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ABSTRACT: This project was designed to test and evaiuate a technique to estirnate moose (Alces alces) 

habitat use in west-çentral Alberta, Canada. Home range size and habitat use of aduit femde moose were 

estimated for portions of a Widlife Management Unit in west-central Aibena Nineteen radio collared adult 

fernale moose were relocated fiom Januq through March 1997. Mean distance traveIIed between daily 

relocations was 1 .S 1 + 0.04 SE km. and the mean home range size was 68.77 + 5.38 SE km2. Moose were 

found to prefer areas classitied as browse, wet areas and 25 - 29.99 rn taIl forest stands. Statistical and 

trended analysis indicated that moose preferd meas clmsified as browfie. wet areas, low to medium % 

canopy dosure, and tdl trees when selecting winter habitat. 
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1.0 ORGANIZATION OF STIiDY 

This Practicum is presented in 4 chapters. Chapter 1 provides an introduction, states study 

objectives, and outlines how resource selection analysis, statistical anaiysis, spatial anaiysis, and habitat 

modelling can be used to assist managers in problem resolution. Chapter 2 is a literature review of 

information regarding moose (Alces alces) habitat use, and a sumary of moose management principles and 

prescriptions empioyed in the study area over the p s t  8 years. Chapter 3 is prepared as a journal article 

analysing mouse habitat preference in the style of the Journal ofwildlife Management. Chapter 4 provides 

conclusions and management implications. 

1.1 INTRODULIION 

The forests of Alberta provide many benefits to society. These benefits are ofien compounded by 

competing economic and social values (Gray 1994). Cosperative planning and management provides for 

accommodation of cornpethg vaiues and possible provision of sustainable management (Berkes 1989). 

htegated well defined planning between forest and wildlife managers offers a viable approach for 

maintaining or enhancing wildlife habitat quality and quantity within managed forest ecosystems (Eastman 

and Ritcey 1987, McNicol and Gilbert L 987). However, effective management of forest ecosysterns for the 

purpose of improving wildlife habitat is otlen limited by incornplete data or by information not organised in 

ways to juniFy modification of silvicul~ral techniques (Ellis 1986). For managers to eflectively 

accommodate moose (Alces aices) habitat requirements in managed forest areas, the quantification of 

optimal size, shape, and spatiai arrangement of habitat is needed. Little empirical research has been 

undertaken to quanti@ these needs For moose (Allen et al. 1987, 199 1). 

Ln 1993, moose populations in portions of nonhem Alberta were below hinoric levels, causig 

Fîrst Nation and licenseâ hunters alike to experience decreased harvest success (Alberta Natural Resources 

Service 1998% 1998b). It appeared the= were i d c i e n t  moose to meet public demand, with the generai 

opinion within the hm- conmainity that tk decreased haniest per unit &on was dir- niated to 

popdation d e c k  (Al- Naturai Resources Service 19981). The question More managers within the 

Nahuai Rcsources Service (MU) was to determine if there was a population deciine, and if so, why? 



In an effort to detennine moose population statu, the Nonhern Moose Management Program 

(NMMP) was initiated in 1993 to investigate causai factors for perceived decline. The following factors 

were considered: disease, predation, over-winter mortality, over hawesting, loss of pchary winter habitat, 

and land use practices. General information and utperience of managers provided no indication of any 

prevalent disease and no notable increase in predator populations. Though buIl to cow ratios were below 

desirable levels in many areas, over hawesting was not considered to be problematic. Severe weather had 

not been common or persistent. Anecting the quality and quantity of habitat available to moose during the 

critical winter months, land use was seen as a potential causal factor by many area biologists (H. Carr, 

Alberta Environmental Protection, personal communication). To effectively manage a wildlife population, 

resource managers should consider a mixture of population and habitat assessment data to support 

management decisions to offset all of the above influences on the moose population (Wildlife Working 

Group i 99 1 ). 

Of the 2 phases of the NMMP. phase 1 was an exîensive inventory of northem Alberta to 

enurnerate maose population density with 9% confidence. In phase 2. cow moose were radio collared in 4 

Wildlife Management Units (WMU), including WMU 346 nonh of Edson in west-central Alberta (Figure 

1.1). This radio collareci sample, m conjunction with the digitized geographic inventory (Alberta Vegetation 

Index (AW)), provided the opponunity to collect habitat specifk data. This data could then be used to 

mate a habitat wpply analysis using the pnnciples of Habitat Suitability Index (HSI) modelling. When 

applied on a landscape levei, this process facilitated the assessment of generalist species spatial habitat 

requiremcnts (Clark et id. 1993, Donovan et al. 1987). Statistical models, bang inductive and empirieal, 

offer the potential to minimise validation problems when tested against real habitat use data (Schamberger 

and O'Neal 1986, Pereira and Itami 199 1 ), and is the approach selected for this study. 

For relatively large, mobile animais, radiotelernetry is a technique commonly used to monitor 

movements of uidividuals (White and Gmtt  1990, Clark et al. 1993a, 1993b). Contemporary computer- 

based Geographic Information Systm (GIS) technology is a relatively new tool for the nsource manager 

with promise for wildlife management (Donovan et ai. 1987). When radiotelemetry is cornbinecf with GIS, 

the potemial to detemine habitat prefkences of an animai may be greatly increased (Davis et ai. 1990). 
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Figure 1.1: Location of W W  346 north of Edson in westcentral Alberta. 



To cunduct a tadiotelemetry study, animals are captured and fitted with a radio transmitter tuned to a 

specific frequency. When the animal is released, it can then be rdocated with use of a radio receiver and 

directionai antem. Tn'angulation of the anùnal's position rnay be obtained ifeach relocation occurs fiom a 

minimwn of3 diffèrent geographicai positions to create a reiocation site. For the purpose of determining an 

animal's habitai preference, each capture site can be visited and habitat characteristics measured. This, however, 

can be an e.xtmneIy expasive undertaking in terms of both time and financiai burden, -a@ ifthe animai is 

wide mging and/or a large number of relocation sites were recorded. With the advent of GIS technology, it is 

possiile to d u t  habitat analyses of an animal's relocation sites using existing digitised data sets (Clark et al. 

19934 1993 b), including the Alberta Vegetation Inventory (AVI). 

A GIS can be used to perform simple cartographie procedures. However, the tme power of GIS lies in 

the ability to @orm cornplex spatial queries through d y s i s  of digital landscape information. Digital data used 

in a habitat preterence study may be created by the researcfi t m  or obtained h m  e x t d  sources. Digital data 

may include basic geo-referenced information on the location of roads, railways, transmission and seismic lines, as 

w d  as the location of lakes, streams and n'vers. ûther data availabk may include Ian~orrn information such as 

vegetative composition (and various attributa therein) and elevation. From the elevation information, data *ui be 

rnanipuleted to create other u d  infonnatjon. 

Contemporary forest use both consumptive and nonansumptive, has the potential to e i k  increase or 

decrea~e habitat qudty andor quantity for moose. h Aiberta, hunters w m  cunœmed that the imcased efort 

required to harvest moose was an indicator ofpopulation decüne. As a result, thae was a cd for information 

idcniaying the aaus  of the popul~tion. The requiremerit tOr this information occufed at a time when advanced 

technofogy eouM be used to more accuatefy census the population and deiemiine lik quisites. The fouowing 

doamient is a report of infbrmatjon coUected on radio relocated cow moose in west-central Alberta during the 

wirrter of t 997. Using a sample ofpmidy radio c o W  moose, reiocattion sites and AVI data were used to 

detamine d e r  habitat pmhme, Md provide die bag for the m o n  of a habitat aipply a d y i s .  Givai 

OPCfjOc popdltion g& habitat modehg mry ultimateiy ûe used by m r c e  managers to p d c t  moose 

p o p i l a t i o n p o t s d a l i n d n d i f f î l r u d ~ ~ ~ ~ .  



1.2 PROBLEM STATEMENT 

The moose population in west-central Alberta has not responded to management prescription. 

Maose habitat selection has not been ernpiricaily detennined for this area. A tested and verified HSI modei 

has not been defined for the region. The AVI data has not been tested to determine its utility for estimating 

moose habitat preference. Given the absence of data, resource managers are unable to deve1op a 

comprehensive moose management plan to consider habitz rhw7ge resulting tiom land use practice and 

natural change. 

1.3 RESEARCH OBJECTIVES 

1. To identiQ and quanti@ moose habitat use during winter by cornparhg telemetry data with 

AVI data. 

2. To assess the utility of usiny AVI data for detenination of moose habitat use. 

3. To recornrnend management options to improve moose habitat assessments and management. 

1.4 RESOCIRCE SELECETON & ANALYSIS 

1.4.1 Resourct Sclection 

When attempting to measure the extent to which animai populations are seiective in their choice of 

habitat, wiidlife managers are presented with a number of options for analysis, particularly in relation to 

habitat avaiIability (Johnson 1980, 198 1, White and Ganott 1990, Manly et al. 1993). One approach is based 

on the concept of a resource selection hnction; a fûnction of habitat characteristics measured on resource 

units such that the value for a unit is proportional to the probability of that unit being used. Manly et al. 

(1993) suggest this approach can be used when rewurces can be categorized as either used or unused by an 

animai, and where every unit can be characterized by the values that it possesses for certain vaxiables. agital 

data within a GIS can be used to identify spatial habitat variables required for resource selection studies 

(Clark a al. 1993, Donovan et al. 1987). Manty et al. (1993) argue that this concept leads to a unified theory 



for the analysis of resource sektion, and cm replace many ad hoc statistical methods that have been used in 

the pst. 

It is ofien assumed that a species will select resources that are best able to satis& its tife 

requirements, and that high quality resources will be selected more than Iow quaiity ones. When resources 

are used disproportionately to their avaiIability, use is said to be selective (Johnson 1980). Mady et ai. 

(1993) follow Johnson (1980) in providinl~ the following definitions: 

Resorce Use- is that quantity of the resource utiIized by the am'mai (or population of animals) in a 

fixed period of tirne. 

Resoime Avaifabifip- is the quantity of resource accessible to the animai (or the population of 

animals) during the same period of tirne. 

Additionally, they distinguish between avaiiability and abundance by defining the latter as the quantity of the 

resource in the mvironment. They also suggest that xlection and preference are oftm used as synonyms in 

the literature, and define them as follows: 

Seiectiwt- is the process in which an animal chooses a resource, 

Prefirrrnce- is the likelihood that a remurce will be sekcted if offered on an qua1 basis with 

others. 

Resource selection occurs in a hierarchicai fashion based on scale: tiom the geographic range of the species, 

to individuai home ranges, to the use ofgeneral features or habitats withh a home range, down to the 

selection of particular elernents or features within (Johnson 1980). 

When the decision is made to estimate an animal's resource selection, the next 2 steps are to 

determine the appropnate sale and scope of the study. The scale and scope of the study rnust reflect animaI 

biology, but may be innuenced by other factors including management needs or data and resource 

avaiiability. These dmisions my k subjective, can have significant impacts on the project outcome, and may 

be difEcult fbr the reseaich team (Manly et al. 1993, Stiehl, 1995). Thomas and Taylor (1990) provide three 

desïgns for evaluating selection: 



1. Dtisign 1- Protocol is such that rneasurements are made at the population level and used, 

unused, and available resources are censused or sampled for the entire study area as well as for 

al1 the study animais within that area. Individual ariimals are not identified under this protocol. 

2. Desigr, II- Availability is measured at the population levei and the use of resources is 

measured for each identified animal. 

3. Design III- Individuais are identified and at least two of either used, unused, or available 

resource units are censused or sampled for each animal. 

Both Designs !T and l'ii identiQ individuai animals, which in turn permits reference to the 

population and estimates of variability of these estimates as long as the animals identified are a random 

sample h m  that population (Manly et ai. 1993). This approach, called first and second stage analysis by 

Cox and Hinkiey (1 974), has been recommended for analysis of resource selection data by White and 

Garrott (1990). M d y  et al. (1993) fiirther suggen that the advantages of this approach are 3 fold: 

1. The observations on any one animai may be time-dependent. For example, the 

independence of several radio locations depends on the time between these 

relocations and the animal's behavioura1 pattern. Therefore, as a general rule it is 

better to estimate sarnpling variances and test hypot heses using variation benveen 

animais rather than the variation between observations on one animal. 

2. It allows estimation techniques that are applicable at the population Ievel. 

3. The variation arnong individuals may be exarnined to determine, for example, 

whether sex or age differences in habitat use between animals occur, and to 

ident* animals that are unusud wit h respect to t heir selectivity. 

As with the diffenng designs available to the researcher, there are also differing sampling protocois 

to be fdowed depenâing on the design selected. M d y  et al. (1993) provide the following sampling 

protocols: 

Sonpiing Protucd A- Available resource unhs are either randomly sampled or censused, and a 

random sample of used resource units taken, 



Sumpling Protacol B- AvaiIablt resource units are randody sampled or censused and a randorn 

sample of unused resource units taken. 

