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ABSTRACT 

A study of small mammal populations (small rodents and 

snowshoe hares), habitat use, small rodent diets, and small mammal 

damage in natural forest and successional communities was begun in . 

June 1978 and continued until November 1979. Based on population 

sizes and distributions, four species of small mammals, CZethY'iono­

mys gapperi, Microtus pennsyZvanicus, Peromyscus manicuZatus, and 

Lepus ameY'icanus,were determined to be important components of the 

boreal forest ecosystem in northeastern Alberta. Twelve additional 

specles of small mammals were captured during this program but 

numbers were small. 

Indices of habitat quality based on peak population sizes, 

responses to habitat structure, habitat preferences, an index of 

dispersal, reproductive activity, and nutritional condit .ion indic.ated 

that balsam poplar forests and young successional areas were high 

quality habitats for most small rodents, whereas black spruce and 

tamarack forests were marginal. In contrast, black spruce communi­

ties were near-optimal habitats for L. ameY'icanus, and balsam 

poplar forests were only moderately well-suited. 

Feeding habits of C. gapperi, M. pennsyZvanicus, and 

P. manicuZatus in this study were similar to diets described pre­

viously in other studies. Lichens,Carex spp., and arthropods were 

the major foods for each species, respectively. Mycorrhiza were 

consumed regularly by all species. Bark tissue of trees and shrubs 

was found most frequently in C. gappeY'i diets, but was 1 imited in 

diets of M. pennsyZvanicus. Consumption of bark by P. manicuZatus, 

previously unreported in the literature, was common during the spring 

and fall. 

Damage to trees and shrubs in natural and successional areas 

by small rodents was limited. In contrast, browsing by snowshoe hares 

was high in some communities, notably tamarack forests. Some species 

of trees and shrubs were highly susceptible to damage, whereas others 

were resistant. Some factors associated with local variation in 

amounts of small mammal damage are discussed. 
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1. INTRODUCTION 

The activities associated with oil extraction developments 

in the Athabasca Oil Sands of northern Alberta will affect the nat­

ural envi ronment. In an effort to assess the impact of these 

developments on the floral and faunal communities of the Athabasca 

Oil Sands area, the Alberta Oil Sands Environmental Research Program 

(AOSERP) is conducting baseline environmental studies in the vicinity 

of the Athabasca Oil Sands deposits [hereafter called the AOSERP 

study area (Figure 1)]. 

Although the direct impacts of oil sands developments on 

small mammal populations willI ikely be considered an unimportant 

component in the overall assessment of impacts on wildlife and 

vegetation, disruption of small mammal populations by .oil sands 

developments could result in changes in the abundance of prey for 

furbearers and raptors, in rates of mineral transport and soi 1 

development, in soil drainage, in seed dispersal, in vegetation com­

position and productivity, and in insect numbers (DeCapita and Bookout 

1975; Golley et al. 1975; Goszczynska and Goszczynski 1977; Grant 

and French 1980). These changes may intensify the effects of oil 

sands development on other key wildlife species. Information on at 

least the most abundant species of small mammals present in the 

AOSERP study area consequently should be included in the assessment 

of environmental impacts of oil sands development and in the formu­

lation of mitigative measures. 

The main purpose of this study was to collect detailed 

baseline information on populations and habitat use by small mammals. 

The specific objectives of the program (as described in the terms 

6f reference) were to: 

1. Determine the distribution and population densities of 

major small mammal species (small rodents and snowshoe 

hares) in the AOSERP study area; 

2. Assess demographic trends (changes in population size, 

reproduction, population losses, etc.) of the major 

species of small mammals occurring in six of the major 
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habitat types of the AOSERP study area [as described 

by Stringer (1976)]; 

3. Evaluate habitat utilization and requirements of the 

major species of small mammals in the AOSERP study 

area; 

4. Determin~ the feeding habits of the major species of 

small rodents, based on analyses of stomach contents; 

and 

5. Determine the levels 6f damage by small mammals to 

woody-stemmed plants in natural habitats and in nat­

urally revegetating areas (to complement similar 

surv~ys on reclamation areas). 

These objectives were to be fulfilled by a four-year study 

of small ~ammal populations and habitat use, and by a review of the 

literature pertaining~o the distribution, habitat utilization, and 

demography of the major species of small mammals in the AOSERP study 

area. The literature review has been completed (Green 1979a). 

However, as a result of changes in program funding, the present 

report only represents the final assessment of baseline infor~ation 

collected during field studies conducted from June 1978 to January 

1980. A holistic evaluation of the direct and indirect environ­

mental impacts of oil sands development is to be conducted at a 

later date in the AOSER Program. 

Because it was not feasible to study small mammal popula­

tions throughout the AOSERP study area, small mammal communities 

within representative habitat types were sttidied intensively. 

Knowledge of the baseline states of these communities may be ex­

trapolated to other areas and is needed to adequately assess and 

mitigate the impacts of oil sands development on the small mammal 

community. Caution must be applied in such extrapolations, 

however, because several species of small mammals present in the 

AOSERP study area undergo large changes in abundance--Cwthrionomys 

gapperi and Microtus pennsyZvani(JUs populations exhibit regular 

fluctuations every 3 to 5 years (Krebs and Myers 1974), whereas 

Lepus amel"icanus populations undergo regular 8 to 11 year cycles 



4 

of abundance (Keith and Windberg 1978). Because habitat use can 

change duri.ng these cyclic fluctuations (Grant 1970, 1971a; Keith 

and Surrendi 1971), characteristics of a population within one 

habitat in one year will not necessarily approximate characteristics 

of other populations in similar habitats during different phases of 

these population fluctuations. 

The results of this study have been divided into fiVe 

sections: small rodent demography; small rodent habitat use; small 

rodent dietary analyses; snowshoe hare demography and habitat use; 

and damage by small mammals to woody~stemmed plants. Each section 

includes a descriptitin of speciffc methods, analyses, and a discussion 

of the results. The five sections are preceded by a description of 

the study area and are followed by a study synthesis. 

