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FOREWORD 

Syncrude Canada Ltd. commissioned Renewable 

Resources Consulting Services Ltd. to undertake winter 

track counts of mammals using Crown Lease #17 in the 

Athabasca Tar Sands. The study was designed to continue 

over three winters, and this report presents the inform- 

ation gathered during the winter of 1975-76, the first 

season of study. 

It is Syncrude's policy to publish its consult- 

ants' final reports as they are received, withholding 

only proprietary technical information or that of a fin- 

ancial nature. Because we do not necessarily base our 

decisions on just one consultant's opinion, recommendations 

found in the text should not be construed as commitments 

to action by Syncrude. 

Syncrude Canada Ltd. welcomes public and 

scientific interest in its environmental activities. 

Please address any questions or comments to Syncrude 

Environmental Affairs, 9915 - 108 Street, EDMONTON, 

Alberta, T5K 2G8. 
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ABSTRACT 

A mnitorinr; study of ungulates and furbearing rnamnals was ini- 

tiated for Syncrude Canada Ltd. in the vicinity of Syncrude Lease No. 17  during 

the period bewen  October 15, 1975, and April 30, 1976. The relative abun- 

dance and spatial distribution of mse ,  deer, and 13 species of furbearers 

were investigated by systematic aerial  surveys and winter track counts along 

215 km of established transect lines. The relationships be*en the dis t r i -  

bution of animals and the major enviromntal  features including vegetation, 

terrain, and disturbances were examined. The relative abundances of ungulates 

and furbearers are presented as  indices of animal activity and/or densities of 

animals per unit area. The relatively large scale trends in spatial distribution 

=re evaluated by orthogonal polyncanial analysis and were presented as structural 

and trend-surface distribution maps. These baseline data, when compared t o  

data for subsequent years, w i l l  enable an evaluation of the impact of the oper- 

ations phase of the Syncn.de develo-t on the distribution and relative abun- 

dance of ungulates and furbearers in the vicinity of the developwnt. 

xiv 
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The A t k h s c a  T a r  Sands area is situated in a region which has a 

high p t e n t i a l  for cmmrcial  and industrial developent. Industrial d e v e l o m t  

is inevitably characterized by some alteration of the ecosystem in which it oc- 

curs. In response to  public and govemnental concerns for the mintenance of a 

healthy environment, and t o  native trappers who are dependent upon the lad for 

their  livelihood, Syncn.de Canada Ltd. has ini t iated a ccmprehensive environmental 

research program. The s t d y  presented herein relates to that portion of the 

program concerned with furbearing and ungulate -1s in the vicinity of the 

proposed developmts on Syncrude's Lease No. 17, north of Fort Wurray,  AU3erta. 

This study was desiPed t o  generate the quantitative data required 

for assessing the impact of the proposed developnents on furbearing and mgulate 

mammal poplations. The basic approach involves the determination of the rel- 

ative abundance and distribution of the animals t o  be studied along a gradient 

from within t o  beyond the sphere of influence of the m i n  developents. A can- 

parison of the patterns of relative abundance ard distribution along the gradi- 

ents and m n g  years w i l l  allow an evaluation of the contribution of the natural 

factors and of the proposed d e v e l o ~ t s  t o  changes i n  animal abundance and dis- 

tribution. 

To ccslrplen-ent the f ie ld  research studies, an investigation of the 

relationships m n g  the harvest of furbearer and ungulate resources, 

and the industrial developents was initiated. 



1.1 The Objectives of the Fall and Winter 1975-76 Investiaations =re: 

1) t o  determine the winter distribution and relative abundance of 

furbearers and ungulates i n  the vicinity of Syncrude tar 

sands Lease No. 17; 

2) t o  provide baseline information which, when ccanpared with 

&ta for subsequent years, w i l l  enable an evaluation of 

the nature and extent of the effect of the operations phase 

of the Syncrude developnent on the distribution and relative 

abundance of furbearersl ungulates in the vicinity of 

the d e v e l o p n t  ; 

3 )  t o  determine the annual harvest of fur and big game in t!!e 

vicinity of Syncrude's Lease No. 17. These data, when cam- 

pared t o  those of subsequent years, w i l l  enable an evaluation 

of the relationship between this harvest, animal population 

levels, and the developwnt. 

lexcept the black bear 



2. THE STUDY AREA 

2.1 Location and Size 

The s t d y  area is located within Syncrude's Leases 17 and 

22. This region lies approximately 37 km north of Fort P'JcMurray, Alberta (Figure 

1). The main study area (Figure 2) encapasses 259 sq km including portions of 

Tamships 92 and 93, Ranges 10 t o  12, west of the fourth mridian.  The area 

covered by the ungulate ae r ia l  surveys (Figure 2) includes the m i n  study area 

and extends north t o  include a l l  of the Mackay River valley and an additional 65 

sq km, including portions of Tawnships 94 and 95, Ranges 10 and 11, west of the 

fourth mridian.  

2.2 Physiography and Soils  

The study area lies within the Clearwater Lowlands Region of the 

Saskatchewan Plain. The bedrock of this area is ccanposed of Middle Devonian 

limestones overlain by s l ight ly  consolidated and unconsolidated k n t o n i t i c  shales 

and sandstones of l a t e  Cretaceous age (Bayrock, 1961). These s e d h t s  form the 

large erosional rmants of the Birch and Phskeg muntains which lie t o  the north- 

=st and eas t  of the study area, respectively. 

The study area f a l l s  within the Grey Luvisolic so i l  zone of Alberta. 

Surficial deposits are derived f r m  Glaciolacustrine materials, ranging from 

clays and silts t o  pure sand which generally overlie glacial  till. The bet ter  





F i g u r e  2. The w i n t e r  t r a c k i n g  and u n g u l a t e  a e r i a l  s u r v e y  s t u d y  a r e a s .  
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drained mineral so i l s  which developed on e i the r  lacustrine o r  till deposits are 

primarily Grey Luvisols. Welldrained s o i l s  developed on sandy parent rrtzterial 

are generally Podzolic. Poorly drained sites are characterized by Gleysolic and 

Organic so i l s  (Lindsay e t  a l . ,  1961). 

The topography of the western portion of the study area consists 

of a gently undulating slope f r ~ m  the base of the Birch bbuntains towards the 

Athabasca River. The topography of the remainder of the area is variable, ranging 

from depressional t o  ro l l ing  land (Lindsay e t  aZ., 1961). The range of elevation 

is from 380 m above sea level  i n  the western edge of the area to 228 m along the 

Athabasca River. 

The major r ivers  flowing through the study area are the  Athabasca 

and Mackay rivers.  These r ivers  have relat ively well-incised valleys, which 

range £ram 30 m t o  50 m below the surrounding uplands. Beaver Creek drains 

the central portion of the study area and varies £ran a mandering stream in  the 

poorly drained lands in  the southern portion of the study area to a steep gorge 

near its confluence with the Athabasca River. The relat ively f l a t  q l a n d s  are 

drained by a number of small intermittent streams, the majority of which flowed 

into Beaver Creek before the construction of the interceptor ditch. Beaver 

dams along intermittent streams have impeded drainage, resulting in n m r o u s  

s h a l l m  ponds. 

Larger water bodies i n  the area include Ruth, Mildred and Horse- 

shoe lakes. Ruth and Horseshoe lakes are relat ively shallow and are characterized 

by a broad band of emrgent and suhergent  vegetation. Mildred Lake has a greater 

depth and minta ins  only a narrow band of m r g e n t  vegetation. 



2.3 Vegetation 

The study area is within the Plixedwood Section of the Boreal Forest 

Region ( R a e ,  1972) . This is a large Forest .Section extending from southwestern 

Manitoba t o  northeastern British Columbia. 

The m j o r  determining factor in the canposition of the forests i n  

the study area has been widespread forest  f i r e s  (probably in the l a t e  1940's). 

The ab i l i ty  of trembling asper? (Populus tremuZoides) t o  regenerate rapidly 

following disturbance has resulted in large pure stands of t h i s  species. White 

birch (BetuZa papyrifera) is a minor component as is balsam poplar (Populus 

baZsamifera) which usually occurs on sites such as  r iver  valleys which have a 

more favorable m i s tu r e  regime. White spruce (Picea glauca) is generally present 

in older upland stands while jack pine (Pinus banksiana) is the usual associate 

on sandy areas and drier tills. W t t e r  areas support black spruce (Picea m r i a n a )  

and occasionally tamarack (Larix Zaricina).  A minor balsam f i r  (Abies baZsamea) 

cmponent occupies isolated r iver  valley stands. 

Major shrub species of upland areas are saskatmn berry (Amelanchier 

aZnifoZia) , buffalo-berry (Shepherdia canadensis) , honeysuckle (Lonicera spp. ) , 

and green alder (AZnus cr ispa)  . On mist t o  mt sites ccgnnron shrub species are 

w i l l m  (Sa l ix  spp. ) , r iver  alder (Alnus t enu i foz ia )  , dwarf birch ( ~ e t u l a  gZan&Zosa), 

and canarton labrador tea (Ledwn groenlandicwn). In addition to  these hyqrophilous 

species, r iver  banks and flood plains often support red-osier dopmod  ornu nus 
s to lon i fera)  and low-bush cranberry ( V i b m w n  edule ) . 



The Boreal Mixedwood Forest is a msa ic  of c o m i t i e s  a t  various 

sera1 stages brought about by responses t o  site m d i t i o n s ,  repeated disturbance 

and the autecology of available species (Plate 1). The general successional 

trend is from the shade-intolerant species (aspen, balsam poplar, birch, jack 

pine, and tamrack) to the mre tolerant white and black spruces, and balsam f i r .  

With the possible exception of the infrquently occurring balsam f i r ,  no species 

i n  the boreal forest has a l l  the ecological attributes necessary for the species 

t o  form a self-perpetuating climax camrrcn?ity. Thus late-successional stands 

becore decadent and unhealthy, awaiting disturbance for rejuvenation. 

2.4 Climate 

Y 
The study area l i e s  within the Cool Temperature c l i m t i c  zone, 

which is characterized by short cool sumuers and long cold w i n t e r s  (Longley, 1967) . 
d 

Long-term records of man annual precipitation and temperature, d 

for the years 1941 t o  1970, w e r e  obtained from the Fort PkMurray Airport report- 

d ing station (Enviromnt Canada, 1973). The man annual temperature is -0.5OC. 
* 

The highest temperatures occur i n  July, averaging 16.3OC and the lmest temper- 
d 

atures i n  January, averaging -21.5OC. The extrare temperature range is £ram 

36.1°C t o  -50.6OC il lustrat ing the great seasonal variability in temperature. r ~ r  

The average frost-free period is 67 days with a range of 29 to 101 days. 

'II) 

The man to t a l  precipitation is 43.5 cm, of which 30.5 cm is rain- .. 
fa l l .  The man annual snowfall i s  139.7 cm which campacts a man rmxhum snm 



Plate 1. A general view of the northern portim of the s t d y  area 
illustrating typical vegetatim patterns. 
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depth of 38.0 cm in February, 

reporting periods. 



3.1 Classification of Enviromntal Parameters 

In order to determine baseline conditions of the relative abun- 

dance and distribution of m ~ ~ l s  within the study area and in  relation to dis- 

turbance from m j o r  and secondary developnents, an mderstanding of the variation 

due to natural envirornnental factors is required. By camparing areas w i t h  similar 

environmental features (habitat types), it m y  be possible to determine the impact 

of the developnents on m l s  a t  various distances from m j o r  and secondary 

disturbances. 

Of the numerous e n v i r o m t a l  variables which interact t o  constitute 

an animal's habitat, vegetation and terra in  were considered m j o r  features which 

typify a habitat -kype. 

Preliminary vegetation types were qualitatively defined by inte- 

grating information fran f ield reconnaissance with previous ecological descrip- 

tions i n  northern Alberta by Lacate e t  aZ. (1965), I b s s  (1953a, 195333, 1955) , and 

Raup (1933, 1935, 1946). These preliminary vegetation types were delineated 

by interpretation of black and white infra-red aerial  photographs taken in 

August 1972 a t  a scale of 1:21,120. During f ield investigations the types were 

d f i e d  according to existing conditions and then recorded for each tracking 

station. These data were used in reinterpretation of the aerial  photographs. A 

vegetation type m p  was then produced f r m  the photographs. The proportion of 

each vegetation type was calculated £ran the data recorded along the transect 



l ines and checked against the vegetation type mp. 

Quantitative evaluation of the vegetation types was outside the 

scope of the study. The decision as  to which type best described the vegetation 

of a tracking station was mde on a purely subjective basis. This could be 

a source of error due t o  observer bias, hwever, every effor t  was mde to stan- 

dardize classification among observers. Additionally, this study was carried out 

during the winter, which precluded the systerratic observation of herbs and smaller 

shrubs and limited the study of the tall shrubs. 

Seven terrain features =re recognized during preliminary f ie ld  

investigations. The recognition of a terrain feature required that the potential 

reaction of furbearers and ungulates to the terrain feature be masurable by 

the mthods mployed and be readily recognized or masurable under f ie ld  con- 

di tions . 

The classes of terrain features recognized in the f ie ld  were: 

1) 0-10% slope 

2) 10-30% slope 

3) 30-60% slope 

4 ) 60%+ slope 

5) shoreline 

6) streambed 

7) open water. 



For slopes greater than lo%, the directional aspect was described 

by one of faur classes, wh ich  oorreqonded to the nearest quadrant: north, east, 

B south, or west. Terrain features a d  aspect were noted for each tracking station. 

This information was sumnarized and the proportional coverage of each occurring 

d i n a t i o n  was calculated. 

S e c m i k y  disturbances (mads and cutlines) =re mted in oder .to 

( =solate their effect on distribution and relative ahrndance of ungulates a d  

I furbearem. These dis-s were classified as: 

1) W: A tramportatim corridor that receives periodic or 

Sustained use by a four-wheeled vehicle and is subject 

to periodic snow removal. rn 

Type 1. Light use periodic passage of several vehicles 

per wsek or brief periods of kavier use. 

Type 2, -rate to kaq use - mltiple passage of 

vehicles on a daily basis. 

2) Wines:  Any corridor that had disrupted the natural wge- 

tation cover but was not used for road vehicles or 

ws not subject to snuwremoval. 

Type 1. Recently cleared - l i t t le  or m vegetatim 

cover (Plate 2). 
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Pla te  2 .  A recently cleared cut l ine  (Type 1) used as t-ary w i n t e r  access road . I 
I 
I 
I 
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Type 2. Old - h e  - w i t h  l ight to mderate regrawth 

of shrubs and trees up to 2 m in height 

(Plate 3) . 

!Snuw depth ~ ~ t s  were recarded after  each significant smw- 

I f a l l  or a t  the initiation of a tracking session. Ibplicated masmemnts were 

taken in  representative habitat types: one coniferaus (Type J) and one de- 

I ciduous (Type A) and meraged to yield a nrean snow depth Ear the ensuing period 

of tracking. 

3.2 Aerial Surveys 

3.2.1 Aquatic Furbarem 

I A e s * ~ * i a q u r r t i c f u r ~ ~ a n d m r t s k r a t ) l - ~  

ducted cm Ckbkr 22 23, 1976. surveys were m@m&ed w i t h  a Bell 206-B Mi- 

I mpter a t  air speeds af 65 to 100 Ian per b u r  and at an altitrde of 60 to 90 m. 

I A s y s m t i c  search pa- WAS flown by hllawing all river ard 

stream drainages and lake shorelines w i t h i n  the min study area (Figure 2). The 

I location of all beaver lodges, food caches sites, and muskrat lodges were re- 

corded an a 1:50,000 topographic map. The criteria for distinguishing occupied 

beaver colonies fran unoccupied anes were the pxesence of a freshly lodge 

I 
or a recent food cache. 

'scientific and vernacular nams follow Jones e t  aZ. and are msented in 





Ground checks on the accuracy of aer ia l  surveys and on the ac t iv i ty  

status of beaver and muskrat lodges were conducted during the winter period. 

3.2.2 Ungulates 

Aerial surveys for ungulates w e r e  conducted during Ikcember 13 to 

16, 1975 (early winter), and February 4 to 7, 1976 ( l a te  winter). Surveys were 

conducted with Bell  206-B and B e l l  AJ-2 helicopters, flying a t  a i r  speeds of 120 

to  160 km per hour and a t  al t i tudes of 60 t o  100 m. Observations were conducted 

by two observers who were assisted by the pi lot .  

Ccsnplete ae r ia l  coverage of the ungulate study area (Figure 2)  was 

effected by flying overlapping transects w i t h i n  recognizable topographical units. 

For each observation, the species, sex and age class of the animals, and the 

general habitat type w e r e  recorded. The location of each observation was re- 

corded on a 1:50,000 topographic map. 

mse population estimates were determined on the assumption that 

approximately 55% of a l l  animals present were observed. This correction factor 

is based on resul ts  of controlled ae r ia l  survey studies conducted in Alaska by 

I;eResche and Rausch (1974). 

3.3 Winter Track Counts 

3.3.1 Experimental Design 

In order t o  sample a l l  portions of the study area in a s ta t i s t i ca l ly  



d 

sound manner, the study area was s t ra t i f ied by systematically spaced latitudiqal 

(east-*st) zones, 1.2 km wide. J 

The latitudinal orientation of these zones was selected because rl 

both the major drainages within the s t d y  area (Athabasca, Mackay, and Beaver 
.1) 

rivers) and the industrial developnents are oriented longitudinally. m t h  these 

parameters were anticipated t o  exert an influence on nmmml distribution. - 
Within each s t ra t i f ied zone one transect line, spanning the length d 

of the zone, was r a n d d y  established. The locations of the 15 transect lines 
rrl 

are illustrated in Figure 3. The to t a l  length of the 15 transect l ines was 214.8 Ian. 

Transect lines were surveyed by hand-held and staff compasses and 

divided into 50 m sections using a nylon chain. The 50 m sections along transect rr 

lines are hereafter referred t o  as  stations or tracking stations. A l l  transect 
rJ. 

l ines originated along the eastern l i m i t  of the study area and were mrked with 

surveyor's flagging tape. The end of each station was marked with an alumhm mm 

tag. Tags were consecutively numbered frcm the beginning of the transect line. 

4 

3.3.2 Collection of Winter Track Data 
II 

During the winter period, three tracking replicates were condmted 

the l a s t  of which was only two-thirds completed. Tracking transects were covered 

on foot. For each observation of ungulate and furbearer tracks which crossed the I 

transect line, since the mst recent significant snowfall, the follming information 
d 

was recorded: 



F i g u r e  3.  The l o c a t i o n  of t r a n s e c t  l i n e s  f o r  t h e  
w i n t e r  t r a c k i n g  s tudy .  



rJ 

a) species 

b) date 

c) location by transect and station 

d) vegetation cover type 

e) terrain features 

f )  mean snow depth 

g) number of days since the l a s t  snowfall (track-days). 

Figure 4 i l lus t ra tes  the species and environmental p a r m t e r s  

considered and the nethod of coding for eff icient  recording on f ield data forms 

(Figure 5) and computer compilation of data. 

The relative abundance of tracks or act ivi ty of a given species a t  

a station was considered to be a function of the t o t a l  nmber of track crossings wd 

and the number of track-days since the l a s t  snowfall. I 

II. 

3.4 R e d  Squirrel Midden Counts 

Red squirrel midden counts were conducted along the established 

transect lines during the period between January 15 and PWch 15, 1976. These 

counts were conducted concurrently with the ungulate and furbearer tracking 

program* 

For each active red squirrel midden observed within 2 m of a tran- rrl 

sect line, the location (by transect and stat ion),  vegetation cover type, and 
w 



Spec ies  V e g e t a t i o n  Cover Type T e r r a i n  F e a t u r e s  Aspect 
0 1  Weasel 1 B. Poplar-T. aspen 1 0-10% s l o p e  1 North- 
02 Mink 
03 Marten 
04 F i s h e r  
05 Wolverine 
06 O t t e r  
07 Red Fox 
08 Coyote 
09 Wolf 
1 0  Lynx 
11 Red S q u i r r e l  
12 Snowshoe Hare 
1 3  Moose 
1 4  Mule Deer 
15 Caribou 
16 Unident Furbearer  
17 Ruffed Grouse 
18 Spruce Grouse 
19 S h a r p t a i l  Grouse 
20 Willow Ptarmigan 
21 F l y i n g  S q u i r r e l  
22 Other  

2 T. aspen 2 10-30% s l o p e  f a c i n g  
3 T. aspen-alder  & / o r  wi l low 3 30-60% s l o p e  2 East -  
4 Conif-Decid( l1  t o  40% Decid)  4 60+% s l o p e  f a c i n g  
5 Conif-Decid( l1  t o  40% Coni f )  5 s h o r e l i n e  3 South- 
6 Conif-Decid(41% Conif t o  41% ( r i v e r  o r  l a k e )  f a c i n g  

Decid) 6 Streambed 4 West- 
7 W. s p r u c e  7 Open Water ( i c e )  f a c i n g  
8 J a c k  p i n e  8 Roads-no-light u s e  
9 B. s p r u c e  (cover  11 t o  40%) 9 Roads-mod-heavy u s e  

1 0  B.  s p r u c e  (cover  41 t o  100%)51 C u t l i n e :  Recent-no 
11 Alder : n o n - r i p a r i a n  o r  l i t t l e  cover  
12 Wil1ow:non-riparian 52 C u t l i n e :  Older-mod. 
13 Labrador  t e a ,  bog b i r c h  r e v e g e t  a t i o n  e. 

1 4  R i p a r i a n : h e r b s  k 
1 5  R i p a r i a n : s h r u b s  
16 D i s t u r b e d - l i g h t  regen.  
17 No cover  
1 8  B. spruce-willow 

F i g u r e  4.  Numerical codes of s p e c i e s  and env i ronmenta l  v a r i a b l e s  recorded  on 
f i e l d  d a t a  forms. 





terrain type were recorded. 

Population estimates of red squirrel were based on the assumptions 

that a) red squirrels occupy mutually exclusive terr i tor ies ,  each of which con- 

tains one actively used midden (Krasnowski, 1969); and b) the density and dis- 

tribution of red squirrels along the transect lines were representative of the 

study area. 

3.5 Fur Harvest Records 

Trapper fur harvest data for the Fort !,k!Wray and Fort PlhcKay 

area were obtained f r m  the Fish and Wildlife Division of the Department of 

Recreation, Parks and Wildlife. Names of the senior holders of traplines and the 

location of the l ines were also obtained for the study area. 

Discussions were held with three active trappers wbse lines were 

adjacent t o  the Syncrude Lease. In addition, four trappers were i n t e rv imd  

whose l ines were located outside the immediate area of the Lease but relatively 

close t o  Fort I,hcKay. 

Discussions were held w i t h  A l b e r t a  Fish and Wildlife personnel 

from Fort P ~ W r a y ,  an officer from the Alberta Forest Service of the Department 

of Energy and Natural Resources i n  Fort McKay and the former Hudson Bay m a g e r  

f r m  Fort PilacKay. The f ield portion of the program was carried out during the 

periods between Pilarch 8 and 12  and Jhrch 17 and 20, 1976. During the l a t t e r  



period the interviewer accompanied two trappers on their respective traplines. 

3.6 M3z.ha.I~ of Analysis 

The track-counting technique provides quantitative information on 

the association of each species with the available habitats, the areal extent of 

activity, and the spatial trend(s) of distribution. The statistical techniques 

required to assess this infomtion were selected so as to provide an understanding 

of the geographical variation of activity, the possible existence and form of 

activity patterns, and the identification of factors that m y  be influencing 

these patterns. The findings were presented as proportions to allow for future 

comparison. 

3.6.1 Animal-Habitat Associations 

Three habitat groupings were considered: vegetation, terrain and 

natural versus m-altered (disturbance) features. The observed distribution of 

each species of a n h d  was defined as the relative frequency of tracks per track- 

day1 occurring within each habitat category. 

The procedure for analysis followed the mthodology described by 

Neu et aZ. (1974). The hypothesis considered that each species utilized the 

various types of habitat in proportion to their availability by areal extent, a 

'Tracks per track-day = N*S/D where N is the nmber of stations of a given 
habitat category and stations being the unit of spatial measurerent, S is the 
sum of tracks observed/habitat category and D is the sum of track-days (nuder 
of days since last snowfall). 



multinmial distribution (Ostle, 1963). The observed distribution of each species 

was described by its proportional occurrence w i t h i n  each habitat category. Ex- 

pected distribution of occurrence was equivalent t o  the proportions of available 

habitat. The Kohmgomv-Smimov one sample t e s t ,  ( K o ~ o r o v ,  1933; Siegel, 

1956; Sokal and Rohlf, 1969) t o  determine the goodness-of-fit, compared the over- 

a l l  eqected and observed frequency distributions. I f  a significant difference 

was found between the two distributions then it was concluded that  the a n k l s  

w e r e  not utilizing the habitat in proportion to  its availability. Conversely, 

i f  no significant difference occurred between the observed and expected dis t r i -  

butions, it was concluded that these animals were distributed i n  and utilized the 

habitats i n  the study area in proportion t o  thei r  availability. 