SampIitlg Protucol C- Unused resource units and used resource units are both independently 

sampled. 

In addition to the various IeveIs of study, habitat selection may be among various discrete habitat 

categories ( i.e. open field, forest, muskeg) or among a continuous anay of habitat attributes such as shnib 

density, percentage cover, distance to water, canopy height, etc. 

Resource selection snidies involve cornpanson between samples or censuses of used, unused, and 

available resource units. Therefore, at an early stage, the analysis of data should involve the cornparison of 

the distributions of x variables for the samples being compared. This will provide an indication of the 

differences, if any, and highlight any unusuai aspects of the distributions. Table 1.1 identifies a number of 

tests that may be perfonned on either categorical or continuous data to determine if resources are selectively 

used and to compare the strength of selectivity. Aldrcdge and Ratti ( 1986, 1992) cornpiued the Neu et al. 

( 1974), Johnson ( l N O ) ,  Friedman ( 1937), and Quade ( 1979) tests, and concluded that no test was better 

than the other for both type I and type I l  error rates. Univariate tests can be c h e d  out on severai variables 

sjmultaneously, including X' tests to compare samples in ternis of the proportions ofunits in differait 

categories (Neu et al 1974, Manly et al. 1993). 

1.4.2 Statisticd AnrlysW 

When considering resource selection, the question of interest is whether the diffenng habitat types 

in an anxi are used proponionaiiy to availabüity. The 1974 study by Neu et al. demonstrated the utility of X' 

for testing the hypothesis that animals randornly select habitat in proportion to its availability and for 

comparing proportions of used and unused habitat categories (Manly et aI. 1993, White and Garron 1990). 

If the test is significant, simultaneous Bonferroni confidence intewah may be computed by comparïng 

proportions ofused resourca ofdüferent types to conespondhg availability (Neu et al 1974, Byen et al. 

1984, White & Garrott 1990, Manly et al. 1993). 



Table 1.1: Statistical tests to determine resource selection. From Manly et al. (1993). 

Chi-square goodness-ocfit test* 
Johnson's prefer mahod* 
Friedman's test * 
C hi-square test of homogeneity 
Quade's test* 
Log-linear models 
Wilcoxon's signed tank test 

Neu et al. (l974), Byers et al. (1984) 
Johnson ( 1 980) 
Pietz and tester (1982, 1983) 
Marcum and Loftsgaarden ( 1980) 
Alldredge and Ratti ( 1986. 1 993) 
Heisey ( 1985) 
Kohier and Ney ( 1982)' Talent et al. ( 1983) 

Continuous Data 

Kolmogorov-Smimv two-sample test RaIey and Anderson ( 1 990), Petersen ( 1 990) 
Multiple regression Lagory et al. ( 1985). Grover and Thompson ( 1986) 
Logistic regression Hudyins et al. ( 1985). Thornasma et ai. ( 199 1) 
Discriminant hction analysis Dum and Braun (1 986), Edge et ai. (1 987) 
Muhivariate analysis of variance Stauffer and Peterson (1 985) 
Principal component s Edwards and Coliopy (1988) 
Multiple response pemutation~rocedures Aldredge et al. ( 199 I ) - 
* Represents tests compared by Aldredge and Ratti (1986, 1992) 



Regardless of the animal of study, selection of a method for analysing habitat data is dependent on 

the type of data collecteci. its reliability, how observations are weighted, the assumptions required for the 

test, and the hypothesis to be tested If habitat availabiiity values are explicitly known, the univariate 

approach of Neu et al. (1974) may be suitable. On the other hand, multivariate methods are usefùl in 

anaiysing more general questions related to resource selection (Clark et al. 1993a). 

1.43 Spitid Analysis 

Geographic Information Systems are amputer-based systems that are used to store and manipulate 

large volumes of geographic information (Amnoff 1993, Duncan et ai. 199S), and have become 

cornmonplace in the study of wildlife/habitat interactions (Donovan et al. 1987. Lyon et al. 1987, Clark et al. 

1993a, 1993b, Duncan et al. 1995). GIS databases are ollen ~enerated tiom remotely sensed information 

which creates a coarseness in the database such that GIS-based habitat models are rnost effective tbr species 

with generalized habitat requirements. Given their limitations, GIS systems are capable of quantifjhg the 

spatial relationships between wildlife and their habitat at a level not econornically practical using traditional 

mapping techniques (Aronoff 1993). DetPiled ground sampling may be used to correct the low level of  

resolution provided by the GIS, but may corne ai  a high economic cost in areas of decreased accessibility 

(Ormsby and Lunetta 1987). 

1.4.4 Habitat Modding 

For rnany y-, plamers, foresters, managers, and biologists have cecognised that there is a need 

to accurately evaluate wüdlife habitat. In the part, the increasingly narrow and specialised approach toward 

murces, and espeOally wiMlife and habitat management, has nsulted in hgmented perceptions and 

understanding of the larger systems a< work in the natural world (Stiehl 1995). Recognising the necessity for 

a more hoüstic appmeeh to developntent p l d g  the Governmem of the United S i w s  passed the National 

Environmentai Poücy Act (NEPA) in 1969 which required d l  U.S. federal agencies to employ systemtic 

and interdiscipiinary techniques in planning and decision making. Further, NEPA nguired the installation of 

methods and procedures designeci to ensure that e n v i r o ~ ~ n t d  ammitics and values (Le. clean air and 



ecologicai integrity) traditionally not quantified be given appropriate consideration in decision making (Stiehl 

1995). Resulting frorn NEPA was the development of the Habitat Evaluation Procedures W P )  ( U.S. Fish 

and Wddlife SeNice 1980); an evaluation procedure for use in project planning. 

In 1991, Environment Canada, in CO-operation with Wldiife Habitat Canada, r e I d  the 

Guidelines For The Intemation Of Wildlife And Habitat Evaluations Wah Ecoloaicd Land Survey (ELS) 

(Wildlife Working Group (WWG) 1991). This public;tion identified and described the interrelating physid 

and biological components of the enviromnent from a hierarehical perspective of ecologicdly fiinctional and 

geographically recognisabie entities or wholes. Ecological Land Survey is an interdisciplinary approach to 

landscape ecology involving the collection and interpretation of environmemal data. Under this approach the 

environment is considered to be composed of natural or man-rndified ecosystems that are land based. 

Within ELS, land is hotistically referred to as being composed of a complex and interconnected web of 

abiotic and biotic ecological components, including bedrock, landforms. wilq water. climate, vegetation., 

and wildlife. As the ELS guidelines were developed in panllel with the US HEP approach, there are many 

similarities. 

HEPELS pemu'ts the use of a number of habitat modeling techniques to describe wildlifhabitat 

reiationships (Slauson 1988). With the advent of modem technology, dong with its greater potential for data 

storage and manipulation. there is renewed interest by resource managers to use HEPELS techniques to 

enhance both biological systems understanding and management decision making. HEPIELS provi~es 

information for 2 types ofwildüfe cornparisons: 1) the relative d u e  of different areas at the nvne point in 

tirne, and 2) the relative vaiue of the same area pre- and pst-development (Stiehl, 1995). As a result, 

HEP/ELS may be adapted to many different uses, including proje* planning and habitat management. 

A similarity ktween HEP and ELS is the use of HSI models to evaluate habitat potenM. Berry 

(1986) d e s c n i  HSI models as correlations between species and different habitat fornponents. The 

meâhodology of HSl is centcred on basic ecological pnnciptes and concepts, which include the assumption 

that at the species level the d u e  of the habitat fui be described by a set of measunable habitat variables (life 

rcquisites) that are Unponant for the species (Stiehl 1995). Funher, the vaiue of an area may be influenceci 



by changes in either habitat quantity or quality. The value of an area to a given species is a product of the 

size ofthe area and the quality of the area. This can be stated mathematicalIy, as: 

HABITAT (UNIT) VALUE = HABITAT QUANTITY X HABITAT QUALITY, 

For HEPELS, the quantity part of the formula i s  any measure of  area which is appropriately s i m i  for the 

particular study. The quality rneasurement of the formuia is expressed in the fonn of an HSI, which varies 

h m  0.0 to 1 .O. The HSI is a measure of how suitable the habitat is for the pariicular s p - e s  when 

cornpared to optimum habitat, with 1.0 representing the optimum. 

It is important to establish quantitative output goals for the rnodel through the establishment of an 

area based performance related measure (S tiehl 1995). The Habitat Unit (HU) is the basic accounting unit 

for HEPELS, and is detennined by multiplying HSf x Area (Stiehl 1995). A suitable quantifiable 

performance meacure is, for example, the number of moose a forest stand will support per km2. üitimaiely, 

habitat units may be summed across the study area to determine habitat supply. 



2.0. LITERATURE RF,VIEW 

2.1 LIFE WQUISITE/BABiTAT ASSOCIATIONS 

Habitat represents the diil façtor determinhg wildlife population ftness, with food and eowr being 

the prirnary cornpunents (Crichton 1977, Stelfox 1988). Quidan et al. ( 1990) provide a comprehensive 

Merature review of moose habitat requirernents across Nonh America, with specific reference to the Edson 

Forest Region of Alberta. Moose are forest edge, generalist herbivores dependent upon early successional 

forest for browse, and mature to old coniferous forest for escape and winter cover (Cairns and Telfer 1980, 

Rolley and Keith 1980, Mytton and Keith 198 1, Hauge and Keith 198 1). Occupying a variety of forest biomes 

offering edge or disturbed areas (Crichton 1977, Teife: l984), moose feed on a wide variety of shmb species 

and depend on mineral licks (Alberta) or aquaîic vegetation (primarily eastern Canada) for essential minerais 

(Timmennann and McNicol 1988). Mixed-wood forests and shblands in close association with lakes, ponds, 

strearns, and bogs are considemi prime rnoose habitat (Soper, 1961). Food and cover requirements Vary 

seasonally, w k e  moose exploit the shnib and grwnd strata of deciduous, mixed and coniferous forests and 

shnibland cover types ( C h  and Telfer 1980, RoUey and Keith 1980, Mynon and Keith 198 1, Neitfeld et al. 

1984. Risenhoover 1 989). Cairn and Tekr ( 1 980) state that dthough m s e  will utibe many forest stands of 

varying composition, shrubland appears to be the year-round habitat choice. Smith (1982) reported that during the 

donnant m n ,  moose preferred deciduous forest. Moose habitat quality is a multidimensional fiinction of 

temporal variation, the physical structure and spatial relationships of forest vegetation, land form, snow 

conditions, protection fiom thermal stress, and forage quality (Allen et al. 1987, P e k  et ai. 1976, Peek et al. 

1992). 

The tempord and spstiaI d e  of resource exploration and extraction may have both positive and 

negative effkcts on moose habitat avaiiability and utilization (Tomm et al. 198 1, Timmermann and McNicol 

1988). Positive effects of disnufuuice include production of early successional browse, while negative effects 

include loss of thermal and escape cover (Tirnmmann and McNicoI 1988, Men et al. 1987) and increased 

harasiment in areas of uncontrolled access (Tomrn et al. 198 1). 



To assist managers in decision making, the optimai interspersion and juxtaposition of moose habitat 

requirements n d  to be quantified on an area basis if resource interests are to be managed sustainably and 

holistically. Giles (1978) defined interspersion as the intennLuing of units of difkent habitat types, where 

heterogeneous habitats possess a greater degree of interspersion than homogenous habitats. Juxtaposition 

may be defined as a measure of adjacency or proximity of one habitat type to ano t her (Giles 1978). Tel fer 

(1978, 1984) suggests that the donnant season is critical to moose SU~vorShip where the adjacency of 

quality forage and cover are of importance. The identification of domant season moose habitat use in west 

central Alberta wiii permit the quantification of hzbitat resource interspersion and juxtaposition. This 

information will assist resource managers in making informed decisions towards the integration of forest 

resource extraction and rnoose management. This wiil benefit both rnoose populations and related social and 

economic values. 

2.1.1 M m  Wintw Cover 

Moose behaviour is dependant on environmental conditions (Renecker et al. 1978). Moose will use their 

surrounding habitat to mitigate the eRécts of mrerne weather conditions, and have been shown to demonstrate a 

characteristic pattern of habitat use dwing the dormant season (Peek et al. 1976, Tel fer 1 978, RoUq and Keith 

1980, Hauge and Keith 1 98 1, Men et al. 1 987). In Rochester, Alberta, moose avoided Iowland vegetation types 

and moved into uplands of mature aspen between eariy and late winter (RdIey and Keith, 1980). Use of pine, 

aspen-pine and aspen-spruce stands in winter was Iimited (Rolley and Keith 1980). in west-central Alberta, mouse 

over wintcr in areas of high browse production ( T e h  1978). As winter seven'ty increased, moose prefèrences 

changed fiom high forage producing areas to areas of higher cover, lower forage abundance (Telfer 1984, 

and McNichol 1988) and where snow cover was reduced (Hauge and Keith, 198 1). Also within 

westcentral Alberta, cover, both security and thennai, was a greater determinant of habitat use than forage 

availability (Stdtim 1984). ûtber saidies in Alberta ( T o m  et al. 1981, Hohyd and Van 'iiw 1983, 

Westwod et al. 1984) reparteci the importance of cover and forage for moose durllig winter. in Ornario, good 

earfy winta habitat wnsisted of sevaaI s r c d  raiduai stands of mixed or cotiifaous trees 4th an average 

coaaow basai ara of 9.5 m 2 h  and mtan stand h i ~ h t  of m e r  that 6 m situated prmcimally to dense a~pm 



stands containhg suitable browse (Ontario Ministry of N a d  Resources 1984). ui the Lake Suwor of 

OntarioI Men et al. (1 987) proposed that ideal late winter cover was comprised of coni fms  camp closure 2 

75% and stand height > 6 m. Futber, wiiuer cover quality inaeased as the proportion of conifers in the stands 

increased, wheie stands cornposeci of 2 Wh conifetous species of dicient height provided msutimum themal 

protection and Iower snow depths (Allen et al. 1987). 