The term 'small mammals' will be used to describe collec­

tivelyall species of cricetids (mice and voles), sciurids (chip­

munks, red squirrels, and flying sqtiirrels), and leporids (hares and 

rabbits). The term 'small rodents' will be used only in reference 

to cricetids. Mammalian nomenclature follows that of Banfield 

(1977). Plant nomenclature follows that of Moss (1967). Common 

names and scientific equivalents of plants discussed in this report 

are provided in Appendix 11.1 (Table 41)~ 
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2. GENERAL METHODS 

Information on the distributions, abundances, and habitat 

preferences of the major sma) 1 rodent species of the AOSERP study 

area was obtained from eight different study areas. One small 

rodent study area was establ ished in each of six different natural 

habitats and in each of two disturbed but naturally revegetating 

areas. Data were also obtained on the levels of small mammal damage 

to trees and shrubs in each of these eight study areas. Information 

on the distribution, abundance, and habitat preferences of snowshoe 

hares was obtained from four study areas located in four different 

natural habitats. 

2.1 NATURAL HABITATS 

In mid,..June 1978, small mammal study plots were estab­

lished in six of the 10 major vegetation types of the AOSERP study 

area [as described by Stringer (1976)]; study plots were not estab-

1 ished in the other four vegetation types because they were bel ieved 

to be unsuitable habitats for small mammals. Plots were located in 

white spruce-aspen forest (referred to as the Aspen study area) 

(Figure 2), jack pine forest (Jack Pine study area), tall willow 

communities (Willow study area), bottom-land balsam poplar forest 

(Balsam Poplar study area), black spruce bog forest (Black S;pruce 

study area), and semi-open black spruce-tamarack bog forest 

(Tamarack study area). Snowshoe hare study plots \'iere estab 1 j shed 

in jack pine forest (referred to as the SH-Jack Pine study area), 

white spruce-aspen forest (SH-Aspen study area), bottom-land balsam 

poplar forest (SH-Balsam Poplar study area), and black spruce bog 

forest (SH-Black spruce study area). 

The Aspen and SH~Aspen study areas were located in an 

upland white spruce-aspen forest t ype. The stand was composed of 

aspens (Populus tremuloides), 10 to 12 m high, and some white 

spruce (Picea gZauca) , with a well-developed stratum of medium and 

low shrubs (0.5 to 1.0 m in he,ight) dominated by AmeZanchier 
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alnifolia, Rosa spp., Symphoricarpos albus, Viburnum edule, and 

Vaccinium myrtilloides. 

The Jack Pine and SH-Jack Pine study areas were located 

mainly in a jack pine forest on well-drained, sandy soil. Jack 

pines (Pinus banksiana) , 12 to 15 m in height, were the major tree 

species although a large number of aspen saplings (1 to 3 m in 

height) were also present. The understory was characterized by 

extensive areas of fruticose lichens (Cladina spp. and Cladonia spp.) 

interspersed with areas of green alder (Alnus crispa) and a sparse 

dwarf shrub stratum of Arctostaphylos uva-ursi and Vaccinium caes­

pitosum. Approximately half of the SH-Jack Pine and several small 

areas of the Jack P,ine study areas were situated inlow, moist areas 

dominated by tall willow (Salix spp.} scrub. 

The Wi 11 ow study area was situated in an area of damp 

soil and was dominated by dwarf birch (Betula' glandulosa) and 

willows (Salix spp.) that varied from 0.5 to 3 m in height. The 

understory was composed primarily of Vaccinium uliginosum and a 

dense mat of sedges. 

The Balsam Poplar and SH-Balsam Poplar study areas Were 

located in a mature stand of balsam poplars (Populus balsamifera) 

from 25 to 30 m high. The understory was composed primarily of a 

3 to 5 m canopy of alders (Alnus spp.) interspersed with clumps of 

a lower shrub stratum (1 to 2 m high) domi nated by V. edule, Ribes 

oxyacanthoides, Ribes tristej Rubus melanolasius and Rosa spp. 

The Black Spruce and SH-Black Spruce study areas were 

established in a black spruce (Picea mariana) forest of low to 

medium density. Most trees were only 4 to 6 m high. A few tamarack ' 

(Larix laricina) and some paper birch (Betula papyrifera) were also 

present. The understory was composed primarily of Ledum groenland­

icum and V. myrtilloides although Salix spp. and B. glandulosa 

occurred on some parts of the snowshoe hare and small rodent study 

areas. Sphagnum mosses were the major ground cover. 

_ The Tamarack study area was located in a poorly drained 

area dominated by a sparse cover of black spruce and tamarack. 

Shallow pools of water (2 to 30cm in depth) were present on some 
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parts of the study area throughout the spring, summer, .and fall. 

Few trees exceeded heights of 6 to 8 m. The shrub understory was 

composed primarily of B. gZanduZosa and SaZix spp. The ground cover 

consisted of an almost continuous layer of sphagnum mosses with a 

dwarf shrub layer composed largely of L. groenZandiaum, Vaaainium 

vitis-idaea, and Rubus ahamaemorus. 

2.2. NATURALLY REVEGETATING AREAS 

Two small rodent plots were established in recently 

disturbed but naturally revegetating areas. Although naturally 

disturbed areas (i.e., recently burned) would have been preferable 

sites, no sufficiently large burned areas were accessible. Two 

cutline right-of-ways were chosen instead. 

The Poplar Creek Cutline study area was established on a 

section of the Alberta Power Limited right-of-way, 22 to 23 July 

1978 (Figure 2). The area was cleared and burned in 1972 and has 

received no further treatment since that time (Jetter dated 1 Sep'" 

tember 1978, L. McRae, Alberta Power Ltd.). Thecutline was bounded 

on the north and south edges by aspeh forest. Vegetation on the 

cut line was characterized by a sparse regrowth of Salix spp., Rosa 

spp., Rubus meZanoZasius, Loniaera spp., and R. oxyaaanthoides wi th 

a dense ground cover of grasses and sedges. 