Where a significant difference hewn habitat availability and 

animal distribution occurred, the Bonferroni 55 s t a t i s t i c  was applied t o  the ob- 

served values, providing confidence intervals for each habitat type (Neu e t  a l . ,  

1974). I f  the expected value f e l l  within the interval, it was concluded that the 

species was utilizing the habitat type in accordance with its availability. I f  

the expected proportion f e l l  above o r  belaw the interval, the species was con- 

sidered t o  be exhibiting an avoidance of,  o r  preference for that habitat type, 

respectively. 

This form of analysis provides a quantitative measure of animal- 

habitat association. Its p r k r y  advantage is the abi l i ty  to  e x h e  individually 

the use of each habitat type by a particular animal species. Its weakness follows 

the use of a non-paramtric t e s t  instead of a parametric t es t .  Additionally, the 



goodness-of-fit t e s t  used in  th i s  study tends t m d  a "conservative1' bias when 

the sample size approaches infinity. But in l ight  of the alternatives th is  "con- 

s e r v a t i s m "  or  reduced sensitivity t o  difference should not be considered a serious 

problem. The technique provides a further refinerrent of quantitative mthods 

which have been used t o  t e s t  multinomial distribution. 

3.6.2 Spatial Distribution of Animal Activity 

The spatial distribution of a n h l  act ivi ty was evaluated (by 

grid-mapping) and i l lustrated as  an isodensity map. These maps identify the 

spatial distribution of animal activity. Proportional t o  these maps, relative 

abundance of activity was determined. 

The data unit for contour mapping was the sum of tracks per track- 

day per station. The number of tracks and track-days per station =re m i n e d  

from a l l  track-count replications. Since absence of a n k l  activity w i t h i n  a 

geographical area was also considered important, a value of zero was assigned to 

those stations lacking i n  observations. 

Data input consisted of a dirtlensioned matrix of 4,289 points (one 

value per station) and corresponding cartesian coordinates. Output was a grid 

matrix (surface) and a contour map. The grid surface was calculated according 

t o  a mthod of areal extrapolation. Contour lines were interpolated over t h i s  

surface following user-supplied cri teria.  



Gridding, napping and contouring were pe r fomd  through a series of 

conputer programs, supplied by Ccknputer Sciences Canada Ltd. - AM'OPS, M A P ,  and 

PLDTFR. Gridding consisted of extrapolating a set of data values from their  re- 

spective cartesian coordinates, and generating a map surface (grid matrix) that  

detailed the entire study area. Input data were positioned within the grid and 

values a t  each grid node surrounding a p r i m  point were calculated. Selection of 

the number of mesh points for extrapolation was determined through an automtic 

segmentation within the program or  as  an override option supplied by the user. 

The X-Y coordinates were converted t o  grid c e l l  units and placed within the 

grid. First  order planes were then calculated which passed through the pr im 

(input) 5 values and which w e r e  f i t t ed  t o  surrounding p r im  values by the least- 

squares norm. 

Extrapolation for values a t  each mesh point was based upon a 

search radius covering equal sized sectors that  scanned through eight directions. 

The m a x h m  length of this search radius was 0.125 of the diagonal distance across 

the grid surface. In order for a value of a cell t o  be extrapolated it was 

necessary that s i x  out of eight sectors have a valid data point. Failure t o  

sat isfy t h i s  criterion deleted the ce l l  from enclosure within the boundaries of 

the map. 

Fitting of a plane t o  the input data followed a weighting pro- 

cedure based on the inverse square of the distance £ran the centroid of the c e l l  

(i.e. those values closest t o  the center received the greatest wight  and those 

positioned a t  the &-ties of the search radius received the leas t  weight). 



I f  mre than one value f e l l  w i t h i n  a given cel l ,  a t rue average was taken of the 

X, Y, and iS values involved. Secondary gridding follwed the mthod used in the 

p r h r y  stage with the plane n w  allowed t o  f loat  t o  the hest least-squares f i t  

of the surrounding values. 

A grid size2 of 86 was selected t o  provide a sufficient level of 

detai l  for interpretation. The resultant grid was rectangular in shape and con- 

sisted of 6,794 (86 X 79) msh points. Extrapolation defined 5,788 valid cel ls  

w i t h  the remaining 1,006 ce l l s  deleted from enclosure. Enclosure of the study 

area boundaries within th i s  rectangle was by a convex polygon of degree 86. 

For a grid size of 86 X 79 the radius approximated 14.6 grid cells.  Cell s ize 

was dependent upon the grid specifications and the map scale. Since the stcdy 

area covered 254 sq km, and the enclosed grid surface consisted of 5,788 cel ls ,  

an approximation of ce l l  s ize was 0.04 sq h, with one side of the c e l l  extending 

209.5 m. 

Contouring of the grid matrix follwed the interpolating process 

of f i t t ing  isolines to  the grid rratrix. An appropriate contour interval and 

a l w e r  contour l i m i t  =re selected for each species t o  provide an optirmnn of 

information on an isodensity mp. 

A frequency distribution of the relative abundance of track ac- 

t iv i ty  w i t h i n  the established contour intervals was calculated from the grid 

Specifies the nmker of grid ce l l s  that divide the lmgest  axis with an upper 
limit of 100. (Note: the larger the nmber of grid ce l l s  the greater deta i l  
extrapolated for) . 



mtrix and expressed a s  proportions of the t o t a l  study area. 

3.6.3 Trend-Surface Analysis 

The method of trend-surface analysis selected for  this study was 

an orthogonal algebraic polyncmial for  irregularly spaced data, which fol lmed 

a Tnodification of the program developed by Fkitten (1974, 1976, pers. c m . ,  

Geologist, Northwestern Univ., Chicago, U.S.A.). This method provided a separation 

and identification of any regional t m d ( s )  f r m  the overall  ac t iv i ty  pattern 

within the study area. 

This mthod, a s  w e l l  a s  others, are w e l l  documented in the lit- 

erature (deLury, 1950; Oldham and Sutherland, 1955; Krurmbein, 1959; K n m b i n  and 

Graybill, 1965; Harabaugh and Preston, 1968; Jms, 1966; Phrcus and Vanderrreer, 

1966; Crain and Bhattachaqya, 1967; Whitten, 1970, 1973, 1975). 

Data input was a s  described in Section 3.6.2, except tha t  only 

those stations reporting act ivi ty were used. Output consisted of: the B square 

array, the array of orthogonal polynomial coefficients, the percent sum of 

squares reduction attributed to each individual coefficient (RSS), the corrected 

percent sum of squares attributed t o  each degree of surface (%RSS) , a map of the 

surface, and the corresponding orthogonal and surface coefficients as  qualified 

by significance tests. 

The i3 square array sets out the proportion of the t o t a l  variabi l i ty 



accounted for by each of the orthogonal coefficients. The sum of squares re- 

dxt ion (RSS and %RSS) provides a masure of the sum of the squares of the de- 

viations between each original datum point and the camputed surface. The ortho- 

gonal and surface coefficients describe the algebraic and surface functions of 

the trend, respectively. 

The B square array and the %RSS mthods of analysis (Grant, 1957; 

Norcliffe, 1969) were combined to  identify the trend, to  delineate the trend co- 

efficients, and to  generate the surface coefficients. !i'his method proceeded from 

the following: 

1) based on an in i t i a l  examination of the B square array, non- 

contributing coefficients were deleted; 

2) the %RSS corrected was assessed by an F-test for the presence 

of any trend; 

3) i f  a trend was found, the "trend l i m i t "  was constructed on the 

B square array and the corresponding orthogonal polynmial co- 

efficients =re identified; and 

4) using only the orthogonal polyncanial coefficients within the 

"trend limit", surface coefficients were computed and a trend 

map of the specified surface order was produced. 



4. RESULTS AND DISCUSSION 

4.1  Wildlife Habitat 

4.1.1 Vegetation 

4.1.1.1 Previous Vegetation Studies 

There have been few studies of the vegetation in the immediate 

vicinity of Syncrude Lease No. 17. The mst recent m r k  was performed by 

Vaartnou (Syncrude, 1974) as background for revegetation species selection. This 

paper describes i n  a general manner the so i l s  and species canposition of eight 

cormnmity types on Syncrude Lease No. 17. These c o m i t y  types are similar to 

1 2  habitat types described in "The Habitat of Syncrude Tar Sands Lease #17: A n  

In i t i a l  Elvaluation" (Syncrude, 1973). This l a t t e r  report lists tree and shrub species 

for these habitat types and ranks their importance t o  wildlife as food sources. 

The Alberta Forest Service (1967) produced a report on the forest 

resources of Census Division 12  based on current data. This was updated for the 

mineable t a r  sands area by the Alberta Department of Lands and Forests (1973). 

Forest cover maps and area stand lists =re produced, based on the interpretation 

Alberta Ltd.  (1973a, 197333) suna~lrized the data from these mps and lists. 

The mst thorough description of t k  vegetation of northeastern 

Alberta has k e n  provided by Raup (1933, 1935, 1946). The f i r s t  of these gives 

same indication of the identity and distribution of forest types with particular 



reference to  white spruce and Banksian (jack) pine. The second describes the 

vegetation of Wood Buffalo Park. Information f r m  both of these papers as wll 

as  ear l ier  m r e  general publications is updated and sumrized  in the 1946 paper 

entitled "Phytogeographic studies in the Athabasca-Great Slave Lake region". This 

is the only detailed vegetation description that includes the study area. Cor- 

relation between the cormunities described by Raup and those in the present paper 

are outlined elsewhere in t h i s  report. 

Studies by b b s s  (1953a, 1953b, 1955) provide descriptions of the 

f lo r i s t i c  canpsit ion and ecological relationships of the major forest  types in 

northwestern ALberta. These descriptions are canparable t o  vegetation types in 

northeastern Alberta because of the proximity of the areas and the similarity in 

enviromental conditions. 

Quantitative data on phytosociological structure of the forests of 

Candle Lake, Saskatchewan, and changes therein are presented by Swan and D i x  

(1966) and Dix and Swan (1971) . A s  mentioned in the former paper, there appears 

t o  be a general similarity in physiogncmic structure and species canposition 

between the upland boreal forest of Candle Lake anl northern Alberta. Jeglm 

(1968) describes the lowland vegetation of Candle Lake. Descriptions of suc- 

cession in  the boreal forest are provided by m y  authors including Jarvis e t  

aZ. (1966) , Lacate e t  al. (1965) and F&me (1961) as  w e l l  a s  m y  of the papers 

mentioned earlier.  

An excellent general description of the boreal forest in Alberta 

is supplied by mi e t  aZ. (1967) . 



4.1.1.2 Vegetation of the Study Area 

The vegetative cover of the study area is a mixture of varying 

species composition, height, and density. In order t o  campare furbearer and 

ungulate use m n g  areas, it is necessary t o  account for differences or simil- 

a r i t i es  in the vegetation. For t h i s  study, relatively discrete, recurring pat- 

terns were grouped into vegetation types. The parameters used in  t h i s  differ- 

entiation varied according t o  the type and incorporated a bias toward those fac- 

tors expected t o  influence fmbearer and ungulate distribution. It should be 

emphasized that  the vegetation types used in  t h i s  study are specific t o  the 

study and careful consideration should be given t o  their  descriptive definitions 

before they are used in other applications. 

For the purpose of characterizing the major vegetative features of 

the habitat, 1 7  vegetation types w e r e  delineated. These vegetation types and 

their  percent coverage of the study area are illustrated in Table 1. 

Due t o  diff icult ies in interpreting shrub species on aerial  photo- 

graphs and because of map scale limitations, certain vegetation types are consol- 

idated and delineated on the vegetation type map (Figure 6 ) .  The types delin- 

eated on th i s  map and their  synonymity with those used in  the f ield are: 

Map 
Designation 

Vegetation Type 

Trembling aspen-balsam poplar 

Field 
Designation 



Table  1. P r o p o r t i o n a l  a r e a l  coverage o f  v e g e t a t i o n  t y p e s  on t h e  
s t u d y  a r e a .  

F i e l d  
Des igna t ion  Vege ta t ion  Type Area Coverage (%) 

--- - - 

A Trembling aspen 

B Trembling aspen-balsam p o p l a r  

C Trembling aspen-willow a n d / o r  a l d e r  14.2  

D Mixedwood (11% t o  40% c o n i f e r o u s )  7.5 

E Mixedwood (41% deciduous t o  41% 
c o n i f e r o u s )  2.6 

F Mixedwood (61% t o  89% c o n i f e r o u s )  6 . 1  

G White s p r u c e  

H J a c k  p i n e  

I Black s p r u c e  ( c o v e r  11 t o  40%) 

J Black s p r u c e  (cover  4 1  t o  100%) 

K Black spruce-willow 

L T a l l  sh rub  

M Dwarf b i rch- tamarack 

N R i p a r i a n  shrubs  and h e r b s  

0 Dis tu rbed  - w i t h  r e g e n e r a t i o n  0 . 5  

P Dis tu rbed  - recent-no r e g e n e r a t i o n  5 . 8  

Q Dis tu rbed  - main c l e a r e d  a r e a  17.3  





Tren-bling aspen 

Ilixedmod 

White spruce 

Jack pine 

Black spruce 

Black spruce-willow 

Tall shrub 

Dwarf birch-tamarack 

Riparian 

Disturbed 

Main cleared area 

A and C 

D, E, and F 

G 

H 

IandJ  

K 

L 

M 

N 

0 and P 

Q 

4.1.1.3 Description of Vegetation Types 

Trembling Aspen Types (A, B, and C) 

Trembling aspen is the primary overstory species of these three 

types. Their distinction is in s i t e  preference and/or the presence of signifi- 

cant proportions of an indicator species (i.e. balsam poplar, willow and/or 

alder). 

These are early-successional types due t o  aspen's rapid post-fire 

regeneration and low shade tolerance. Young stands are dense, but they tend t o  

thin with age as  there is mch competition-related m r t a l i t y  m n g  less aggres- 

sive individuals. Succession is generally toward the shore tolerant white 



spruce. Aspen graws on a wide range of s o i l  texture and moisture, occurring 

on a l l  but the driest or  wettest sites. 

mite birch stands occur infrequently on the study area and thus 

were not given a separate designation. Since the species was judged most similar 

t o  aspen, it was classif ied as  such during a i r  photo interpretation. The only 

major stand of white birch observed was recorded along the Fort MacKay highmy 

between Beaver Creek and the Mildred Lake a i rs t r ip .  

Type A - Trembling A s p  Type 

This type represents those aspen stands without a significant 

proportion of an associated tree or shrub species (Plate 4 ) .  It represents 4.8% 

of the study area with the mstwidespread examples t o  the s o u ~ e s t .  

S i t e  preference appears t o  be mesic upland areas. The scarcity of 

white spruce in the understory rmy be explained by the long distance between 

available seed trees. Associated shrub species are buffalo-berry, law-bush 

cranberry, rose, willow, green alder, and occasionally red-osier dogwood. Aspen 

stands with greater than 10% coverage of w i l l m  w e r e  not inclded in t h i s  type. 

Type B - Trembling Aspen-Balsam Poplar Type 

This type includes a l l  aspen stands with a balsam poplar q n e n t  

greater than 10%. Stands are concentrated along the lhckay and Athabasca rivers 

with small pockets i n  upland areas where the water table is high. The type makes 

up 1.5% of the study area. 
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Balsam poplar does not have the wide ecological amplitude of 

trembling aspen. It grows best on mist sites such a s  a l luvia l  f l a t s .  It is on 

these s i t e s  tha t  balsam poplar can survive the intense competition from trembling 

aspen, and possibly, with its longer lifespan, may outlive it. 

Along the Mackay River there is a general progression of vege- 

tat ion from the r iver  break down to the w a t e r ' s  edge, an elevation drop of about 

30 m (Plate 4 ) .  From the break t o  the bottom of the slope, aspen (Type A) pre- 

dominates with a balsam poplar component entering on the lawer slopes. This 

camponent increases toward the  r iver ,  in some cases t o  the exclusion of aspen 

near the  water's edge. Along the r iver  bank there is usually a narraw band of 

w i l l o w  and occasionally river alder. 

Along the Athabasca River, stands are generally older and more 

ccanplex. There is often a well-developed shrub layer under large decadent 

balsam poplar. Scattered white spruce may also be present. 

The prirrrary shrub species of t h i s  type are willaw, r iver  alder,  

low-bush cranberry, red-osier d m ,  and rose. 

Type C - Trembling A s p - W i l l o w  and/or Alder Type 

This classif icat ion was established because of the presence 

of a t a l l  shrub stratum which resulted i n  changes i n  animal habitat. Fkijor 

differences betmen conditions i n  aspen stands with and without the shrub 



Plate 4. A view of the Mackay River valley w i t h  aspen (Type A) m the 
upper slopes, aspen and balsam poplar (Type B) on the laer 
slopes, and a band of willow (Type N) alolrg the river bank. 
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layer were not evident, hem, the g~esfmce of shrubs may be attr- 

mister soil. A r r o t k r  possibility is that there may have been post-fire estab- 

lishnent difficulties such as lack of parent stock in the stands that ncrw haw no 

shrub stratum. In older stands w i t h  closed cancrpy cover, tall shrul#s are prob- 

ably reduced or eliminated by lcrw light intensities as expressed by Rxie (1956). 

The aspen-shrub type is concentrated in the westem portion 

of the stm area where it is often interspersed with the pure aspen type. It 

-rises 14.5% of the area. . 

Associated shrub species are the EZUE as Br the pure aspen type 

w i t h  the obvious diffexace of a h i g w  w i l h w - a l i k  -t. 'Illaerrpstamnm'l 
5 

willow species is probably beaked willow ( S a l k  bebbicma) as indicated by Raup 

. , , ~ : ; ~ ' ~ $ $ ~  
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Types D, E, and F - Mixedwood 

These habitat types i n c l d e  a l l  mixtures of deciduous and con- 

ifemus tree species. The mst praninent are various cxxbinaticms of 

aspen and w h i t e  spruce with occasional cccurreme of jack pine, black spruce, , 

balsam pp la r ,  and &te birch, The subdivision has been made on the basis 

of relative ccrcppsition of deddmw and coniferous tree species. The recognized 

subdivisions and their areal aoverage are: 



Mixedwood Type Corpsition Areal Cloverage (%) 

11 t o  40% coniferous 7.5 

41% coniferous t o  41% deciduous 2.6 

61 to  89% coniferous 6.1 

Sites supporting mixedwood are generally mesic uplands. Drier 

sites are expected for mixtures of aspen and jack pine and moister s i t es  for 

black spruce-aspen . 

Balsam poplar and white spruce grow together on same river f l a t s ,  

particularly along the Athabasca River. White birch forms a major cmpnent  

of a few stands on the upper western slopes of the Athabasca River valley. 

These types are intermediate sera1 stages. Stands are often tm- 

layered with aspen in the overstory and spruce below. Tkse  spruce, in older 

stands, m y  have reached or  overtopped the aspen canopy. 

Major shrub species noted in  mixedhod are buf falo-berry, willow, 

green alder, lm-bush cranberry, and river alder, the l a t t e r  two mainly on 

mister si tes.  Amuch more extensive list of associated species is provided 

by Raup (1946) for h is  Upland !ksophytic White Spruce Forests. 

Type G - White Spruce Type 

The white spruce vegetation type comprises 1.6% of the study area. 
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Small  stands occur in the  Athabasca River valley and its slopes and in the south- 

central section of the study area. The main concentration is along Beaver Creek 

near its confluence with the  Athabasca River. This s M  is ccsnposed of large, 

mature trees which have not been distwbed since the origin of the stand, 

probably same 70 years ago. The l o w r  Beaver Creek valley provides an 

excellent habitat for white spruce which exhibits best growth on mist a l luvia l  

soils. 

Balsam f i r ,  near the northern l imit  of its range, a lso  occurs on 

this favorable site. This was the only area where the species was noted. Deca- 

dent aspen and balsam poplar, the  remnants of earlier sera1 stages, a re  scattered 

throughout mst white spruce stands. 

There is usually l i t t le  shrub understory in t h i s  type due t o  the 

heavy shading of the spruce. In  low density areas shrub canposition is similar 

to tha t  inmixedmod. 

Type H - Jack Pine Type 

Less  than 1% of the study area supports pure jack pine corn- 

mi t ies .  The majority of these stands are northeast of Mildred Lake. 

Jack pine has low tolerance t o  shade and thus is usually found i n  areas where 

interspecific canpetition is low. This, in canbination w i t h  the species ab i l i ty  

t o  grow on dry s i t e s ,  usually relegates it to dry sandy knolls, which are limited 

in the study area. 



mture  stands of jack pine are quite open and largely free of 

shrubs. Occasionally green alder was noted as  a widely scattered understory 

species. On m i s t e r  s i t e s  there m y  be som invasion by trembling aspen and 

white spruce. 

Types I and J - Black Spruce Types 

Together, these types ccanprise a greater area than any other 

single vegetation type. Type I (11 t o  40% cover) accounts for 5.4% anrl Ty-p J 

(41 to  100% cover) rrakes up 14.9% of the area. The division is on the basis 

of percent cover, a measure of the availability of shelter for animal prey 

species. 

Black spruce can mintain  i t s e l f  on organic and wet mineral soils .  

Large pure stands grow in the poorly drained northtestern portion of the study 

area. Associated shrubs are willow, c o m n  labrador tea,  dwarf birch, and oc- 

casionally river alder. 

The general appearance is stunted trees, rarely over 3 m and 

usually about 2 m in height with crowns extending to  the ground and interspersed 

w i t h  scattered low shrubs. On better  drained s i t es  the trees generally are m r e  

densely spaced, t a l l e r ,  and exhibit better growth. Invasion of t ree  s-pcies 

sdch as  t r d l i n g  aspen, white birch, and white spruce was noted on these drier 

si tes.  Occasionally tamarack and even jack pine occur on low density sites. 



d 
Type K - Black Spruce-Willm Type 

r) 

Large areas t o  the west of the Mackay River and in the northwest 

section of the s t d y  area support an interspersion of small black spruce trees .II 

and clumps of wi l low.  Small stands occur throughout the study area. Areal 

.II 
extent is 6%. 

sl 

Stands of this  type appear to be quite young, following recent fires. 

Eeadfall and charred snags are abundant. Tree density is low, allowing the J 

wil low to  grow unshaded. As the spruce trees mature, the w i l l o w  component 

can be expected to  decrease because of increased shading. .II 

Shrubs associated with this type are, in addition to w i l l o w ,  

dwarf birch and ccKmaon labrador tea. 

Type L - Tall Shrub Type 

J 

Thi s  type incorporates alder and w i l l o w  mmnunities which are not 

associated with open water. It occupies 5.6% of the study area. II 

In general the shrubs are 1 m to 3 m tall. Stands range in density * 

fmm near impenetrability to  c l q s  spaced about 1 m apart. 

FKxn the s i t e  r e q u i r m t s  of w i l l o w  and alder and the absence of 
d 

tree species, it is expected that this type occurs on wet s i tes  exclusively. 

Changes toward a mre  favorable water reg* muld allow the invasion of d 

trees. 



W i l l a w s  are the p r b r y  species, often with a r iver alder campon- 

ent. During f ield investigations a separation between willow and alder comnun- 

i t i e s  was mcognized, but th i s  division was eliminated in  compilation due t o  

the law nunnber of pure stands. 

Type M - Dinmrf Birch-Tamarack Type 

The dwarf birch-tamrack habitat type comprises 2.1% of the s t d y  

area. It grows on poorly drained areas dispersed throughout the study area. 

The primary species of th i s  type is dwarf birch up t o  1 m t a l l .  

Often scattered through th i s  shrub stratum are mature tamaracks and dead trees 

and shrubs. 

Associated shrub species are w i l l m ,  r iver alder, and occasionally 

c o m n  labrador tea and black spruce. 

T y p  N - Eparian Shrub and I3erb Type 

This type inc ldes  those shrub and herb camnunities associated 

with open water. Examples are generally linear, fonning a narrow band along 

the water's edge. Grasses and sedges grade into shrubs which border the forest. 

The type makes up 2.7% of the study area and is found mainly around Horseshoe 

Lake and along the small streams draining into Beaver Creek from the west. 



d 

Shrub and herb conarrunities were in i t i a l ly  separated during 

f ield investigations but due to  the infrequent occurrence of the herb community, 
rY 

these types were consolidated. Grasses and sedges comprised the herb section 

while w i l l o w  and alder were the primary shrub species. Dwarf birch was occasim- 3 

al ly  present. 
Y 

Types 0, PI and Q - Disturbed Area 

Three classes of disturbed areas were distinguished. These, 

together with their  respective proportions of the to ta l  area, are: 

Type 0 - Disturbed, l ight  regeneration - 0.5% 

Type P - Disturbed, no regeneration - 5.8% 

Type Q - Min cleared area -17.3% 

The areas, now labelled Type 0, had been cleared a t  least  one 

growing season before the f ie ld  studies. They presently support a l ight  cover 

of herbs and shrubs which have invaded the exposed mineral soil. Ciround 

cover is seldom more than 80 cm t a l l .  