2.1.2 Moose Winter Food 

Moose are genemlist herbivores which subsist on deciduous and shnibby bmwse during the dormant 

season (Telfer 1984). Wiow waç an important eariy winta f d  but when snow accumulation impedeâ 

movernent, shade tolmt sWes such as hazelnut and saskatoon were pderred (Soper 1 964). Use of food by 

moose in winm was to a large degree detennuled by avaiiability, where the primary Iimiting tactor was winter 

range condition (Peek 1974) and the chacteristics o f  accurnuiated snow (Eonar 1 985). 

in whn, moose eat a wide &ety of plants inciuding willow (&/lx W.), red-os1.m dogwood (Coriw 

.s~ufo1t~era), saskatoon (Amfanchier ahijolia), trembling aspen (Papr~its ~remrdoi&s), baisarn popiar (P. 

Ikrlsamfiru), paper birc h (Buhdu pqgm~m), bog birch (B. glarJl~/'w), pincherry (Prirrnrs pemylwniccl), 

chokecheny (P. v i q @ u ~ ) ,  high-bush cranberry (C.'ih~rmm optritcs), low bush cranberry (K  edd.), mountain 

ash ( ~ b t c s  scopriim)), beaked hazeinut (Cwyhs c m ~ ~ ~ a ) ,  baIsam fir (Abia haismnt!cl), rose ( R m  spp.), and 

green aider ( A h s  crispa) (Steffox 1974, Nowlin 1978, Trortier 198 1, Nietfid 1984 , Irwin 19û5, Timmerman 

and McNicoi 1988). 

2.13 Moose f ibi tnt  A m  Requimnents 

Moose exhibit both spatial (LeResche 1974, Hauge and Keith 1981) and temporal variation in home 

range size, with larger areas behg u t h x i  duruig wincer conditions or when bmwse quality is low (Lynch and 

Morgmhi 1984). Moose tend to be most aggegatcd duruig fall and winter, with between popdations 

relateci to habitat quaiity and quantity, population density, and sex ratio (Peek et af. 1974). Aiberta rnoose have 

also been h n d  to exhibit sex and age specific differences in seasonal home range size (Roüey and Keith 1980, 

Lynch and Morgantini 1984). In an area representhg the Upper and Lower Foothills Nanid Subregions of 



Alberta, winter home ranges were recorded to be as large as 5 1.6 km2 for bulls and 46.8 km2 for cows 

(Lynch and Morgantini 1 984). 

2.2 MOOSE RESFONSE TO DISTURBANCE 

The forested regions of Alberta, and specificdy areas within wildlife management unit 346 in west- 

centrai Aiberta, arperience both natural and anthropomorphic disturbances. Through oil and gas exploration, 

forest harvest practices, agridture, electrid power gen«ati*on, as well as transportation to Eicilitate these 

industries, the forest habitat is iïagmented by roadways, cut-hes, pipelines, cut-blocks and pasture. These man 

induced dements refiect managrnt history and independently and cumulativeiy influence m s e  habitat 

availability and use. The foliowing is a review of several factors which rnay impact the fitness of a m s e  

population within a @ven ara and as a consequeme, rnay aect land use or management decisions. 

2.2.1 OU, Gas & Tmnspl~trition 

The impacts of the oii and gis industry on the mtegntty of the forested ecosystem may be divided into 

three separate phases. Phase 1 occun priman'ly duing t'reeze-up, and uicludes seismic h e  construction. The act of 

seismic line constniction produces noise disnihance and (inear disturbance as uansects are buildozed to fàcilitate 

seismographic tedng (Smith 1982). In a (982 report, Smith shidied the pre- and pst-impacts ofwellsite 

development in west-central Alberta tiom December 3 1, 1980 to March 20, 198 1. DriUing actiMty negatively 

mrresponded with moose presence (Swjth 1982). Construction initially disturbs the soil and removes woody 

vegdon, which may be of importance to moose. Onented in a grid pattern, Linear seisrnic trameas produœ 

unnatural features in an environment where linearitty does not exkt The resulting g i d  of hear disturbance clpares 

uavel corridors for moose, but also rnoose prcdators such as black bear (Urstrs cvntiricmms), woif (Chis hpis), 

cougar (Feik d w ) ,  and man. Redatom Iearn to use the matrut of corridors to their advantage (L. 

Morgmtini, University of Alberta, pcrsonal communication). Depniding on the substrate on which they are 

phad,  seisiriic üna are typcsliy non-pmina* dimubanus with the &s king ana spaSc, or as 

explorasion progresses, area wide (B. SWox, Forem Codtants, pnond communication). 



Phase 2 is exp!oration and includes drilling and construction of semi-permanent or permanent road 

networks for transportation. Sunilar to phase 1, road consthiction produces noise disturbance and unnatural finear 

dimubance. Noise disturbance is reaMng dependent on crafIic while linear dimirbance is more significant due to 

the mation of wider right of ways and soii compaction. Imeased trattic wiU increme the incidence of animal 

collisions. Road networks Uicrease the accessibility for hunting. Romito et al. ( 1993) proposed that areas 5 1 00 

m of roads was of lesser habitat qudity for moose due to animal visibility and safety. Habitat quaIity 

increased linearly with distance from a road, with optimum habitat occumng at 2 400 m. 

Phase 3 involves 6dd development and includes installation of semi-pemment structures such as 

pumping stations as weli as high grde roads. These smctures remve portions ofthe habitat fiom availabdity, 

induding a Mer area surroundylg the disturbance site, with size dependent on the nature of the disturbance. 

These structures may becorne attractions to xime animals in search of minerais (L. Morgantini, University of 

Alberta, personal communication). 

2.2.2 Agriculture & Timkr ffawesting 

in Alberta and other regions, land management practices c m  be a si@cant h o r  contributhg to the 

improvement ofmoose habitat through the creation of browse associated with early successional habitat (Prescott 

1974, Telfkr 1978, Stelfox 1988). Alpiculture and forest management both create moose and degrade moose 

habitat. Crete (1976) indicated chat stem abundance was the most important compnent of the habitat to influence 

m s e  habitat use. In west-central Aberta, S t e b ~  (1 974, 1 988) found that moose used Iogged areas sigrufjcantly 

more tfian mature forest d u ~ g  m e r ,  but use deaeased during winter. Decreased use dun'ng winter was 

suggested to be due to lack of cover. 

in westcentrai A[berta, the influence of agriculture has been removal of tree vegetation in favour of 

grazing pasture. The m v a i  of w d y  vegetation eîiminates seasonal mmse cover and forage, but cm create 

significant winter hrage atmictions (Le. a W à  bais). The Imdscape of west-central Alberta funits the productiity 

ofthe land, and such, the impact of is highiy mied across the landsape. 

Tunbcr barvesting t+rasments the forest t h &  removal ofwwd ûbre and mad mnstruction Moosc 

habitat can be destroyed if too much cntical habitat (cover and fixage) is 10% or if large areas are harvested for 



replanthg to monoculture (Thompson and Euler 1987). Imtiaiiy, h e s t  barvesting changes the age structure of the 

forest. When harvested areas are replanted with commercial stock, naturai succession that would occur &er fie is 

dismpted. Silvicuiturai practice not only iduences the dominant overstory composition, but aiso associated 

understory c ~ n p d i o n  To f8cùtate transport of fibre, roads are created which further fiagrnent the habitat. 

When studying the effects of forest harvesting on big game in west-central A l h a ,  Stelfox's (1988) 32 

year study (1 956 - 1988) indiCateci that during the first five years faUowing harvest, h b s  and trees were too low 

to pmvide mver. By year 17. dense puie regaiedon and rapid con&- and deciduous tree growth reSuIted in 

moderate thermaVsecurity cover for moose. St&x (1988) tiirther indicated that scarified cIear-cuts were delayed 

five to ten years khhd u d e d  clearats in providing adequate wimer m. Pine and un-fied mixedwood 

ciearats pmvided acceptable winter security cover at year 26. By year 31, al1 cfearat cover values i n d ,  

but oniy pine clearats provided adequate themial cover (Steüox 1988). This study found that rnoose seeking 

cover selected pine clearnts over those of opnice and mi~edwood. Moose require a mhre  of cowr and forage 

to d v e  the sometimcs harsh d e r  months, and Stelfox (1988) reponed that a positive relationship existed 

between cover and forage availabüity during the dormant season, whRe deciduous browse was found to be used 

in p a t  extmt when conifmus amer was high. For the same am in 1984, Stelfox divovaed chat total browse 

consumption coiMded more with cover quality chan browse production. When comparing p s t  harvest 

tmtments, Stelfox (1988) determined that scarification increased browse production in mutedwood and spmce 

clearats, but d d  production if pine cleareuts. tt was f o d  that br~wsc  production p p k s  around year 17 

for Ui1SCBrified spuce and mixedwd dear-cuts, and about year 26 in Scarified blocks. 

The ci- with which forest harvdng a s  moose habitat use is a M o n  of cutblock size, shape, 

interspersion and juxtaposition. Maintainhg a mosaic of 15-30 y e a d d  logged areas intemiIxed wkh manire, 

closal campy timbQcd stands wiii provide productive -se h a b i i  (Matchett 1985). In Alberta, T o m  a al. 

(1981) founi that aitblocks h m  16.6 - 32.4 h that were b u f f i  6om adjoining fotest openings by 221 2 - 
402.2 m were p r d d  T h k  hamahg using selrçhn a*, were mmmended by pgk et ai. (1987) to retain 

SuffiCient overstory cover for moose. 



2.3 MOOSE MANAGEMENT 

In Alberta, the moose resource is managed by the Government of Alberta and in the interest of the 

people of Alberta In addition to the non-consurnptive apped of this majestic animal, rnoose are hunted by 

F i  Nations Peoples and ücensed hunters for subsistaice and spon. Foiiowùig the 1992 hunthg semon, conam 

from the hunhng population regarding declinhg maose nmbers Id to the Governent of Alberta initiating the 

Northan Moose Uanagement Rqyam (NMMP) in 1043. Funded chrough the Fish and Wildlifi Trust Fund, this 

6ve year program was established to answer questions about moose population dyrtaniics and to iden* the 

management actions quired to stabilize or improve numben of moose in the various Moose Manageman Areas 

(MMA) of the province (Alberta Naturai Resources S6ce 1998a). including WddIife Managernent Unit 

346 within MMA 5 (Figure 2.1). From NMMP inception, a number of initiatives have been made by the 

G o v m  of Alberta to better manage the nonhem Aiberta rnoose population. The followuig section 

docments why mse management is important, the moose management approaches taken by the Govemment 

of Alberta over the past decaâe, and idemifia idormation gaps hindering the developrnent of an effective and 

efficient moose management plan. 

Moose management requires consideration of both the population and the people who value the 

resource. The following are six rasons for managing moose (Timmermann and Buss 1995) : 

1. As creatures of out environment, moose deserve responsible attention and treatment. 

2. Their presence adds beauty, diversity atrd interest to the environment. 

3. They are an integrai component of a complex ecosystem and our heritage. 

4. They provide significant rcxreational and economic value. 

5. They are a significant source of food. 

6. Unrnanaged. moose can inflict serious damage, both to humans and the environment. 

In Aiberta, 4 procedures associated with moose management at the WMW level can be recognised 

(H. Carr, Aiberta Environmental Protection, persond communication): 

1. Assessment of the status of the moose herd. 

2. Assessment of harvest statistics. 

3. DeveIopment of a set of objectives for popdation management. 
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F i i r e  2.1: The location of WMU 346 withh MMA 5 dong the east slops of wst-cenaal Alberta. 



4. Development of a moose management strategy. 

A the WMU level, objectives that may be identified for moose management in Aibena indude: 

Increase moose numbers. 

Maintain eisting rnoose populations. 

Reduce the number of moose in an area. 

Maintain a naturally balanced social structure in the moose population. 

lncrease the proportion of bulls in the population to a certain level - to increase harvest success 

and increase reproductive potential of the herd. 

Expand non-consumptive use opportunities of the resource. 