The Th ickwood cut 1 i ne study area was estab I j shed dur i ng 

20 to 21 June 1978 on a portion of the pipeline right-of-way 

belonging to Simmons Pipel ine Limited. The right-of-way was cleared 

in late November and December 1976 (letter dated 9 January 1979, 

L.T. Pasiechnyk, Project Engineer, Simmons Pipeline Ltd.). Brush 

was bulldozed, wind-rowed, and burned. The area has received no 

further treatment to date. Very little vegetative cover was present 

on this area in June 1978. The sparse ground cover consisted pri­

mari.1y of very young P. "tremitZoides, Po bat.8ari1ifera, Rosa spp., 

Equisetum spp., and som~ grasses. Forest habitats, adjacent to 

this study area, were primarily dense, mature stands of P. t~emuZoides 

and A. baZsamea. 
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2. 3 SNAP-TRAP CENSUS AREAS 

Snap-trap censuses of small rodents were undertaken to 

provide information on the abundance, distribution, habit~t pr~fjr~ 

ences and reproductive indices of the major small rodent species 

from a wider geographic area than that sampled by 1 ive-trapping. In 

1978 and 1979, snap~trap censuses were conducted in natural areas 

adjacent to Highway 63 (and its extension past Fort MacKay) and the 

road to the Thickwood Fire Tower (Figure 3). In 1978, 19 snap-trap 

lines were also set in remote areas (in the vicinities of the Birch 

Mountain Fire Tower, the Muskeg Mountain Fire Tower, and the 

Richardson sand dunes). Results from the 19 snap-trap censuses in 

these remote areas are discussed by Green (1979b). 
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were set at each location. Each line consisted of 20 
trap stations with three traps at each station.) 
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3. . . SMALL· RODENTS: .. DEMOGRAPHY 

Species of small rodents inhabiting the boreal forest show 

distinct preferences for specific habitats (Green 1979a). Selection 

of these habitats reflect responses to environmental and physio­

logical variables, the overall effects of which are related directly 

to' natu~al selection; individuals that utilize habitats in which 

large numbers of offspring can be successfully raised will be selec­

ted over individuals that chose marginal habitats where reproductive 

success is low (Krebs 1978)~ The 'quality' of a habitat for each 

species of small rodent consequently should be reflected by the 

characteristics of the local population,' particularly those charac­

teristics related to reproductive success. 

Assuming that habitat selection is related to reproductive 

success, populations in better quality habitats should be character­

ized by large population numbers, good survival, high recruitment, 

high reproductive success (e.g., longer breeding season, high 

breeding activity, high pregnancy rates), and good nutritional 

condition [see Krebs and Myers (1974) for a reviewl. Balanced sex 

ratios, moderate t,o high rates of immigration, and limited emigra­

tion (except perhaps duri,ng peak population densities) also may be 

indicative of populations in optimal habitats. 

Demographic information for small rodent populations in 

the AOSERP study area, obtained during a two-year program of live­

trapping and snap-trapping in specific habitat types, was used 

primarily to evaluate changes in population size and to provide 

addi tiona 1 i nforma t i on on hab i tat qua 1 i ty and use. 

3.1 METHODS 

3.1.1 . Live~traeeihg'Techliiques 

Small rodent live-trapping techniques were similar to those 

described by Krebs et al. (1969). The six small rodent trappi,ng 

. grids in natural habitats were each 0.81 ha in size and consisted 

of a 10 x 10 grid of trapping stations at 10 m intervals. The two 
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cutline grids were 0.76 ha in size and each consisted of a 5 x 20 

grid of trapping stations at 10 m intervals. One Longworth Trap was 

placed within a 1.5 m radius of each trap station. Traps were 

prebaited (trap doors were locked open) for 2 wk before commencing 

live-trapping. Cotton felt fdr bedding and oat groats for bait 

were placed in the nest box of each trap and were replenished 

when necessary. Between trapping periods, the doors on all traps 

were locked open. 

Fifteen chipmunk/squirrel traps (Tomahawk #201) were also 

placed on each small rodent trapping grid. One trap was set at the 

first, fifth, and tenth trap station on alternate rows of the 

trapping grid. Traps were not prebaited but were baited with peanut 

butter on the first day and were rebaited as necessary. 

Each trapping period consisted of 3 d of live-trapping. 

All traps were set during the afternoon of the first day. All traps 

were checked and reset the following morning and again in the 

afternoon. On the morn i ng of the th ird day, a 11 traps were checked 

and locked open until the next trapping period.' 

When first captured, all small rodents were ear-tagged 

with a numbered fingerling fish tag. Following tagging or when 

tagged animals were captured during subsequent trapping periods, 

the tag number, species, trap location, sex, breeding condition, 

weight, number of wounds on the posterior portion of the body, the 

number of subdermal parasites (Cuterebra spp.), and the number of 

attached ticks were recorded. 

In 1978, most small rodent trapping areas were trapped at 

2 wk intervals from 30 June to 16 November; biweekly trapping 

on the Poplar Creek cutline grid commenced 2 August and continued 

until 10 November. In 1979, all small rodent trapping areas were 

trapped at 3 wk intervals from 13 May to 11 November. 

3.1.2 Snap-trapping Techniques 

Snap-trap censuses of small rodents were conducted accor­

ding to techniques outl ined for the North American Census of Small 

Mammals program (Calhoun and Casby 1958). Snap-trap lines consisted 
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of 20 stations spaced at 15 m intervals along a straight line. 

Three Woodstream Museum Special Snap Traps were set within 2 m of 

each station and were baited with peanut butter. Traps were set in 

the afternoon of the first day and were checked daily for 3 d. 

Two parallel lines placed approximately 100 m apart were set 

at each sampling location. In 1978~ six snap-trap lines usually 

were set every 3 wk from· the 17 July to 17 October. In 1979, 

eight snap-trap 1 ines were set every three weeks from 10 May 

to 3 November. 

