yeariy ungulate population fl uctuations, or 

management actions are taken at the federal or provincial level, management officiais 

should examine al1 parameters found to be influencing the eIk and moose populations. 

This will allow for a better understanding of the synergistic erects of ecoiogical 

systems. 
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METHODS OF WILDLCFE POPULATION ESTIMATION 
IN RMNP 

1.0 Method for ElW Moose H * ~ e s t  Estimation UI GHAs 23 and U A  
(HummeIt 1990) 

Each year, harvest &stics for various species ofbig game are estimated by a 

quest ion~e rnethod organùed by the Department ofNaturai Resources @M). A 

sarnple questionnaire is presented in Figure 1. For draw seasons, m e s  and addresses of 

successful applicants were received Ekom Wildlife and Fisheries Licensing. Samplhg was 

systematic and the sampling intensity was 100% ofall tags- For those seasons where two 

licensees were allotted one tag (Fiream season), ody one Iicensee pet pair was sampled 

It was attempted to send out questionnaires on the day prior to the end of the seasoa A 

second questionnaire was sent out to individuals who had not responded within 28 days 

after the fust mailing- Questionnaires received &er July 3 1st were not included in the 

data used to generate estimates. Similarly, license sales figures used in the estimates were 

those supplied by Wfldlife and Fisheries Licensing at July 3 In mer this the, W e s t  

estimates for a panicular GHA could be calculated with the following equation: 

Harvest @HA) = Number of Liceases Sold x Number of Kills (GHA) 
Number of Responses 

The assurnption neceswy to making this estimate is that hunters from the GHA in 

question return questionnaires at the same rate as dl hunten for the season (Hummelt 

1990). 



Manitoba Uk Hunler: 
Each year we mlect a random ssmple of elk licencees and request thek assistance by 

carnpleting a queslionnairs Pkass reiurn Ihe completad postcard as saon as Dossibie; aven 
il you did not hunt ar kill an elk (or mooss in G-HA 23/23A)- Your reply will assbt  us in our 
management efforts and enable us Io provide a sound popuiatkn base for fulure years  

From ouf fast year's sumey we estimated thal 3.133 alk hunters 12,746 taqs) hunted for a 
total of 17.500 days. harvesting 1.022 elk and 242 maose- 

NO POSTAGE JANRE IS NOT NECESSARY. 
DECUIeER JANUARY 

r r c m  IF YOU DID NOT HUM IN ANY 1985186 EU( SEASON. 
PLEASE CHECK HERE 0 AND RREfRRN- 

1 In whicti 1985186 elk season did you hunl? LandownerO Eowhunter O f i r e m  a 
2 Oid you use your game tag during the 1985166 elk season? Yes fi No O 

t r ' & v i U ( M  O O n O l r i i . n W S u n * U p v ~ ~ l . O - s m u o t  

if no. please go to queslion S. 
3. In which game hunting area did you tag your animal? Game Hunling Area No. 
4. Was Ihe animal you tagged an: 0 

11 adult male a k  Q 3) immatutr mala alk * a auiâ mals maosa O immaium maïe maose t3 
21 a u i t  lemak e i k a  4) iinmure!emJt clL - a 6) adult fernale moose a 8) immr(ure k d e  maose-  O 

'bon in 19115 'bom in 1985 
5 Please Iist the number ol days yau hunted by Game Hunting Are= 

Game Hunting Area Number Number of Days Hunled 
rPfease sec ma0 Iar rthranct 1 In Elk Çeéi~an 

G H.A (-1 NO- 01 Days 1-1 

Figure 1. Sample Hunter Survey (Hummelt 1990). 



1.1 Reliability of Harvest StatistÎcs 

Harvest statistics, when generated by questionnaire are invariably inaccurate. This is m e  

becaw of noa-cesponse bias (huates who fespond do not cepresent those who do not 

respond) and respome bias (infionnation is incorrectly recordai for a variety of  

reasoas)(Hummelt 1990). For the Manitoba general moose season, Soprovich (1989) 

found that mmresponse bias resdted ia W e s t  over+stimates of43.0% for the late 

season, 23.7?? for both seasoas combined, and 64.4% for GHA 26- Soprovich (1989) also 

found several examples of response bias, including %mg" bisy  inability of some hunters 

to cot~ectly identify the age of their deer, mechmical enor (checking the wrong box). the 

questionnaire having been answered by the wcoag individual, and a case where two 

hunten who have tagged one moose between them will sometimes both indicate bving 

tagged a rnoose. 