Maximise biomass production for consumptive use on a sustained basis. 

Attain or maintain a certain moose density. 

Achieve a certain level of recreational activity (hunter dayd 1,000 kxd). 

[n the 1980s rnoose numbers were declining. Factors contributing to the deciine were high harvests of 

antlerless animals combmed with increased unlicensed harvest, incregsed predation, and sigdcant tick intiestations 

(Albena Naturai Resources Service 1998a). The managernent approach was to control tbe harvest through 

serison closures and reducing antieriess moose han,- by issuing a limited m m k  of @al pends available 

rhrough lottery b d  draw (Alberta Fish and Wddife Division 1992). For the 1990s. the goal of the Alberta Fish 

and Wdiife Oivision for m s e  management remaineci m c h  the same, to increase the number of rnoosse while 

maimainhg hunting opportunity (Alberta Natural Resources SeMce 1998a). 

In 199 1, tfie rnoose seam in a large portion of west--central Aberta, inciuding W M ü  346, was &ded 

into two seasons (exact dates retlective of the 1992 season for WMU 346): 

1. Sepanber 2 1 - October 10 - Antled moose calling season speciai ticense draw (nit hunt). 

2. October 12 - November 28 - Gened arrtlered moose ticense with the hunter Limited to I ticense. 

The intention of a split seeson was to reduce bu11 harvest, especipeciaily during the M when buils were most 

MilmraMe (Aiberîa Fish and WtldI8e Division 1992). Through this hunting r e  inadequate population data 

was Gdlected (Alberta N d  Resoun;es SeMœ 199th) to mpport managnnent decisions. 



FoUowing the 1992 huntkg season, the public expressed concem regardhg moose populations of 

northem Aberta. in 1993, early data h m  the NMMP indicated that public conceni was justifid. The 

Govemment of Alberta used this information as the basis for aslong the hunting public to participate in an incisor 

bar coiidon program for the 1993 season to estimate age structure of the population. Hunter effort and success 

was detedned through telephone questionnaire. bcisor bar and questioruiaire data was collated with ongoing 

NMMP efforts to determine mamgment preption for the foIiowing year (Aiberta Fish and Wddlife Division 

1993). 

Review of harvest and NMMP daîa inâicated that for the 1994 season, fùrthef hunting management was 

warranted for several WMü's, including WMU 336. In these units, bd1:cow ratios wwe below acceptable levels 

and the percentage ofbuUs harvested was excessive (Alberta Fish and Wildlife Division 1994, Aiberta Naturai 

Resources Service 1998a). To correct the problem, the antlered moose caiüng season extendeci 1 week and the 

later generd season opening similady delayed. It was presumed that these alterations wodd enable the draw 

season to adquateiy control the buit harvest during the nit, thereby reducing the overail harvest (Alberta Fish and 

Wddlife SeMces 1994). Another change for the rnoose harvest fbr 1994 was the implernentation of a cow moose 

special draw opening in WMU 346 and three other WMU's (360,52 1,522). From Novernber 28 through 

December 10, this special season was closely regulated such that the reproductive micts and i n c h  bars of each 

harvested f d e  were collected for analysis. ïhe uten were examined and unborn fases were m w e d  and 

weighed to determine the reproductive hiaory and incidence of second estrus prelpÿincy. The harvest of the 

f d e  cohort in these WMU's pemiitted the coIIection of age data in areas that had not been open to female 

harvest since 1989 (Aiberta Naturd Resources Senice 1998a). 

in 1995, the Alberta Fsh and Wddlife Services became the Alberta Natural Resowces SeMce. At the 

same thne the apptoach to moose management was altered. Resuh of the 1994 mwse harvest and NMMP 

swveys indicaieci that despite best efirts, rnoose still appeared to be over-harvested (Alberta Natural Resources 

Service 1998a). To gain greater control of bull harvest during the entire niahg period, the antiered moose c&g 

season for di n o h  WMWs was extended (Alberta Natural resourws Service 1995)- The general mme 

season was d e f b d  to an ûctober 30 opening. in addition, to more effively monitor the female cohort of the 

population, f d e  moose were radio coiiared in WS 346 (n = 34), 350 (n = 36), and 358, (n = 44). This 



coüared sample was regulady rekated to determine both cow and c a l f s u ~ v a i  rates as well as the amount and 

causes of rnortaiity. 

From 1993 to 1995, the trend in moose management in Aibena had been the institution of a rdcted 

harvest qnxial license draw for the nit season, and delaying the generai season For 1996, this trend continueci in 

al1 areas except Moose Management Area (MUA) 5, including WMU 346. Results fiom the 1995 harvest and the 

NMMP survey indicated that bu1 harvest rates for MMA 5 were 45 percent higher t h  projecttxi, effectiveIy 

skewuig the population sex ratio in fàvour of fernales (Alberta Naturd resources Service l998a). To muter. the 

open general season was replaced with a second late çeason draw fiom November 1 - 30 (Aiberta Natural 

Resources Service 19%). 

Hunting reguiations for m s e  remained largeiy unchanged h m  1996 to 1997, the beginning of field 

work for this research. Using a sample of previously radio cohed female rnoose in WMU 346, a winter (lanuary 

- Match) Mitai use and availabiiity messment was conducted. 

1998 rnarked the end of the 5 year NMMP including the intensive moose incisot bar collection program. 

No significant changes ocairred to moose hunting reguiations h m  1997. 

hiblic concern and scientific information led the Govenunent of Albena, Fish and WildlZe SeMcesl 

Alberta Natwal Resoulces Service to alter moose h e s t  regulations. Ushg harvest and populdon data, the 

moose management approach that the goverment of Alberta foilowed dwing the of the NMMP was one 

focused on contrdling the buil haivesi. Justification for this approach was a two fold asswnption: I ) reducing the 

buU harvest would, thrwgh tirne, incrase the number of buis in the various populations avaiIable for harvest. 2) 

with a W e r  number of bulls in the population, the m b e r  of fernales succesPfully bred would increase, thneby 

dowing the population to grow (Alberta Nahird Resources SeNice 1998a). 

h seau, howwer, to be a compom of th4 m s e  population management equation which is 

missing. The Wddlife Working Group (1991) oFthe Canadian Cornmittee on Ecological Land Classification 

suggest that wiMlife managers xck an appropnate mix of population and habitat assessrnonts to support 

management decisions. When wildlife habitat is dassified, population surveys can be employed to estabiish 

or validate land unit ratings, monitor population status, and provide benciunark canying capacities. Without 



an accurate assessment of available habitat, it is premature to set population goals or objectives if it is 

unknown whether the habitat is available to support desired population numbers. 

As of the end of August 1999, Alberta Environment, Naturd Resources SeMœ did not have a 

doaimerd  moose management plan for any region of Albem Peading a sdidified management plan, Natural 

Resources Service have not devehped population denQ goals for the province. The fomulation o f  a 

management plan and subsequent population goais are, h o w e r ,  a priority (H. Cam, Alberta Environmental 

Protection, personal communication). Population estimates for padans of Alberta rmlting 6om a 5 year 

ammcted study are adable to the Naniral Resources Sexvice, but not available outside that Service. The 

population information, coupled with an assessment of habitat quality and quantity, will provide management with 

the essential tools requird to develop the much needed moose managrnent p h ,  including the establishment of 

population goals. 



3.0 RIOOSE HABITAT SELECTION IN WEST-CEiYmL ALBERTA 

3.1 INTRODUCTION 

In 1993, moose (Alces alces) populations in west-central Alberta were below historic levels 

(Alberta Natural Resources SeMce 1998a). h an attempt to determine causai Mors for the decline, the 

Nonhem Moose Management Program (NMMP) was initiated by the Alberta fish and Wddiife Division/Natural 

Resources Senice (NRS). Through this initiative, 34 f d e  moose were radio collarecl in Wddlife management 

Unit (WMU) 346 to monitor the segment of the population dicd to su~vorship (Lynch 1997). The intention 

of this research was to: t )  use the radio collared sample of femde moose and Alberta Vegetation Index 

(AVI) digital data estimate winter habitat preferences; 2) determine the utiEty of using AW data for 

estimation of moose habitat preference; and 3) suggest management recommendations. 

The relationship with which an animai selects I available resource over another is of prime 

importance to a resource manager as it assists in the identification of the life requirements of that organism. 

When this information is collected, it provides baseiinc information that may then be utilized to effectively 

manage or regulate the animal population of interest independentIy or from a community perspective. 

3.2 STUDY AREA 

The study area includes portions of Wildlife Management Unit WMLr 346 within MMA 5. Highway 

(Hwy. 16) defines the southern border of the WMU. From the north-east to south-west, the border is 

defined by the Athabasca River, wit h the eastem border being the McLeod River (Figure 3.1). The area has 

a continental sub-humid climate with long, cold winters modified by short periods of Chinook (fohn wind) 

conditions, and short, cool surnmers. The study ara is generalIy snow covered fiom early November untiI 

midAate April (PoweU and McIver 1976, Powell 1977, Hiliman et al. 1978). During survey, January 13 - 
March 21, 1997, cumulative precipitation for Shiningbank was 81.6 mm at an devation of 829 m, with 

snowfd accounting for 77 mm. For Entrance, snowfàll accounted for 80.2 mm precipitation at an elwation 

of 1003 m. Snow depth for Shiningbank varied during the w e y ,  with minimum and maximum vaiues of 20 

mm and 49 mm respectively. At Entrance, minimum and maximum snow depths were respecüblly 19 and 50 



cm. Mean temperature at Shi~ngbank was -9.5 ' C, while Entrance was -6.8 'C. Appendk 1 contains 

Environment Canada weather records for both Shining bank and Entrance monitoring stations during the 

period of study. 

The study ana is heterogenmus in vegetative composition with 3 major forest types identified 

through dominant overstory species composition; white spruce (Picea gimmz), Mxed wood and lodgepole 

pine (Pimis contortu). The area has been identified as the Upper and Lower Foothüls Subregions 

(8eckicingha.m et al. 1 996). Old (1 25-140yr) white spruce and mature (80- 1 O û y r )  mixedwood forests fall 

within the Upper Foothills wbregion. The young-mature (60-70yr) lodgepole pine forest lies within the 

Lower Foothills subregion (Beckinghm et al. 1996). 

Understory browse vegetation of mature white spruce forests resemble the shb-herb faeiation 

derribed by Moss (1953). The overstory consists of tall, dense stands of white spruce. with a scattered 

distribution of mature balsam poplar (Populus baisamiJera) in mesic sites. Sparse deciduous tree and shmb 

mraa include willow (SaIir spp.), dogwood (Coms stolorrij2ra), honeysuckie ( Lo~ticrra dioica and L. 

invohcma), low bush cranberry (LÏberttrrm edttie), buffalo-berry (Skpherdia ca~~de~tsis),  shrubby 

cinquefoil (Pote1t1iliafi71ticosa), birch (Bcru/u spp. ), pnckly rose (Rom acictdaris). ground and creeping 

juniper (Jurtiperow cornmunis and J. horizontaiis) and saskatoon (Amelanchier aIni/oIiu)). 

Overstory vegetation of the mature mixedwood forest is dorninated by spruce, but balsam poplar 

and lodgepole pine are common. Characteristic lesser tree and shmb spries are aspen (P. ~emrrioirks), 

honeysuckle, buffdo-berry, prickiy rose, snowberry (Symphoricurpus oçcidrt~tuiis), wiflow, comrnon 

b 4 m y  (Arcras~aphyfos uva-rmi) and saskatoon. 

The lodgepole pine association consists of dense stands of young to mature pine with a sparse 

deciduous tree and shmb strata of a few clones of balsam and aspen poplar plus srna11 amounts of green 

aider (AItms crispa), pnckly rose, low-bush cranbeny, willow, mountain ash (Surbus scopdina), wild red 

raspbeny (Rubus hheus), wild goose-kny (Ribes oxyacanthides) bluebmies and bübemes (Vaccinium 

spp. ), honey suckte and elderberry (Sambt~cus memow). 

The three forest types can be fiirther characterised through Government of Alberta Vegetation 

Index data, with 13 dominant species defined for overstory stand composition, five moi- regimes, and 
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Figure 3.1: Location of the study area in west-central Alberta. 



five crown closure classes. Height and stand origin are aiso identified for each forest stand. Appendk iI 

contains a listing of the A M  variables used for analysis of moose habitat selection within the study area. 

3.3 METHODS 

Between June 1994 and June 1946, the Governent of Alberta capturd and radio-collareci 34 

fernale moose within WMU 346 to monitor that segment of the population most cnticd to survivorsfup and 

productivity (Lynch 1997). Nineteen radio-collared cows resided within the study area and provided the 

basis for the collection of habitat availability and preference information. Relocation of this radio collared 

sample and GIS based habitat data was used to test the hypothesis that moose use habitat in proportion to its 

occurrence within the study area. 