All animals captured in snap-traps were autopsied to 

provide information on reproductive characteristics and nutritional 

condition. For each animal autopsied, the body weight, total length, 

tail length, skull (zygomatic) breadth, reproductive condition, 

number of subdermal parasites (Cuterebrci spp.), and a qualitative 

index of the amount of fat in the abdominal mesentery [no fat (1) 

to very fat (5)] were recorded (Krebs 1964). Tissue samples were 

retained for toxicological examination (pers. comm., B. Munson, 

Research Management Division, Alberta Environment) and are presently 

deposited at the Alberta Environmental Centre, Vegreville, Alberta. 

3. 1 .3 .. Data Aha 1 yses 

Small mammal live-:-trapping and snap-trapping data were 

analyzed using computer programs provided by C.J. Krebs of the 

University of British Columbia. Additional programs for specific 

analyses of population data were developed as needed. Original 

data and programs are stored at the University of Alberta Computing 

Centre and may be accessed with permission of the author. 

3.2 POPULATI ON CHANGES 

Fourteen species of small mammals were captured in 1978 

and 1979 duri~g the course of the live-trapping and ~nap-trapping 

pr~gramof small rodents in the AOSERP study area. Of these 14 

species, only CZethrionamys gapperi, Miarotus pennsyZvaniaus, and 

Peramysaus maniauZatus were captured in sufficient numbers to merit· 
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detailed analyses. Other small mammal species captured were 

Miorosorex hoyi~ Sorex oinereus~ Sorex obsourus3 Sorex arotious~ 

Phenaoomys inte~edius3 Synaptomys boreaZis~ Zapus hudsonious~ 

EUtamias minimus3 Tamiasoiurus hudsonious3 GZauoomys sabrinus~ 

MusteZa nivaZis3 and MusteZa e~inea--because of small sample sizes 

(Table 1), analyses for these 11 species were limited. 

3.2. 1 Changes in Abundance 

3.2.1.1 Live~trappingareas. Densities of small rodent populations 

usually have been assessed using mark-recapture methods of estimating 

population size. To avoid the assumptions of mark-recapture tech­

niques (Roff 1973), a complete enumeration of small mammal populations 

within each live-trapping area was attempted. The minimum number 

known to be alive (MNA) (Chitty and Phipps 1966) during each biweekly 

sampling period was used as a biased estimate of the trappable 

population size. 

Biases in population estimates (usually underestimates) 

may be caused by poor trappability, poor trap availability, or social 

interactions (Boonstra and Krebs 1978). An attempt was made to 

minimize the biases inherent in small mammal trapping studies by 

(1) ensuring that each trapping area was saturated with traps 

(i.e., by using a small inter-trap distance), and (2) by only using 

MNA estimates when trappabil ity exceeded 50% (Hilborn et al. 1976). 

Estimates of trappability were calculated to provide an 

indication of the reliability of the calculated MNA. Minimum un­

weighted trappability was calculated for a population of N captured 

individuals according to the following formula (Boonstra and Krebs 

1978): 

Minimum Unweighted 
Trappability 

1 N 
= iT E 

i = I 

number of trapping periods during 
. ·~hithananimal was taptuted 

number of possible trapping 
periods for that animal 

The first and last capture of each individual are not included in 

these calculations (because all animals are necessarily caught at 

these times). 



Table 1. 
'I. 

Total numbers of I ive captures of less commonly captured species of small mammals. 

Total Number of Captures 

Live-trapping S. ciner'3us/ S. obsaurus/ 
Area Year M. hoyia S. arcticus b S. borealis Z. hudsonicus E. minimus T. hudsonicus G. sabrinus M. nivaZis M. erminea 

Aspen 1978 22 2 0 2 20 24 5 0 4 
1979 17 0 0 I 19 21 0 0 I 

Jack pine 1978 6 0 0 0 18 8 6 0 0 
1979 7 0 0 0 7 0 0 0 0 

Willow 1978 46 5 I 0 4 9 0 0 2 
1979 23 0 3 0 / 0 0 0 0 0 V1 

Balsam poplar 1978 15 I 0 0 15 0 0 0 2 
1979 5 2 0 0 13 I 0 0 2 

Poplar Creek 1978 2 9 0 3 3 I 0 0 2 
cut I ine 1979 0 19 0 3 0 3 0 0 10 

Black spruce 1978 4 0 0 2 0 0 0 0 2 
1979 9 I 0 0 0 2 0 0 0 

Thickwood 1978 0 0 0 0 9 0 0 0 0 
cutl ine 1979 2 0 0 0 3 0 0 0 2 

Tama r ack 1978 4 4 0 0 8 0 0 0 0 
1979 II 3 0 0 0 0 0 I 2 

a 
Because M. hoyi and 5. ai nerBus could not be differentiated reliably on the ba3is of external characteristics, they consequently have been 
grouped together. 

b 
Because S. obsfJ7fl'US and S . cr c-i;icus coul d not be differentiated reI iably on the basis of extecnal characteristics they consequently have 
been grouped together. 
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Estimates of minimum unweighted trappability were calcu­

lated for C. gapperi, M. pennsyZvanicus, and P. manicuZatus for both 

the summer and fall periods (Table 2). Trappability estimates for 

most species exceeded 50% and the MNA consequently should under­

estimate the trappable population sizes by acceptably small amounts. 

However, trappabilities for C. gapperi on the Thickwood cutline grid 

in the summer of 1979, for M. pennsyZvanicus on the Aspen and Balsam 

poplar grids in the fall of 1978 and on the Balsam Poplar, Black 

spruce, Thickwood cutl ine, and Tamarack grids in the fall of 1979, 

and for P. manicuZatus on the Aspen and Balsam poplar grids in the 

fall of 1978 were below 50%--in these cases, the MNA will be considered 

an underestimate of the trappable population size. 

Comparisons of MNA estimates of C. gapperi, M. pennsyZva­

nicus, and P. manicuZatus populations on each of the eight study 

plots (Figures 4 to 11) indicated that habitat ~se, longer term 

population trends, and seasonal population fluctuations differed 

among areas. 