Areas without regeneration have for the mst part have been re- 

cently cleared. They now have no vegetative cover and are usually bulldozed to 

mineral soil. The only exception in this category is open water which, when 



frozen and covered w i t h  smw, becanes virtually indistinguishable k m  cleared 

land. 

fl The main cleared area is a large opning near the center of the 

I study area (Plate 5). It incluks areas of both of the ather disturbed types. 

Various canbinations of times of clearing and intensity of disturbance 

I w i t h  roads and other constantly disturbed areas produce a denuded and revege- 

tated d c .  

I 4.1.1.4 Wationship of Wqetation Types to P r a t i a m  Studies 

I Since d y  the very obiow aqxmnts of the plant cammities 

I 
on the study area oauld be &senred, it is difficult to relate vegetatian types 

to as-' zations described by &r inwstigatars acept on a gross scale. 

I The various seraJ. stages of Raupts (1946) Upland.%sqhytic white Spruce ~arests 

a1?peartocorrespoax3totlplandstztndsoTwhite ('1CypeG) andtothe sucaes- 

I S i o ~ l l y  younger lzcnblhg aspen @yps A and C )  and mixeCtwood (Types D, E, and 

F) . Those stands of w h i t e  spxuce (N G I ,  w h i t e  spmce-klsam poplar ( T ~ S  

I D, E, or F) and balsam poplar-aspm Crype B1 occurring along the larger river 

I banks are similar to Raup's Flood Plain White Spruce msts.  An example of 

Raup's Bdlsam Fir-White Spruce Forests is located along the 1- Beaver C'lreek 

I and is described as Type G. 

I The scattered jack pine stands (Type H) on the study area prob- 

ably comespond to Rap's Sandy Jack Pine Wds. 



in the foreground, white spruce along the Beaver aver to the 
left, and the Syncm.de plant on the brizm. 



Raup's Bog Forests can be related t o  same of the black spruce 

forests (Types I, J, and K) on the study area, particularly those in depressions 

which have probably evolved through bog succession. However, there are apparently 

undescribed upland stands of l o w  density, short black spruce which often occur 

within large aspen stands in  the *stern portion of the study area. An improved 

description of t h i s  habitat muld resul t  £ran further research. 

The black spruce-willow type (Type K )  includes both a bog type, in 

which willows are probably wt land species such as S a l i x  glauca, S. m y r t i l l i -  

f o l i a  and S. p y r i f o l i a  as  described by Raup (1946) a d  a dr ier ,  ecotone type 

with S. bebbianu which w i l l  be described la ter .  

The dwarf birch-tamrack type (Type M) can probably be campared 

t o  e i ther  the Larch-Biruh-Hypnm m r  of Lewis e t  a2 . (1928) o r  the rmskeg 

near Pine Lake described by Raup (1935). mss (1953b, 1955) also describes 

a LayYix lar ic ina  association and hypothesizes a possible succession to black 

spruce cammi t i e s  . 

Raup (1946) describes a successional sequence for willows a t  

slough -gins along the lower Athabasca River. This is S a l i x  p lan i fo l ia  

followed by S. p e t i o l a r i s  and then S. bebbiana. I f  this sequence occurs on the 

study area, the sera1 stages would be classif ied e i ther  a s  tall shrub (Type L) 

o r  riparian (Type N) depending on the presence or absence of a water body. 

A t  the interface between two dis t inc t  communities there is often 

a t ransi t ion zone o r  ecotone. This ecotone may d i n e  features of both m- 
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mit ies  or  may be dist inct .  The mst prominent type of ecotone on the study 

area is a band of willow which often occurs between aspen and black spruce and 

occasionally betwen white spruce and black spruce c o m i t i e s .  Raup (1946) 

s ta tes  tha t  beaked willow, character is t ic  of the Upland Forest, does not appear 

i n  the Bog Forest type (black spruce) except i n  these t ransi t ion zones. Al -  

though edaphic factors i n  these ecotones may be marginal, the occurrence of the 

high density of willow may be related t o  the relat ive paucity of interspecific 

c o p t i t i o n .  Tm vegetation types, the t a l l  shrub (Type L) and black spruce- 

willow (Type K ) ,  c lassify t h i s  ecotone when it is greater than 25 m wide. 

However, there are frequent narrow bands which are integrated with the sur- 

rounding forest for  classification. 

4.1.1.5 Aquatic Habitats 

There are three lakes (Ruth, Mildred, and Horseshoe lakes) , three 

large watercourses (Beaver Creek, and Mackay, and Athabasca rivers) and several 

small creeks within the s t d y  area. These aquatic habitats are used by several 

species of furbearers including beaver, muskrat, o t t e r ,  a d  mink. 

Since f ie ld  investigation fo r  t h i s  study was carried out in the 

winter, sanpling of aquatic habitats was not possible. The following descrip- 

t ions are abstracted from earlier studies. 

Ihxth Lake 

Ruth Lake was studied by Renewable &sources Consulting Services 
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(1975) during the s m r  of 1974. According to  this s t d y ,  aquatic vegetation 

extends over the ent i re  area (144 ha) of Ruth Lake. Three general sections 

of differing plant growth were described: 

1) Dense l i l y  pad growth. T h i s  type is characterized by a dense 

cover of pond l i l y  (Nuphar variegatum) t o  the virtual ex- 

clusion of mst other species. Dense l i l y  pad growth is 

generally confined to central p r t i o n s  of the lake with water 

depths of about 2 m. 

2) Dense suhnergent growth. Suhergent plants form an akmst 

continuous cover in  this type. Either a dense growth of 

stonemrt (Chara sp. ) o r  a mixture of pondweeds (Potamogeton 

spp. ) and c o m n  bladdermrt (Utricu Zaria uu Zgaris ) are 

dominant. Water depths are generally less  than 2 m. 

3) W g e n t  g r m t h .  This type occurs along the sb re l ine  and in 

clumps near the middle of the lake. The best deve lopn t  is 

along the southeast shore. Species canposition varies but 

mst important are ca t t a i l  (Typha ZatifoZia), and bulrushes 

(Scirpus va Zidus and S. americanus ) . 

The characteristics of the vegetation of Ruth Lake could very 

we11 change due t o  fluctuating e n v i r o m t a l  variables. 

Mildred Lake 

The vegetation of fdildred Lake was briefly studied in Ihy 1972 by 



Mewable Resources Consulting Services (1972). 

The area of Mildred Lake is approximately 138 ha. There is a 

narrow zone of errergent vegetation forming a band 3 t o  10 m wide along mst of 

the shoreline. mjo r  species in th i s  zone are ca t ta i l ,  sedge (Carex atherodes), 

m n  spikerush (EZeocharis pa lus  t r i s  ) and pickerel weed (Pontederia sp. ) . 
The north and south ends of the lake have what are described as  "floating" edges 

of marsh reedgrass (Calmnaqrostis canadensis). Submergent vegetation associated 

with a rich organic bottom a t  the south end consists of a suherged mat  of mss 

(Hypnwn spp. ) , mare's tail (Hippuris sp. ) , hornmrts (Ceratophy Z Z w n  sp. ) , and 

saw green algae. Duckweed (Lemna minor) and a few water  l i l i e s  (Nyrnphaea 

sp.) were also noted. 

Horseshoe Lake 

The vegetation of Horseshoe Lake was also noted by Renewable 

Wsources Consulting Services Ltd.  (1972). 

T h i s  lake is much shall-r than Mildred Lake and slightly smaller 

a t  130 ha. A canal from the m r t h  end of the lake t o  the Athabasca River results 

in wide fluctuations i n  water level. Vegetation growth is lush with a sukmer- 

gent carpet composed mainly of mss and hornwort and an a m s t  continuous 

floating cover of water l i l y ,  duckweed, and f i l m t o u s  algae (Spirogyra sp.). 

Canon -gents are ca t ta i l ,  hardstem bulrush (Sci3c.p~~ vaZidus), and c m n  

spikerush. A margin of sedge and marsh reedgrass, wider than that  of fildred 

Lake, broadens into a meadow a t  the north end. 



River Habitat 

Both the Mackay River and Athabasca River are too large and fast- 

flowing t o  support much aquatic vegetation. The only areas where minor con- 

centrations of plants might be expected are backwaters where currents are suf- 

ficiently slow t o  allow establishrwnt. 

Beaver Creek was studied for  fisheries habitat i n  1971 (RRCS, 

1972) but since that time a large part of the land through which the river 

flaws has been cleared. Aquatic vegetation is probably m i n d 1  and with ongoing 

cleariRg, shoreline shrubs are being remved. 

4.1.2 Terrain Features 

The composition of terrain features on the study area is i l lus-  

trated i n  Table 2. The study area is basically f l a t  t o  very gently sloping, as 

reflected i n  the proportion of the area having slopes of less than 10%. There 

is a general gradient increasing from eas t  t o  west, interrupted only by t m  

incised river valleys and a s l ight  depression near the centre of the study area 

(Figure 7 ) .  -st a l l  of the slopes occur i n  the valleys of the Mackay, Beaver, 

and Athabasca system. The high proportion of east and west a s p c t s  reflects  the 

general north-south orientation of these valleys. 

Hydrological features comprise about 3% of the area, m s t l y  on 

the three lakes. 



Table  2. P r o p o r t i o n a l  a r e a l  coverage o f  t e r r a i n  
f e a t u r e s  on t h e  s t u d y  a r e a .  

T e r r a i n  Type P e r c e n t  of t h e  Area 

Slope and Aspect 

n o r t h  

e a s t  

e a s t  

e a s t  

s o u t h  

s o u t h  

s o u t h  

w e s t  

wes t  

wes t  

Hydro log ica l  F e a t u r e s  

S h o r e l i n e  

Streambed 

Open wate r  
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4.1.3 Secondary Disturbance 

Pbst of the study area is crosshatched with roads and cutlines 

(Figure 8) . In +h eastern portion, these are mainly Type 2 cutlines ( P l a t e  3) 

as associated w i t h  early exploratory dr i l l ing ,  while t o  the west a d r i l l ing  

program during the winter of 1975-76 has resulted i n  many recently cleared (Type 

1) cutlines (Plate 2) and d r i l l ing  sites. There are four mderate t o  heavy 

use (Type 2) roads on the study area outside of the main cleared area. These 

are the Fort MacKay highway, the west interceptor di tch road, the road to  

the teqora ry  dr i l l ing  camp on the Pckay River and the connecting road fol- 

lowing the Twenty-fourth Baseline. There were l ight  use (Type 1) roads 

in  the northwest and southwest portions of the study area during the f ie ld  

work but tcward the end of the study, these *re being bulldozed in from the 

sides leaving a large p i l e  of debris along the center of the road. Table 3 

presents the proportions of the various types of secondary disturbance on the 

study area. 

4.2 Ungulates 

4.2.1 mse 

4.2.1.1 Relative Abundance 

Perial Surveys 

During the w i n t e r  of 1975-76, the moose population of the ungulate 

study area was es t imted  a t  73 animals o r  0.23 moose per sq km. The moose 





Table  3 .  P r o p o r t i o n s  of d i s t u r b e d  and u n d i s t u r b e d  h a b i t a t s  on 
t h e  s t u d y  a r e a .  

H a b i t a t  Type 

P r o p o r t i o n  of the 
Study Area 

% 

-- 

Undisturbed 

Dis tu rbed  - w i t h  r e g e n e r a t i o n  

Dis tu rbed  - no r e g e n e r a t i o n  

Dis tu rbed  - main c l e a r e d  a r e a  

Road-Type 1 - l i g h t  u s e  

Road-Type 2-moderate t o  heavy use  

Cutline-Type 1 - r e c e n t  

Cutline-Type 2-old,  w i t h  r e g e n e r a t i o n  



population e s t k t e  was based on the a s s q t i o n  that approximately 55% of all  

m s e  present were observed during the aer ia l  surveys. LeWsche and Rausch 

(1974) found that under ideal survey conditions, inexperienced to current ex- 

perienced observers saw 43 to  68% of the moose present in a controlled exper- 

iment i n  Alaska. Considering our observer experience and the aer ia l  survey 

conditions, we fee l  tha t  a correction factor of 55% is a conservative estimate 

of our survey accuracy. 

A t o t a l  of 37 m s e  were recorded during the early w i n t e r  ae r ia l  

surveys for an observed density of 0.12 m s e  per sq h. In the l a t e  winter 

survey, 43 m s e  =re recorded within the study area, yielding an observed 

density of 0.13 m s e  per sq h. An additional 1 4  m s e  were  observed in the 

area immediately adjacent to the study area during the l a t e  w i n t e r  surveys. 

During aer ia l  surveys for beaver on October 22 and 23, 1975, a 

total of 12  moose were recorded. Study area coverage during t h i s  survey was 

restricted t o  areas of beaver habitat. 

The m s e  densities recorded w i t h i n  the study area are ccsnparable 

t o  observed m s e  densities reported in other studies in northeastern Alberta 

(Table 4 ) .  Phillips and Pattison's (1972) review of the Alberta Fish and Wildlife 

Division data for 1968 shows a general m s e  density of 0.23 m s e  per sq km 

for Big Game Zone 1 in northern Alberta and a density of 0.17 m s e  per sq h 

for the Fort WMurray area (Area 8 ) .  An intensive aer ia l  survey, conducted by 

the Alberta Fish and Wildlife Division i n  the mineable portion of the tar sands 



Tab le  4 .  Comparison of moose popu l a t i on  d e n s i t i e s  on t h e  s t u d y  a r e a  w i t h  o t h e r  a r e a s  w i t h i n  t h e  b o r e a l  f o r e s t .  

Loca t i on  
Moose Dens i t y  

moose/sq km 
Census 
P e r i o d  

Syncrude Lease 1 7  a r e a  
Syndruce Lease  17  a r e a  
F o r t  McMurray - mineable  p o r t i o n  

of  t h e  b i tuminous  s a n d s  a r e a  
- q u a d r a t  su rvey  0 .31  
- t r a n s e c t  su rvey  0 .27  

Nor thern  A l b e r t a ,  B ig  Game Zone 1 0 . 2 3  
Area 8 ( F o r t  McMurray), Big  Game Zone 1 0 .17  
N o r t h e a s t e r n  A l b e r t a ,  Athabasca Tar Sands 0 . 3 1  

Development Area 
Swan H i l l s ,  A l b e r t a ,  W.M.U.  F350 
Edson r e g i o n ,  A l b e r t a  
Peace  R ive r ,  B r i t i s h  C o l ~ ~ m b i a  
Eas t - c e n t r a l  A l b e r t a  r i v e r  v a l l e y s 2  

Athabasca  R i v e r  v a l l e y  (McMillan Lake 
t o  F o r t  McMurray) 

C l ea rwa t e r  R ive r  v a l l e y  

Mean of 16 r i v e r  v a l l e y s  
Wandering R ive r -Ca l l i ng  Lake, A l b e r t a  
P e e r l e s s  Lake,  n o r t h - c e n t r a l  A l b e r t a  
C l e a r  H i l l s ,  A l b e r t a  
W a p i t i  a r e a ,  A l b e r t a  

w i n t e r  19  75-76 Th i s  S tudy  
w i n t e r  1971-72 RRCS, 1972 

Bibaud and Arche r ,  1973 
Bibaud,  1973 
P h i l l i p s  and P a t t i s o n ,  1972 
P h i l l i p s  and P a t t i s o n ,  1972 
Department  o f  Environment ,  1973 

Lynch, 1973 
Lynch, 1973 
Penne r ,  1976 

H a l l  and Bibaud,  1974 
( F i s h  and W i l d l i f e  D i v i s i o n )  

H a l l  e t  al., 19 74 
H a l l  e t  az., 1975 
H a l l  e t  az., 1973 
H a l l  e t  az., 1973 

l ~ s t i m a t e d  moose d e n s i t i e s .  
2 ~ a l c u l a t e d  from moose r e p o r t e d  p e r  l i n e a r  m i l e .  



area in 1972 and 1973, gave an observed density of 0.31 m s e  per sq km (Department 

of E n v i r o m t ,  1973). Pvloose densities in  northeastern Alberta are, however, 

relatively low i n  comparison to those in  west-central Alberta and the Peace 

River area. 

Winter Track Counts 

A to ta l  of 191 m s e  track crossings were recorded during the 
-2 

winter track count study. This represents a mean density of 0.71 x 10 crossings 

per station track-day or 0.14 crossings per kilometer track-day. 

The relationship between the n&r of m s e  tracks per ki lomter 

track-day and the observed m s e  density (0.13 mose per sq h) of the study 

area is 1.1:l. Teplov and Karpvich (1959) found a correlation between numbers 

of m s e  tracks crossing census l ines in a 24 hr period and the density of 

animals in s ix  studies in the central region of the European U.S.S.R. Their 

reported relation between numbers of tracks and numbers of animals averaged 

about 2.0:l  and ranged £ram 1.7:l t o  2.3:l. 

The observed index of relative abundance or activity of m s e  by 

track counts in the present study is based on a relatively low sample size and 

requires additional study to determine the man and range. The preliminary 

results show th i s  technique t o  be well suited for use in  determining the impact 

of developnent on both the distribution and relative abundance of mse. 



4.2.1.2 Population Structure 

The m s e  population structure and ra te  of recuitrnent were deter- 
d 

mined from the age and sex ra t ios  of m s e  observed during the early and la te  

w i n t e r  aer ia l  surveys (Table 5) .  
.I 

Cow:Bull Ratios 

d 
The cow:bull r a t io  recorded during the early winter ae r ia l  survey 

was 100:75 (Table 6).  The proportion of bull m s e  i n  the study area is generally 
i 
I * 

higher than tha t  reported for  hunted m s e  populations i n  other areas in Alberta 

and British Colmbia (Table 6) .  

The observed adult sex ra t io  within the study area may not be 

representative of the regional trend due to: a )  the study area and thus the 

sample size of m s e  observed is relatively mall, and b) seasonal distribution 

of m s e  could have resulted in the presence of proportionately mre males to 

females within the study area; a comparison of the adu1t:calf ra t ios  of early 

and l a t e  winter suggests t h i s  m y  have occurred. 

The relatively high proportion of mles in the study area m s e  

population m y  also be indicative of subsistence hunting by Native and local 

white residents. The study area occurs within the Alberta Big Ganu3 Zone 1, 

where a relatively long "either-sex" hunting season has occurred for m y  years. 



Table  5 .  Numbers of moose, s e g r e g a t e d  by age  and 
s e x ,  which were  observed d u r i n g  t h e  e a r l y  
and l a t e  w i n t e r  (1975-76) a e r i a l  s u r v e y s  
on t h e  s t u d y  a r e a .  

AERIAL SURVEY 

Age / S  e x  E a r l y  Winter  L a t e  Winter  

B u l l s  12 

Cows 

T o t a l  Adul t s  2 8  

Calves  

TOTAL MOOSE 37 



T a b l e  6 .  Comparison o f  t h e  a g e / s e x  r a t i o s  of moose on t h e  s t u d y  a r e a  w i t h  o t h e r  moose populations 

L o c a t i o n  
Time A d u l t s  : C a l v e s  

P e r i o d  Cows : C a l v e s  : B u l l s  ( R e c r u i t m e n t  R a t e )  R e f e r e n c e  

Syncrude  
Syncrude 
A l b e r t a :  

L e a s e  1 7  a r e a  
L e a s e  1 7  a r e a  
n o r t h - c e n t r a l  r e g i o n  

S o u t h e r n  B r i t i s h  Columbia 

Peace  R i v e r ,  B r i t i s h  Columbia 
Montana 
Wandering R i v e r  t o  C a l l i n g  Lake! 

A l b e r t a  

C l e a r  H i l l s ,  A l b e r t a  

December 1975 
Februa ry  1976 
1970 t o  1972 

November 1974 

November 1973  

T h i s  s t u d y ,  e a r l y  w i n t e r  1975 
T h i s  s t u d y ,  l a t e  w i n t e r  1976 
Lynch, 1973  

F i n e g a n ,  1 9 7 3  

P e n n e r ,  1976  
Peek ,  1962  

H a l l  e t  aZ. 1974 
( F i s h  a n d  W i l d l i f e  D i v i s i o n )  
H a l l  e t  al. 1 9 7 3  

W a p i t i  a r e a ,  A l b e r t a  November 1973 1 0 0  : 29 : 4 8  100  : 37 ( F i s h  and W i l d l i f e  D i v i s i o n )  

'change i n  s e x  r a t i o  i s  i n  k e e p i n g  w i t h  t h e  e f f e c t  o f  a n  a n t e r l e s s  s e a s o n  i n s t i t u t e d  d u r i n g  t h e s e  p e r i o d s .  
' ~ e a n  o f  a n n u a l  o b s e r v a t i o n s  d u r i n g  t h e  s p e c i f i e d  t i m e  p e r i o d .  



Subsistence hunters generally harvest m s e  a t  randm, by obtaining the f i r s t  

animal encountered, or  they selectively harvest females and calves for  their 

better meat qualities.  Under both roethods of harvesting, a bias for  the sur- 

vival of males m y  occur and resul t  i n  the high cow:bull sex ra t ios  observed in 

the study area. Analogous population trends are reported by Lynch (1973) i n  

north-central Alberta and Finegan (1973) i n  southern British Colmbia, where an 

increase in  the proportion of bulls  t o  cows in the m s e  population occurred 

a f te r  antlerless m s e  hunting seasons were introduced (Table 6 ) .  

-:Calf Ratios 

The cow:calf r a t io  recorded during the early-winter aerial  survey 

was 100 : 56 (Table 6) . The nLnnber of calves observed on the study area increased 

f r m  nine during the early winter survey t o  15 in the l a t e  winter survey (Table 

5) .  Due t o  the d i f f icul ty  in determining the sex of adult m s e  in late w i n t e r ,  

comparisons of m ~ : c a l f  ra t ios  between the tm aerial  surveys are not p s s ib l e .  

A comparison of the ra t io  of 100 adults t o  calves shows a substantial increase 

i n  the proportion of calves observed between early winter (100:32) and l a t e  

winter (100:54) surveys (Table 6) .  Since the numbers and hence the density of 

moose on the t o t a l  study area w e r e  not substantially different (37 versus 43 

mse) between early and la te  winter surveys, our data suggest tha t  age and sex 

related mvepnents of m s e  m y  have occurred in  the vicinity of the study area 

during the winter. 

The cow:calf r a t io  recorded on the study area is generally above 



that reported for m s e  populations in other regions (Table 6). Reported cow: 

calf rat ios include 100:35 in north-central Rlberta (Lynch, 1973); 100:42 in  

southern British Colmbia (Finegan, 1973); 100:49 in Wandering River-Calling 

Lake, Alberta (Hall e t  a l . ,  1974); and 100:67 in the Peace River (Penner, 1976). 

During the early winter survey, 50% of the cows were acccanpanied 

by calves. One se t  of twins was recorded during th i s  survey and represents 

12.5% of the cows accompanied by calves. Pimlott (1959) reviewed the occurrences 

of twin-calves i n  seven m s e  studies in Canada and Alaska and fo& that twin -  

calf percentages ranged from 2% t o  28%. 

Population Recruitment Rate 

The observed m s e  recruitment ra te  was determined by comparing 

the n-r of calves surviving the f i r s t  six mnths of l i f e  to the total number 

of adults (adult:calf ra t io) .  The recruitment rate was 32% during the early 

winter survey and 54% during the l a t e  winter survey (Table 6). 

These values f a l l  within the range of recruitment rates of m s e  

populations reported in the l i terature,  examples of which are i l lustrated in  

Table 6. Considering the mny variables that m y  affect m s e  reproduction 

and calf survival, it is dif f icul t  t o  assess the moose recruitment rate in the 

study area £ram one season's data. Stelfox (1967) reported that  m s e  repro- 

duction i n  mrthwestem Alberta was generally higher following a mild winter 

than a severe winter. Since the preceding winter of 1974-75 was relatively 



mild with respect t o  above average temperatures and below average snowfall, and 

the present winter 1975-76 was also less  severe than normal, we my expect that  

the observed m s e  recruitment ra te  may be above the long-term average and m y  

approach the optimum for the particular age and sex structure of the m s e  

population in  the vicinity of the study area. 

4.2.1.3 Distribution 

Distribution in  Relation t o  Vegetation Types 

The distribution of m s e  in  relation t o  the availability of 

vegetation cover was significantly different for observations during the la te  

winter track counts and the February aer ia l  surveys (P=0.01) and during the 

early winter (December) aerial  surveys (P=O. 05) (Table 7 ) .  The distribution 

during the October aer ia l  survey was m t  significantly different from that 

expected, bwever, the heOctober survey involved only part ial  coverage of the 

study area. 

During the early winter (December) aer ia l  survey, m s e  exhibited 

a preference for tall shrub and deciduous vegetation types and an avoidance 

of mixedwood cover (Table 7 ) .  No use of miscellaneous or disturbed cover types 

was observed during th i s  period. 