The approach used follows Mady et ai. (1993) and is based on the concept of a resource seiection 

fùnction; a fbnction of habitat characteristics measured on resource units such that the value for a unit is 

proportional to the probability of that unit king used. Radio telemetry and digitai AW data within a GIS 

was used to determine habitat use and availabiiity. To determine whether observations of moose habitat use 

foliow the same pattern of occurrence found for habitat availability, the Neu et al. (1974) x2 technique was 

employed (Byers et al. 1984, White and Garrott 1990, Clark et al. 19934 Manly et al. 1993). To assist the 

NRS integrated management planning, a habitat supply analysis was conducted. 

3.3.1 Tekinctry 

Telemet materials and methods foilow that of Lynch (1997). The telemetry receiver was a 

Telonics TR-2 unit equipped with TS- 1 scanner. The receiving antenna consisted of 2 Cushcraft Celement 

yagi antenna eIements fastened to a 3 m antenna tower section. To accommodate the horizontal orientation 

of the trammitter antenne and the presence of forest vegetation, horizontal polarization was used (Cochran 

1980). The entire system was mounted to a hinged platforni which fit within the box of a 4 wheel drive pick- 

up truck. 

Diffcriag fiom Lynch (1997). a ma& of m e y  points were established dong roadways and vails 

within the study area such that each moose could be reiocated several times during 50 minutes of survey; a 



penod of t h e  suggested to provide a suitable levei of accuracy giveo animal movement and triangulation 

error (G. Lynch Alberta Environment ai Protection, persunal communication). To increase reception strength 

and accuracy, the [ocation of survey sites were strategicaily placed on heights of land devoid of taIl 

vegetation (especially hardwoods) and distant fiom metal abjects and power lines (Cochran 1980). Survey 

tracking station locations were established using a differentially corrected Trimble GeoExplorer GPS unit 

(DGPS). The Trimble Pathfinder software pro_mam (Trimble Navigation V 2.0) was used to correct survey 

tracking station reference positions with downloaded Base-Station correction files. Survey tracking station 

locations were saved as a map layer in MapInfo and as a look up table within Microsof€ Excei. 

To calculate the error distribution associated with moose capture sites, 5 test collars were placed at 

15 random locations within the study area with their positions recorded using DGPS. To mimic the 

conductivity of the animal's body, test collars were attached to a plastic bottle containing a saline solution 

(White and Garron 1 990). Using triangulation techniques, the perwntage of error-generated locations 

classified dflerently fiom the original set of locations were utilized to mess the relative effect of 

triangulation error on the analysis (White and Garrott 1986). Mean triangulation enor was applied to a11 

relocations originating at ail location survey sites. MapInfo was used to detemine the area of the relocation 

polygon, a value indicative of the accuracy of the triangulation (Lynch 1997). 

The protocol for relocating collared moose followed that of Lynch and Schumaker (1995). Moose 

were relocated once daily From January 13 - March 24 1997. The survey starting point was rotated to 

ensure variation in time of animal relocation. The antenna was used to find the true azirnuth to a moose. The 

intersection of bearings fiom 3 or more locations were used to geometrically detennine an animal's position 

relative to these iocations (White and Garrott 1990). When 3 or more tracking stations were used to locate a 

signai, a polygon was formed through the intersection of triangulation ha. Calculating to account for 

triangulation error, MapMo was used to generate ünes of triangulation and to determine the areas of 

polygons produccd whem Iines of tnangulation cross. Lines of Viangulation were repeeted until the capture 

site polygon was 5 0.1 5 km2, signüjkg an area which balances the limits of the technology as weli as tirne 

and finances. Capture sites were recordai between 0630-1930 hours each day of survey, with the tracking 

station starting point rotathg daily to randomise relocation timdidividuai. 



3.3.2 Calculating Avrilable Habitat 

MapInfo was used to determine available habitat for each moose (Figure 3.2).The distance between 

the estimated geographic centroidi of each successive relocation site was measured and the mean distance 

travelled was recorded for each moose. The outlying nodes of each moose relocation polygon c h e r  were 

then connected to create a perimeter poly~on, where the distance between each node couId not e~ceed the 

mean distance traveiied for that animal during the survey period. lf the nodes were further apart than the 

mean distance travded, the perimeter polyyon was collapsed inward until another polygon node was 

contacted at a distance ( the mean distance traveIed per day. The inflection of the perimeter polygon 

foliowed this protocol uniess the result would be a long sliver of home range. In the event that this occurred, 

the perimeter polygon connected to the next node on the ne* polygon such that the resulting polygon for 

home range represented an area that the moose could have traveled to reach the next point. For 

detennination of available habitat for the population, the footprint of al1 individual moose available habitats 

was traced within Mapinfo. This technique eiiminared double counting of habitat typed resulting from 

overiap of individual availabte habitat areas. 

3.3.3 Digital Data Manipulation 

Digital landscape information in the form of ArcInfo EOO files were received From two sources, 

each of which maintained different data management practices. Data files were transfated into Maplnfo 

format and attributes were then separated into individual map layers for ease of analysis. Weldwood of 

Canada Ltd. Hinton Division (WC), provided digital Alberta Vegetative Inventory (AM) classification data 

for portions of the study area falling within their Forest Management Agreement Area; a resource 

representing approximately SV?' of the overail study area. Additional AW data was obtained from the 

I MapMo calculates the centroid of a poiygon to be the centre of the rectangdar seledon a m  
surrcmding the polygon when selected. Thus, the MapInfo derived centroid wiii not represent the 
geographic centre unless the polygon is geometrically perfect- 
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Figure 33: Example definition of available habitat for moose 835. Mean distance travelled/day for moase 

83 5 = 0.84 2 0.08 SE km. Penmeter polygons of docation poiygon ciuster were co~ected to the ne- 

polygon if distance between nodes of polygon were ' mean distance traveUed/day. M w s e  835 available 

habitat = 9.26 km2 Availabie habitat for population was created by traciog the foo~ruit of ail individual 

moor avdable habitat polygoru. This process efiminated conHias with ùabitat overlap between individuais. 



Goverment of Nberta, Resource Data Division (RDD), which abutted the WC data and constituted the 

rernaining study area. The WC fores inventoiy had a resolution of c 0.02 km' and RDD AVI files were 

created in 1996 and had a resolution of 0.02 km' minimum polygon area as determined through the Albena 

Vegetation Inventory Standards Manual (Goveniment of Alberta 1 994). 

The AW files from both sources included many fields of records, some of which were of utility, 

others not. Each AVT file was edited within MapInfo suci\ that only those records of utility remained; 

remaining attributes can be seen in Appendix II.  Neither AVI data included the classification of understory 

species composition or related understory characteristics. Therefore, in some locations, no overstory 

designation elcisted. In these instances, mean stand height was used to fùnher classify the data set. lf stand 

height > O and dominant overstory species = " " .  The doninant overstory species of the resulting table 

were reclassified into a new designation labeled "Br" representing potential Browse. The same procedure 

was used to select those stands where tree height = O and dominant overstory species = "_", which were 

reclassified to "Cl" for Cleariny. An additional Field labeled KEtGHTS was created which reclassified stand 

height in meters into five meter interval classes. 

3.3.4 A M  Attributc Information 

AVI  attribute information was attached to the moose location site polygons in Maplnfo, The 

proportions selector switch was chosen such that the area and penmeter ofthe newly created polyyons were 

representative of the new polygm rather than that of the onginal AVI polygon proportions. Dur to 

discrepancies in the RDD AVI data set, small slivers offorest stands occurred fiom this process. The query 

mol of MapInfo was used to select those slivers of habitat that were < 0.00000 1 km2. each of which were 

subsequently deleted from the data file. 

The following GIS map layers were generated fiom the AW databases for integration into habitat 

analysis: 

1. Stand dominant overstory species. 

2. Stand overstory % Canopy CIosure. 

3. Stand moisture regime. 



4. Stand hei@ (5 rn intervals; e.g 04.99). 

3.3.5 Habitat Avaiiability and Use 

uifomation frorn the previous section provided a census of al1 available habitat types and a random 

sample of female moose habitat use. Each moose relocation was considered as an independent observation in 

the sample ofused points. and followed Design II as per Thomas and Taylor (1990) with SP A as described 

by .Mdy  et al. ( 1993). 

X' tests were completed to determine the signtficance of selection, and to test whether the different 

animais were using resources differentiy (Neu et al. 1974). As per White and Garmn ( 1 WO), X' test 

statistics from each animal were cornbined, rather than pooled over animals, and then analysed with the X' 

test. The form of test statistic used was 

With 1-1 df. where 1 represented the numbet ofresource categories. The followiny notation applied: Ai = the 

# of available resource units in catesory i, for i = 1, 2, . ., I; A- = the size of the total population of available 

resource units; K, = AJA,, the proportion of available resource units that were in category i; U, = the # of 

used resource units in category i in the population; U. = the total # used resource units in the population; u, 

= the # of used resource units in category i in the sample of used units; u- = the ma1 # of used resource 

units sampled; oi = uJu., the proportion of the sample of used resource units that were in category i (Maniy 

et al. 1993). This approach allowed a cornparison of use versus availability for each habitat type across dl 

animais. 

Each relocation polygon representing used habitat contained several habitat types Habitat types 

were corrmed to represent a proportion of relocation polygon area. As X' is sensitive to sample a ~ e ,  the # 

of used resources was standardid via the folIowing equation: 

(uJU-) # telocations (population) 

The differences were investigated further through simultaneous Bonferroni confidence intervals 

between the difference in percent availability and percent use. ifexpected fiequencies were outside the 



confidence interval, then that habitat was considered to be used greater or less than expected (hieu et al. 

1974, Byers et al. 1984, White and Garrott 1990, Clark et al. 1993, Mady et al. 1993). This calculation took 

the following form: 

oi 2 zd2d(oi( l - O i ) / ~ ) ,  

where was the percentage point of the standard normal distribution that was exceeded with probabitity 

d2. When a was set to S M ,  then the probability that al! i confidence intervals included their respective 

population ratios was about 0.95 (Manly et al, 1993). 

As per Manly et al. (1993) resource selection fùnctions were calculated and took the following 

fonn: 

#; = O JK, 

To present selection ratios in a standardized form such that they add to 1 .O, the following selection ratio 

equation was applied: 

Bi = Gei /(x w',), 

where Uwi was an estimate of the resource selection probability function. The seleaion ratios could be 

interpreted as being the estimated probability that a cateyory 1 resource unit would be the next selected if 

somehow it was possible to make each of the resource types equally available (Manly et al. 1993). 

Standardisai selection ratios were utilized to represent habitat suitability as per Slauson (1988) and 

took the following tom: 

( 1 . O ( o p h d  WI ~due~i(mxhumb X Bi(apnk,k v ~ b l e )  

To formulate a habitat supply analysis of the survey a r a  on a per stand basis, each of the measured 

variables were aggregated t hrough the following geometric mean formula: 

t !J Forest Stand Suitability index = (Vu -q ,+V-VCI C I ~ V r u n d  **) . 

33.6 Assum ptions 

To facilitate the analysis of resource selection and subsequent determination of habitat suitabitity of 

the fmest stands for f d e  moose, mobile tracking stations were established at selected locations wîthin the 

mdy area. Survey of the mobiie tracking station location was accomplished via GPS. When differentially 



corrected with base station files @GIS), survey points possessed a location error 5 1 m, with the exact 

value of each point location error value king dependent on distance from the base station (Kremer et al. 

1990). For this study, the error associateci with mobile tracking station location error was assumed to be 

negligible in reference to the accunicy of subsequent recordings of moose capture sites. Refeming to the 

radio collareci sample of fernale rnoose, it was also assumed that the individuais seIected for analysis was a 

randorn sarnple representative of the area. 

In the estimation of resource seîection fûnctions, Manly et al. (1993) state that there are a number 

of assurnptions involveci; each of whic h were fol1owed for t his research and are listed below. 

1. The distributions of al1 measured X variables for the available resource units and the resource 

selection probability fiinction did not change during the shidy period. 

2. The population of resource units available to the organisms were correctly identitied. 

3. The sub populations of used and unused resource units were correctly identified. 

4. The X variables which actudly influence the probability of selection were correctly identitied, 

and 

5.  Organisms rnaintained free and qua1 access to al1 available resource units. 

3.4 RESULTS 

3.4.1 M m e  Telemetry 

From Jmuary 13 - March 2 1, I997,49 relocations were recordeci for 19 individuai moose (n = 

93 1). Reloctions were obtained between 0630 and 2000 hours with mean triangulation error of al1 survey 

location sites caiculated to be 2 0.74 degrees. The average distance travelIed between relocations for the 

sample population was 1-51 + 0.04 SE km, and the mean home range sue was 68.77 ?: 5.38 SE km'. 

3.4.2 Habitat Use andlor Availrbility 

Habita! seledon was detected for the population using aii data Iayers (Table 3.1 - Table 3.4). The 

population seiected forest stand composition non-mdoxniy (x* = 48.37, P c 0.001. df = 8) (Table 3.1). 



trembling aspen dominant stands were avoided (P < 0.05). Stands classifieci as browse were prefened (P < 

0.05). The remainder of availabie stands were used in relation to availability (P < 0.05). Browse stands 

received optheil US1 value ( 1-00), Trernbling aspen received the lowest HSI vdue (0.49). 