CZethrionamysgapperi was the most abundant species on the 

Aspen and Jack Pine study areas; it was also one of the two most 

abundant species on the Balsam Poplar, Black Spruce, and Tamarack 

study areas. Generally, most C. gapperi populations decl ined between 

1978 and 1979. However, the C. gapperi population on the Jack Pine 

study area was similar between years. In 1978, most C. gapperi 

populations reached peak population sizes in September and October 

but, in 1979, peak population sizes generally were reached by late 

September. In both years, most C .. gapperi populations increased 

rapidly in early July and late August. 

Microtus pennsyZvanicus was the most abundant species on 

the Willow, Poplar Creek Cutline, and Thickwood Cutline study areas; 

it was also abundant on the Black Spruce and Tamarack study areas. 

Population sizes declined sharply in most habitats between 1978 and 

1979. In 1978, most M. pennsyZvanicus populations reached peak 

numbers by late August to early September. In ]979, the Thickwood 

Cutline and tamarack populations decl ined steadily throughout the 



Table 2. Seasonal estimates of minimum unweighted trappabi1ity(MUT). (Calendar equivalents of the 

Grid 

Aspen 

Jack pine 

Wi 11 ow 

Ba Isam poplar 

Pop lar Creek 
cutline 

Black 5 pruce 

Th i ck\','Ood 
cutline 

Tamarack 

summer and fall periods in each year were: 1978- ... 1 July to 25 September and 26 September 
to 9 November; 1979--24 June to 20 September and 20 September to 9 November. N is the 
number of animals captured in three or more trapping periods.) 

1978 1979 
Summer Fall Summer Fall 

Species MUT N MUT N MUT N MUT 

C. gapperi 77 .6 42 92.3 52 72.5 20 50.9 
M. pennsyZvanicus 59.4 8 6.7 5 50.0 2 
P. maniauZatus 63.1 21 49.0 17 74.1 9 100.0 

C. gapperi 77.4 19 89 . 4 22 92.9 14 53.0 
M. pennsyZvaniaus 82.1 14 100.7 7 0 
P. maniauZatus 58.3 7 58.3 4 a 

C. gapperi 86c6 18 94.7 25 64.3 7 77.9 
M. pennsyZvanicus 63.3 60 71.5 45 78.6 14 57.8 
P. maniauZatus 0 0 a 

C. gapperi 76.8 96 81.0 78 80.3 32 66.7 
M. pennsyZvaniaus 68.1 6 25.0 4 81.3 8 27.8 
P. manwuZatus 68.9 41 44.4 21 87.9 32 66.7 

C. gapperi 73.7 45 91.7 24 100.0 3 66.7 
M. pennsyZvaniaus 67.3 83 59 . 5 81 61. 9 14 66.7 
P. maniau Zatus 61.5 13 80.8 13 53 . 3 5 

C. gapperi 78.8 34 92.9 33 84.6 13 54.2 
M. pennsyZvaniaus 69.0 55 81.0 29 66.7 3 0.0 
P. maniauZatus 66.7 4 100.0 4 62.5 4 

C. gapperi 65.3 18 75 . 6 15 40.8 8 100.0 
M. pennsyZvani aus 75.4 60 76.5 44 70.0 16 0.0 
P. maniauZatus 76.6 34 87.7 27 81.5 20 66;7 

C. gapperi 74.1 51 86.2 59 81.7 10 51. 9 
M. pennsyZvaniaus 76.1 60 78 ,8 44 50.0 15' 33.3 
P. maniauZatus 0 0 0 

N 

19 
0 
3 

17 
0 
0 

12 
15 
0 

20 
6 

18 

3 
6 
0 

8 
1 
0 

.. I 

1 
9 

9 
7 
0 

'-I 



150 

100 

50 
~ 
Z 
~ 

10 

5 

150 

100 
-c( SO Z 
~ 

10 

5 

150 

100 

~ 50 
~ 

10 

5 

18 

ASPEN 

C. gapperi 

M. pennsylvanicus 

~ 

P. maniculatus 

J J A SON M J J A SON 

1978 1979 
Figure 4. The MNA of small rodents on the Aspen study area. (Note 

the log scale. Triangles indicate that trappabillties 
were less than 50% and MNA estimates likely underestimate 
the real trappable population si~e.) 
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JACK PINE 

C. gapperi 

M. pennsylvanicus 

P. maniculotus 

J J A SON M J J A SON 

1978 1979 
Figure 5. The MNA of small rodents on the Jack Pine study area. 

(Note the log scale. Triangles indicate that trappabi­
lities were less than 50% and MNA estimates likely 
underestimate the real trappable population size.) 
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WILLOW 

C. gapperi 

M. pennsylvanicus 

P. manicu/atus 

NO CAPTURES 

J J A SON M J J A SON 

1978 ·1979 

Figure 6. The MNA of small rodents on the Willow study area. (Note 
the log scale. Triangles indicate that trappabilities 
were Jess than 50% andMNA estimates likely underestimate 
the real trappable population size.) 
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BALSAM POPLAR 

C. gapperi 

M. pennsylvanicus 

p. maniculotus 

J J A SON M J J A SON 

1978 1979 

Figure 7. The MNA of small rodents on the Balsam Poplar study area. 
(Not~ the log scale. Triangles indicate that trappabilities 
were less than 50% and MNA estimates likely underestimate 
the real trappable population size.) 
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POPLAR CREEK CUTLINE 

C. gapper; 

M. pennsylvanicus 

P. maniculatus 

J J A SON M J J A SON 

1978 1979 

Figure 8. The MNA of small rodents on the Poplar Creek Cutline study 
area. (Note the log scale. Triangles indicate that 
trappabilities were less than 50% and MNA estimates likely 
underestimate the real trappable popu lation size.) 
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BLACK SPRUCE 

c. gapper; 