During the la te  winter surveys, m s e  exhibited a preference for tall 

shrub cover and an avoidance of coniferous cover types (Table 7 ) .  I b s e  

activity in deciduous and mixedwood cover f e l l  within the expected range of 



Table  7. D i s t r i b u t i o n  of moose i n  r e l a t i o n  t o  v e g e t a t i o n  t y p e s  d u r i n g  
a e r i a l  s u r v e y s  and w i n t e r  t r ack-count  o b s e r v a t i o n s .  

P r e f e r e n c e  f o r  a  p a r t i c u l a r  v e g e t a t i o n  t y p e  i s  i n d i c a t e d  by 
+, avo idance  by -, and n e i t h e r  p r e f e r e n c e  n o r  avo idance  by o .  

-- 

PERCENT OF OBSERVATIONS 

P e r c e n t  A e r i a l  surveys1  rack-count s2 
Vege ta t ion  Type Coverage October December February January-March 

Deciduous 20.2 58.3 45.9 + 39.5  0 25.3  o 

Mixedwood 22 .3  0  1 0 . 8  - 23.3  0 23.6 o 

Coniferous  23.6 0  1 3 . 5  o 9.3 - 13.4  - 

T a l l  shrub 8 .2  41.7 29.7 + 27.9 + 29.2 + 

Misce l laneous  
cover  2 . 4  0  0  0  5 .4  o 

Dis tu rbed  a r e a s  23.6 0  0  0  3 . 6  - 

TOTAL 
OBSERVATIONS $, 296 12 3  7 4  3 191 

l ~ a l u e s  based on o b s e r v a t i o n s  of moose. 
2 ~ a l u e s  based on moose t r a c k s  p e r  t rack-day.  
3 ~ a m p l e  i n s u f f i c i e n t  f o r  a n a l y s i s .  
4n. s. n o t  s i g n i f i c a n t l y  d i f f e r e n t  , * s i g n i f i e s  a  s i g n i f i c a n t  d i f f e r e n c e  

a t  P=0.05, and **at P=0.01. 



values. T b  m s e  were observed in the miscellaneous or disturbed cover types 

during the February aerial survey. During the winter track count s m y ,  m s e  

exhibited an avoidance of areas with disturbed cover. 

Distribution in Relation to  Terrain Features 

The distribution of m s e  was m t  significantly different from 

the proportionate availability of terrain features (Table 8) .  The apparent 

trend of greater use of east-facing slopes than the proportion of terrain features 

corresponds to  late winter aerial survey observations and shows a relatively 

high m s e  concentration in the Athabasca River valley. W s e  activity recorded 

i n  the open water (ice) category is primarily related to observations along the 

Pkckay River. Field observations indicate that the riparian willow along the 

Pkckay River sustained d e r a t e  to  heavy use by m s e .  Ibose also appeared to  

occasionally use the Mckay River as a travel corridor. 

Distribution in Relation to  Habitat Disturbance 

bwse exhibited a marked preference for undisturbed habitats and 

an avoidance of large cleared areas (Table 9 ) .  Pbose activity on mads and 

cutlines which occur w i t h i n  the area of undisturbed habitats was neither pre- 

ferred nor avoided. An apparent trend of slightly greater use of light-use 

roads (Type 1) and cutlines than the proportion of the total  area may be related 

t o  a tendency of m s e  to  use these features as travel corridors. Additionally, 

these structures may affect m s e  m v m t s  back into the forest cover because 

of the windraws of debris along their edges. 
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Spatial Distribution 

The distr ibut ion of m s e  observed during early winter (December 

13 t o  16) aer ia l  surveys is i l lus t ra ted  i n  Figure 9. m e r a t e  concentrations 

of m s e  w e r e  found on the uplands west of the Pbckay River (14 mse)  and 

along the uplands and flood plains near the Mackay River a t  the northern end 

of the ungulate study area ( s ix  m s e )  . Pbst of the remaining observations 

w e r e  single animals o r  cow-calf pa i rs  which were  widely dispersed in the region 

between the Phckay River and the main cleared area. One caw-calf pa i r  was 

located within the Athabasca River valley. 

During the l a t e  winter (February 4 t o  7) ae r i a l  survey, d e r a t e  

concentrations of m s e  w e r e  located within the  valleys of the Athabasca River 

(10 moose) and Mackay River (10 moose) (Figure 10).  The majority of m s e  i n  

upland habitats w e r e  located i n  the area southwest of the main developwats. 

Five m s e  were recorded w e s t  of the fi@ckay River. 

The spat ia l  distribution of m s e  act iv i ty  recorded during the 

track-count survey i n  l a t e  winter (January 1 4  t o  March 15) is i l lus t ra ted  a s  an 

isodensity rnap i n  Appndix 2-A. Areas of moose ac t iv i ty  occur within the 

Athabasca River valley and i n  localized pockets along the Mackay River valley 

and upland habitats. This pattern of dispersion may re f l ec t  both w i n t e r  

habitat  selection and. behavioral spacing by mse .  

The distr ibut ion and habitat  selection by moose during the winher 
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Figure 9. Moose distribution - early winter. 



F i g u r e  10. Moose d i s t r i b u t i o n  - l a t e  w i n t e r .  

7 4 



has been sham t o  be influenced by the depth and quality of snow (Peek, 1971; 

Kelsall and Prescott, 1971), often resulting in mvements from open timber 

stands t o  m r e  dense cover (Des Pkules, 1964; Kelsall and Telfer, 1971) .  The 

availability of an abundant supply of palatable browse also may have a major 

influence i n  m s e  winter distribution (Kelsall and Telfer, 1974). In north- 

western portions of the boreal forest winter ranyes with good combinations of 

shelter and food species are found in river  valleys, wetland complexes, and 

specific upland sites (Watson e t  al., 1973). 

In t h i s  study, a substantial increase i n  the proportion of m s e  

was observed i n  r iver  valleys between early winter (16.2%) and l a t e  winter 

(46.6%) aer ia l  surveys (Table 10). The spatial  distribution of moose observed 

during track-counts also shows a generally greater use of r iver  valleys than 

upland habitats i n  l a t e  winter. Additionally, during the l a t e  winter aer ia l  

survey, seven m s e  w e r e  observed on the eastern slope of the  Athahsca River 

valley near Saline Lake. Although the winter of 1975-76 was relatively mild 

w i t h  low t o  moderate snow depths, the congregation of m s e  in valley habitats 

in l a t e  winter ref lec ts  the importance of these areas as  w i n t e r  range. During 

severe winters with a high snowfall, these valleys would be v c t e d  t o  sustain 

even greater use by m s e  and in essence be c r i t i c a l  winter range. 

Berg and Phillips (1972) examined m s e  winter spacing in 

linnesota and found that although moose have overlapping winter home ranges, 

individuals and cm-calf pairs are generally solitary and m y  space themselves 

by agonistic means. Chamberlin (1972) found tha t  a moose wintering area in 



Table  10.  Number and p r o p o r t i o n  of moose l o c a t e d  i n  v a r i o u s  topograph ic  
u n i t s  d u r i n g  e a r l y  and l a t e  w i n t e r  a e r i a l  su rveys .  

E a r l y  w i n t e r  L a t e  w i n t e r  

Number P e r c e n t  Number P e r c e n t  

River  V a l l e y s  

Athabasca 2  5 .4  1 0  23.3  

Mackay 4  10 .8  1 0  23.3  
- - 

S u b t o t a l  6  16.2  2  0  46.6 

Up l a n d s  

West of Mackay River  14 37.8 5 11 .6  

Between Mackay River  and 
main c l e a r e d  a r e a  11 29.7 1 3  30.2 

North of main c l e a r e d  a r e a  3  8 . 1  3 7.0 

Sou theas t  of main c l e a r e d  a r e a  3  8 . 1  
- 

S u b t o t a l  3  1 83.7 

TOTAL 3  7  100 43 100 



Ontario my  extend over several square kilometers with different portions being 

utilized a t  various t k s ,  depending upon factors such as  available browse, 

s m  depth, and suitable cover. 01 I s l e  Wyale, Krefting (1974) and mie 

(1934) indicated that ,  i f  food was plentiful,  the m s e  res t r ic t s  its wanderings 

to  a very limited area. 

During the late-winter track counting period, m s e  activity 

greater than 0.1 tracks per station track-day was observed over 11.4% of the 

study area (Appendix 1 0 ) .  The area of relatively high m s e  activi ty (track 

densities greater thm 0.5 tracks per station track-day) occurred on 1.5% of 

the study area. 

The spatial  distribution of m s e  i l lus t ra tes  a pattern of local 

activity in restricted areas. This trend is less pronounced along the Athabasca 

River valley where a higher density of animals shows a mre regional pattern, 

reflecting the importance of the general area as winter range. The localized 

distribution and limited m v m t s  of m s e  during the winter is also shown 

in the limited sample of track observations recorded during the study period. 

Track-count observations throughout a w i n t e r  are required t o  give a better 

understanding of seasonal (early and l a t e  winter) distribution. 

TJo regional trend of m s e  activity was found. The basic 

s ta t i s t i cs  necessary to assess the presence of a regional trend are l i s ted 

in Appmdices 243, 11, and 12, 



4.2.2 Deer 

Both the mule deer (OdocoiZeus hemionus) and the white-tailed 

deer (0. virginianus) are reported t o  occur i n  the area between Fort I kWray  

and Fort MacKay. Ha~ever, the i r  populations appear to be quite low. 

Within the study area, our observations include a single sighting 

of a female mule deer along the Athabasca River during the early winter aer ia l  

survey (Ck P t  1, Figure 11) . AcHitional deer signs (pellet-groups and tracks) 

were recorded near the Mildred Lake a i r s t r i p  i n  a mixed-coniferous stand 

(Ck P t  2) and in an open jack pine-paper birch stand along the Fort MacKay 

highway (Ck Pt 3 ) .  No observations of deer sign w e r e  recorded during the winter 

track-counting study. 

J. Faichney (pers. c m . ,  former Hudson Bay Nmager in Fort 

McKay, Alberta) reported that deer were never abundant in the Fort IkcKay area, 

but a few deer =re t o  be found in  several locations. A. Boggs (pers. cam., 

former Fish and Wildlife Officer in Fort kMurray, Alberta) stated that a few 

deer continue to  occur near Fort I kWray ,  but in general do not have a good 

population. Mr. Boggs also reported that  during the severe winter of 1973-74, 

there was a high m r t a l i t y  of deer in the Fort PCWray area. H e  reports tha t  a 

n m k r  of dead deer were found on "...cat t r a i l s  . . . I '  (seismic lines). The deep 

snow conditions during t h i s  severe winter w e r e  the suspected cause of the deer 

die-off. 

G i l b e r t  e t  aZ. (1970) found tha t  snow depths over 46 cm (18 in) 



Figure  11. D i s t r i b u t i o n  o f  f i e l d  o b s e r v a t i o n s  (numbered check p o i n t s )  of 
d e e r  w i t h i n  t h e  u n g u l a t e  s t u d y  a r e a .  



essentially precluded deer use of muntain ranges and generally governed mule 

deer winter distribution in  Colorado. Severinghaus (1947) found that  deep snow, 

particularly when it remained for long periods, was the principal factor 

limiting white-tailed deer in the Adironclack region of the U n i t e d  States. 

Kelsall (1971) found that when snow depths exceeded 40 an, white-tailed deer 

m m e n t s  =re severely restricted. 

In the Fort IkMurray region, the average maximum snow depth of 

38 an occurs in  February (Atmospheric Environmental Services, pers. cam.). 

Snow depth records for the years 1946 t o  1972 show m i m u m  snow depths of 43, 

58, 66, 64, and 53 an for the mnths November to  fhrch, inclusive. For scme 

years, winter snow conditions would be unfavorable for mule or white-tailed 

deer i n  the Fort WWray region. However, deer have been shown t o  be selective 

of habitats such as coniferous cover where snow depths are less than in  sur- 

rounding m r e  open cover types (Telfer, 1970). Altlaough snow depths in the Fort 

WIhrray region exceed the tolerance limits for deer mb i l i t y  in m years, 

maximum snow depths my  not be the m j o r  limiting factor t o  survival of deer 

i n  the area. 

White-tailed deer are reported to  have extended their  range into 

the Fort PkWray area during the period from 1951 t o  1960 (Webb, 1967) . 
Kuyt (1966) indicated that  the range expansion is still occurring towards the 

north and vest, although the rate of expansion has slomd. The rapid northward 

invasion of white-tailed deer coincided with the occurrence of agricultural land 

clearing and the use of nitrogen-fixing hay crops, such as  alfalfa. Webb (1967) 



suggests that white-tailed deer success in northern Alberta seems to be linked 

a w i t h  the availability of protein-rich winter foods and micro-habitats that 

I &ate the effects of cold and snow. 

I As forest clearing, mining, and land reclanation developmts 

inc-~-ease in the tar sands region of northeastern Alberta, it is anticipated that 

a mule deer arrj. white-tailed deer plations will increase in response to the 

availability of suitable habitat. IXle to their intolerance of deep snow ax- 

ditions, deer popllations nay suffer periodic declines during exceptionally 

severe winters. 

I 
4.3.1 Beaver 

4.3.1.1 Edelative Abudance 

- 

The nunber of active beaver colonies per kilaneter of streaan or 
; 

river for the study area and canparative regions is given in Table 11. The j 

average nmker of colonies per kil-er m s  0.42. The number of beaver col- 

I mies ranged &an a high of 1.0 colony per h along the Mwkay River to a law of y 

0.14 colonies per km along the vest bank of the Athabasca River. C)n all mall 

A total of 96 occupied beaver colonies were recorded on the min 

I study area in early winter 1975. This represents a man density of 0.38 oc- 

cupied beaver colonies per sq h. The prerequisite for an occupied or active 

beaver colony was the presence of a recent food cache (Plate 6) . 



Plate 6. Active beaver colonies, recognized by a freshly rmBed 
lodge and recent food cache, are camm along inter- 
m i t t e n t  stream in the study area. 



Table  11. Comparison of b e a v e r  d e n s i t i e s  i n  c o l o n i e s  p e r  k i l o m e t e r  o f  w a t e r  c o u r s e  
between t h e  s t u d y  a r e a  and o t h e r  r e g i o n s .  

Ac t ive  
Region beaver  colonies /km Reference 

Study a r e a  

A l l  i n t e r m i t t e n t  s t reams 
Beaver River 
Mackay River  
Athabasca River (west bank) 

0.67 This  Study 
0.16 This  Study 
1.00 This  Study 
0.14 This  Study 

Mean of  a l l  w a t e r  courses  

Other  r e g i o n s  

Wood B u f f a l o  Na t iona l  P a r k ,  A l b e r t a  
F o r t  Smith-Rocher River ,  N.W.T. 
Hay R i v e r ,  F o r t  Providence,  N.W.T. 
Red Kni fe  River ,  N.W.T. 
Kakisa  River ,  N.W.T. 
Mackenzie D e l t a ,  N.W.T. 

Beaver s a n c t u a r y  (untrapped)  
Adjacent  a r e a  ( t r apped)  

F o r t  McPherson D i s t r i c t ,  N.W.T. 
F o r t  Good Hope D i s t r i c t ,  N.W.T. 
F o r t  Simpson r e g i o n ,  N.W.T. 

Novakowski, 1958 
F u l l e r ,  1955 
F u l l e r  and Flook,  1951 
F u l l e r ,  1953 
F u l l e r ,  1953 

F u l l e r ,  1953 
F u l l e r ,  1953 
Byran t ,  1957 
Byran t ,  1957 
Wooley, 1974 

l c o n s i d e r e d  t o  be  above s a t u r a t i o n  l e v e l s .  



and intermittent streams, the average colony density was 0.67 per km. This 

value may, b m v e r ,  be an underestimate a s  saw of the intermittent streams 

recorded froan the 1:50,000 topographical m p s  m y  not have the  potential  for  

supporting beaver. The colony density along Beaver Creek (0.16 colonies per km) 

was considerably lover than its apparent potential. Clearing and construction 

ac t iv i t i e s  fo r  the Beaver Creek Dam may have influenced the abandoment of 

colonies in the area, thus reducing the overall  density cn the Beaver River. 

Developent ac t iv i t i e s  and elimination trapping are  expected t o  be the  cause of 

f ive inactive lodges on the  t r ibutary t o  Beaver River near the plant  site 

(A. Langevin, pers. corm. , biologist, Syncrude Canada Ltd. , Fort 1kMurray, 

Alberta). 

In comparison to  indices of density of beaver colonies for  other 

areas of northern Alberta and the Northwest Terr i tor ies  (Table ll), the beaver 

densities within the study area approximate the  average within the range of 

densities reported in the l i te ra ture .  

Gunson (1970) reported beaver densities for eight  regions in 

northern Saskatchewan. During the  period between 1965 and 1967, inclusive, the  

man beaver colony density was 0.27 per sq lan and ranged from 0.15 t o  0.43 beaver 

colonies per sq km. Nler (1953) reported a density of 0.2 beaver colonies 

per sq km for  the Ihckenzie Distr ict ,  Northwest Territories. 

Novakowski (1958) indicated t h a t  I' . . .rarely is a density figure 

of one or  rmre active colonies per mile (1.61 Ian) found in the  reports for 



the Northest Territories". He suggested the following density index: 

1.6-3.2 km between colonies: abundant population 

3.2-6.4 lan between colonies: average population 

6.4+ km between colonies: poor population 

In relation to  t h i s  index, the beaver population in  the study 

area (mean = 2.4 km between colonies) would be rated as abundant. 

The n-r of beaver occupying a colony m y  be highly variable 

depending upon the trapping intensity, age-structure, and food availability 

or  quality of the habitats (Gunson, 1970). In northern Saskatchewan, Gunson 

(1970) found that family-group colonies appeared to  number about five t o  six 

beaver. In Colorado, mtherford (1964) found a man of 5.1 beaver in colonies 

i n  aspen areas and a mean of 4.1 i n  w i l l o w  areas. Hay (1958) reported that i n  

Colorado, the average of five colonies subsisting on aspen was 7.8 beaver, 

while seven willow-supported colonies averaged 5.1 beavers. 

Within the study area, beaver habitat is rated as  good t o  ex- 

cellent. Aspen and balsam poplar were Inoderate to highly abundant along mst 

streams and small tributaries occupied by beaver colonies. W i l l o w  was present 

in abundance. Based on a conservative estimate of five beaver per colony, 

the beaver population on the study area n-rs about 480 animals or a density 

of 1.9 beaver per sq km. 



In addition t o  the occupied beaver colonies, 58 unoccupied or 

abandoned beaver lodges were recorded. The r a t i o  of active/abardoned lodges 

was 1.7:l. Abandoned colonies represent 38% of a l l  observations. Bryant (1957) 

suggests that "...in an expanding population, one muld  expect a high r a t i o  of 

active to abandoned colonies. In a decreasing population, a low rat io."  Bryant 

(1957) reports mean ra t ios  of 15.2:1, 4.2:1, 4.4:1, ard 2.3:l fo r  the years 

1952, 1953, 1955, and 1957, respectively, i n  the northern Ihckenzie District .  

Hay (1958) found tha t  counting a l l  lodges resulted i n  a 34% over-estimation 

of the nLnnber of colonies in his study area i n  the mountains of Colorado, in- 

dicating that about 25% of the  lodges were abandoned, o r  a r a t i o  of abaut 4 : l .  

H e  indicated tha t  one colony m y  keep i n  good repair a s  m y  a s  three different  

lodges during the summer but muld  build a ccmmn food cache and u t i l i z e  a 

single lodge for w i n t e r  quarters. Fuller (1955) reported ra t ios  of 12.4:1, 

6.2:1, 5.6:1, 3.8:1, and 3.0:l for  active/abandoned lodges i n  different  regions 

of the  Mackenzie District. The r a t i o  of act ive colonies t o  abankned lodges in 

the study area is sanewhat lower than those reported i n  the l i te ra ture .  Although 

abandoned lodges occur in relat ively high frequency in areas of intensive human 

and construction ac t iv i ty  (Ruth Lake 0:l and Beaver Creek 0.6:l) the reasons for  

abandoned lodges i n  other areas have not been detemhed.  

Factors which m y  have influenced the high r a t i o  of abandoned 

lodges in the study area include: a )  the  use of mre than one lodge by a colony 

during tk sumner w h i l e  establishing a single winter food cache (Hay, 1958) ; 

b) intensive trapping resulting in the  "trapping-out" of som colonies; c) the 

occurrence of tularemia (PasteureZZa tularemsis and P. pseudo tubercuZosis); 



this disease has affected beaver populations i n  other areas (Ruttan, 1953; 

mtherford, 1964; Banfield, 1954); and d) the disturbance and forest  clearing by 

the Syncrude developnent. 

Although our survey accuracy was increased by ground checks 

during the winter, the  reported densities must be considered a minimum number. 

Novakowski's (1959) appraisal of a three-year aer ia l  survey in the  Northwest 

Territories showed t ha t  ae r i a l  survey efficiency i n  finding lodges was less than 

50% and was approximately 75% eff ic ient  i n  finding feed Ms. 

4.3.1.2 Distribution 

The location of a l l  act ive beaver colonies and abandoned lodges 

observed on the study area in  early winter 1975-76 is i l lus t ra ted  in Figure 

12. 

4.3.2 Muskrat 

4.3.2.1 Relative Abundance 

A t o t a l  of 4 1  mskra t  b u s e s  w e r e  recorded i n  the study area 

during the w i n t e r  1975-76. Local concentrations of muskrat =re found on Horse- 

shoe Lake (30 buse s )  and on Ruth Lake (seven houses) . Three muskrat b u s e s  

*re located in the sediment basin adjacent t o  the Syncrude Lmer Camp, a d  a 

single muskrat b u s e  was observed i n  a shallow pond on the flood plain adjacent 

t o  Nxten Island. No muskrat ac t iv i ty  was observed on Mildred Lake or  on beaver- 

ponds tha t  are scattered throughout the study area. 



F i g u r e  1 2 .  The d i s t r i b u t i o n  of a c t i v e  b e a v e r  c o l o n i e s  (e) 
and abandoned lodges  (0) w i t h i n  t h e  s t u d y  a r e a  
i n  e a r l y  w i n t e r  1975-76. 



Dozier (1965) reported that  a figure of f ive muskrat per house 

has been generally used a s  a basis for  estimating muskrat populations. N l e r  

(1951) showed t h a t  rrolskrat population estimates based on f ive  t o  six muskrat per 

house were in  the  same order of magnitude a s  the estimates based on live-trapping 

and tagging studies. Using the conservative figure of f ive  muskrat per house, 

the muskrat population on the  study area is estimated t o  number about 205 animals. 

For the  two main muskrat populations, Horseshoe Lake and Ruth Lake, t h i s  represents 

the follcrwing densities: 

Population Muskrats/ Ik ters  of shoreline/ 
E s t h t e  hectare muskrat 

Horseshoe Lake 

Ruth Lake 

While these values represent our estimate of the current popu- 

lat ion status,  muskrat populations often exhibit  mrked fluctuations i n  numbers 

and density from year to year. Nler  (1951) indicated tha t  important l imiting 

factors to muskrat populations in the  boreal forest  include: population den- 

s i t y ,  variations in climatic conditions, food supply, intra-specific s t r i f e ,  

disease and parasites,  and predation and human harvest. To ensure ppula t ion  

survival, muskrats compensate high m r t a l i t y  ra tes  with a high reproductive 

potential. 

Thus, the muskrat populations within the  study area m y  exhibit  a 

large range of annual densities,  dependent upon seasonal and long-term climatic 



conditions and other limiting factors. In order t o  determine the productivity 

of this furbearer i n  the study area, additional mnitoring studies are required. 

The muskrat population density on the study area f a l l s  within the 

range of that  reported in the  l i terature.  B e l l r o s e  (1950) reported a man of 

4.9 muskrat per ha (Range: 0.5 t o  23.5) , or  based on f ive animals per house, a 

mean of 24.5 muskrats per ha (Range: 2.5 t o  117.5) for  marshes in I l l inois .  

Stevens (1953) reported a density of about 7.4 muskrats per surface ha or  one 

mskrat  for each 25 m of shoreline for  a lake in the llackenzie Delta. H e  con- 

sidered t h i s  population t o  be unusually high in relation t o  other lakes exa- 

mined. Fuller (1951) reported the provisional estimated productivity of the 

Peace Athabasca Delta as: 

Ftegional Subdivision ? m a t s  per hectare 

Upper Athabasca 

Lacaille 

General 

Lomr Athabasca 

Peace 

Special 

Egg Lake 

Dempsey 

lThe author's conversion to metric. 



Caution, however, was advised in using these values as  average potential pro- 

ductivity. Due to periodic population fluctuations, these data represented an 

order of mgnitude within the possible range of densities. 

4.3.2.2 Distribution 

The location of a l l  muskrat house observations within the study 

area is i l lus t ra ted  i n  Figure 13. 