It is to be expected that estunates for other seasons wodd exhibit similar levels 

of inaccuracy For seasons with hi@ respoase rate and neagi%le response bias (response 

bias is iargely unknown for Manitoba estimates), estirnates might be expected to be 

reasonably accurate. Because these W e s t  statistics are known tu be inaccurate or it is 

reasonable to assume that they are inaccurate, they should be treated as indices to the 

statistics of interest However, iiie the ungulate aerial nweys, managea should wt 

ignore the indices principle value as indicaton to change in harvest since the W e s t  

statistics are collected with a consistent rnethd 

2.0 Beaver Aerhl Su- Technique (Tcottier 1980) 

Firsf the Park was subdivided into 128 Mits (square quadrats each 23.3 km2 ) then 30 

were chosen by beghnhg at a random starang point and selecting every fourth quadrat 

dong east-west lines to sarnple colony density (Figure 2XTronier 1980). The 30 quadfats 

constituted 23.4% coverage of the Park This mdom-start, systematic allocation of 

quadrats ensured homogenous coverage of the Park, yet maintained objectivity for 

statistical analysis. Stratification based on physiogaphy identified local differences in 



Figure 2. Distribution of Sample Quacirats for Aerial Beaver Censuses in 
Riding Moutain National Park urottier 1980). 
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population trends and demaies which were not illustfated when data for al1 quadrats 

were pooled 

Each quadrat was systematically fi own to obtain total coverage- NaMgatoa was 

aided by use of an airphoto-niossic (scale 1:1.320) prepared for each quaclrat, Each 

mosaic was scnbed with 12 no&-south flight-linest spaced at 400 m intervals beguining 

100 rn inside the quadrat boundanes. Al1 Iùies were aown appoximately 132 m 

aboveground at 135 hamc in a fi~ed-wing a i r c d  Two observen occupied the rear seats 

of the aircraft and cotmted winter food caches (feed piies) seen on the observation *ps. 

Window markers were w d  to Iimit the observation stcip (approximately 200 m on either 

side of the aircraft). 

'ïhe presence of a feed pile, which serves as a source of winter food for a cohy,  

was the sole criterion used as proof of an active colony. Fuller (1953) and Hay ( 1958) 

report that the aumber of feed piles is the only sign of beaver activity that correlates 

directly with the number of colonies. These sûuctures dso happa to be very easy to 

detec t during aerial meys.  

During the sucveys for 1973, 19î6 and 1977. the observen tailied feed piles on 

hand countea then reported totais for each flight line. Since 1979, the observen have 

used an intercorn to report observations to an additional crew member who plotted 

sightings on the photo-mosaic. The suwey crew consisted of a pilot, navigator, two right 

observers, two left observers and a recorder- 

nie beaver populatioa, expressed as the nurnber ofcolonies, was estïmated by 

multiplying mean colony density of the 30 quadrats by the total number of quadrats in the 

Park (127.555)- Confidence intervais were also calculated 

2.1 Reliabüity of Cofoiiy Estimites 

Since beaver feed piles are easy to see nom the air at low attitudes (except those directly 

below the aircraft) and are stationazy, the f i o r s  most responsible for errors are abflity to 

accurately fly the transe& and abi7ty and performance of the observers (LeResche and 

Rausch 1974), which ia tura are influenced by quality of navigation, aItitude. air speed 

winds, turbulence, light and vegetation cover. lt is likely that navigation problems were 
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adequately controlled in the sweys by the navigator using detailed airphoto mosaics. 

Cross-winds, however, constantîy push the a i r d  off course and even with continual 

adjustments there is srnely a source oferror in maintaking the intended course. High 

Win& and subsequent turbulence are equaily important since they affect aircraft altitude 

and consequentiy, &tnsect wïdth- Turbulence ~useates the crew a d  affkcts their abiiity. 