The population expressed selection of forest stands based on soi1 moisture regime (x' = 16.45. P < 

0.001. df = 3) (Table 3.2). Confidence interval anaiysis demonstrated that moose avoided aquatic areas (P < 

0.05) and mesic stands (P < 0.05). Aquatic areas recnved the lowest moisnire regime HSI value (O. 16). Wet 

stands were preferred (P < 0.05) and received optimal HSI value. No preference or avoidance (P C 0.05) 

was demonstrated for stands not receiving an AVI rnoisture ~Iassification. 

When selenihg for stand % canopy closure class, moose used forest stands randomly (x2 = 6.49, P 

> 0.05, df = 4) (Table 3.3). Avoihce was demonstrated for stands with 71 - 100 % canopy closure (Class 

D) (P < 0.05). The highest WSE vdue was for cIass A (6 - 3 0%) ( 1.00), and the Iowest HS 1 value was for 

clms D stands (0.65). Trend analysis of the distance between observed and expected use (Figure 3.3a), and 

HSI vales (Figure 3.3) with % canopy closure class indicated that stands with less % canopy closure were of 

greater value to moose. 

Tree height was selected non-randorniy ( x2 = 1 1 A?. P < 0.05. df = 5) (Table 3 -4). Class 5 (25- 

29.99 m) stands were preferred (P < 0.05) and received optimal HSI value ( 1 -00). Indifference was 

dernonuratcd for al1 lesser height classes (P < 0.05). The least suitable height class was class 4 (20 - 24.99 

m) (HSI = 0.53). 

In estimation of habitat supply analysis, four habitat variabIes were considered. Since aquatic areas are 

fiozen lakes during winter with little habitat potentiai. the Iimiting ttnction was appiied. Frozen bodies of 

water have no ovemory, canopy closure or tree height. To represent biological value. aquatic areas were 

not aggregated with other habitat variables and were assigned the calculateci value of O. 15 (Table 3.5) 

Within the study area, the # of stand types was greater than the # selected. Those habitat attributes 

not usd wen given an HSI value of0.00 as they did not influence the popArtion as assesseci. The 

aggregate HSI mode1 estirnateci that the lowest HSI value was 0.0 (Tabie 3.5, Figtire 3.4a-j). The highest 

HSI value was 0.95. 



Table 3.1: Population use, availability, x2, relative preference and HSI by moose for 9 dominant overstory 

opecies habitat types, west-central Alberta, Januav - March 1997. 

Home xZ Rdrtive 

Spuies Range Arta Obsewed Expeeted Contribution P d e n n c t  HSI 

(km2) (P < 0.05) ' 
balsam popiar 4.9 23 19 4.62 O 0.76 

bmwse 13.6 85 5 3 39.56 + 1 .O0 

trembling aspen 74.3 227 289 -54.3 1 - 0.49 

tamrirclrhv. lareh 27.0 134 1 O5 33.59 O 0.80 

undifkentiateâ pine 12.8 40 50 -8.62 O 0.51 

lodgepolt pint 11.6 5 5 45 10.97 O O. 77 

black spruce 4 1.4 165 161 4.02 O 0.64 

' U+" inâicates use was greater than availability. "-" indicates use less than availabiüty. "O" indicatcs use oot 

difTerent than availability. Simuitaneous confidence Ievel = 95%. 

Home range a m  = f c o t p ~ t  of al individual home range areas. 

" c 0.001, df= 8. 



Tabk 3.2: Population use, avahbility, x2, relative preference and HSI by moose for 4 moisture regirne 

classes, w &-central Alberta, lanuary - hfarch 1 997. 

Home Relative 

Moiature Regime Range A m  O ~ r v c â  Expetcd X' Contribution Prtference AS1 

(b2) (P < 0.05) ' 
No Ovtntory 7. l 28 28 0.70 O 0.83 

Aquatic 2.2 2 8 -2.71 - O. 16 

Mesic 147.1 503 572 -64.21 - 0.72 

Wet 83.2 398 3 23 82.67 t 1 .O0 

Total 239.6' 93 1 93 1 16.45' 

' "+" hdicates use was pater  than availability, 'y indiates use less than ~vailability, " O  indicates use not 

different than availability . SimuItaneous confidence level = 95%. 

Home cange ana = fmprint of dl individual home range areas. 

'P < 0.001. df = 3. 



Tibk 3.3: Population use!, avaüabiiity, x', relative preference and HSI by moose for 5 % canopy cfosure 

classes, west-central Alberta, lanuary - March 1 997. 

%CC Eom x2 Relative 

Class RangeArcl Obseiveâ Erpecteû Contribution Prefeirnce HSC 

(hZ) (P 4 0.05) 

(0) 0 - 5 54.4 222 21 1 10.74 O 0.92 

(A) 6 - 30 29.7 133 II6 17.53 O 1 .O0 

(B) 31 - 50 51.2 2 14 1 99 16.1 1 O 0.94 

(C) 51 - 70 74.8 278 29 1 -13.35 O O. 84 

(D) 71 - 100 29.5 85 t 15 -25.54 - 0.65 

Totrl 239.6' 93 1 93 1 6.49 

--- - -  

' "+" indiutes use was greater than availabitity, "-&' indicates use les~ than availability, "0" indicates use not 

dierent than availability, Simuttaneous confidence level = 95%. 

Home range ana = footprint of al1 individual home range ares. 

P > 0.05. df = 4. 





Table 3.4: Population use, availabiüty, x', relative preference and HSI by moox for 6 height classes, west- 

centrai Alberta, Januaq - March 1997. 

Eeight Clws Home ,y2 Relative 

(ml Range Ana Observed Expected Contribution Pnfennce EN 

(km2) (P c 0.05) ' 
(O) 0 -4.99 69.0 260 268 -8.57 O OS9 

(1) S -9.99 37.9 1 16 1 O8 8.35 O 0.66 

(2) 1û-14.99 34.3 LI8 133 -13.65 O O. 54 

(3) 15 - 19.99 35.0 165 136 3 1.98 O O. 74 

(4) 20 * 23-99 65.8 323 256 -30.67 O 0.53 

(5) 25 - 29.99 7.6 49 30 23.97 + 1 .O0 

Total 239.6' 93 1 93 1 1 l.a3 

1 "+" indicates use was greater than avdability, "-" indicates use less than avaiiabiiity, "On indicates use not 

diferent than availability. SimuItaneous confidence level = 95%. 

* Home range ara  = footprint of dl individual home range areas. 

9 c 0.05. d f  = 5. 



Table 3.5: Area of HSI by data source and example potential populationlHSI vdue dass. 

ES1 A m  WC (km2) A r a  RDD (km') A r a  (km? Potentiml Population @ 

e.g. 2.0 moose/kni2 

0.00 20.17 O. 18 20.35 0.00 

0. 15 0.00 6.3 2 6.32 0.95 

0.35 0.00 0.1 1 0.1 I 0.04 

0.40 0.00 0.43 0.43 0.17 

0.60 36.37 166.04 192.4 1 115.45 

0.65 179.94 181.52 36 1 -46 234.95 

0.70 144.6 1 339.96 484.57 339.20 

0.75 98.15 S 1.00 179.15 134.36 

0.80 620.18 163.43 783.60 626.88 

0.85 123.86 12 t -6 1 245.47 208.64 

0.90 26.83 78.24 105.06 94.55 

0.95 22.24 64.8 1 87.05 82.69 

Total 1496.65 1203.62 2700.27 1837.88 



3.5 DISCUSSION 

For the anaiysis ofresaurce selection and subsequent detemination of habitat suitability for female 

moose, many habitat variables were available. Given resources available for this study, it was not feasible to 

coIlect temperature and smw depth data equal to the resolution provided by the AW database. However, 

site specific temperature and snow depth data were available via Environment Canada (EC) for 2 locations; 

Shingbank and Entrance (Appendix i )  (Figure 3. L ). Due to variation in altitude, dope, aspect, and 

vegetative composition within the study area. as well as missing data values, EC temperature and snow 

condition information could only be used to provide general reference regarding potential affects on moose 

habitat use. Records indicated that temperature did not deviate fiom the Iong term mean for the area, but 

snow depth was greater than average. Moose movements become restriaed when snow depth > 0.65 m 

(Telfer 1970, Coady 1974, Krefting 1974) a condition chat was recordai at Shiningbank for three 

consecutive days in March (Appendix 1). 

Resource seledon anaiysis of dominant overstory species composition (Table 3.1 ) indicated 

preference for browse, avoidance of trembling aspen, and indifference toward the rernaining stand types. The 

preference of browse reaffims that snow depth was not a hindrance to movement. Preference for browse 

indicated that mooa spend the winter in areas of high browse production (Telfer 1978). This is an expected 

response given that these areas receive greater snow accumulation, but may be used as bedding sites on 

warrn sunny days (Eastman and Ritcey 1987, Joyal 1987). However, the demonstrated preference would 

indicate that more time was spent in browse areas than bedding alone. Trembling aspen w u  avoided, which 

rnay be due to lack of cover d o r  thermai protection. Given the number of sample counts for trembling 

aspen (n = 227), it cm be presumed that these stands provided little in the form of cover or food availabitity 

(HSI = 0.49) (Table 3.1). As conifer stands were not selected over deciduous stands or browse and clearing 

areas, it is evident that moose were Iess interested in cover quality than fortige abundance. (Stelfox 1988, 

Hundertmank et al. 1990). 

Analysis indicated selection of stands based on moisture regime was non-random (P < 0.05). Wet 

arcas wae  pnfemd, suggesting that they may have ken used as ürvei conidors with potential for both 

cover Pad fongc resources (Easbnan and Ritcey 1987. Soyd 1987). As snow depth was p a t e r  than 



average, forage resource availability on wet sites may have been Iess than optimal. Though only inciuding 2 

records, avoidance of aquatic areas during winter was an expected response as these areas are ice covered in 

winter? have no cover and forage potential, and receive greater amounts of snow accumulation. However, 

given that there were only 2 observations and 8, expected, this data shouid be interpreted with caution. The 

avoidance of mesic forest stands is surprishg as both cover and forage potential shouki be enhanced due to 

site structure (Beckingharn et al. 1996). Moose demonstrated indifference to stands not receiving a moisture 

regime qualification as per AVI protocol. As these are85 were calcufated to receive an optimal SI of 0.83 

(Table 3.2, it is evident that this deficiency in the data set greatly influences the results of andysis and 

hinders management decisions based on contemporary AVi standards. 

Log-likelihood x2 adysis indicated random selmion of stands based on % canopy closure. and 

avoidance occurred for only the densest stands (class D, 7 1 - 100 %, table 3.3). Eastman and Ritcey ( 1987) 

and Joyd (1987) suggest that lower % canopy closure classes may provide suitable travel conidors and 

bedding sites during warmer periods. The FMF draft moose habitat mode1 (Rornito et al. 1995) used % 

canopy closure for the qualification of moose cover suitability. The FMF model suggests that 0-6% canopy 

closure is of minimum value (0.0). In contrast, this study calculated the % canopy closure class O (O - 5 $6) 

HSI vale to ix 0.92. Class C, providing 3 1-50 Oh canopy closure was preferred with an optima1 SI of 1.0. 

This information supports the FMF model that indicated that optimal canopy closure is 30%. Following 

Stelfox (1 988), this was Iikety due to a balance between snow deflection and the ability for the understory to 

produce suitable browse. The FMF model (Romito et ai. 1995) fiinher suggests that optimal canopy ctosure 

conditions persist ftom 30% - IoOOh. However, results of this study indicated that when % canopy closure 

exceeds SV!, HSI values decreased (Table 3 -3). Though increasing canopy closure will deflect more snow 

and making movernent easier, the :fa will a h  ôe decreased iight penetration to the understory, reducing 

the potential for forage production. 

Moose expresseci no prefierence or avoidance to forest stands witk tree heights ranging fiom O- 

24.99 m (classes O - 4). but the X* d y s i s  indicated non-random xlection. Romito et al (1995) indicated a 

correlation W e e n  % canopy closure and tree height- This feature was not evident in this study. It is 

beiieved that the sample size was insufficient to daect variance among the 6 height classes. 



Manly et ai. ( 1  993) provided 5 assumptions that must be considered when conducting resource 

selection anaiysis. Regarding assumption 1, the distributions of forage and cover availability to the 

population will have chançed due to competition with non-radio collared individuals for the resource. 