4.3.3 Red Squirrel 

4.3.3.1 Relative Abundance 

Winter Track Counts 

A t o t a l  of 3,137 red squirrel tracks w e r e  recorded crossing the  
-2 

transect lines. This represents a mean density of 11.65 x 10 tracks per 

station track-day o r  2.33 tracks per kilometer track-day (Table 1 2 ) .  

Comparative indices of red squirrel tracks per ki lomter  track- 

day of the study area and other tracking studies i n  the boreal forest are il- 

lustrated i n  Table 13. 

Red Squirrel Midden Counts 

A t o t a l  of 78 active red squirrel middens =re recorded within 



,..-' miles - , -., 
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1 0 1  2 
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F i g u r e 1 3 .  The d i s t r i b u t i o n  of muskrat  houses  recorded  on t h e  
s t u d y  a r e a  d u r i n g  t h e  w i n t e r  1975-76. 



Table  12. R e l a t i v e  abundance of t e r r e s t r i a l  f u r b e a r e r s  on a l l  t r a n s e c t  l i n e s  
w i t h i n  t h e  s t u d y  a r e a .  

Spec ies  
T o t a l  number T r a c k s l s t a t i o n  Tracks  /km 

t r a c k s  t rack-day t rack-day 

Red s q u i r r e l  3,137 

Northern f l y i n g  s q u i r r e l  9  

Snowshoe h a r e  3 ,963 

Ermine 1 , 9 8 3  

Mink 144 

Marten and F i s h e r  7 9  

Wolverine 

O t t e r  

Red f o x  

Coyote 

Wolf 

Lynx 2 0 . 0 1  A 

"Less than 0.01.  



Table 13. Comparison of relative abundance of furbearers in tracks per kilometer track-day for the study area with other regions 
within the boreal forest. 

This Study 2.33 2.94 1.47 0.11 --0.06-- 0.01 0.02 0.29 0.07 * 1346 Mixedwood 

Chick Lake1 1.59 2.36 0.54 0.11 4.08 - A 0.34 * k 0.03 196 Northwestern Transition 
Fall 1974 

Chick Lake2 n.a. n.a. 0-18 * 0.94 - 0.01 0.01 0.03 0.03 0.07 n.a. Northwestern Transition 
Spring 1973 

Moon Lake1 0.02 3.20 0.13 0.01 3.78 - 0.01 * * x * 271 Northwestern Transition 
Fall 1974 

Moon ~ake' n.a. n.a. 0.09 0.01 1.29 - * k k k 0.03 n.a. Northwestern Transition 

Spring 1973 
Bistcho ~ a k e ~  0.11 0.46 0.72 * 0.11 - - 0.04 - - 0.01 140 Hay River 
1973 

Hotchkiss R.3 1,01 n.a. 0.94 0.01 0.09 0.08 0.01 0.03 0.03 0.38 0.61 159 Lower Foothills 
1973 

Peace ~ i v e r ~  2.94 2.81 2.00 * 0.06 * k 0.06 0.63 * 0.06 84 Mixedwood 
1974 

l~ou~lass, Fisher, and Mair, 1976. 60bservations of marten and fisher combined. 
2~ouglass and Wooley , 19 74. " Relative abundance less than 0.01. 
3~ooley, 1974. - Species not recorded. 
4~enner, 1976. n.a. Data not available. 
5~owe, 1972. 



2 m of a l l  transect l ines  i n  the study area during the w i n t e r  period January 

15 t o  IWch 15, 1976 (Figure 1 4 ) .  The n m h r  of middens recorded within each 

vegetation type and an estimate of red squirrel midden density per hectare and 

vegetation type within the study area are presented in Table 14 .  

The highest red squirrel midden density was observed in white 

spruce cover (8.7 middens/ha). Moderate midden densities *re recorded i n  

mixedwood (1.0 t o  2.6 middensha) , jack pine (2.6 middensfia) , and high density 

black spruce (1.9 middens/ha). Low midden densities (0.2 to 0.4 middens/ha) 

were recorded in pure deciduous, ta l l  shrub, and low density black spruce types 

(Table 1 4 )  . 

In northern regions red squirrels characteristically inhabit 

mture forests  with a high coniferous cmponent and feed primarily on seeds of 

white or black spruce (Wolff and Zasada, 1975; Brink, 1964; Smith,  1966). 

Brink and Dean (1966) found tha t  red squirrels showed a defini te  preference 

for  white spruce cones aver black spruce cones. Smith (1968) f e l t  t h a t  red 

squirrel c a p e t i t i o n  was for white spruce habitat with the less successful 

squirrels being forced into marginal black spruce habitat. H e  also suggested 

tha t  red squirrel behavior regulates t e r r i to ry  s ize  in response to food supply. 

The relat ive abundance of red squirrel on the  study area shaws a 

similar trend of habitat preference w i t h  the highest midden density in white 

spruce, fol lowd by jack pine, mixedwood with a white spruce camponent, high 

density black spruce, low density black spruce, black spruce-willuw, and 



F i g u r e  1 4 .  The d i s t r i b u t i o n  of  r e d  s q u i r r e l  middens  
a l o n g  t r a n s e c t  l i n e s  i n  t h e  s t u d y  area. 



Table  14. Numbers o f  r e d  s q u i r r e l  middens o c c u r r i n g  i n  v a r i o u s  v e g e t a t i o n  t y p e s  on t h e  s t u d y  a r e a  
1976. 
11 I 1  + i n d i c a t e s  t h a t  t h e  p r o p o r t i o n  of o b s e r v a t i o n  i s  s i g n i f i c a n t l y  g r e a t e r  t h a n  t h e  propor- 
t i o n  of t h e  v e g e t a t i o n  t y p e  a v a i l a b l e  i n  t h e  s t u d y  a r e a ,  I T - I t  s i g n i f i c a n t l y  l e s s  and "o" 
n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

-- - -- - -- - 

V e g e t a t i o n  Type 

Es t imated  number 
Number of P e r c e n t  o f  E s t i a m t e d  num- of middens o r  

P e r c e n t  o f  middens T o t a l  Midden b e r  of Middens t e r r i t o r i a l  
Study Area observed Observa t ions  p e r  h e c t a r e  s q u i r r e l s  

Trembling aspen 4.8 
Trembling aspen-balsam popla r  1.2 
Trembling aspen-willow and /or  a l d e r  14.2 
Mixedwood (11% t o  40% c o n i f e r o u s )  7.5 
Mixedwood (41% deciduous t o  41% 

c o n i f e r o u s )  2.6 
Mixedwood (61% t o  89% c o n i f e r o u s )  6 . 1  
White s p r u c e  1.6 
J a c k  p i n e  0.9 
Black s p r u c e  (cover 11% t o  40%) 5.7 
Black s p r u c e  (cover  41% t o  100%) 15 ,4  
Black spruce-willow 6 .1  
T a l l  sh rub  6.0 
Dwarf birch-tamarack 2 , 4  
R i p a r i a n  2.2 
Dis tu rbed  23.6 

TOTAL 

Mean ( a l l  f o r e s t e d  a r e a s )  

S t a t i s t i c a l  s i g n i f i c a n c e  

* S i g n i f i c a n t  d i f f e r e n c e  a t  P=0.01. 



deciduous vegetation types. Middens within the deciduous habitat =re composed 

of rose hips (Rosa accicularis) and mushrooms. Although the 7.7egetation types 

with low midden densities are considered poor habitat, they support approxi- 

m te ly  11% of the red squirrel population of the study area. 

Estimates of red squirrel density in each vegetation type are 

i l lustrated in Table 14.  These estimtes were based on the a s s q t i o n  that  

red squirrels occupy mutually exclusive ter r i tor ies ,  each of which contains one 

actively used midden. These assurrq?tions are based on the observations and 

studies by Smith (1966, 1968), Streubel (1968), Cbrdcn (1936) and Krasnmki 

(1969) . 

The estimated density of red squirrels in coniferous cover on the 

study area is considerably higher than that reported for  red squirrels in  con- 

iferous habitat in  other areas (Table 15). The observed difference m y  k due 

to: a )  observer error  in differentiating auxiliary middens from the min active 

middens or  a bias in estimating the distance of middens £ran the transect l ines, 

both of which would increase midden density; b) small sample size (0.4% of the 

to ta l  study area) which would campund msurement error; c )  a naturally high 

red squirrel poplat ion,  o r  d) an a r t i f i c i a l l y  increased density due t o  the dis- 

placement of red squirrels from the main cleared area into adjacent habitats. 

The l a t t e r  consideration may also help explain the presence of red squirrels in 

such unfavorable habitats a s  deciduous cover. Of tkse  possible causes of 

high poplat ion density estimates, the a r t i f i c i a l l y  increased density of red 

squirrels due t o  disturbance and thus displacanent to adjacent habitats rner i ts  

special attention in further investigations. 



Table  15. Comparison of d e n s i t i e s  of r e d  s q u i r r e l  on t h e  s t u d y  a r e a  w i t h  o t h e r  a r e a s .  

Loca t ion  
Red S q u i r r e l  Dens i ty  

( s q u i r r e l s l h a )  Habitat/Comments Reference 

Syncrude Lease  No. 17  a r e a  1.19 (0 t o  8 .7 )  Mean of  a l l  h a b i t a t  t y p e s  T h i s  s tudy  

Wood Buf fa lo  N a t i o n a l  Park,  1 .04 
A l b e r t a  

White spruce-poplar  Wood, 1967 

I n t e r i o r  Alaska 0.19 t o  1.1 White spruce-deciduous Krasnowski, 1969 

Alaska 

I t h a c a ,  New York 1 . 6  t o  2.1 

Spruce- r ive r  i s l a n d  
( y e a r  of good s p r u c e  
cone c r o p  p r o d u c t i o n )  

Br ink ,  1964 

Open hardwood f o r e s t  Layne, 1954 
( i n  two c o n s e c u t i v e  y e a r s )  

New York 3.7 Oak-maple f o r e s t  Hamilton,  1939 

Michigan 0.8 t o  1.7 Oak-hickory f o r e s t  Linduska,  1950 



4.3.3.2 Winter Distribution 

Distribution i n  Relation t o  Vegetation Types 

A comparison of the availability of vegetation types by areal 

extent and their  use by red squirrels as  determined by the winter d i s t r k t i o n  

of tracks showed a significant difference (P=0.01) (Table 1 6 ) .  Red squirrels 

exhibited a preference for: white spruce, coniferous-(primarily white spruce) 

dominated mixedmod and high density black spruce, and jack pine (Table 16). 

This trend follows the preference for white spruce over black spruce reported by 

Smith (1968) and Brink and Dean (1966) . Pixedmcd with minor t o  moderate m u n t s  

of coniferous cover, low density black spruce, and aspen-balsam poplar types 

received red squirrel use i n  relation t o  thei r  availability within the area, 

i l lustrat ing neither preference nor avoidance of these types. F&d squirrels 

w r e  negatively related with mst deciduous vegetation types, including: aspen, 

asp-wil low,  t a l l  shrub, and riparian types, as  w e l l  a s  black spruce-willow, 

dwarf birch-tamrack, and disturbed cover types. 

Preference for vegetation types by red squirrel, as  determined by 

track counts, was not significantly different (P=0.05) f r m  that determined from 

the relative abundance of red squirrel middens in various vegetation types. 

The frequency of occurrence of red squirrel middens in the various 

vegetation types differed significantly f r m  the relative proportions of the 

vegetation types in the study area (P=0.01). The relationship between midden 

densities and vegetation types is i l lustrated in Table 14.  



Table  16 .  A comparison of a v a i l a b i l i t y  of v e g e t a t i o n  t y p e s  w i t h  u t i l i z a t i o n  by f u r b e a r e r s  a s  
determined by w i n t e r  t r a c k  coun ts .  
P r e f e r e n c e  f o r  a p a r t i c u l a r  v e g e t a t i o n  t y p e  i s  i n d i c a t e d  by I t + " ,  avo idance  by I t - ' I ,  

and n e i t h e r  p r e f e r e n c e  nor  avoidance by "o" (P=0.01). 

Vege ta t ion  Type 

Percen tage  of T o t a l  Observa t ions  P e r  Track-Day 
P e r c e n t  of Red Snowshoe Marten 
Study Area S q u i r r e l  Hare Ermine Mink and F i s h e r  

Trembling aspen 
Trembling aspen - balsam p o p l a r  
Trembling aspen - willow and /or  

a l d e r  
Mixedwood (11% t o  40% c o n i f e r o u s )  
Mixedwood (41% deciduous t o  41% 

c o n i f e r o u s )  
Mixedwood (61% t o  89% c o n i f e r o u s )  
White s p r u c e  
J a c k  p i n e  
Black s p r u c e  (cover 11% t o  40%) 
Black s p r u c e  (cover 41% t o  100%) 
Black s p r u c e  - willow 
T a l l  sh rub  
Dwarf b i r c h  - tamarack 
R i p a r i a n  
Dis tu rbed  

T o t a l  o b s e r v a t i o n s  p e r  track-day 500.5 632.3 316.4 23.0 12.6 

S t a t i s t i c a l  s i g n i f i c a n c e  

... c o n t i n u e d  



Table 16. Concluded 

Vegetation Type 

Percentage of Total Observations Per Track-Day 
Percent of 
Study Area Wolverine Red Fox Coyote Wolf Lynx 

Trembling asepn 
Trembling aspen - balsam poplar 
Trembling aspen - willow and/or 
alder 

Mixedwood (11% to 40% coniferous) 
Mixedwood (41% deciduous to 41% 
coniferous) 

P Mixedwood (61% to 89% coniferous) 
0 
tu White spruce 

Jack pine 
Black spruce (cover 11% to 40%) 
Black spruce (cover 41% to 100%) 
Black spruce - willow 
Tall shrub 
Dwarf birch - tamarack 
Riparian 
Disturbed 

Total observations per track-day 1.1 4.9 62.7 15.0 0.3 
- - - - - 

Statistical significance 

'*significant difference at P=0.01, n. s. not significantly different. 
2d sample size insufficient for testing. 



Distribution in  &lation t o  Terrain Types 

J% significant differences were found betwen the availability 

of various terrain features and their  use by red squirrel as  determined by 

winter track counts (Table 17 )  . 

The largest observed differences occurred on east-facing slopes 

and areas of reduced forest cover. The high cmponent of white spruce on the 

east-facing slopes along the Athabasca River was the apparent attraction of the 

f o m r  category. 

Distribution in  &lation t o  Habitat Disturbance 

Red scpirrels exhibited an avoidance of large cleared areas, 

cutlines, and m e r a t e  t o  heavy-use roads (Table 18). Ninety-nine p rcen t  of 

red squirrel activity was recorded i n  d i s t u r b e d  habitats. 

Spatial Distribution 

An i sdens i ty  m p  i l lustrat ing the spatial  d i s t r i b u t i ~ n  of the 

red squirrel is provided in Appendix 3-A. B r o a d e r  regions of d e r a t e  to high 

densities of red squirrel activity are found within the Athabasca River valley 

and i n  the area M i a t e l y  *st and southwest of the main cleared area. 

Imalized areas of activi ty are found throughout the western and northern pr- 

tions of the study area. These locali t ies coincide with areas of white spruce, 



Table  1 7 .  Comparison of t h e  a v a i l a b i l i t y  of t e r r a i n  f e a t u r e s  w i t h  u t i l i z a t i o n  by 
f u r b e a r e r s  a s  determined by w i n t e r  t r a c k  coun ts .  

P e r c e n t  o f  t o t a l  o b s e r v a t i o n s  p e r  t rack-day 

P r o p o r t i o n  of t h e  Red Snowshoe Marten and 
T e r r a i n  F e a t u r e s  Study Area s q u i r r e l  h a r e  Ermine Mink F i s h e r  

S lope  and a s p e c t  

0-10% none 
10-30% n o r t h  
10-30% e a s t  
30-60% e a s t  

60%+ e a s t  
10-30% s o u t h  
30-60% s o u t h  

60%+ s o u t h  
10- 30% wes t  
30-60% wes t  

60%+ west  

Hydro log ica l  
f e a t u r e s  

S h o r e l i n e  ( r i v e r  o r  
l a k e )  

Streambed 
Open w a t e r  ( i c e )  

T o t a l  Observat ions  p e r  
Track-day 

S t a t i s t i c a l  s i g n i f i c a n c e :  

... Continued 



Table  17. Continued. 

P e r c e n t  of t o t a l  o b s e r v a t i o n s  p e r  t rack-day 
Propor t ion  of t h e  

T e r r a i n  Fea tu res  Study Area Wolverine Red f o x  Coyote Wolf Lynx 

Slope and a s p e c t  

none 
n o r t h  
e a s t  
e a s t  
e a s t  
s o u t h  
s o u t h  
s o u t h  
west  
west  
west  

Hydro log ica l  
f e a t u r e s  

S h o r e l i n e  ( r i v e r  o r  
Lake) 0 . 1  

Streambed 0 . 1  
Open w a t e r  ( i c e )  3.0 

T o t a l  Observat ions  per  
Track-day 

S t a t i s t i c a l  s i g n i f i c a n c e :  

Id :  sample s i z e  i n s u f f i c i e n t  f o r  t e s t i n g .  
n . s .  - n o t  s i g n i f i c a n t l y  d i f f e r e n t  a t  P=0.01. 



Table  18. Comparison o f  t h e  a v a i l a b i l i t y  of d i s t u r b e d  and u n d i s t u r b e d  h a b i t a t s  w i t h  u t i l i z a t i o n  by f u r -  
b e a r e r s  a s  determined by w i n t e r  t r a c k  coun ts .  
P r e f e r e n c e  f o r  a p a r t i c u l a r  t y p e  i s  i n d i c a t e d  by +, avo idance  by - and n e i t h e r  p r e f e r e n c e  o r  
avoidance by "o" (P=O. 01) . 

H a b i t a t  Type 

P e r c e n t  of T o t a l  Tracks  p e r  Track-Day 

P r o p o r t i o n  Marten 
of t h e  Red Snowshoe and 

Study Area S q u i r r e l  Hare Ermine Mink F i s h e r  

Undis turbed h a b i t a t s  75.1 99.2 + 98.9 + 87.3 + 99.9 100.0 

Large c l e a r e d  a r e a s  
a 

Type 1. Road - l i g h t  u s e  

Type 2. Road - moderate  t o  heavy use  0.4 0.0 - 0.0 - 0.0 - 0.0 0.0 

Type 1. C u t l i n e  - r e c e n t  0.5 0 .1  - 0.6 o 0.5 0 0 . 1  0.0 

Type 2. C u t l i n e  - o l d ,  some r e g e n e r a t i o n  0.3 0.0 - 0.1 o 0.4 o 0 .0  0.0 

T o t a l  o b s e r v a t i o n s  p e r  track-day 500.5 632.3 316.4 23.0 12.6 

S t a t i s t i c a l  s i g n i f i c a n c e :  

D 





mixedmod and high density black spruce vegetation (Figure 6) .  The preferences 

exhibited for  these vegetation types by red squirrel are i l lus t ra ted  in Table 

16. The locations of red squirrel  middens along transect l ines (Figure 1 4 )  are 

d i s t r h t e d  i n  patterns similar t o  the dis tr ibut ion pattern determined by track 

ac t iv i ty  (Appendix 3-A). 

A local concentration of red squirrel ac t iv i ty  i n  the western 

portion of the mine area was found in a stand of dense black spruce during the 

i n i t i a l  track-count replicate. This stand has now been cleared. Fdditional 

occ=ences of red squirrel ac t iv i ty  within the limits of the cleared area are 

f m  small r m a n t  stands still occupied by red squirrels,  such a s  along the 

Beaver Creek, from red squirrel  mven-ent fram stands adjacent t o  the cleared area, 

and fmm extrapolation during grid mpping. 

The patterns of spat ia l  dis tr ibut ion recorded during this study 

m y  have been influenced by tk emigration of red squirrels  fram recently cleared 

areas in to  undisturbed mver. However, red squirrels  are strongly t e r r i t o r i a l  e 

(Smith, 1965). Displaced animals would be expected to  influence the greater 

use of marginal habitats such a s  lw density black spruce and deciduous dm- 

inated mixedmod and/or suffer  considerable mortality. Wolff and Zasada (1975) 

studied the  response of red squirrel  t o  timber harvest in Alaska and found t h a t  

the squirrel  population levels  in adjacent control areas and along the boundary 

of clear cut  areas remained stable,  inferring a m r t a l i t y  proportional to  the 

number of displaced animals. 



Red squirrel ac t iv i ty  greater than 0.2 tracks per station track- 

day occurred on 36.2% of the study area (Appendix 10).  The vegetation types 

preferred by red squirrel  comprise a similar proportion, 35.9% of the study 

area (Table 16) . High densities of red squirrel tracks (greater than 1.0 tracks 

per stat ion track-day) covered 3.7% of the study area, and were generally within 

localized areas. 

Camparison of the %RSS values (Appendix 11) to the minimum 

%RSS required (Appendix 12) suggested a trend of a cubic surface o r  higher. 

Inspection of the B square array (Appendix 3-B) indicated t h a t  a l inear  trend 

best described t h e  overall  pattern of act ivi ty.  The resultant orthogonal p l y -  

ncknial equation: 

B = 0.8697878 + 0.0097044X + 0.0222095Y 

represented a f i r s t  order trend, generating a l inear  surface of 

B = 0.8697878 + 0.0063852X + 0.0222095Y 

and a map, shown in Appendix 3-C. 

4.3.4 Snowshoe H a r e  

4.3.4.1 Iielative Abundance 

-2 
The mean density of snowshoe hare tracks was 14.72 x 10 tracks 

per s tat ion track-day o r  2.94 tracks per kilometer track-day ((Table 12). 

Snmshoe hare was the mst abundant furbearer recorded in the s t d y  area. 

The relat ively high abundance of snowshoe hare as  mll as red squirrel in rel- 



ation t o  the carnivorous furbearers is t o  be expected, a s  the relat ive abundance 

and biomss of herbivores greatly exceeds that of carnivores in the t e r r e s t r i a l  

food chain (Odum, 1971). 

4.3.4.2 Distribution 

Distribution i n  Relation t o  Vegetation Types 

The relationship betmen the distribution of snowshoe hare ac- 

t i v i t y  (recorded as  track densities per vegetation type) and the avai labi l i ty  

of vegetation types was found t o  be significantly different  (P=0.01) (Table 16).  

Snawshoe hares exhibite6 a prefererce for  t a l l  d - ~ u b ,  a spn-  

w i l l m ,  m i x d w 0  w i t h  a d e r a t e  t o  high coniferous compnent, and high density 

black aspen-balsam poplar, mixedwood with a minor coniferous corrqpnent, jack pine, 

lm density black spruce, black spruce-willaw, dwarf birch-tamarack, and 

riparian vegetation types as  we11 a s  areas of disturlxxl cover. Keith (1.963) 

reviewed the changes in snowshoe hare distribution in relation t o  population 

fluctuations and showed tha t  during years of law abundance, snowshoe hares 

persisted in restr icted islands of favored habitat  and dispersed into less 

favorable habitat  as  the i r  n d r s  began t o  increase. Keith (1966) showed tha t  

snowshoe hare habitat  preference was di rec t ly  related t o  the m u n t  of brushy 

cover available. 



Distribution i n  Relation t o  Terrain Features 

No significant differences were found betwen snowshoe hare 

distribution and the avai labi l i ty  of the various te r ra in  features (Table 17).  

Distribution i n  Relation t o  Habitat Disturbance 

Snowshoe hares exhibited a preference for  mdisturbed habitats 

and an avoidance of large cleared areas and mderate t o  heavy-use roads 

(Table 18).  Snmshoe hare ac t iv i ty  on cutlines and light-use roads occurred 

within the range of expected values. 

Spatial Distribution 

The spat ia l  distribution of snowshoe hare on the study area is 

i l lus t ra ted  i n  Appendix 4-A. The general pattern of dis tr ibut ion appeared quite 

similar t o  the  distribution of vegetation types preferred by snmshoe hare. 

Areas with l igh t  o r  no snowshoe hare ac t iv i ty  are found within the m i n  cleared 

area and in the northwest and =st central portions of the study area. 

Areas with track densities greater than 0.2 tracks per s tat ion 

track-day cover about 40% of the study area. Local areas of high track den- 

sities (qreater than 1.0 tracks per stat ion track-day) cover 5.8% of the area. 

The locations of high snowshoe hare ac t iv i ty  are expcted  t o  be favored habitats 

f r m  which animals w u l d  disperse to  surrounding habitats a s  tk i r  n&rs 



increase, or  in  h i c h  animals muld persist  during a population lm. Haever, 

further informtion is required t o  determine i f  these sites are important 

throughout a winter or  from year to year. Once th i s  paramter is established, 

d 
these sites would provide a basis for  mnitoring future impacts of the operations 

phase of the tar sands developnent. 
d 

N o  regional trend of snowshoe hare act ivi ty was found. 'RE II 

basic s t a t i s t i c s  necessary to assess the presence of a regional trend are l i s ted  

in Appendices 4-B, 11 and 12. 