Vegetation may wt be an important factor except d e n  ponds are very small and 

nirrounded by coniferous cover (although this habitat would not be preferred by beaver) 

(Trottier 1980)- 

As with the hunter n w e y s  and the mgdate aend surveys, bias remaias 

consistent in the beaver aerial surveys from year to year, and therefore provida a good 

index of the popuiatiom 

3.0 Method for Wolf Ground Surveys (Hoggins 1993) 

Ai1 Park Wardens were responsible for suhining information on wolf sightings, wolf 

ûacks, wolf mortalities aad wolf prey data. When an actuai sïghting occmed, location, 

color of animal(s) and approximate age and condition of the animal(s) is recorded Some 

excellent sighting information was collected during the ungulate and beaver aend 

surveys. The respective survey cwrduiatoa recorded actual sightuigs aad pass on this 

information to the Wolf Project Coordinator. 

Durkg the winter moaths, field wardeas were continually looking for woLf tracks. 

When tracks were loçated, the animais were back-tracked to determine the number of 

mimals in that pack and direction of travel. It was hoped, duruig the winter, wardens 

observed tracks in their areas on numerous occasions. From this data, the Roject 

Coordinator estabkhed wolf pack temtorial boundaries. During the month of February, a 

fiveday wolf ~ackiag blia occurred (February is breeding season for wolves and they 

are very active during ihis time), and wardens were out covering their areas as often as 

possibIe. 



1.0 Methoà for Snowshoe Han Tnck Surveys (Samoil 1979) 

Snowshoe hare track sweys  were used to estimate 'hue acti-vity mïts'. These sweys 

inciuded tmck count transects in nine representative cover types (Table 1, Figure 3). 

Table 1. Names, Len- and Locations of Snowshoe Hare Transects in Nine 
Cover Types within Riding Mountain National Park. 

NAME 
1. PopIar-Unbumed 
2. Poplar-Birch 
3 - Poplar-Spruce 
4. White Spmce 
5. Poplar-Buraed 
6. Black Spnre- Bmed 
7. Black Spruce- Unbumed 
8. Shrubland 
9. Tamatack 

LENGTH (m) 
1022 
866 
885 
536 
547 
552 
33 i 
35 t 
449 

LOCATION 
Bal@ Lake Road (South) 
Baldy Lake Fire Tower T d  and Bddy Lake Tnïl 
Baldy Lake Road (North) 
Gunn Lake Tm1 
North of G m  Lake 
North of Gunn Lake 
North of Gunn Lake 
North of Gunn Lake 
East of Guan Lake 

The transect sweys commenced two &ys after a muiimum snowfall of one centimeter 

(allowed for a standard period ofactivity), and were usually finished in the same day. 

Due to the low nurnber of hare tracks after 1982, couuts were conducted by snowmobiie 

with only occasioaal travel by mowshoe. In years ofhigh hare densities, cou- were 

most often obtained on foot AU tMcks intercemg the transect were identified to 

swcies; mammals smaller than red sqpïrrels were not recorded Tracks which followed a 

traBsect for the entire length were recorded as a siagie occurrence. 

Hue tracks were weighted in the following marner: single track (1); 25% 

tramplhg of snow cover (N(1)); 50% trampling of snow cover (1+(2)); 75% tramplhg 

of snow cover (lc(3)); or 100% tmnpIing of snow cover (1+(4)). Hare activity Mits 

(HAUS) were calculated by dividing the summed weighted values o f  each W e c t  by the 

iength of the tramect (m) and multiplying by 100 (divide the total by 9). 



Figure 3. Location of the Study Area and Snowshoe Hare Activity Transects 
in Western Riding Moutain National Park (Samoil 1979). 



APPENDIX C 

1.0 Rehtionship Betnccn Elk rad Woîves 

Figure 1. Number of EU( vs. Wolves 

Year 

Table 1. EU( vs. Wolves 

No Iag 
1-yr. lag 
2-yr. lag 
3-yr. Iag 
4-yr. lag 
5-yr. h g  

+ Wolves 



Figure 2. Correlogram- Ek vs. Wolves 

Lag Perioâ (years) 

2.0 Relatioaship Between M m  and Winter Severity 

Figure 3. Number of Moose vs. Winter Severity 

Year 
-c Winter Severity Index 



Table 2. Moose vs. Winter Severity 

I MOOSE n 
No hg 
1-yr. lag 
2-yi. lag 
3-yr. lag 
4-yr. Iag 
5-yr. lag 

Figure 4. Correlogram- Moose vs. WSI 

Lag Period (years) 