Concerning the correct identification of available resource units, the use of mean distance travelledlday as 

the basis for definition of available habitat introduces enor. This is because moose were relocated once daily, 

with calculations likely underestimating actuat travel. The third assumption concerns accurate census of used 

and available habitat. The small# of samples collected through radio-relocation lirnits the ability of statistical 

analysis to detect variance. Regarding assumptions 4, concerning correct identification of variables 

influencing the seiection, the use of height ciass may be questionable. Again, however, results may be a 

function of sample size. The AW data set was designed for management of woody vesetation at the 

cornmerciai scaie. This factor, combined with the differing scaie of the 3 data sets used for analysis (as seen 

in Figures 3.3a-j), brings into question the accuracy of t he .4VI data for determininç moose resource 

selection. As with assurnption 1, moose will not have received qua! access to ail available resources, 

assumption 5.  Reasons for this inchde inter- and intra-specific competition for resources as welI as through 

the presence of man-induced disturbances. 

Assurning that the integrity of the resource selection analysis was correct, the relative areas of 

forest stand HSt scores were identified (Table 3 -5). Throuyh observation of Table 3.5 and Figures 3 .Ja-j, it 

can be noted that the distribution of habitat quality for the study area between data sources diKers some 

degree. The RDD and WC have diferent needs of the data and thus require different levels of resolution. 

The disparity in distribution of HSI values may be partially accounted for by the different Ievels of data 

resolution and subsequent classification differences. However, land use practice wouId be a more likely 

cause. The results of the habitat supply analysis is incomplete without the definition of a performance 

maure; # mooselkm2. Population to determine the performance masure was unavailable to this study, and 

should be used to test the utility of the tested methodology. 



4.0 CONCLUSIONS & MANAGEMENT IMPLICATIONS 

4.1 CONCLUSIONS 

The use of radioteternetry in combination with AVI data did not produce robust statistical results, 

but was able to identity and quantify moose habitat preference during the winter. Statistical and trended 

d y s i s  indicated chat moose prefened areas classified as browse, wet areas, low to medium % canopy 

closure, and tall trees when selecting winter habitat. The selection of tail trees as preferred would seem to be 

at variance with other findings and shouId be interpreted with caution. 

Analysis indicated that AVI data can be used to determine habitat preference of female moose. 

However, if AVI  data is to be effectively used as a tool for moose management, refinement of the AVI 

protocol is required. Specifically, signifiant information was Iost because stands dominated by non- 

commercial wood fibre were not classified, and these stands may prove to be important moose habitat. 

This research did identif) habitats that need to be providcd for in forest management plans. 

Regenerating forests foltowing harvest or fire create browse areas. Wet areas and % overstory canopy 

are other important habitat types. This study was unable to define the association between the above habitat 

types, and thus c m o t  prescribe the desired interspersion and juxtaposition of forest cover within the 

Iandscapt. 

4.2 MANAGEMENT IMPLICATIONS 

The use of radiotelemetry in large study areas dictates iong travel distances and large labour input, 

thcreby Iimiting the mmber of refocations and thus sample size. GPS/DGPS technology provides for 

frequent location captures, reduced error of relocation and enhanced sampie site. Habitat use studies that 

are GPSIDGPS driven, while being higher in capital cost, produce enhanced data with reduced labour and 

operations cost input. Thaefore, fuhre mwse habitat use -dies should employ GPS/DGPS technology for 

the accurate and efficient calledon of data. 

The AM data used Tor this research has the potential to assist resource managers in determihg 

badine idormation rquired for effative moose management. Current A M  protocoi does not account for 



the classification of vegetative stands dominated by non-commercial wood fibre. This data deficiency 

represents a small portion ofthe overall data set, but its absence significantly lirnits the use of A W  data for 

the determination of stand attributes of some important habitat used by moose. The AVI  data should be 

revisited by the Governent of Alberta to overcome this data deficiency and provide for enhanced ability to 

practice sustainabIe forest management. 

The moose of west-central Aiberta are forest edge species inhabiting a highIy heterogeneous 

habitat. The heterogeneity of this habitat indicates that rnoose likely respond to a multitude of environmental 

factors when selecting habitat. Thus, rnuItivariate statisticai techniques shouid be employed to: t ) cross 

correlate the iduences ofvarious habitat attributes, incorporating both time and spatiai scaies, and the 

associated efîèct on rnoose habitat seiection, and 2) enhance or rnodiS, habitat mode1 development. 

Edge species are known to be infiuenced by the proximity of different habitats. Consequentiy, the 

value of individual habitat types are influenced by the proxirnity and value of adjacent habitat areas. 

Therefore, to enhance moose productivity, land use and Forest planning should maintain medium % canopy 

c1osure stands in close proximity to wet browse areas. 

To fkther the study of moose habitat use, and detine a moow mode1 such that it could be used as a 

management tool, base file (topography, water courses, rights of way, man induced structures, etc.) 

information shoufd be combined with A M  data to determine the influence of other factors potentially 

affecting moose habitat selection. Variables include habitat selection in proximity to roads, seismic lines, 

pipiines, wdl sites, batteries, transmission lines, and residentid dwellings. To this end, image processing 

technology shoufd dso be incorporateci to create a Digital Elevation Mo<lel @EM) for the area From the 

DEM, slope, aspect and attitude variables should be classified and analysed in reference to moose relocation 

data to determine selection. The inclusion of the above vm*ables into analysis wiII  tùrther classi@ potential 

habitat, drarnatically iduence the outcome of habitat supply analysis, and provide managers with a better 

understanding of the limiting factors affecthg rnoose. To accommodate these additional variables, the 

number of relocation sites used for andysis would have to be much larger, a factor provideci for in the use of 

GPStDGPS cullars as suggestd above. The added cost of modelling analysis wodd be partiaiiy contaiaed 

w i t h  costs associated with enhanced relocation technology. 



A rnoose popuIation management strategy cm be simple or cornplex, but must consider dl the 

various influences on the population. Review of population management efforts identified that fùndameatal 

consideration of habitat quality and associated quantity was lacking. in real synems, density-dependent 

limitations between a moose population and its habitat exist wherein the density ofmoose affects the habitat 

and the habitat in turn dictates the welfare of the moose popuiation. Therefore, habitat assessrnent shouId be 

combhed with population data to create an effective moose management plan. 
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Temperature and snow depth data collected by Environment Canada Tor the Shiningbrnk and 

Entranct monitoring stations, January - Mamh 1997. 



Sbiningbank Janury 1997 

EXTREME MAXIMUM TEMPERATüRE WAS 10.0 on day 30 
EXTREME MANIMUM TEMPERATURE WAS -47.0 ON DAT 26 

Regional Identifier: 2 15AL Elmation: 829m 

EEATMC DEGREE-DAYS 1 050.6 
FREEWNG DEGREEDAYS 497.4 
TBAWMG DEGREEDAYS 4.8 

Environment 
DAY 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

IiIGaEST W A L L  WAS TR ON DAY 29 
EIGHEST SNOWFALL WAS 9.0 ON DAY 21 

Canada Identifier: 3065M1S 

MEAN 
-21.5 
-1 8.0 
-19.5 

MAX 
- 17.0 
-12.0 
-16.0 

20 
21 
22 

SNOW 
GND(cm) 

45 
RAIN 

TEMPERATURE 
MIN 
-26.0 
-24.0 
-23.0 

4 1 
46 
55 

-3.5 
-13.0 
-14.5 

r 
-2.0 

- 1  1.0 
-13.0 

-5.0 
-15.0 

45 
44 

-1 1.0 
-2.0 
1 .O 
4.0 

-11.0 
-20.0 
- 19.0 
-20. O 
- 12.0 
1 .O 
2.0 

-13.0 
- 1  1.0 
2.5 
4.0 
2.0 

23 
24 
25 
26 
27 
28 
29 

-16.0 

-29.0 
-27.0 
-23.0 
-1 1.0 

, -14.0 
-24.0 
-25.0 
-38.0 
-33.0 
-30.0 
-2 I .O 
-15.0 
-30.0 
-26.0 
- 13.0 
-5.0 

TOTAL 

5.0 
9.0 
3.0 

-23 .O 
-23.0 
-24.0 
-22.0 
-20.0 

1.5 
5.0 

' 

SNOW 

55 
54 

-20.0 
- 14.5 
-1 1.0 
-3.5 
-12.5 
-22.0 
-22.0 
-29.0 
-22.0 
-14.5 
-9.5 
-14.0 
-20.5 

5.0 
9.0 
3.0 

PCP 

! 

T 

-25.0 
-3 1 .O 

44 
44 
42 
41 
41 
41 
42 
42 
42 
42 
42 
42 
43 

T 
T 

1.0 
1 .O 
T 

T 
1 .O 

2.0 

26.0 

-24.0 . 

-27.0 

26.0 

43 
42 
4 1 

54 

-1 1.8 
-5.5 
- 1  .S 

T 
T 

4.0 
1.0 
T 

T 
1.0 
T 

2.0 i 

MUrN 1 -8.5 1 - 3  1 -15.9 1 1 I 

-46.5 

5 1  
49 

-35.3 

1 

1.5 
3.3 

-7.0 
0.0 

-722.5 

30 1 10.0 

TR 
31 
TOTAL 

T 

T 

T 

T 

6.5 
a -262.5 

1 .O 

1 

-17.0 
-40.0 
-29.0 
-22.0 

1 .O 

T 

53 - 
53 
53 
53 

-34.5 
-30.0 
-13.8 
-8.5 T 



EXTREME MAXCMUM TEMPERATURE WAS 13.5 on dry 24 
EXTREME MANLMUM TEMPERATURE WAS -27.0 ON DAT 11 

Shiningbank Ftbruary 1997 
Regional Identifier: 21SAL Elevation: 829m 

HEATING DEGREEDAYS 675.2 
GROWING DEGREE-DAYS 0.8 
FREXZING DEGREE-DAYS 177.5 
TBAWING DECREE-DAYS 6.3 

Environment 
DAY 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1 S 
16 
17 
18 
19 
20 
2 1 
22 
23 
24 
25 
26 

- .  

27 
2a 
TOTAL 
MEAN 

mGBEST SNOWF'ALL WAS 6.0 ON DAY 14,17 

Canada Identifier: 3065885 
TEMPERATURE 

MAX [ MIN 1 MEAN 
SNOW 

GND(cm) 
49 
49 
49 
49 

-5.0 
-5.0 
-5.8 

-1 1 .O 
-10.0 
-9.5 

5.0 
5.0 
2.5 
2.0 
3 .O 
2.0 

49 
49 

PCP RAIN 
1 -15.0 

-15.0 
-14.0 
-24. O 
-23 .O 
-21 .O 

T 
2. O 
6.0 
5.0 

6.0 

T 

3 .O 
1 .O 
T 

23.0 

TOTAL 
SNOW 

T 
2.0 
6.0 
5.0 

-5.5 7.0 49 
49 
48 
48 
48 
48 
48 
48 
52 
57 

-18.0 
4.0 
2.0 
-0.5 
-6. O 
2.0 
-1.0 
1 .O 

-5 .O 
5.0 
-5.0 
4.0 
6.5 
4.0 
3.5 
7.0 
9.0 
13.5 
4.0 
3.0 
-2.0 
-1 .O , 

6.0 

T 

3.0 
1 .O 
T 

23.0 

57 
60 
59 
58 
57 
57 
57 
56 
5 1 
50 
5 1 
5 1 

-15.0 
-15.0 
-20.0 
-27.0 
-23 .O 

-5.5 
-6.5 

-10.3 
- 16.5 
-10.5 

74.S 1 -416.5 
2.7 1 -f49 

-15.5 
-15.0 
-1 1 .O 
-1 1.0 
-7.0 

-15.0 
- 12.0 
-1 5.0 
-10.0 
-1  2.0 
-12.0 
-2.0 
-3 .O 
-15.0 
-3.0 

-22.0 

-6.1 

-8.3 
-7.0 
-8.0 
-3.0 
-6.0 
-5.5 
-2.8 
-5.5 
-3.3 
-2.5 
-1.5 
5.8 
O. 5 
-6.0 
-5.5 
-11.5 

0.0 



Shiningbank 
Regional Identifier: 2 ISAL 
Environment Canada Identifier: 3065885 

March 1997 
Elevatiou: 829m 

EXTREME MAXIMCTM TEMPERATURE WAS 12.0 on day 2s 
EXTREME MANiMUM TEMPERATURF WAS -33.0 ON DAT Id 

DAY 

TOTAL 
MEAN 

EIEATMG DEGREE-DAYS 757.3 
FREEZING DEGREE-DAYS 21 8.8 
TIIIAWING DEGREE-DAYS 19.5 

TEIMPERATURE 
MAX 1 MIN 1 MEAN 

TOTAL 
RAM 1 SNOW 1 PCP 

EUGHEST W A L L  WAS 3.2 ON DAY 20 
EüGHEST SNOWFGLL WAS 10.0 ON DAY 1 

SNOW 
GND(cm) 

21.5 
0.7 

-420.0 
43.5 -6.4 

4.6 28.0 32.6 1 
1 



EXTREME MAXIMUM TEMPERITLIRE WAS 8.0 on day 29Jû 
EXTREME MAMMUM TEMPERAT= WAS -48.0 ON DAT 25 

Entrance Sanuary 1997 
Regional Identifier: 140AL Elevation: 1003m 
Environment Canada Identifier: 3062440 