4.3.5 Ermine and Weasel 

Both ermine (Mustela erminea) and weasel (Mustela nivalis) are 

found within the study area. Due t o  the considerable overlap in their track 

dimensions, these species were indistinguishable during f ield studies ard in- 

formation obtained for both species is combined under the heading of ermine. 

The ermine is also generally considered the mre m n  of the tm species 

i n  the boreal forest (Elanfield, 1974). The weasel i s  relatively uncomn to 

rare (Soper, 1964).  

9 

-2 
The density of ermine tracks averaged 7.36 x 10 tracks per 

station track-clay or 1.47 tracks per kilometer track-day (Table 1 2 ) .  The ob- rl 

served density is higher than tha t  r e p r t e d  for  tracking studies in the Northwest 
I 



Territories and sorewhat lmr than those reported for the Peace River area 

(Table 13). The relative abundance of ermine was considerably greater than a l l  

other mustelids on the study area. This trend was not observed in the studies 

a t  more northern latitudes. 

Within a given area, the relative ahndance of ermine may vary 

considerably amng years. Banfield (1974) indicated that  ermine populations 

exhibit drastic fluctuations, depending upon the population of mice. In order 

t o  interpret the influences of developnent on ermine populations, the mgnitude 

of their  population fluctuations and their  relation t o  the dtxtndance of thei r  

prey species should be investigated. 

4.3.5.2 Distribution 

Distribution i n  Relation t o  Vegetation Types 

Ermine activity was recorded in  a l l  of the available vegetation 

types. Preference for particular vegetation types was observed in aspen-willow, 

law density black spruce, and tall shrub types. Black spruce-willow and areas 

of disturbed cover =re avoided (Table 16) . Banfield (1974) indicated that 

ermine occupy a wide range of habitats within the boreal coniferous or mixed 

forests. This trend was also observed during the winter tracking studies. 

Distribution in  Fklation t o  Terrain Features 

The winter distribution of ermine was not found to  be significantly 



different f r m  the availability of terrain features (Table 17). 

Distribution in Relation t o  Habitat Disturbance 

The relationship between the distribution of ermine and types of 

habitat disturbance was found t o  be significantly different (P=0.01) (Table 18).  

Dmine exhibited a preference for undisturbed habitat and an avoidance of large 

cleared areas and moderate to  heavy-use (qpe 2 )  roads (Table 18). Cutlines 

and light-use (Type 1) roads generally occurred in areas of undisturbed cover 

and they were neither avoided nor preferred. 

Spatial Distribution 

Ermine were distributed throughout the study area. Although 

no regional distribution patterns are apprent ,  local areas of high or low 

track activity were found (Appendix 5-A). Areas of high track densities my 

relate t o  areas of high small m a m ~ l  abundance to which ermine respond 

(Erlinge, 1974; Robina, 1960) or be near one of the activity centers of an 

ermine's terr i tory or horn range. Hme range sizes for weasel vary from 

1 t o  1.5 ha (Polderboer, $942; Erlinge, 1974) and from 4 t o  120 ha for the 

long-tailed weasel (Banfield, 1974). D. Wmley (pers. c m . ,  biologist, 

&newable Resources Consulting Services Ltd . ,  Edmnton, AUserta) indicated 

that ermine hane ranges in the northern boreal forest appear considerably 

larger than those reported for masel  and long-tailed weasel and muld approximate - 
1.0 or 1.5 sq h for females and an even larger area for males. 

d 

Ermine track densities greater than 0.1 tracks per station track- 
II 



day cover about 64% of the s t d y  area. Higher track densities (greater than 

1.0  tracks per s tat ion track-day) w e r e  found on less than 1% of the area. 

Although ermine generally avoided recently cleared areas (Table 18) ,  rmderate 

track densities were  occasionally found i n  older cleared areas with herbaceous 

and low shrub cover. 

110 regional trend of ermine ac t iv i ty  was found. The basic 

s t a t i s t i c s  necessary t o  assess the presence of a regional trend are l i s t ed  in 

Appendices 5-B, 11, and 12. 

4.3.6 Mink 

4.3.6.1 Relative Abundance 

The man density of mink track ac t iv i ty  was 0.53 x tracks 

per s tat ion track-day o r  0.1 tracks per kilometer track-day (Table 12).  Mink 

were considerably less abundant than ermine b u t m r e  abundant than other mus- 

tel ids.  The re la t ive  ahndance of mink i n  the study area is generally greater 

than t h a t  reported in tracking studies in other regions (Table 13).  

4.3.6.2 Distribution 

Distribution in Relation to  Vegetation Typ 

The distribution of mink ac t iv i ty  was not significantly different  

fram tha t  expected on the basis of the avai labi l i ty of vegetation types (Table 

16).  This is par t ia l ly  due t o  the l o w  sample size. The data, however, i l lus-  



t r a t e  several trends. In relat ion t o  the avai labi l i ty  of the vegetation types, 

mink act iv i ty  is proportionately higher i n  riparian, aspen-willow and deciduous 

daninated mix- types and proportionately lmr in black spruce cover types 

and i n  areas of disturbed cover. Marshall (1936) examined l a t e  winter cover 

type preferences of mink i n  Michigan and reported a preference for  hydrophytic 

cover types. This is canparable t o  the apparent preference of the riparian 

types on the study area. 

Distribution i n  B l a t i o n  t o  Terrain Features 

Although no s t a t i s t i c a l  differences Ere found between the avail- 

ab i l i ty  of te r ra in  features and t h e i r  use by mink, the hydrological features, 

including shoreline, streambed and open water habitats,  received considerably 

mre use in relation t o  t h e i r  proportion of the study area than other types 

(Table 17) .  This observation is i n  keeping with the reported mink habitat  

associations (Banfield, 1974 ) . 

Distribution in Relation t o  Habitat Disturbance 

Nearly a l l  observations of mink act iv i ty  Ere  recorded in un- 

disturbed habitats (Table 18).  The observed trends indicate mink generally 

avoid large cleared areas, recent cutlines,  and roads with vehicular t r a f f i c .  

Spatial Distribution 

The spat ia l  dis tr ibut ion of mink act iv i ty  is i l lus t ra ted  in  



Apmdix 6-A. PW are found i n  localized pockets along the Athabasca and 

Mackay river valleys and in  the region north and southwest of the m a i n  cleared 

area. Pbst of these locations coincide with riparian habitats associated with 

Horseshoe Lake, rivers and streams, o r  beaver dams. :b mink activity was re- 

corded in  the vicinity of mth  Lake or  Mildred Lake. rlink act ivi ty greater 

than 0.1 tracks per station track-day was distributed over 7.2% of the study 

area. 

)link are considered t o  be te r r i to r ia l ,  w i t h  females restr ict ing 

their  mvemmts t o  an area from 7 t o  20 ha, while males range over terr i tor ies  

f r m  7 to  8 sq h (Banfield, 1974). The localized distribution of mink on the 

stubdy area may approximate the extent of individual mink t e r r i to r ies  o r  h o ~  

ranges although continued track-counting studies are required t o  provide a 

better es t imte  of these pa rmte r s .  Segregation of male and female mink dis- 

tributions by track observations would provide further refinemnts t o  establish 

present conditions for comparisons with those during the production phase of 

the develomnts . 

No regional trend of mink activi ty occurred on the study area. 

The basic s ta t i s t i cs  necessary t o  assess the presence of a regional trend are 

l is ted in Appendices 6-B, 11, and 12. 

4.3.7 1Qrte.n and Fisher 

4.3.7.1 Relative Abundance 

The track dimensions and track patterns of mrten and fisher 



overlap t o  the extent t h a t  they are not readily distinguishable i n  the  field.  

Although bothmarten and f isher  occur within the  study area, the fur harvest 

records and comnmications with trappers indicate tha t  f isher  p r e d d n a t e .  

Since marten are considered t o  be susceptible t o  trapping and no marten have 

been reported in the fur harvest records since 1970, t h e i r  relat ive abutdance on 

the study area is expected to be very low. Data collected for  these species 

w i l l  be considered under t h e  heading of fisher.  

- 2 
The density of f isher  tracks averaged 0.29 x 10 tracks per 

s tat ion track-day o r  0.06 tracks per kilometer track-day (Table 12) .  Considering 

that fishers are  so l i ta ry  animals and that their home range m y  encompass an 

area 16 Ian i n  diameter (Banfield, 1974), the  observed track density may indicate 

a rooderate to high ppula t ion  density. Comparative indices of f isher  and marten 

track densities a re  i l lus t ra ted  i n  Table 13. 

4.3.7.2 Distribution 

Distribution in  Relation t o  Vegetation Types 

The distribution of f isher  was not significantly different  from 

t h a t  expected on the basis of the avai labi l i ty  of the vegetation types (Table 

16). The largest observed differences between avai labi l i ty  of vegetation and 

f isher  ac t iv i ty  show a trend of high ac t iv i ty  in pure white and black spruce 

cover anci an avoidance of areas of disturbed cover. Banfield (1974) 

indicated t h a t  fisher inhabit climax coniferous forests,  preferring the vicini ty .I 



of water courses, but w i l l  venture into sub-climax deciduous cover. A similar 

trend of habitat use by f isher  was observed on the study area. 

Distribution in Relation t o  Terrain Features 

The difference betwen the distributions of fisher and ter ra in  

features was not s t a t i s t i c a l l y  significant (Table 17).  

Distribution i n  Relation t o  H a b i t a t  Disturbance 

A l l  observations of f isher  ac t iv i ty  w e r e  in undisturbed habitats 

(Table 18).  

Spatial Distribution 

The distribution of f isher  track ac t iv i ty  is i l lus t ra ted  in  

Appendix 7-A. The low sample s i z e  of track observations presents a trend of 

local pockets of ac t iv i ty  found i n  the Athabasca and Mackay r iver  valleys and 

scattered locations in the uplands. Considering the reported s ize of a fisher 

home range (Banfield, 1974), regional groupings of these ac t iv i ty  patterns 

would be a bet ter  indication of f isher  distribution on the study area. As  

with other less abundant furbearers, additional track-count observations are 

required t o  provide a mre accurate pattern of distribution. 

No regional trend of f i sher  ac t iv i ty  was found. The basic 



s ta t i s t i cs  necessary t o  assess the presence of a regional trend are l i s ted in 

Appendices 7-B, 11, and 12. 

4.3.8 Wolverine 

4.3.8.1 Mlative Abundance 

-2 
The density of wolverine tracks averaged 0.03 x 10  tracks per 

station track-day or  0.01 tracks per kilometer track-day (Table 1 2 ) .  This den- 

s i ty  is similar t o  the highest densities reported in comparable tracking studies 

elsewhere (Table 13) . 

Literature reports on wolverine densities are sparse. Krott 

(1959) provided estimates for Scandinavia, varying f r m  one wolverine per 200 

t o  500 sq Ian. I n  relation t o  the relative ahindance of wolves, Kelsall (1968) 

reported an average of 8.5 wolves per wolverine £ran information from a three year 

predator control program in  the Northwest Territories. The ra t io  of wolves t o  

wolverine determined from track densities i n  this s t d y  was 11.7:l. 

4.3.8.2 Distribution 

The mjo r i t y  of wolverine track observations were located in the 

*stern portion of the study area i n  the vicinity of the bhckay River (Figure 

15). This area was subject t o  relatively minor disturbance frcan the construc- 

tion of winter roads and operations a t  t e s t  dri l l ing s i t e s  (Figure 8) .  



A- Flying Squirrel 

0- Wolverine 

a- Red Fox 

Figure  15. D i s t r i b u t i o n  of  t r a c k  s igh t i ng6  f o r  f l y i n g  s q u i r r e l ,  o t t e r ,  
wolver ine,  red  fox ,  and lynx. 
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Distribution i n  Relation t o  Ebviromntal P a r m t e r s  

Due t o  the low sample size of observations, no s ta t i s t i ca l  com- 

parisons w i t h  environmental parameters could be conducted. The proportions of 

mlverine track observations in various vegetation, terrain, and disturbed 

habitat types are i l lustrated in  Tables 16, 17 ,  and 18, respectively. 

4.3.9 Otter 

4.3.9.1 Relative Abundance 

Only one observation of o t te r  was recorded along tracking tran- 

sects. The resulting track density was 0.04 x tracks per station track- 

day or 0.07 x lom2  tracks per kiloneter track-clay (Table 1 2 ) .  Otter were one 

of the least  abundant furbearers present on the study area. The local trappers 

report that  observations of o t t e r  sign were bec-g m r e  frequent in recent 

years than formerly. 

4.3.9.2 Distribution 

Otter sign was observed only along the Athabasca River near the 
J 

origin of transect 11 (Figure 15). This animal was recorded traveling along the 

edge of the river, utilizing b t h  the river ice and shoreline habitats. 'II 

4.3.10 M Fox 

4.3.10.1. Relative Phundance 

The density of red fox tracks averaged 0.12 x tracks p r  

12  2 



station track-day or 0.02 tracks per kilometer track-day (Table 12). The rel- 

ative abundance of red fox on the study area is lower than that for other canids, 

coyote and mlf. Fur harvest returns and communications with trappers also 

indicate red fox abundance is at a low level. 

4.3.10.2 Distribution 

Distribution in Relation to R-wiromwntal Parmters 

The sample size of red fox observations was insufficient for 

statistical analysis. The largest observed difference between the availability 

of cover types and red fox track densities shows relatively higher activity 

in areas of reduced or disturbed cover (Tables 16 and 18). 

Distribution Patterns 

The distribution of red fox track sightings is illustrated in 

Figure 15. Post of the observations are located in the north-central region of 

the study area with a cluster of observations within the main cleared area 

in proximity to the garbage dumps. 

4.3.11 Coyote 

4.3.11.1 Relative Abundance 

Coyote track densities averaged 1.46 x tracks per station 

track-day or 0.29 tracks per kiloroeter track-day (Table 12). The coyote was 



the mos t  abundant large carnivorous furbearer recorded on the study area. The r. 

relative abundance of coyotes in the study area is considerably higher than 
II) 

t b s e  reported in tracking studies in the Northwest Territores and sanewhat less 

than in the Peace River area (Table 13). 
.I. 

4.3.11.2 Distribution 

Distribution in  Relation t o  Vegetation Typs 

Coyote distribution was significantly different from that ex- 

pected on the basis of availability of vegetation types (Table 1 6 ) .  Although 

coyotes were recorded in a l l  vegetation types in the study area, they exhibited 

a preference for areas of disturbed or reduced cover. The availability of 

garbage a t  the min dunp within the cleared area may have attracted coyotes 

t o  this  habitat. Coyotes exhibited an avoidance of aspen, aspen-willow and 

black spruce-willm vegetation types. Banfield (1974) indicates that  coyotes 

are adaptable to  a wide range of habitats but appear to  prefer mre  open hil ly 

country with patches of deciduous and riparian cover. 

Distribution in Relation to  Terrain Features 

The distribution of coyotes was rot significantly different from 

the availability of terrain features (Table 17) . 



Distribution in Relation t o  Habitat Disturbance 

Coyote ac t iv i ty  was significantly greater on large cleared areas 

and lower on undisturbed habitats than expected frcm t h e i r  available proportions 

in the  study area (Table 18).  Coyote ac t iv i ty  was greater on light-use roads 

and old cutlines than rnoderate t o  heavy-use roads and recent cutlines.  

Spatial Distribution 

The spa t i a l  dis tr ibut ion of coyote ac t iv i ty  on the  study area 

is i l lus t ra ted  in Appendix 8-A. Coyote ac t iv i ty  greater than 0.1 tracks per 

stat ion track-day covered 17.5% of the  area (Appendix 10) .  The main concen- 

t ra t ion  of coyote ac t iv i ty  occurred i n  and adjacent t o  the cleared area north 

of the plant site. Another region of ac t iv i ty  is located in the uplands w e s t  

of the cleared area. 

Comparison of the  %RSS values (Appendix 11) t o  the minimum %RSS 

required (Appmdix 12) suggested a trend of a cubic surface ( third order) 

o r  higher. Inspection of the ES square array indicated a trend l i m i t  containing 

only f i r s t  and second order coefficients. The resul tant  orthogonal polynomial 

equation : 

B = 0.5076807 + 0.019607'7Y 

represented a second order trend, generating a quadratic surface of 
2 

ES = 0.8460574 - 0.0344741X - 0.0212634Y + 0.0002065X + 0.0019608XY 

and a map i l lus t ra ted  i n  Appendix 8 4 .  This surface accounted for  only 7.24% 



of the to ta l  variation, suggesting a hiqh percentage of local variability. 

The basic s ta t i s t i cs  necessary t o  assess the presence of a regional trend are 

l is ted in Appendix 8-3. 

4.3.12 Wolf 

4.3.12.1 &lative Abundance 

lnblf track densities averaged 0.35 x 10-L tracks per station 

track-day or 0.07 tracks per kilaneter track-day (Table 1 2 ) .  Observations during 

aerial  surveys and the tracking study indicate a t  leas t  one pack of s ix  wolves 

and two or  m r e  single wolves frequent the study area (Plate 25). 

4.3.12.2 Distribution 

Distribution in Relation t o  Environmental Features 

The distribution of wolf act ivi ty was not significantly different 

f r m  the expected distribution based on the availability of vegetation types 

(Table 16). The data, however, i l lus t ra te  a trend of general avoidance of 

coniferous cover and a concentration of act ivi ty within areas of disturbed or 

reduced cover. The relatively high activi ty observed in the l a t t e r  type m y  in 

part be attributed t o  wolves' propensity for travel along corridors where snow 

depths are  less restr ict ive t o  m v m t s .  Within the study area, wolves w e r e  

observed mving along rivers and lakes (Table 17), snowshoe trails, p e r  to- 

boggan t r a i l s ,  cutlines, and roads in an apparent preference t o  undisturbed snow 

cover. The garbage dumps within the cleared area may also have been an attrac- 

tion t o  wolves, particularly lone individuals. Observations of the m l f  pack 



activi t ies were generally restricted t o  the relatively undisturbed area w e s t  of 

the main cleared area. 

Spatial Distribution 

The spatial distribution of wolf activity (Appendix 9-A) is not 

f e l t  t o  be representative of their true distribution pattern. The horn range 

of a wolf pack my  cover from 250 t o  650 sq h (Banfield, 1974). Wolf packs 

generally patrol thei r  home range along fixed runways and a t  regular intervals 

(Banfield, 1974). Observation durinq a l l  phases of f ie ld  work found that  

m l f  pack activity often occurs along the Mackay River i n  the northwestern 

portion of the study area, and east to  the interceptor ditch and the western 

limit of the cleared area. Due t o  the limited nmker of tracking replicates, 

this trend was not recorded during the track counting study as  indicated by the 

proportion of the s t d y  area with wolf track densities greater than 0.1 tracks 

per station track-day (Appendix 1 0 ) .  The observed distribution by track counts 

is of interest because it i l lus t ra tes  some interaction with the current develop- 

mn t s  . 

Comparison of the %RSS values ( m d i x  11) t o  the minimum %RSS 

required (Qpmdix 12 )  suggested a trend of a quadratic surface. Inspection 

of the B square array indicated a linear trend. The resultant ortbgonal poly- 

nomial equation: 

8 = 0.5233529 - 0.023178223 + 0.0104136Y 

represented a f i r s t  order trend, generating a linear surface of 



B = 0.7424542 - 0.0214575X + 0.0104136Y 

and a map shown in Appsndix 942. The basic s t a t i s t i c s  necessary t o  assess the 

presence of a regional trend are l i s t ed  in Appendix 9-B. 

4.3.13 Lynx 

4.3.13.1 Relative Abundance 

Lynx sign was rarely encountered during the study. Lynx track 

densities averaged 0.01 x tracks per s tat ion track-day or  0.002 p r  kilo- 

meter track-day (Tab le  12) . 

Lynx populations are known t o  exhibit  m k e d  cyclic fluctuations 

in response t o  the abundance of the i r  major prey species, the snowshoe kre 

( N e l l i s  e t  aZ., 1972). The snowshoe hare population had dropped t o  a low 

since 1971-72 (RXS, 1972) an3 now a p p a r s  t o  be increasing. Corresponding 

lynx population levels are expected t o  increase i n  the ccaning years. 

4.3.13.2 Distribution 

The location of lynx observations is i l lus t ra ted  i n  Figure 15. 

Both observations on the transect were associated with black spruce cover. 

Snowshoe hare ac t iv i ty  was a lso  related t o  high density black spruce (Table 

1 6 ) .  



4.4 Other 1-1s 

4.4.1 Northern Flying Squirrel 

4.4.1.1 Relative Abundance 

The northern flying squirrel  appears t o  be relatively u n c m n  on 
-2 

the study area. Flying squirrel  observations averaged 0.03 x 10 tracks per 

stat ion track-day o r  0.01 tracks per k i l m t e r  track-day (Table 12).  This 

species was considerably less abundant than the red squirrel  which shares its 

habitat and is the dminant competitor (Banfield, 1974). Due t o  the i r  arboreal 

habitats, the flying squirrel m y  be mre abundant than indicated by our data. 

Flying squirrels are considered valueless a s  a furbearer, because the i r  fur  i s  

too soft.  

4.4.1.2 Distribution 

The locations of flying squirrel  observations are i l lus t ra ted  in 

Figure 15. This species was generally associated with mixedwood, high density 

black spruce, and mature aspen vegetation cover. The aspen stards where flying 

squirrel tracks were observed w e r e  invariably old burns with an abundance of 

standing snags where d p e c k e r  holes w e r e  ccanmon. 

4.5 Big GXE Harvest 

No sys temtic  surveys o r  hunting checking stat ions have been 

conducted to  determine the big game harvest of the Fort I.%%urray region by the 



I 

Deparhnent of Recreation, Parks and Wildlife ( B i l l  Hall, pers. m., biologist, 

Alberta &creation, Parks and Wildlife, EdrrPnton, Alberta). An indication of the I) 

importance of moose t o  registered trapline holders is discussed elsewhere in 

th i s  report. 

4.6 F'ur Harvest Records 

The follawing data =re obtained f r m  the Fish and Wildlife 

Division of the Department of Recreation, Parks and Wildlife: 

a )  trapper affidavits for the years 1970-71to 1974-75, 

b) the average fur prices for the Province of Alberta for the 

period 1970-71 t o  1973-74, and 

C )  a description of traplines in the vicinity of the Syncrude 

Developnent (Figure 1 6 )  with the names of the senior b l d e r s  

of the licence. 

There are no affidavits on f i l e  for the years prior to  1969-70 

(Hambling, 1976). The affidavit method of keeping fur records consists of 

having the trapper declare his  previous years catch when k renews h i s  trapping 

licence. While the accuracy of this m3thod has limitations, including reporting 

inaccurately and non-reporting of furs for personal use, attempts t o  conceal 

in fomt ion  on personal incane and poor quality or  dmged  furs, it does give a 

picture of the trappers' harvest. M r .  A. Boggs, the officer in  charge of col- 

lecting the data from the Fort J!khlurray area during th i s  period, feels the data 

are quite accurate as they can k canpared w i t h  fur sale records. Trappers have 

l i t t l e  to gain by falsifying the affidavits. 





4.6.1 Analysis of Fur Returns by Species 

4.6.1.1 Beaver 

A t  the present time, beaver are the mst important fur species 

taken in  the Fort PkWray area. Based on the average returns for a l l  trappers 

i n  the study area, the beaver harvest has remained relatively constant since 

1970-71. The highest beaver harvest on the trapping study area (Figure 16)  was 

562 pelts  i n  1972-73 (Table 19). The largest catch by an individual trapper in 

a single season was 74 beaver. Since 1970, the average price of beaver i n  the 

Province of Alberta rose from a law of $11.58 i n  1970-71 t o  a high of $20.61 in  

1972-73 but declined t o  $18.35 in  1973-74 (Table 20) .  The combination of large 

n&rs of beaver harvested and relatively high prices results in beaver pro- 

viding the best monetary return of all furbearers taken in the vicinity of the 

study area. This corresponds t o  the overall provincial returns, where income 

fram beaver pelts  exceeds that  of any other fur species for the period between 

1970 and 1974. 

According t o  the  local residents of Fort PQcKay, beaver are 

considerably more abundant now than i n  the past. Today beaver are of major im- 

portance t o  trappers in t h i s  area. Due t o  the present low nLnbers of lynx, 

fox, and mink, only beaver are  available i n  sufficient quantities t o  provide 

a reasonable return for the trapper. For the trapper attempting t o  l ive  off the 

land, beaver are even more important as they are a source of food. 

Ikiskrats are not an important ccanponent of the trappers' catch in 
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the study area. Ccgnpared to an annual provincial catch of nearly a quarter 

million animals, the Fort MacKay harvest is insignificant, although prices 

for muskrat have been good in recent years ($2.24 average in 1973-74) with a 

continuing qocd price a t  the present time. 

In order for  muskrat trapping t o  be an econcknically viable prop- 

osition it is necessary to have m y  mall lakes in proximity, each with large 

nmbers of muskrats. This habitat type is not found i n  the s t d y  area and for,  

th i s  reason muskrats contribute l i t t l e  to  the fur harvest in the Fort PcKay 

area. 