M. pemsylvan;cus 

P. mCJn;culatus 

J J A SON M J J A SON 

1978 1979 

Figure 9. The MNA of small rodents on the Black Spruce study area. 
(Note the log scale. Triangles indicate that , trappabi lities 
were less than 50% and . MNA estimates likely uriderestimate 
the real trappable population size.) 
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THICKWOOD CUTLINE 

C. gapperi 

M. pennsylvanicus 

P. maniculatus 

/00 .• 0--., , 

J J A SON M J J A SON 

.1978 1979 
Figure 10. The MNA of small rodents on the Thickwood Cutline study 

area. (Note the log scale. Triangles indica"te that 
trappabilities were less than 50% and MNA estimates 
likely underestimate the real trappable population size.) 
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TAMARACK 

C. gapperi 

M. pennsy'vanicu~ 

P. maniculatus 

NO CAPTURES 

J J A SON MJ JASON 

1978 1979 

Figure 11. The MNA of small rodents on the Tamarack study area. 
(Note the log . scale . Triangles indicate that trappabi­
lities were Jess than 50% and MNA estimates likely 
underestimate the real trappable population size.) 
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year, but most populations showed no seasonal trends in peak population 

sizes. 

Peromyscus manicuZatus was present in moderate densities on 

the Balsam Poplar and Thickwood Cutline study areas in 1978 and was the 

most abundant species on the Balsam Poplar and Thickwood Cutl ine 

study areas in 1979. No P. manicuZatus were captured On the Willow 

or Tamarack study areas in either 1978 or 1979. Peak numbers On the 

Aspen, Black Spruce, and Thickwood Cutline study areas were similar in 

1978 and 1979, whereas populations on the Jack Pine and Poplar Creek 

cutl ine areas decreased and the Bal~am Poplar population increased. 

Generally, P. manicuZatus populations increased most rapidly in July, 

reached peak numbers in early August, and declined gradually in mid-

to late August. 

3.1.1.2 Snap~trap cenSuses. ~nap-trap censuses provide crude indices 

of changes in the abundance .of small mammals. However, it is not 

possible to transform data obtained from 1 inear snap-trap censuses 

to estimates of density (Calhoun and Casby 1958; Tanaka 1960; Yang 

etal. 1970). 

Snap-trap censuses were used to provide an index of changes 

in abundance of each of the three major small rodent species in a 

wider geographic area than that sampled by the live-trapping program. 

For each species, the mean numbers of anlmals captured per 100 

trap-nights (TN) were used as indices of abundance for eac.h monthly 

trapping period (Table 3); the number of captures of other small 

mammal species are summarized in Appendix 11.2, Table 42. 

Changes in the mean numbers of animals captured per 100 TN 

i nd i cate that: 

I. CZethrionomys gapperi were more abundant in the Athabasca 

Basin in 1978 than in 1979. In 1978, the number of 

C. gapperi captured was highest in October (snap-trapping 

was conducted only in July, August, and October). In 

1979, the number of C. gapperi declined in June, then 

gradually increased throughout the summer and fall, 

reaching peak numbers in November. 



Table 3. Mean number of animals captured per 100 TN. (The number of TN and the mean number of 
captures ± 1 S.L for each month of trapping are indicated.) 

c. gapperi M. pennsylvanicus P. maniculatus 

Date TN Captures/lOa TN Captures/lOa TN Captures/lOa TN 

1978 July 1748 6.1 ± 1.9 1.8 ± 0.6 1.5 ± 0.7 

August 3231 10.5 ± 1.9 1.3 ± 0.3 1.5 ± 0.5 

October 1205 23.8 ± 3.4 1.5 ± 0.5 3.0 ± 1.6 

1979 May 1079 6.5 ± 3.2 0.6 ± 0.4 1.1 ± 0.7 

June 1263 1.4 ± 0.8 0.0 0.4 ± 0.2 

July 1322 1.7 ± 0.4 0.5 ± 0.3 1.1 ± 0.5 

August 1823 5.0 ± 1.3 0.3 ± 0.2 2.8 ± 1.4 

September 1150 7.6 ± 2.6 0.2 ± 0.1 3.2 ± 1.6 

October 1333 6.8 ± 2.1 0.5 ± 0.4 1.7 ± 0.5 

November 1261 9.5 ± 2.0 O.1± 0.1 1.0 ± 0.4 

N 
-....I 
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2 . . Miarotus pennsyZvanious were also more abundant in the 

Athabasca area in 1978 than in 1979. In 1978, more 

M. pennsyZvaniaus were captured in July than in the 

other two sampling periods. In 1979, M. pennsyZvaniaus 

were most abundant in May and generally declined 

throughout the summer and fall (the increase in the 

number of captures of M. pennsyZvaniaus per 100 TN in 

October was the result of the captures of seven indivi­

duals along a cutline in the Thickwood Hills area). 

3. The numbers of P. maniauZatus captured in the Athabasca 

area did not differ greatly between 1978 and 1979. In 

1978, P. manicuZatus were most abundant in October. 

In 1979, the number of P. manicuZatus captured was 

highest in September. 

4. CZethrionomys gapperi was the most abundant species of 

small rodent in the Athabasca Basin in both 1978 and 

1979. Peromysous manicuZatus and M. pennsyZvanicus 

were the second and third most abundant species, 

respectively, in the Athabasca area. 

3.2.1.3 Summary: population changes. The results of both the 

live-trapping and snap-trapping programs generally indicated the 

same seasonal and yearly trends in population numbers. CZet7u'ionomys 

. gapperi was the most abundant spec i es inmost mature forested areas, 

whereas M. pennsyZvanicus was most abundant in willow scrub and 

in the two naturally revegetating areas. Peromyscus manicuZatus 

did not occur in either the willow or tamarack areas and was only 

moderately abundant in the remaining habitats. 

CZethrionomys gapperi populations generally declined from 

higher numbers of animals in 1978 to lower numbers of animals in 1979. 