EEATING DEGREE-DAYS 953.3 
GROWING DEGREE-DAYS 0.5 
FREEWNG DEGREE-DAYS 408.1 
THAWING DEGREZ-DAYS 12.8 

ELICiIEST SNOWFALL WAS 16.8 ON DAY 20 

DAY 

1 
2 

TOTAL 1 SNOW 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

RAtN 

- 

RE 
MEAN 
-16.0 
-13.5 

TEMPERATU 
MAX 
-10.0 
-9.0 

SNOW MIN 
-22.0 
-18.0 

-12.0 
-3 .O 
-1.0 
2.0 

-24.0 
-26.0 
-26.0 
-6.0 

PCP 

M 
M 
M 
M 

GND(cm) 
32 
32 

-8.5 
3.5 
5.5 
3.5 

- 12.8 

-18.0 
-14.5 
-13.5 
-2.0 

-22.5 , 

-1  .O 
3 .O 
0.0 

589.5 
-19.0 

28 

' 

3.0 
-7.0 
-16.0 

- 18.OE 
-15.0 
-8.5 
-8 .O 
-2.0 
-8.0 
6.0 
7.0 
5.0 
-- - 

2.0 
2.0 

-10.5 
-13.0 
-2 1.0 
-26.0 
-28.5 
-21.5 
-18.0 
5.5 

0.3 -2.5 
-13.0 
-18.0 
-20.0 
-20.5 
-28.0 
-24.0 
-21 .O 
-19.0 
-30.0 
- 10.0 
-6.0 

-- 

4.0 
-4.0 
-13.0 
-2 t .O 
-25.5 
-38.5 
-48.0 
45.0 
-36.0 

1 

M 

45 
45 
35 

29 1 8.0 
30 
31 
TOTAL 
MEAN 

-10.0 
-17.0 
- 19.0 
-17.8 
-18.3 
-16.0 
-1 1.5 
-13.5 
-12.0 
-1.5 
-0.5 
-1 .O 
-1 -0 

_ -11.8 
- 17.0 
-23.3 
-32.3 
-38.3 
-33.3 
-27.0 

0.0 

8.0 
7.0 

-200.5 
-6.5 

9.2 
14.2 

T 
0.2 

r 

1 
44.8 I 

9.2 
14.2 

T 
0.2 

-- 

44.8 

30 
3 3 
50 
M 
46 
44 

bf - 
40 
43 
34 
M 

45 

M 
M 
49 
45 
49 
48 
M 
M 
M 

16.8 
0.8 
2.8 
0.8 

16.8 
O. 8 
2.8 
0.8 



EXTREML MAXIMUM TEMPERATURE WAS 15.5 on dry 16 
EXTREME MANIMUM TEMPERATURE WAS -25.0 ON DAT 11 

Entranct February 1997 
Rrgioad ldcn tilitr. l40AL Elevation: 1003111 

-TING DEGRELDAYS 599.2 
CORN REAT üNKS 1.3 
GROWING DEGREE-DAYS 6.6 
FREEZING DEGREE-DAYS 1 17.3 
TRAWiNG DEGREE-DAYS 22.1 

BIGKEST SNOWFALL WAS 9.8 ON DAY 28 

Environment 
DAY 

1 
2 
3 
4 
S 
6 
7 
8 
9 
10 
Il 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

SNOW 
GND(cm) 

M 
M 
M 
M 
M 
M 
40 
M 
M 
M 
M 
M 
39 
M 
M 
M 
M 
3 6 
35 
M 
M 
M 
M 
M 
M 
M 
M 
M 

Canada Identifier: 3û62140 
TEMPERATURE TOTAL 

RAIN 

MEAN 

MEGN 
-4.3 
-2.0 
-6.5 

MAX 
4. O 
4.0 
2.0 

-1 0.8 4.1 

27 
28 
TOTAL 

MIN 
- 12.5 
-8.0 

-1 5.0 

SNOW 

-3J 

-7.0 
-1 7.0 
303.5 .. 

- 1.5 
1 .O 

113.5 

3 .O 
0.0 
3 .O 
3 .O 

2.OE 
0.0 
0.0 
-4.0 
4.0 
3.0 
6.5 
7.0 
15.5 
-3.5 
6.0 
4.0 
6.0 
5.0 
11.0 
11.0 
13.5 
4.0 
4.0 

PCP 

T 

2.0 
0.8 

1 

-4.3 
-8 .O 

1 

T 

2.0 
0.8 

-1 8.5 
- 18.0 
-21 .O 
- 1 7.OE 
- 16.OE 

0.0 

-7.8 
-9.0 
-9 -0 
-7.0 
-7.0 

- 14.0 
-16.0 
-25. O 
-1  1.5 

0.2 

9.8 
[ 2.8 

-7.0 
-8 .O 
-14.5 
-3.8 

0.3 

9.8 
12.8 

-4.0 
-5.5 
-6. O 
7.0 

-5.0 
-13.0 
-12.5 
- 10.0 
- 12.0 
-1 1.0 
-2.0 
-3.0 
-4.0 
-6.0 

i -0.5 
0.5 
0.5 
11.3 
-4.3 
-3.5 
-4.3 
-2. O 
-3.5 
0.0 
4.5 
5.3 
0.0 
- 1 .O 



MTREME MAXIMUM TEMPERATURE WAS 13.0 on day 19 
EXTREME MAMMUM TEMPERATURE WAS -29.0 ON DAT 15 

Entrance March 1997 
Regional Identifier: 140A.L Elevation: 1003m 
Environmcnt Canada Identifier: 3062440 

LiEATING DEGREE-DAYS 684.7 
GROWMG DEGREEDAYS 4.5 
~~G DEGREEDAI'S 166.0 
TBAWING DEGREE-DAYS 39.3 

üIGEEST W A L L  WAS TR ON DAY 31 
BICEEST SNOWFALL WAS 5.4 ON DAY 1 

DAY 

1 
2 

SNOW 
GND(cm) 

M 
33 

RAIN 

35 
35 
3SE 
34 
33E 
33 
M 
M 
M 
M 
39 
38 
38E 
37 
35 
31E 
26 
24E 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

MEAN 
-1 1.3 
-13.3 

MAX 
-9.0 
-10.5 

TOTAL 
SNOW 
5.4 
2.8 

TEMPERATURE 
MIN 
-13.5 
- 16.0 

21 
22 
23 
24 
25 
26 
27 
2% 
29 
30 
31 
TOTAL 
MEAN 

PCP 
5.4 
2.8 

-10.0 
-8.0 
-2.0 
3 .OE 
8.0 
3 .O 
6.0 
5.0 
-6.5 
-9.5 
-10.0 
-3.0 
-1 .O 
-1.5 
6.0 
10.0 
13.0 
8.0 

-14.0 
-13.3 
-12.5 
-8.5 
-3.3 
-4.0 
4.8 
1.5 

-8.8 
- 12.8 
-17.8 
-13.0 
- 15.0 
-10.3 
-6.8 
2.5 
6.5 
3.5 

-18.0 
-18.5 
-23.0 
-20.0 
-14.SE 
-1 1,OE 
-7.5 
-2.0 

- 1  1.0 
-16.0 
-25.5 
-23.0 
-29.0 
- 19.0 
-19.5 
-5.OE 
0.0 
-1.0 

8.0 
8.OE 
6.0 
8.0 
12.0 
9.0 
9.0 
7.0 
9.5 
10.5 
10.0 
88.0 
2.8 

0.4 

1.2 
2,OE 

2.2 

4.0 
3.4 
1.8 
T 

T 

2.2 

3.0 
3.4 
1.8 
T 

T 

a 

T 
TI1 

-7.0 
-5.0 
-3 .O 
-9.0 
4.0 
-3 .O 
-9.0 
-5.0 
-5.5 

0.4 

I .2 
2.OE 

O. 5 
1.5 
1.5 
-0.5 
8.0 
3 .O 
0.0 
1 .O 
2.0 

23 
21E 
20E 
20E 
19 
M 
M 
M 
M 
M 
M T 

23.2 
T 

23.2 

-2.0 
-3.OE 
-340.5 
-1 1.0 

4.3 
3.5 

-4. t 



Definition o f  A V I  data used for analysis ofmoose habitat selection in west-central Alberta, January - 
March 1997. 



AW FORST POLYCON ATTRIBUTES 

polygon area (km2) 
stand rnoisture regime classification 

= Dry (4 
Mesic (m) 
Wet (w) 

==s Aquatic (a) 
No tree species (O) 

stand % canopy closure ciassification 
O - 5 % ( 0 )  

3 6-30%(A)  
a 3 1  -5O%(B) 

S I  -70%(C) 
3 71-1000?@) 

+ dominant overstory species 
White spruce (Pic- gfmca) (S w) 
BIack spruce (Picea mariiunca) (Sb) 
Undifferent iated pine (Pimis spp. ) (F). May include Lodgepole pine (Pims cmrorra). 
Jack pine (Pitms brbrbricum), White bark pine (Phtus aibicatdh) andor Lirnber pine 
(Pirnts flextiis) 

s Lodgepole pine (Pinirs cot~lwta) ( P I )  
Balsam fir (clbiwbaisamea) (Fb) 
Tamarak (Larix iwicam) & Western larch ( M x  occidenlalis) (Lt ) 
Trembling aspen (Popr~irs ~remrrloide.~) (Aw) 
Balsam poptar (Poprdus baiwmiferu) (Pb) 



APPENDK III: 

Moose habitat supply analysis for the study rirea in west-central Alberta, January - March 1997. 



SCOPE AND MODEL APPLICABLITY 

L t!rigth Of 3trdy. - 

Moose capture site collection beçan in January 1997 and continued until March 1997. 

N~cm ber Ojlmlrivid~cak - 

hiring survey, 93 1 relocation sites were recorded on 19 individual cows of the population 

Geographic Area. - 

The area of study includes diyitised landscape information within WfU 346 of the Edson Forest 

Region of Alberta; areas represented by private land as weil as Forest Management Agreements ( M A )  held 

by Weldwood of Canada Ltd. (WC), Weyerhaeuser Canada Ltd.. and Sundance Forest Industries Ltd. The 

area is characterised by lodgepole pine, black spruce, white spruce, aspen and mixedwood stands, classitied 

as the Upper and Lower Foothills Natural Subreyions (Beckinyham et al., 1996) of west-central Alberta 

~ ~ W S O I I .  - 
This model evatuates winter (December to mid-May) habitat use and availability in relation to a 

managed forest landscape. 

C B ver 1~t~pe.s. - 
This mode1 produces p~sitive HS[ values when applied to lodgepole pine, black spruce, white 

spruce, aspen and mixedwood stands of the Upper and Lower Foothills Natural Subre~ons o f  Alberta 

(Beckingham et al. 1996). Cover type ciassification foliows the Alberta Vegetative index (Am) protocol 

version 2.1 (Govenunent of Alberta 1994). Refer to Appendix II for a guide to AVI paramerers used in this 

researc h . 

Minimm Habitat Arua. - 
Minimum habitat area is defined as the minimum amount of contiguous habitat with which the 

inodei wi1l be applied. The resolution provided by the digital data base is area dependant with WC = < 100 

km2 and Governent of Alberta = 200 km2, repmnting the minimum habitat area for model application. 



h f d d  0utpt1t.- 

The model will produce habitat units based on fernale moose habitat preferences for each stand area 

based on HSI value and stand area. The performance measure for the model is a ratio of habitat uselnon-use 

measured in km? 

h111bt?1 o f h f m 4 h   CI km: - 
Data for the determination of number of animalslperfect kmz was unavailable to this mdy. 

C2rijîcwfio1i Le vri. - 
Moose retocations and AVI  data were used for determination of moose habitat usdnon-use. This 

mode1 was deveioped by Mr. Jason R. Kerr as partial fiilfilment of the De~ree Masten of Natural Resources 

Management. This manuscript was reviewed by Practicurn Committee members Dr. R Stiehl (US 

Geological Survey Centre). Mr. R. Bonar (WeIdwood of Canada Ltd., Hinton Division), Dr. R. Baydack 

(University of Manitoba, Naturd Resources Institute) and Dr. N. Kenkel (University of Manitoba 

Department of Botany). 

Poienlial Appliccrfion Of R m d f s .  - 
GIS mapping of moose habitat and overall habitat supply of the region in relation to forest structure 

will provide managers with an evaluation of base-line moose habitat conditions. The resuhs of this research 

may be used for HSI model refinement and assist CO-operating stakeholders in defininy an integrated 

resource management strategy . 



Figum 3.3m: Thematic maps a-j depict aggremtive gmmetric mean H S I - b a d  habitat assessrnent for forest stands in west-central Alberta, winter 1997. Habitat 

attributes included AVI dominant overstory species composition. moisture regime and ./. canopy dowre. Order of  figures Gom a-j. beginning in the north-west is 

West - east, north - south. 







Fiyure 3.36: T h t i c  HSI for the north-east quadrant of  the study area. 
