The squirrel harvest represents only a small portion of trappers' 

incomes in the study area. The harvest appears t o  fluctuate, but the fluctuation 

bears no relation t o  the provincial harvest which declined steadily from 

237,542 i n  1970-71 t o  53,336 i n  1973-74. According t o  M r .  J. Faichney, squirrel 

harvests were extremely high in the past and he considered them one of the 

important fur species a t  that  time. Squirrels appear relatively abundant along 

rivers i n  the Fort lacKay area. It is doubtful they w i l l  achieve thei r  former 

prcminence as  a major fur species because of the extensive effor t  required to 

capture them. A s  pelts  have brought approximately $1.00 each, a large number 

must be hadled t o  make an economically viable operation. They w i l l  ramin a 

small t o  moderate source of i n m e  for the trapper in this area. 



4.6.1.4 Snowshoe Hare 

Although not n o m l l y  considered t o  be an economically important 

furbearer, snmshoe hare were reported on the affidavits for the Fort MacKay- 

Fort I%Murray trappers. Although the accuracy of these records is undoubtedly 

poor, the returns do show an interesting trend. Average returns show a 60-fold 

decline from 1971-72 t o  1974-75 in  the study area. This is the key t o  explaining 

the parallel decline in the lynx harvest. This year the snowshoe hare ppu- 

lation is still low. The importance of t h i s  species to  the trapper l i e s  in  the 

fact it is a food source for important furbearers such as  the lynx and in  years 

of snmshoe hare abundance it is a supplementary food source for people. 

4.6.1.5 Ermine and Weasel 

Fur returns for these species m y  be confusing as  the tm names 

are frequently interchangeable. The pel t  of the "ermine" (Mustela erminea) 

which is most c m n  i n  m d e d  areas is less  valuable than the larger longtailed 

weasel (M. frenata) which occurs in mre southern regions. The leas t  wase l  

(M. n i v a l i s )  is rare in t h i s  area (Soper, 1964; Banfield, 1974) and is less 

valuable than the ermine because of its smaller size. The contribution of these 

species to the trapping econcany in  the vicinity of the study area is extrarely 

limited because of the low prices. The low financial return for ermine provides 

l i t t l e  ccarrpensation for the effor t  of trapping and handling this fur. The fur 

returns do not reflect  the relat ive abundance of t h i s  animal i n  the study area. 



The mink harvest in the study area has been l o w  i n  recent years. 

In 1972-73, 13 trappers took 33 mink, the highest production in the  5 yr period. 

Production i n  the period from 1971-72 t o  1974-75 has remained relat ively stable. 

The provincial harvest of mink has fluctuated between a high of 13,632 in 

1972-73 and 4,993 i n  1973-74 (Table 20). The average provincial price remained 

stable i n  the $19 t o  $20 range f r m  1971-72 t o  1973-74. Based on the opinion 

of trappers, the  mink population i n  the study area is presently low. Ptc. 

Faichney stated that mink was once one of the important fur species i n  the Fort 

MxKay area. However, a t  present it &es m t  provide a large source of income 

t o  the  trapper. The future p e r f o m c e  of t h i s  species is unknown. 

110 marten w e r e  reported f r m  the  study area for  the period 

1970-71 and 1974-75. m u n i c a t i o n s  with trappers reveal t h a t  marten are very 

scarce in the study area. M r .  J. Faichney indicated t h a t  marten populations 

have always been low in the  Fort PlhcKay area. Marten a re  highly prone to  trap- 

ping. Even in areas of suitable habitat ,  it is d i f f i c u l t  for  marten populations 

to increase when faced w i t h  even moderate trapping pressure. Considering the 

composition and successional stage of the forest  habi tat  i n  the  vicini ty of the  

study area, it is doubtful t h a t  m r t e n  w i l l  becme an important fur  species i n  

the near future. 



I 

4.6.1.8 Fisher 

Fisher are taken in  low numbers i n  the study area. M r .  J. Faichney, 

II 
formerly the Hudson Bay post m a g e r  a t  Fort MacKay for  40 yr, said that f isher  

were never very abundant in the  Fort blacKay area. Trappers in the study area 
w 

confirm t h i s  statement. This species is not important a s  a fur which a trapper 

can depend u p n  to sustain him but it is valuable from the standpoint of a II 

windfall which the trapper can expect from tim t o  time. 

II 

In relat ion t o  other furbearers, f isher  are not abundant anywhere 

in the province. Despite a relat ively high price (provincial average of $40.96 

i n  1973-74), the largest  recorded annual catch i n  the 4 yr  period is s l ight ly  

i n  excess of 3,000 f isher  (Table 20) . 

4.6.1.9 Otter 

Otter are infrequently taken by trappers on the study area. In 

the en t i r e  Province of Alberta, the highest annual catch was 313 i n  the period 

between 1970-71 and 1973-74. Prices are relat ively high and the 1m return 

ref lec ts  the scarcity of the animal. Trappers report tha t  o t t e r  have m e d  

into the study area i n  recent years where before they had keen seen only rarely. 

One trapper south of the Syncrude Lease reported three on h i s  l ine. O t h e r  

trappers t o  the north also saw o t t e r  sign on their traplines t h i s  season. 

Otter are regarded by the  trappers in this area as  a pest rather than a valuable 

fur  animal. Trappers located in such areas a s  northern Manitoba, where lakes 

and streams provide habitat f o r  large nmbers of o t t e r  and an ahmdant supply of 



f ish for  food, find it econanical t o  t rap  o t ter .  In the Fort MacKay area, 

hmever, o t t e r  apparently feed on beaver and muskrat t o  a greater extent. The 

potential revenue l o s t  i n  such instances is greater than the value of the oc- 

casional o t t e r  which they manage t o  t rap.  

4.6.1.10 Fox - 

The harvest of foxes i n  the study area has been very lm since 

1971-72 (Table 19) .  This ref lec ts  a similar cmparatively l o w  harvest for  the 

ent i re  province (Table 20). The average price of foxes received by trappers in 

the province is i n  excess of $20.00. M r .  J. Faichney stated tha t  foxes here 

once an important fur  for  the residents of the Fort PbcKay area. M r .  F. O r r ,  a 

trapper near the Syncrude d e v e l o v t ,  s tated tha t  this year he has seen no fox 

tracks in an area where foxes are normally found. The importance of foxes as  a 

fur species in the study area must be considered a s  low a t  the present time. 

4.6.1.11 Coyote 

V e r y  few coyotes are taken in the study area. The larger coyote 

population in southern Alberta accounts fo r  tk very large provincial harvest of 

t h i s  species. Prices have increased dramatically £ram an average $9.11 in 

1970-71 t o  $35.55 i n  1973-74 and have continued to climb t o  present reported 

values i n  excess of $100 for  good quality pelts.  Coyotes =re never c m n  in 

the Fort MacKay area (J. Faichney , pers. c m .  , former Hudson Bay Imager,  

Fort Mackay, Alberta) and they remain scarce a t  the present t b .  They do pro- 



vide a valuable windfall fo r  the trapper who is fortunate enough t o  shoot or  t rap  

one. 

4.6.1.12 Wolf - 

Wolves are occasionally taken in the vicini ty of the study area 

(Table 19).  Wolves occupy a large hme range, often encorpassing several 

traplines. Even with mderate t o  high wolf population levels, the number of 

mlves  taken per t rapl ine muld  be low. This is also reflected i n  the low 

n&r of mlves reported in the provincial harvest record (Table 20). 

Wolf fur prices have remined good w i t h  averages exceeding $70 in 

the 1972-73 and 1973-74 seasons. Current prices are expected t o  be above this 

level. The capture of a m l f  is considered a windfall t o  supplment the trap- 

per's main incom received fran sustained yield furbearers such as  beaver. 

Trappers consider the wolf extremely d i f f i c u l t  t o  t r ap  but s a n e w h a t  easier t o  

shoot. However, the nLnrJser of mlves  harvested is not considered a reflection 

of ppula t ion  abundance. 

4.6.1.13 Lynx 

Fur return records show t h a t  the harvest of lynx in the study 

area has fluctuated widely £ram a high of 234 i n  1971-72 t o  a low of 12 in  

1974-75 (Table 19). Indications are t h a t  the harvest this year w i l l  be very low 

again. This downward trend was experienced throughouL the province although 



the fluctuation ms not a s  dramatic. These changes in the harvest are a resul t  

of a decreasing lynx population which has responded t o  a decline in snowshoe 

hare abundance. This is a cyclical event which occurs aver a 10 yr period. The 

popla t ion  is expected t o  begin t o  increase again t o  a peak i n  the beginning of 

the next decade. A dramatic increase in price of lynx is related to the reduced 

supply. A provincial average of $90.65 and $85.16 was reached i n  1972-73 and 

1973-74. Since then, the price has increased even further with lynx pe l t s  

bringing a lucrative return. Trappers report that  f m  lynx tracks have been 

seen in the study area this year. Lynx harvest is expected t o  be low in the 

1975-76 season. M r .  Faichney claims that lynx have never been abundan.t: in the 

Fort MacKay area a s  they have been in other centers. Lynx are not important a t  

the present t i m e ,  although any lynx taken by trappers do provide a lucrative 

return. Lynx w i l l  continue t o  contribute t o  the trapper i n m ,  although the i r  

importance w i l l  f luctuate with population abundance. 

4.7 Evaluation and Application of Data t o  Determine the Inpact of T a r  Sands 

Develorment on Mammals 

This study ws designed t o  provide quantitative data on the 

relat ive abundance, distribution, and annual harvest of ungulates and furbearers. 

This information, when compared with tha t  of subsequent years, would enable 

an evaluation of the  ef fec ts  of the operations phase of the  developent on these 

mmmls. T k  techniques selected for  the collection and analysis of data have 

proven t o  be logis t ica l ly  and s t a t i s t i c a l l y  suitable t o  evaluate the p t e n t i a l  

impacts on mam~ls in the study area. 



Wch of the i n i t i a l  season's f i e ld  m r k  was q l o y e d  i n  surveying 

and establishing p e m e n t  transect l ines.  Due t o  unusually infrequent snmfa l l s  

in l a t e  winter (January 15 t o  March 15, 1976), only three track-counting 

replicates =re conducted, the l a s t  of which was only two-thirds completed. 

For the m r e  abundant furbearers such as  red squirrel ,  snowshoe hare, and 

ermine, these replicates provided suff icient  data t o  i l l u s t r a t e  their dis- 

tribution patterns, habitat  associations, and relat ive abundance. For m s e  

and the larger less abundant furbearers, t h i s  sample s ize does not appear 

adequate. 

The relat ive abundance of m s e  and t e r r e s t r i a l  furbearers is 

presented. a s  an i d e x  of tracks per stat ion track-day. This index m y  be 

direct ly canpared t o  tha t  of subsequent years. This ccmparison w i l l  enable 

an evaluation of population levels and re la t ive  use of plant ccsnrro_mities 

between years. Since population levels  and animal use of habitat  m y  change 

w i t h  time (cyclic f luctimtions) o r  with climatic conditions (mild versus 

severe winters), the mnitoring of existing (base-line) conditions should ke 

conducted through several seasons. 

Aerial counts of moose, active beaver lodges, and rmskrat houses 

m y  be direct ly ccmpared t o  similar counts in subsequent years for  an evaluation 

of changes in population levels and distribution. Comparison of m s e  ppu- 

lat ion structure between years m y  also a s s i s t  i n  the identification of any 

patterns of change i f  they occur. 



The spat ia l  distributions of moose and the rmre h d a n t  terres- 

t r i a l  furbearers which were recorded during track counting are presented a s  

isodensity maps for  visual representation of the extent and intensity of animal 

ac t iv i ty  on the study area. The areal  extent of animal ac t iv i ty  is presented 

as  a proportion of the study area covered by a particular track density. This 

index may be d i rec t ly  compared t o  subsequent measurements. 

The d e v e l o p n t  of iscdensity mps allows for  the camparison 

of the spat ia l  dis tr ibut ion of animals between years. A s t a t i s t i c a l  evaluation 

of the grid matrices compares the m s h  coordinates and generates a th i rd  iso- 

density map. This m p  w i l l  identify the location, extent, and mgnitude of 

changes between years. A comparison of frequency distr ibut ion w i l l  identify 

s h i f t s  i n  animal movement, particularly where clumping o r  spreading of ac t iv i ty  

occurs. Comparison of the absolute values of grid cells w i l l  identify the 

significance of any changes i n  distribution. 

The trend-surface analysis provides a separation and identification 

of any regional trend o r  trends of animal ac t iv i ty  i n  the study area. Data 

from further track-count investigations m y  be d i rec t ly  compared t o  t h i s  data 

base. A comparison of the orthogonal polynomial equations w i l l  allow for 

s t a t i s t i c a l  evalua ion of any changes. However, the  spat ia l  distribution of 

m s e  and mst of the  t e r r e s t r i a l  furbearers do not currently exhibit a regional 

trend of distribution and m y  not be expected as  a biological phenomenon within 

the confines of the study area. Hence, the  canparison of animal distribution 

patterns betseen years w i l l  be based on the  iscdensity mps  of track act ivi ty.  



The statist ical  evaluation of the grid matrices which comprise the isodensity 

mps would also provide a m r e  sensitive reasure of changes in relative abun- 

dance and spatial distribution than the trend-surface analysis. 



The i n i t i a l  phase of the ungulate and furbearing l ~ m m a l  mni- 

toring study was conducted in  the vicinity of Syncrude Iease No. 17 during 

the period between October 15, 1975, and April 30, 1976. The study was 

designed to generate quantitative data on the relative abundance and dis- 

tribution of ungulate and furbearing manals along a gradient f m  within 

t o  beyond the sphere of influence of the main d e v e l o m t s .  These data, 

when coqared with data for subsequent years, w i l l  enable an evaluation of 

the nature and extent of the impact of the operations phase of the Syncrude 

development on these animals. Aerial surveys were  employed for the census 

of ungulates, beaver colonies, and muskrat houses. Bbose and te r res t r ia l  

furbearers were investigated by winter track-counts replicated along 215 km 

of established transect lines. 

B. T k  distribution of major e n v i r o m t a l  features including: 17 

vegetation types, eight terrain types, and five categories of habitat dis- 

turbance were eval~aated, map@, and canpared to a n h l  distribution. 

C. The mse  population density was estimated a t  0.23 m s e  per 

sq Ian. The ra t io  of cows:calves:bulls was 100:56:75 in the December 

survey. In the Febmry survey, a proportional decrease in the nmkers 

of bulls and an increase i n  the number of calves was observed, suggesting 

age and sex related mvements were occurring within the study area. The 

distribution of m s e  was positively associated with tall shrubs and 



deciduous vegetation and negatively associated with coniferous cover and 

disturbed areas. Dlo significant relationships were found within terrain 

types. Spatial distribution of m s e  showed relatively higher densities 

within the Athabasca River valley and in  the area west of the Mckay River. 

D. Both  mule deer and white-tailed deer are reported t o  occur within 

the area. Their populations appear very low. 

E. Ninety-six occupied b v e r  colonies were recorded in the s t d y .  

F. Concentrations of muskrat act ivi ty were recorded in t m  locations: 

Horseshoe Lake (30 houses) and 3~1th Lake (7 houses) . 

The relative abundance and distribution of t e r res t r ia l  furbearers I) 

were d e t e m e d  by winter track counts along 215 lan of established transect 
I 

lines. Observations were condwted on 1,346 km track-days between January 

13 and March 15, 1976. 
'II 

T k  herbivorous furbearers, snowshoe hare and red squirrel were r* 

the most abundant species recorded with track densities of 2.9 and 2.3 tracks 
w 

per kilanaeter track-day, respectively. The density of red squirrel middens 

ranged fram none in deciduous cover t o  8.7 per hectare in white spruce 
I 

cover an3 averaged 1.2 middens per hectare for the entire area. The dis- 

tribution of red squirrel track activi ty was positively related t o  the m 

distribution of coniferous vegetation, particularly white spruce cover. 
& 



Snowshoe hare dis tr ibut ion was generally associated with decidmus and mixed- 

WDOd cover. 

Ermine were the  mst aburkiant carnivorous furbearer with an 

index of 1.5 tracks per k i l m t e r  track-day. Ermine occupied a wide range 

of habitats  and w e r e  distribute? throughout the study area. The re la t ive  

abundance index of the less m n  mustelids, mink ,  f isher ,  and mlverine,  

w e r e  0.11, 0.06, and 0.01 tracks per k i l m t e r  track-day. Plarten and o t t e r  

w e r e  rarely encountered. Due to a low sample size,  only the general trends 

of spat ia l  dis tr ibut ion and habitat  associat ims w e r e  established for  these 

species. The mst str iking trend shawed a general avoidance of areas subject 

to  construction ac t iv i t i e s  and habitat  disturbance. 

The coyote and wolf w e r e  generally mre abundant than the larger 

m s t e l i d s  with track densities of 0.29 and 0.07 tracks per k i lomter  track- 

day, respectively. Red fox ac t iv i ty  was relat ively uncammn (0.02 tracks 

per k i l m t e r  track-day). The distr ibut ion of these species was ccmmnly 

associated w i t h  areas of disturbed habitat ,  particularly transportation cor- 

r idors  and the  northern end of the main cleared area. The presence of a 

garbage d q  in the l a t t e r  area may have been an at t ract ion to  some animals. 

The distribution of m l f  pack ac t iv i t i e s  was mre c o m n  in the  western por- 

t ion  of the study area. 

Lynx were rarely encountered during the  s t d y  period. 



LITERATURE CITED 

Alberta Departnaent o f  Lands and Forests. 1972. Fores t  cover mps. 

Alberta Forest  Service. 1967. Alberta f o r e s t  resources and timber p r d u c t i o n  
in Census Division 12, f o r  f i s c a l  years  1960-67. 26 pp. 

Banfield, A.W.F. 1954. Tularemia in beaver and muskrats. Waterton Lake 
National Park, Alberta. 1952-53. Can. J. Zool. 32:139-143. 

. 1974. The m s  o f  Canada. Phi. f o r  N a t l .  Mus. N a t .  
Sci., N a t l .  J!4us. o f  Can. Univ. o f  Toronto Press. 419 pp. + App. 

Bayrock, L.A. 1961. S u r f i c i a l  Geology. In: J.D. Lindsey, S. Pawluk, and 
W. Odynsky (ed.). Exploratory s o i l  survey o f  A l b e r t a  J%p Sheets 74-M, 
74-L, 74-El and 73-L (north h a l f )  . Research Council of Alberta, Pre- 
liminary S o i l  Survey Rept. 62-1. 55 pp. 

Bellrose, F.C. 1950. The re la t ionsh ip  o f  muskrat populations t o  various 
marsh and aquat ic  plants.  J. W i l d l .  Manage. 14:299-315. 

Berg, W.E. and R.L. Ph i l l i p s ,  1972. Winter spacing o f  m s e  in northwestern 
blinnesota. Eighth N. Am. Wse Conf. and Workshop. Thunder Bay, Ontario. 
pp. 166-176. 

B i b a d ,  J.A, 1973, Fort &Murray ungulate survey o f  the mineable por t ion  of 
the bituminous (tar) sands area. (Nurrber 1) , January 1973. Typescript. 
10 PP. 

B i b a d ,  J.A. and T. Archer. 1973. Fort =ay ungulate survey of  t h e  mine- 
able  por t ion o f  the bituninous (tar) sands area. ( N u t h e r  2) , February 
1973. Typsc r ip t .  1 2  pp. 

Brink, C.H. 1964. Spruce seed as a food o f  t h e  squ i r r e l s  Tamiasciurus 
hudsonicus and GZaucomys sabrinus in i n t e r i o r  Alaska. M.Sc. Thesis. 
Dept. o f  Zool., Univ. o f  Alaska College, Alaska. 

Brink, C.H. and F.C. Dean. 1966. Spruce seed as a food f o r  red squirrels and 
f ly ing  squirrels i n  i n t e r i o r  Alaska. J. Wildl. Manage. 30(3):503-512. 

Bryant, J.E. 1957. &rial beaver survey, northern Mackenzie D i s t r i c t .  
Septerrber 1957. Can. Wildl. Serv. Typescript. 

Chankerlin, L.C. 1972. S o r ~  aspects of  preferred winter  moose range. 
Eighth N. Am, mse  Conf. and Wrkshop. Thunder Bay, Ontario. 138-165 pp. 

Chorley, R.J., ed. 1972. Spa t i a l  analys is  i n  gaxtmrpholoqy. Pkthuen & Co. Ltd., 
Undon. 393 pp, 



Crain, I .K.  and B.K. Bhattacharyya. 1967. Treatmzmt of nonequispaced two- 
dimension data with a digi ta l  computer. Geoexploration 5:173-194. 

Davis, J.C. 1973. Sta t is t ics  and data analysis in geology. John Wiley & 
Sons, Inc., New York. 550 pp. 

delury, D.B. 1950. Values and integrals of the orthogonal polynomials up 
t o  n=26. Univ. Tbronto Press, Toronto. 33 pp. 

Depar-nt of E n v i r o m t .  1973. Athabasca t a r  sands developent area: 
wildlife. k p t .  of Environ. Library. Govemrnent of Alberta. 15 pp. 

Des Meules, P. 1964. The influence of snm on the behavior of rmose. 
Proc. N.E. Wildl. Conf. , Harford, Connecticut. (Mimeogr. ) . 18 pp. 

Dix, R.L. and J.M.A. Swan. 1971. The roles of disturbance and succession i n  
upland forest a t  Candle Lake, Saskatchewan. Can. J. Bot. 49:637-676. 

muglass, R.J. and D.R. Wooley. 1974. Preliminary report of mnitoring studies 
conducted a t  Chick Lake, N.W.T. ,Arctic Gas Biol. &pt. Ser. In Press. 

muglass, R.J., G.L. Fisher, and M. Mair. 1976. Pbvements and habitat selection 
of furbearing mam~ls near Cbick Lake N.W.T. Arctic C a s  Biol. Rept. Ser. 
I n  press. 

I b z i e r ,  H.L. 1965. Muskrat production and management. U.S. Dept. Int. C i r c .  
18. 42 pp. 

E n v i m m t  Canada. 1973. ~anadian normals: Vol. I, Temperature, 1941-70, 
Vol. 11, Precipitation, 1941-70. Ibnsview, Ontario. 

Erlinge, S. 1974. Distribution, t e r r i to r ia l i ty  and nranbers of the weasel 
MusteZa n iva l i s  i n  relation t o  prey abundance. Oikos 25:308-314. 

Finegan, R.P. 1973. Some e s t h t e s  of m s e  populations in British CblLnnbia 
during the period 1950-70. 9th N. Am. Mmse Con£., Quebec City, P.Q. 
81-95 pp. 

Fuller, W.A. 1951. Natural history and economic inportance of the muskrat 
i n  the Athabasca-Peace Delta, hbod Buffalo Park. Can. Wildl, Serv. 
F J i l d l .  Phnage. Bull. Ser. 1, No. 2. 80 pp. 

. 1953. &r ia l  surveys for beaver in  the ~ackenzie District,  
N.W.T. N. Am. W i l d l .  Conf, Trans. 18:329-335. 

. 1955. Aerial beaver surveys, Mackenzie District. Rept. ori 
f i l es ,  Can. W i l d l .  Sew., Ottawa. pp. 1-11. 

Fuller, W.A. and D.R. Flook. 1951. Report on aerial  survey for beaver i n  
the Fbrt Providence registered trapping areas, October. Rept. on f i l e s ,  
Can. W i l d l .  Serv., Ottawa. pp. 1-17. 



Gemini North Ltd. 1974. The tradi t ional  economy. In:  Social and economic 
impact of proposed Arctic Gas Pipeline in northern Canada. Prepared for 
Canadian Arctic Gas Pipeline Ltd. 71 pp. 

Gilbert, F., O.C. Wallmo, and R.B. G i l l .  1970. Effect of s m  depth on m l e  
deer in Middle Park, Colorado. J. Wildl . fimage. 34 (1) : 15-23. 

Gordon, K. 1936. Terr i tor ia l  behavior and social dominance amng Sciuridae. 
J. MEUTIEI~. 17 (2) :171-172. 

Grant, F. 1957. A problem in the analysis of geophysical data. Geophysics 
22:309-344. 

m n ,  J.R. 1970. Dynamics of the beaver of Saskatchewan's mrthem forest. 
M. Sc. Thesis. Univ. of Alberta. 122 pp. 

Hall, W.K. and J.A. Bibaud. 1974. Pkjor r iver  survey of map sheets 84-A, 
84-GI 73-M, and 83-P. W i l d l .  Inventory, Job Carpletion Rept. XXV. 
Alberta Dept. of Lands and Forests, Fish and W i l d l .  Div. 6 pp. + App. 

H a l l ,  W.K., J.A. Bibaud, J. Nibourg, and D. Brawn. 1975. Peerless Lake 
ae r i a l  survey. Wildl. Investigations, Special Rept. No. 2. Alberta 
Dept. of Lands and Forests, Fish and Wildl. Div. 5 pp. + App. 