3.0 Relntionsbip Between Moose and Monthly Tempenture 

Figure 5. Number of Moose vs. Winter 
Tempenture Indices 

Table 3, Moose vs. Mean Winter Temperature Index 

NO lag 
1-yr. Iag 
2-yr. lag 
3-yr. lag 
4-yr. Iag 
5-yr. Iag 

MOOSE n 



Figure 6. Correlogram- Moose vs. Mean 
Winter Temperature Index 

Table 4. Moose vs. Maximum Winter Temperature Index 

No lag 
1-yr. Iag 
2-yr. Iag 
3-yr. Iag 
4-yr. hg 
5-yr. lag 

MOOSE n 



Figure 7. Correlogram- Moose vs. Maximum 
Temperature Index 

Lag Period (years) 

4.0 Relationship Between Elk and Snow Density 

Figure 8. Number of Elk vs. Snow Density Index 

Year 
+ Snow Density Index 



Table 5. Elk vs. Snow Density 

I ELK n 

1-yr. hg 
2-yr. hg 
3-yr. Iag 
4-yr* lag 
5-yr. Iag 

Lag Perïod (years) 



5.0 Reiatioaship Between Eik and Gmn-Up Value 

Figure 10. Number of Elk vs. Green-up Value 

Year - Elk - Green-up Value 

Table 6. EU< vs. Green-up Value 

No Iag 
1-yr. lag 
2-yr. lag 
3-yr. Iag 
4-yr. lag 
5-yr. lag 

ELK n 
O. 1524 17 

-0.069 10 18 
-0.1739 19 
0.2 155 19 
0.09267 19 
0.1282 19 



Figure 1 1. Correlognim- Elk vs. Green-up 
Value 

Lag Period (years) 

6.0 Relritionship Between Moose and Gmn-up Value 

Figure 12. Number of Moose vs. Green-up Value 

Year 
+ Green-up Value 



Table 7. Moose vs. Green-up Value 

1-yr. lag 
2-yr. Iag 
3-yr. Iag 
4yr. hg 
5-yr. Iag 

No Iag 

Figure 13. Correlogram- Moose vs. Gmn-up 

MOOSE It 

0.1448 17 

Value 

Lag Period (years) 



SCATTERPLOTS OF SIGNIFICANT RELATIONSHIPS 

Figure 1. NUMBER OF ELK VS. ELK (1-YR. 
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Figure 3. NUMBER OF ELK VS. ELK 
HARVESTED (2-YR LAG) 
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Figure 4. NUMBER OF MOOSE VS. MOOSE 
HARVESTED (4-YR. LAO) 
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Figure 5. NUMBER OF ELK VS. BEAVERS 

Nurnber of Elk 

Figure 6. NUMBER OF MOOSE VS. BEAVERS 
(1-YR. LAG) 

4000 O 

3500 O 
5 s  
> 3000- 

8.0 
r) 

4 '  
III 

k 2500 e~ a *  
0 

O 
Sc ' 
0 = 2000- ' 8 1500- 
5 g 1000- 
2 0  

a 

Number of Moose 



Number of Moose 

Figure 7. NUMBER OF MWSE VS. WOLVES 
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Figure 8. NUMBER OF ELK VS. SNOWSHOE 
HARE 
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Figure 9. NUMBER OF MOOSE VS. 
SNOWSHOE HARE 
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Figure 1 O. NUMBER OF ELK VS. WSI (4-YR. 

Figure 11. NUMBER OF MOOSE VS. WSI (4- 
YR. UG) 
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Figure 12. NUMBER OF ELK VS. MEAN 
WINTER TEMPERATURE INDEX 
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Figure 13. NUMBER OF ELK VS. MINIMUM 
WINTER TEMPERATURE INDEX 

Number of Elk 



Figure 14. NUMBER OF ELK VS. MAXIMUM 
WINTER TEMPERATURE INDEX 
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Figure 15. NUMBER OF MOOSE VS. MINIMUM 
WINTER TEMP. INDEX (1-YR. LAG) 
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Figure 16. NUMBER OF ELK VS. SNOW 
ACCUMULATION (4-YR. LAO) 

Number of Elk 

Figure 17. NUMBER OF MOOSE VS. SNOW 
ACCUMULATION (4 YR. LAG) 

Number of Moose 



Figure 18. NUMBER OF MOOSE VS. SNOW 
DENSilY INDEX (2-YR. LAG) 