Most populations of C. gapperi increased rapidly in July and August, 

reaching peak numbers in late September and October. Snap-trap 

indices of abundance suggested that peak numbers were reached in 

October and November. All populations declined over winter~ 
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Miarotus pennsylvaniaus were abundant in some areas in 1978 
but declined in numbers over winter and throughout most Of 1979. 
In 1978, M. pennsylvaniaus populations increased rapidly in late July 

and August, reaching peak numbers in late August and September. In 

1979, some M. pennsylvaniaus populations declined steadily throughout 

the summer and fall. Most populations, however, remained at low 

numbers tnroughout the same period. 

Peromysaus maniaulatus populations showed little change in 

peak numbers between 1978 and 1979. Most populations began to increase 

in numbers in July and reached peak numbers in August. 

3.3 SURVIVAL AND RECRUITMENT 

Changes in the numbers of small rodents within a habitat 

are a result of population losses (mortality and emigration) and 

recruitment (births and immigration). Survival and recruitment rates 

Were calculated for each species as a means of assessing the magni­

tude of population losses and recruitment. Minimum survival rates 

were calculated as the proportion of animals caught in a trapping 

period t + 1 (or later on the same grid) that were also caught in 

trapping period t. Recruitment rates for each grid were calculated, 

as the proportion of the MNA that were newly tagged on each grid 

during that trapping period. The trapping season in each year was 

divided into two seasons, summer (1 July to 20 September 1978 and 

16 May to 20 September 1979) and fall (21 September to 9 November 

1978 and 21 September to 9 November 1979), and seasonal survival 

and recruitment estimates were calculated for each species. Because 

survival and recruitment estimates for each trapping period are 

ratio estimates and are not independent (i.e., the same animal may 

occur in two or more samples), it is not appropriate to compare seasons 

using arithmetic means. Seasonal comparisons therefore were made 

using multiple regression analyses (MRA) with 'dummy' variables 

(Johnston 1972) according to the methods described by Fairbairn 

(1977a) • 
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The following regression model was constructed to estimate 

seasonal survival rates (a similar analysis was used to estimate 

Seasonal recruitment rates): 

seasonal 

survival rate = + Ba (S2) 

+ B9 (G2 S2) + B1 0 (G 3SZ) + 

where B. is the standardized regression coefficient, G. is the 
~ ~ 

'dummy' variable for study areas, and S2 is the 'dummy' variable for 

the fall period. The terms in the first, second, and third rows of 

the equation account for effects of study area, season, and season x 

study area interactions, respectively. Survival estimates were 

tested for autocorrelation and, where such correlation was found, 

survival estimates were transformed according to the following 

equation to correct for this: 

x t = xt - aX t _1 
where a is the autocorrelation coefficient and x is the survival 

estimate (Fairbairn 1977). The MRA then was performed on the trans­

formed data. Effects of study area (= habitat type) and season on 

survival estimates were evaluated by analysis of variance at specific 

stages of the stepwise multiple regression (Nie et ale 1975). No 

inter-year comparisons of survival rates were made because of the 

difference in the frequency of trapp i ng per i ods (14 days between 

trapping periods in 1978 and 21 days between trapping periods in 1979). 

3.3. 1 s~as6~al Survival Rates 

Survival rates of C. gappe~i increased between the summer 

and fall periods of 1978 (F = 9.67; 1,62 df; 0.01 > P > 0.001) but 

declined between the summer and fall periods of 1979 (F = 5.20; 1,63 df; 

0.05 > P > 0.01) (Figure 12). In contrast, comparisons of seasonal 

survival rates among habitats indicated that differences associated 

with habitat were not significant in either year (summer 1978: F= 1.71; 

7,24 df; P = 0.15; fall 1978: F = 1.31; 7,24 df; P = 0.29; summer 1979: 

F = 0.32; 7,40 df; P = 0.94; fall 1979: F = 2.32; 7,16 df; P = 0.08). 

However, the tendency for survival rates to differ among habitats 
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during the fall 1979 suggests that animals on the Black Spruce and 

Tamarack study areas did not survive as well as animals in other 

habitats. In contrast, survival rates of animals on the Balsam Poplar 

study area were consistently above average during the summer and fall 

periods of both years. 

Seasonal survival rates of M. pennsyZvanicus did not change 

significantly with season in either 1978 or 1979 (1978: F 3.90; 

1,62 df;O.IO > P > 0.05; 1979: F = 3.31; 1,63 df; 0.10 > P > 0.05) 

(Figure 13). Seasonal survival rates also did not differ among 

habitats except during the summer of 1979 (summer 1978: F = 0.91; 

7,24 df; P = 0.52; fall 1978: F = 0.31; 7,24 df; P = 0.94; summer 1979: 

F = 3.58; 7,40 df; P = 0.004; fall 1979: F = 1.23; 7,16 df; P = 0.34). 

During the summer of 1979, M. pennsyZvanicus on the Jack Pine study 

area survived less well than animals in any other habitat--no 

M. pennsyZvanieus survived throughout the summer period of 1979 

(Figure 13). Similarly, no M. pennsyZvanicus on the Jack Pine area 

survived throughout the fall 1979 period. Survival rates of M. pennsyZ­

vanieus in willow shrub habitats, however, were consistently above 

average in all seasons. 

Seasonal survival rates of P. manicuZatu8 did not differ 

significantly between the summer and fall periods of 1978 (F = 0.009; 

1,46 df; 0.75 > P > 0.50) but declined between the summer and fall 

periods of 1979 (F = 14.62; 1,47 df; 0.001 > P) (Figure 14). Within 

each season, survival rates ofP. manicuZatus generally did not vary 

with habitat (summer 1978: F = 0.20; 5,18 df; P = 0.(36; fall 1978: 

F = 1.47; 5,18 df; F = 0.25; summer 1979: F = 2.15; 5,30 df; P = 0.09; 

fall 1979: F= 1.03; 5,12 df; P = 0.44), although the tendency for 

survival rates to differ among the major plant communities during 

the summer 1979 suggests that P. maniculatus survived less well in 

jack pine forests than in any other habitat. In contrast, seasonal 

survival rates of animals in halsam poplar and young successional 

(i.e., Thickwood Cutline study area) habitats were consistently above 

average during both the summer and fall periods of 1978 and 1979. 
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3.3.2 Seasona 1 Recru itment Ra tes 

Seasonal recruitment rates of C. gapperi declined signifi­

cantly between the summer and fall periods of 1978 (F = 42.08; 1,62 df; 

0.001 > p) but did not differ significantly between the summer and 

fall periods of 1979 (F = 2.40; 1,63 df; 0.25 > P >0.10) {Figure IS}. 