Hall, W.K., A. Cook, and K. Froggott. 1974. Wandering River-Calling W.e 
m s e  survey. F7ildl. Inventory, Job Campletion Rept. XIII. Alberta 
Dept. of Lands and Forests, Fish and Wildl. Div. 10 pp. + App. 

Hall, W.K., G. Gunderson, and A. Cook. 1973. Clear H i l l s  and Wapiti mse  
survey. Wildl. Inventory, Job Ccsnpletion Rept. VIII. Alberta Dept. of 
Lands and Forests, Fish and Wildl. Div. 15 pp. + map. 

Hambling, C. 1976. Letter to  mewable Resources Consulting Services Ltd. 
Jan. 30, 1976. Re: Trapline m a t i o n s .  

Hamilton, W.J.  Jr. 1939. Observations on the  l i f e  history of the red squirrel 
i n  New York. Am. PGdl. Nat. 22:732-795. 

Harabaugh, J.W. and F.W. Preston. 1968. Fourier series analysis in geology. 
In: B. J.L. Berry and D.F. Pkrble (ed.) . Spatial  analysis: a reader in 
statistical geography. Prentice-Hall, New Jersey. pp. 218-238. 

Hay, K.G. 1958. Beaver census mthods in the m k y  I'buntain region. J. Wildl. 
hihnage. 22 (4) : 395-401. 

Intercontinental Engineering of Alberta Ltd. 1973a. An e n v i r o m t a l  study of 
the Athabasca tar sands. Publ. by Alberta Dept. of Environ. 112 pp. 

. 197333. Working papers - 
Athabasca tar sands study. Alberta Dept. of Environ. 669 pp. 



James, W.R. 1966. Fortran IV program using double Fourier series f o r  surface 
s i t t i n g  of i r r egu l a r l y  spaced data .  Kansas Geological Suwey Ccsnputer 
Contribution 5. 19 pp. 

Jarvis, M . J . ,  G.A. Steneker, R.M. Waldron, and G.C. Lees. 1966. Review of 
s i l vacu l tu r a l  research, white spruce and trembling aspen cover types: 
Par t  I Mixedmod f o r e s t  sect ion,  boreal  f o r e s t  region, Alberta, Saskatchewan, 
Manitoba. Forestry Branch Dept. Publ., No. 1156:5-10. 

Jeglum, J . K .  1968. Lowland vegetation a t  Candle Lake, southern boreal  f o r e s t ,  
Saskatchewan. Ph.D. Thesis. Univ. of Saskatchewan, Saskatoon. 

Jones, J . K . ,  D.C. C a r t e r  and H.H. Grenoways. 1973. Checklist of N o r t h  American 
Manals North of bkxico. Occasional Paper No. 12. The Museum, Texas Tech. 
University. 

Keith, L.B. 1963. Wildl i fe ' s  ten-year cycle. Univ. of Wisconsin Press, 
Madison. 201 pp. 

. 1966. Habitat  vacancy during a snowshoe hare decline.  J. Wildl. 
Manage. 30 (4) : 828-832. 

Kelsall, J.P. 1968. The migratory barren-ground caribou of  Canada. Can. 
Wildl. Serv., Ottawa. 340 pp. 

Kelsall, J.P. and E.S. Telfer .  1971. Studies on the @ysical  adaption of 
b ig  garne f o r  snow. Proc. Snow and Ice Symposium. Ima S t a t e  Univ. 
pp. 134-146. 

. 1974. Biogeography of m s e  with pa r t i cu l a r  
reference to western North America. N a t .  Can. 101:117-130. 

Kelsall, J.P. and W. Prescott .  1971. Moose and deer behavior i n  snm. Can. 
Wildl. Serv. Rept., Ser. No. 15. 27 pp. 

Kolmgorov, A.N. 1933. Su l la  determinazione empirica d i  una legge d i  
distr ibuzione.  Giomale d e l l ' I s t i t u t o  I t a l i ano  deg l i  At tuar i  4:83-91. 

Krasnawski, P.V. 1969. Aspects of red s q u i r r e l  (Tcuniasciurus hudsonicus) 
population ecology i n  interior Alaska. M.Sc. Thesis. Univ. of Alaska. 
63 PP- 

Krefting, L.W. 1974. Pbose d i s t r i bu t i on  and hab i ta t  se lec t ion  in north 
cen t r a l  North America. N a t .  Can. 101:81-100. 

Krott, P. 1959. Der v ie l f r a s s .  plbnographien der  wild Sangetiere. Band xi i i .  
Gustar Fischer Verlag, Jena. 159 pp. 

Krmbein, W.C. 1959. Trend surface ana lys i s  of contour-type maps with 
irregular c o n t r o l - p i n t  spacing. J. Geophysical Res. 64:823-834. 



M e i n ,  W.C. and F.A. Graybill. 1965. An introduction t o  s t a t i s t i c a l  mdels  
i n  geology. M c G r w - ~ i l l  Book Co. , New York. 475 pp. 

Kuyt, E. 1966. White-tailed deer near Fort Smith, N.W.T. Blue Jay 24(4):194. 

Lacate, D.S., K.W. Horton, and A.W. Blyth. 1965. Forest conditions on the 
lmer Peace River. Forest Fksearch Branch, Dept. of Forestry Publ. 
No. 1094. 53 pp. 

Lami, G.H., C.G. Hampson, W.A. Fuller,  and E. Nyland. 1967. The boreal 
forest. In: W.G. Hardy (ed.) . Alberta - a natural history. M.G. Hurtig 
Publishers, Edmnton, Alberta. 343 pp. 

Layne, J.N. 1954. The biology of the  red squirrel ,  Tamiasciurus hudsonicus 
Zoquax (Bangs), i n  central  New York. Ecol. Pbnogr. 24:227-267. 

LeResche, R.E. and R.A. Rausch. 1974. Accuracy and precision of a e r i a l  m s e  
censusing. J. Wildl. mnage. 38(2):175-182. 

Lewis ,  F.J., E.S. Oowding, and E.H. Pbss. 1928. The vegetation of Alberta. 
11. The swamp, m r  and bog forest  vegetation of central  Alberta. 
Ecology 16 :19-70. 

Lindsay, J.D., S. Pawluk, and W. Odynsky. 1961. Exploratory s o i l  survey of 
Alberta map sheets 84-B, 84-A, and 74-D. Research Council of A l b e r t a ,  
Preliminary Soil  Survey Rept. 58-1. 36 pp. 

Linduska, J.P. 1950. Ecology and land-use relationships of small manals  
on a Michigan farm. B p t .  of Conserv., Gme Div. Publ. Michigan. 1 4 4  pp. 

I;ongley, R.W. 1967. Climate and weather patterns. In: W.G. Hardy (ed.). 
Alberta - a natural history. M.G. Hurtig Publishers, Edmnton, Alberta. 
343 pp. 

Lynch, G.M. 1973. Status of  m s e  managerrent i n  Alberta. Alberta Fish and 
Wildl. Div. -script. 45 pp. 

IQrcus, F. and J.H. Vandermeer. 1966. Regional trends i n  geographical 
variation. Syst. Zool. 15(1) :1-12. 

Phrshall, W.H. 1936. A study of the winter ac t iv i t i e s  of the mink. J. Mammal. 
17 (4 )  :382-392. 

mss, E.H. 1953a. Forest c m i t i e s  i n  northwestern Alberta. Can. J. Bot. 
31:212-252. 

. 1953b. Marsh and bog vegetation i n  northwestern Alberta. Can. J. 
Bot. 31:448-470. 



bbss, E.H. 1955. The vegetation o f  Alberta. Bot. Rev. 21 (9) :493-567. 

Wie ,  A. 1934, The m s e  o f  Isle Fayale. Misc. Publ. Mus. Zool. ~ n i v .  
of  Michigan, 25. 44 pp. 

N e l l i s ,  C.H., S.P. Wetrmre, and L.B. ~ e i t h .  1972. Lynx - prey in te rac t ions  
i n  cen t r a l  Alberta. J. F J i l d l .  Manage. 36 (2) : 320-329. 

Neu, C.W., C. Byers, and J .M.  Peek. 1974. Atechnique f o r  analysis  o f  
u t i l i za t ion-ava i lab i l i ty  data.  J. Wildl. m a g e .  38(3):541-545. 

Norcliffe,  G.B. 1969. CXI t he  use and l imi ta t ions  of t rend surface  ndels. 
Can. Geog. 1 3  (4) :338-348. 

Novak, M. 1969. 1967-68 Survey of  the St .  Paul region reg i s te red  trapping 
concerning the f u r  catch and general  economics. Fish  and Wildl. Div., 
Dept . of  Lands and Forests ,  Alberta. Typescript. 49 pp. 

Novakowski, N.S . 1958. Fur resources survey of  Wood Buff a10 National Park. 
Rept. on f i l e s ,  Can. W i l d l .  Serv., Ottawa. pp. 1-48. 

. 1959. Analysis and appra i sa l  o f  a three year  aerial survey 
o f  beaver h a b i t a t  i n  t h e  southern and cen t r a l  areas o f  the Mackenzie 
District, N.W.T., 1956, 1957, 1958. Can. Wildl. Serv. -script. 34 pp. 

Odum, E.P. 1971. Fundamentals of ecology. 3rd edi t ion.  W.B, Saunders Co., 
Toronto. 574 pp. 

Oldham, C.H.G. and D.B. Sutherland. 1955. Orthogonal polynanials; their use  
i n  e s t i m t i n g  t h e  regional  e f f ec t .  Geophysics 20:295-306. 

O s t l e ,  B. 1963. S t a t i s t i c s  i n  research. Iowa S t a t e  University Press. Ams, 
Iowa. 487 pp. 

Peek, J.M. 1962. Studies of m s e  in the Gravelly and Snowcrest bbuntains, 
lbntana. J. Wildl. Manage. 26(4) :360-365. 

. 1971. mose-snow re la t ionsh ips  in northeastern Minnesota. pp. 39-45. 
In: A.O. Haugen (ed.). Proc, Snow and Ice i n  r e l a t i o n  t o  w i l d l i f e  and 
recreat ion symposim. Iowa Cbop. W i l d l .  Res. Unit. Iowa S t a t e  Univ. Press.  
Ames, Iowa. 280 pp. 

Penner, D.F. 1976. Peace River S i t e s  C and E, e n v i r o m t a l  impact s tud ies  
w i l d l i f e  resources. Prepared f o r  Thurber Consultants Ltd. by Renewable 
Resources Consulting Services Ltd. 307 pp. 

Ph i l l ips ,  W.E. and W.S. Patt ison.  1972. Hunter guiding a c t i v i t y  i n  northern 
Alberta, w i l d l i f e  economics and policy. Dept . of  Agric. Econ. and ma1 
Sociology. Faculty o f  Agric. and Forestry. Ufiv. o f  Alberta. 36 pp. 



Pimlott, D.H. 1959. Reproduction and productivity of Nwfoundland m s e .  
J. Wildl. Manage. 23(4) :381-400. 

Polderboer, E.B. 1942. Habits of least weasel (Mustela rixosa) i n  N.W. Ima. 
J. MamM1. 23:145-147. 

%up, H.M. 1933. Notes on the distribution of white spruce and banksian pine 
in  northwestern Canada. J. Amold Arboretum W ( 4 )  :335-344. 

. 1935. Botanical investigations i n  Wood Buffalo Park. Natl. Mus. 
of Can. B u l l .  No. 74, Biol. Ser. No. 20. 174 pp. 

. 1946. Phytogeographic studies i n  the Athabasca-Great Slave Lake 
region, 11. J. mid Arbretum 27:l-85. 

&newable &sources Consulting Services Ltd. 1972. Ecological baseline report, 
Athabasca t a r  sands lease no. 17. Unpubl. Rept. prepared for Syncn.de 
Canada Ltd. 17 pp. + App. 

. 1972. Big game survey. In: 
Ecological baseline report: Athabasca tar sands lease no. 17. Prepared 
for Syncrude Canada Ltd. 5 pp. + App. 

. 1975. Baseline environrrrental 
studies of Fbth Lake and Poplar Creek. Unpubl . Rept. prepared for 
Syncrude Canada Ltd. 133 pp. + App. 

Fbbina, M.A. 1960. SOE features of weasel (Mustela nivalis) ecolosv based 
on observations i n  the I%xcow Region. ~ j u l l e t e n  Otbel ~ i o l .  N.S: 65 (4 )  : 
27-33. 

Fbwe, J.S. 1956. Uses of undergrowth plant species i n  forestry. Ecology 
37 (3) :461-473. 

. 1961. Critique of sane vegetational concepts as  applied t o  forests 
of northwestern Alberta. Can. J. Bot. 39:1007-1017. 

. 1972. Forest regions of Canada. Dept. of mviron., Can. Forestry 
Serv., Publ. No. 1300. 172 pp. 

Fbtherford, W.H. 1964. The beaver i n  Colorado: its biology, ecology, 
m n a g m t  and economics. Colorado Ikpt. Game, Fish and Parks, Tech. 
B u l l .  17. 49 pp. 

h t t a n ,  R.A. 1953. Investigations of an outbreak of disease i n  the beaver of 
north Saskatchewan. Sask. Ikpt. Nat. Resour. Wpt. 4 pp. 

Severinghaus, C.W. 1947. Relationship of weather t o  winter m r t a l i t y  and 
population levels m n g  deer in the Adirondack region of New York. Trans. 
N. Am. W i l d l .  Conf. 12:212-223. 



Siegel, S. 1956. Nonparametric s t a t i s t i c s  fo r  the behavioral sciences. WGraw- 
H i l l  Book Co., Inc., New York. pp. 47-52, 127-136. 

Smith, C,C. 1965. The interspecific competition in the genus of tree squirrels  
Tamiasciurus, Ph.D. Thesis. Univ. Wash., Seattle.  269 pp. 

Smith, M.C, 1966. Fed squirrel  - white spruce relationships. M.Sc. Thesis. 
Univ. of Alaska College, Alaska. 

. 1968, Red squirrel  responses t o  spruce cover f a i lu re  i n  in te r io r  
Alaska. J. Wildl. Manage. 32 (2) :305-317. 

Sokal, R. and F. Fahlf. 1969. Biometry. W.H. Freeman & Co., San Francisco, 
pp. 571-575. 

Soper, J.D. 1964, The mamnals of Alberta. The Hamly Press Ltd., Edmnton, 
Alberta, Canada. 

Stelfox, J. 1967. Coments on m s e  mortality factors. In: ~ransac t ions  of 
the 4 t h  workshop on moose research and managment. m n t o n ,  Alberta, 
March 17 and 18. 9 pp. 

Stevens, W.E. 1953. The northwestern muskrat of the mckenzie Delta, N.W.T. 
1947-48. W i l d l .  filanage. B u l l .  Ser. 1, No. 8. Dept. of Resour. and Dev., 
National Parks Branch, Can. W i l d l .  Serv., Ottawa. 

S t ~ u b e l ,  D.P. 1968. Food storing and related behavior of red squi r re ls  
(Tmiasciums hudsonicus ) i n  in te r io r  Alaska. M. S. Thesis. Univ. of 
Alaska College, Alaska. 56 pp. 

Swan, G.M.A. and R.L. Dix. 1966. The phytosociological s t ructure of upland 
forest a t  Candle Lake, Saskatchwan. Ecology 54:13-40. 

Syncrude Canada Ltd. 1973. The habitat  of Syncrude tar sands lease no. 17, 
an i n i t i a l  evaluation. Environ. Res. Wnog. 1973-1. 40 pp. 

. 1974. Revegetation, species selection - an i n i t i a l  
report. Environ. Res. Pbnog. 1974-3. 46 pp. 

Telfer, E.S. 1970. Winter habitat  selection by mose and white-tailed deer, 
J., W i l d l .  Emage. 34 (3) :553-558. 

Teplov, V.P. and V.N. Karpovich. 1959, On the poss ib i l i t ies  of u t i l i z ing  
s t r i p  censuses of m s e  tracks t o  determine actual n m r .  English 
Translation by W.O. P ru i t t  Jr. Ins t i tu te  of Forestry. Acad. of Sci. 
U.S.S.R. Rept. No. 13:51-53. 



'I) 

Watson, G.H., W.H. Prescott, E.A. deBock, J.W. TJolan, M.C. Dennington, H.J.  Poston 
and D r .  I.G. Stirling. 1973. An inventory of wildlife habitat of the 
Mackenzie Valley and the Northern Yukon. Can. W i l d l .  Serv., Dept. of 

I 
the E n v i r o m t .  152 pp. 

Webb, R. 1967. The range of white-tailed deer in ALberta. Rept. by the 
Div. of Fish and Wildl., Alberta Dept. of Lands and Forests. 

Whitten, E.H.T. 1970. Orthogonal polynomial trend surfaces for irregularly 
spaced data. J. Inter. Assoc. P a t h .  Geol. 2:141-152. (Printer's errata 
in Vol. 3, p. 330, Vol. 4 ,  p. 83). 

. 1973. Spline-surface interpolation, spatial f i l tering,  and 
trend surfaces for geological mpped variables. J. Inter. Assoc. M a .  
-1. 5 (2)  :111-126. 

. 1974. Orthogonal-polynomial contoured trend surface mps for w 
irregularly spaced data. m u t e r  Applications 1(389):171-192. 

. 1975. The practical use of trend-surface analyses i n  the .I) 

geological sciences. In: J.C. Davis and 11. J. PW2ullag.n (ed. ) . Display 
and analysis of spatial  data. PUXO Advanced Study Institute, John Wiley 
& Sons. pp. 282-297. 

e 

. 1976. Orthogonal-polyndal contoured trend -surface mps 
for irregularly spaced data. Revised edition. 

rl 

Wolff, J.O. and J.C. Zasada. 1975. Fed squirrel response to clearcut and 
shelter mod systems in  interior  Alaska. USDA Forest Serv. Res. Note 
PNW-255. 9 pp. 111 

W, T.J. 1967. Ecology and population dynamics of the red squirrel 
(Tamiasciurus hudsonicus) in Wood Buffalo Park. 14.S~. Thesis. Univ. of 
Saskatchewan. 97 pp. II 

Wolcott, D.M. 1974. PJutritional implications of l i fes tyle  changes in r a t e  
northern Manitoba c o m i t i e s .  Appendix I. In:  J.D. Collinson e t  aZ. w 

Impact of developnent on nutrition in  r m t e  northern I'hnitoba camuriities. 
In : Social and econamic studies. Appendix 8, Vol . 3. Lake Winnipeg, 
Qlurchill and Nelson Rivers Study Board. pp. 18-78. 

Ir 

Wooley, D.R. 1974a. Beaver (Castor canadensis) studies in the Pbckenzie Valley, 
1972. Chapter 11. In:  R.A. Ruttan and D.R. Wooley (ed.). Studies of 
furbearers associated with proposed pipeline routes i n  the Yukon and N.W.T. 
Arctic Gas Biol. Rept. Ser. Vol. I X .  47 pp. + App. 

. 197433. Population surveys of t e r res t r ia l  furbearers. In: w 

R.D. Jakimchuk (ed.) . Surveys of m a r m ~ l s  along the proposed gas pipeline 
i n  Alberta. Arctic Gas Biol. Rept. Ser. Vol. XXV. 18 pp. 





Appendix 1. Scient i f ic  and vernacular names1 of mammals recorded in  
the study area. 

Order Insectivora 

Family Sor icidae 

Sorex cinereus 

Order Lagomorpha 

Family Leporidae 

Lepus mnericanus 

Order Rodent i a  

Family Sciur idae 

Tmniasciurus hudsonicus 

Glaucomys sabrinus 

Family Castoridae 

Castor canadensis 

Family Cricetidae 

Peromyscus manicuZatus 

CZethrionomys gapperi 

Ondatra zibethicus 

Order Carnivora 

Family Canidae 

Canis la trans 

Canis lupus 

blas ked shrew 

Snowshoe hare 

Red squirrel  

Northern flying squirrel  

Beaver 

Deer mouse 

Gapper's red-backed mouse 

Muskrat 

Coyote 

Gray wolf 

l sc ien t i f ic  and vernacular names follow those presented by Jones e t  aZ. 
(1973). 



VuZpes vulpes 

Family Ursidae 

Ursus americanus 

Family bhstelidae 

Martes americana 

Martes pennant; 

Muste l a  em inea  

Muste Za n i v a l i s  

Muste la  frenata 

Mustela v ison 

GuZo gulo 

Mephitis mephitis 

Lontra canadensis 

Family Felidae 

Lynx lynx 

Order Artiodactyla 

Family Cervidae 

OdocoiZeus virginianus 

Odocoi le  us hemionus 

Alces a lces  

White-tailed deer 

Mule deer 

Moose 

Red fox 

Black bear 

Mart en 

Fisher 

Ermine 

Weasel 

Long-tailed weasel 

Mink 

Wolverine 

Striped skunk 

River o t t e r  





Appendix 2-B. Basic  s t a t i s t i c s  used t o  a s s e s s  t h e  p resence  of a 
r e g i o n a l  t r e n d  i n  noose  d i s t r i b u t i o n ,  

A. Z Square Array 

B. Array o f  Orthogonal Polynomial C o e f f i c i e n t s  

C. P e r c e n t  Sum of  Squares  Reduction A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  





Appendix 3-B. Bas ic  s t a t i s t i c s  used t o  a s s e s s  t h e  p resence  of a 
r e g i o n a l  t r e n d  i n  r e d  s q u i r r e l  d i s t r i b u t i o n ,  

A. ;5 Square Array 

B. Array of Orthogonal Polynomial C o e f f i c i e n t s  

C. Pe rcen t  Sum o f  Squares Reduct ion A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  



Appendix 3-C. F i rs t  order trend surface map of red squirrel  distribution. 





Appendix 4-B. Basic  s t a t i s t i c s  used t o  a s s e s s  t h e  p resence  o f  a 
r e g i o n a l  t r e n d  i n  snowshoe h a r e  d i s t r i b u t i o n .  

A. 8 Square Array 

B. Array of Orthogonal Polynomial C o e f f i c i e n t s  

C. Pe rcen t  Sum o f  Squares  Reduct ion A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  





Appendix 5-B. Bas ic  s t a t i s t i c s  used t o  a s s e s s  t h e  p resence  of a  
r e g i o n a l  t r e n d  i n  ermine d i s t r i b u t i o n .  

A. % Square Array 

B. Array of Orthogonal  C o e f f i c i e n t s  

C. Pe rcen t  Sum of Squares  Reduct ion A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  





Appendix 6-B. Bas ic  s t a t i s t i c s  used t o  a s s e s s  t h e  p resence  of a 
r e g i o n a l  t r e n d  i n  mink d i s t r i b u t i o n .  

A. X Square Array 

B. Array o f  Orthogonal Polynomial C o e f f i c i e n t s  

C. P e r c e n t  Sum of  Squares  Reduct ion A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  





Appendix 7-B. B a s i c  s t a t i s t i c s  u s e d  t o  assess t h e  p r e s e n c e  o f  a  
r e g i o n a l  t r e n d  i n  f i s h e r  d i s t r i b u t i o n .  

A. z Square  Ar ray  

B. Ar ray  o f  Or thogona l  Polynomial  C o e f f i c i e n t s  

C. P e r c e n t  Sum o f  S q u a r e s  Reduc t ion  A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  





Appendix $3-3, Bas ic  s t a t i s t i c s  used t o  a s s e s s  t h e  p resence  of a  
r e g i o n a l  t r e n d  i n  coyo te  d i s t r i b u t i o n .  

A. ? Square Array 

B. Array o f  Orthogonal Polynomial C o e f f i c i e n t s  

C. Pe rcen t  Sum of  Squares  Reduct ion A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  



Appendix 8-C. Second order trend surface map of coyote dis t r ibut ion.  
* 





Appendix 9-B. Bas ic  s t a t i s t i c s  used t o  a s s e s s  t h e  p r e s e n c e  o f  a 
r e g i o n a l  t r e n d  i n  wolf d i s t r i b u t i o n .  

A. Z Square Array 

B. Array o f  Orthogonal  Polynomial C o e f f i c i e n t s  

C, P e r c e n t  Sum of  Squares Reduct ion A t t r i b u t e d  t o  Each I n d i v i d u a l  
C o e f f i c i e n t  



Appendix 9-C. Firs t  order trend surface map of wolf dis t r ibut ion.  
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Appendix 11. Minimum e x p l a n a t i o n  l e v e l s  o f  non-random t r e n d s  
(.05 l e v e l  of s i g n i f i c a n c e ) .  

sample1 Minimum % Sum of Squares Explana t ion  Required 
Spec ies  S i z e  1st o r d e r  2nd o r d e r  3 rd  o r d e r  

Moose 

Red S q u i r r e l  

Snowshore Hare 

Ermine 

Mink 

F i s h e r  

Coyote 

Wolf 

l ~ u m b e r  of s t a t i o n s  i n  which t r a c k s  occur .  
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