Number of Moose 



APPENDIX E 

TABLES CORRESPONDING TO CORRELOGRAMS 

Table 1. Elk Autocorrelations 

- 

No lag 
1-yr. lag 
2 9 .  Iag 
3-yr. hg 
4yr. Iag 
5-yr. Iag 

ELK n 

* = StatiSticalIy significant, a = 0.05 (Legendre and Legendre 1983) 
' = naristicai& siflcant, a = O. IO (Legendre and Legendre 1983) 

Table 2. Moose Autocorrelations 

No Iag 
1-yr. lag 
2-yr. lag 
3-yr. log 
4-yr. iag 
5-yr. lag 

MOOSE II 



.4ppaniïx E- Tab fus Com~~'poding IO CorreIoprms 

Table 3. Elk vs. Hunter Harvest 

No hg 
1-yr. Iag 
2-yr. Iag 
3-yr. lag 
4yr. lag 
5-yr. hg 

ELK n 

Table 4. Moose vs. Hnnter Harvest 

No Iag 
1-yr. lag 
2-yr. hg 
3-yr. lag 
4-yr. Iag 
5-yr. lag 

MOOSE ' n  

Table 5. Elk vs. Beavers 

- - - - - - - - 

No lag 
1-yr. lag 
2-yr. lag 
3-yr. L g  
4-yr. lag 
5-yr. lag 

ELK II 

0.6271 * 14 
0.4008 12 
0.1034 12 

-0.04841 12 
-0.4852 13 
-0.42 16 I l  



-4pprrJix E- Tubks Ct~rrcr~orrcii?g ro Correfbgrms 

Table 6. Moose vs. Beavers 

No Iag 
1-yr. lag 
2-yr. Iag 
3-yr. Iag 
4-yr. Iag 
5yr. Iag 

Table 7. Moose vs. Woives 

MOOSE n 

Table 8. EU( vs. Snowshoe Hare 

No Iag 
1-yr. lag 
2-yr. log 
3-yr. lag 
4-yr. Iag 
5-yr. hg 

ELK n 



.4ppndix E- Tubfa Concspding ru CorreIognnns 

Table 9. Moose vs. Saowshoe Hare 

No lag 
1-yr. hg  
2-yr. lag 
3-yr. Iag 
4yr. Iag 
5-yr. lag 

Table 10. Elk vs. Winter Severity Index 

No lag 
1-yr. lag 
2-yr. lag 
3-yr. lag 
4-yr. lag 
5-yr. lag 

ELK rt 

Table 1 1. Elk vs. Mean Winter Temperature Index 

No lag 
1-yr. h g  
2-yr. Iag 
3-yr. Iag 
4-yr. lag 
5-yr. Iag 

ELK n 
0.53 1 O* 17 
O -07234 18 
O. 1862 19 
O. 1459 19 
0.3926 19 

0.0146 1 19 



=Ipptir~J& €- Tables Co~esgonding ru CorrefaLgrams 

Table 12. Elk vs. Minimum Winter Temperature Index 

No Iag 
1-yr. lag 
2-yr. Iag 
3-yr. Iag 
4-yr. Iag 
5-yr. hg 

ELK n 

Table 13. Elk vs. Maximum Winter Temperature Index 

- .- - - - . - - 

No h g  
1-yr. lag 
2-yr. iag 
3-yr. lag 
4-yr. lag 
5-yr. lag 

ELK n 
0.548 1 * 17 
-0.01710 18 

O. 1429 19 
O. 1242 19 
0.3486 19 

4.01 160 19 

Table 14. Moose vs. Minimum Wiater Temperature Index 

No lag 
1-yr. lag 
2-yr. lag 
3-yr. Iag 
4-yr. lag 
5-yr. Iag 

MOOSE n 



.4ppun6~.r E- Ta6ies Comqvottding to CorreIograms 

Table 15. Elk vs. Snow Accumulation 

No Iag 
1-yr. lag 
2-yr. lag 
3-yr. Iag 
4yr. Iag 
5-yr. Iag 

ELK n 

Table 16. Moose vs. Snow Accumulation 

- - - - - - - 

No Iag 
1-yr. lag 
2-yr. lag 
3-yr. lag 
4-yr. lag 
Syr. lag 

MOOSE n 
0.06763 17 
0.07757 18 
-0.03299 19 
0.09206 19 
0.482 lC 19 
0.3 116 19 

Table 17. Moose vs. Snow Density 

No lag 
1-yr. Iag 
2-yr. lag 
3-yr. lag 
4-yr. Iag 
5-yr. hg 