Within each season, recruitment rates varied widely a'mong the eight 

study a.reasbut overall recruitment ratesdid not vary significantly 

with habitat {summer 1978: F = 0.81; 7,24 df; P = 0.59; fall 1978: 

F = 1.02; 7,24 df; P = 0.44; summer 1979: F = 0.68; 7,40 df; P = 0.69; 

fall 1979: F = 0.42;7,16 df; P =0.88}. 

In 1978 and 1979, recruitment rates of M. pennsyZvanicus 

decreased between the summer and fall periods--however, this reduction 

was significant only in 1978 {1978: F = 5.43; 1~62 df; 0 . 65 > P > 0.01; 

1979: F = 1.05; 1,63 df; 0.50 > P > 0.25} (Figure ' 16). None of the 

differences in recruitment rates associated with habitat types within 

each season were significant (summer 1978: F = 1.56; 7,24 df; P = O~ 19; 

fall 1978: F =1.79; 7,24 df; P = 0.14; summer 1979: F = 0.64; 7,4,6 df; 

P = 0.72; fall 1979: F = 0.51; 6,17 df; P = 0.80), although the tendency 

for recruitment rates of M. pennsyZvanicus on the Popiar Creek cutl ine 

area duri ng the sUlmler and fa 11 1978 to be above av:erage suggests that 

recruitment to this population was higher than in any other habitat. 

Seasonal recru i tment ra tes of P. manicuZat:us generall y 

were moderate to high during the summer and were quite low during 

the fall (Figure l7}--reductions in recruitment rates between the 

summer and fall periods were significant in both years (1978: F = 18.14; 

'1,46 df; 0.001> P; 1979: F = 6.71; 1,47 df; 0.05> P> 0.01). Within 

each season, recruitment rates generally did not differ signifiCantly 

among habitats except during the fall 1979 (summer 1978: F = 1.34; 

5,18 df; P = 0.29; fall 1978: F = 1.38; 5,18 df; P = 0.28; summer 1979: 

F = 0.31; 5,30 df; P = 0.90; fall 1979: F = 3.45; 5,12 df; P= 0.04). 

No animals recruited to-the Jack Pine or Black Spruce study areas during 

the fall 1979, whereas recruitment rates on the Pqplar Creek cutline 

area were greater than in any other area. 
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3.4 POPULATION STRUCTURE 

Changes in the age structure ~r Sex ratio of small rodent' 

population can affect reproductive rates and consequently intrinsic., 

rates of increase (Cole 1954; Wilson 1975). For example, increasing 

populations commonly are ,characterized by a, predom'inance of younger 

age classes while stable or declining populations are not (Krebs 1978). 

Populations with a predominance of females may also have higher repro­

ductive rates than populations with a predominance of· males (Williams 

1966). Because no reliable techniques are available to accurately age 

live cricetid rodents from wild populations, age structures were not 

considered in this study. Sex ratios, expressed ast~e proportion 

of animals captured ohe or m~re times that w~re males, were calculated 

for the three major small rodent species during the summer, (1 July to 

20 September 1978 and 16 May to 20 September 1979) and fall 

(21 September to 9 November 1978 and 21 September to 9 November 1979) 

periods. 

Sex ratios of ,C. gapperi in 1978 ahd'1979 did not differ 

Significantly from 0.5 (chi-square analysis with Yates correction for 

continuity) on any of the eight study areas during the summer or 

fall periods (Table 4). However, females were consistently more 

abundant on the Jack Pine, Balsam Poplar, arlcLBlack Spruce study areas 

throughout 1978 and 1979. 

Sex ratios o~ M. pennsyZvaniaus on each of the eight study 

areas also did not differ significantly from 0.5 during the summer or 

fall periods of either year (Table 4). Populations on the Poplar 

Creek Cutline, Aspen, and Black Spruce study areas, however, generally 

consisted of more females than males. 

Sex ratios of P. maniauZatus did not differ significantly 

from 0.5 on any of the six study areas (no P. manicuZatus were captured 

on the Willow or Tamarack areas). However, males were consistently 

more abundant on the Aspen and Balsam study areas, whereas females 

were consistently more abundant on the Poplar Creek Cutline study 

area. 

Sex ratios, expressed as the proportion of the total number 

of animals captured that were male, were also calculated for 



Table 4. Seasonal sex ratios of small rodents on live-trapping areas. (Sex ratios are expressed as 
the proportion of animals captured one or more times that were males.) 

Poplar 
Jack Balsam Creek Black Thickwood 

Aspen pine Wi Ilow Poplar Cutline Spruce Cutl ine Tamarack 
----

Species Season Ra N R N R N R N R N R N R N R N 

C. gappel'i summer 1978 0.56 73 0.57 28 0.75 28 n.57 159 0.46 93 0.64 47 0.64 47 0.59 75 
fall 1978 0.49 84 0.55 ~2 o.M ~7 0.54 127 0.43 ~6 0.60 56 0.62 34 0.48 90 
summer 1979 0.54 105 0.6~ 66 0.56 32 0.56 100 0.46 26 0.57 5a 0.35 31 O.GI 83 
fall 1979 0.39 38 0.67 18 0.4/1 18 0.54 41 0.56 9 0.6~ 14 0.25 8 0.69 26 

M. pemwy ZVard(JUs summer 1978 0.56 16 0.55 38 0.55 104 0.57 21 0.55 151 0.64 87 0.5~ 100 0.50 122 
fa II 1978 0.55 II 0.54 13 0.~8 73 0.43 7 0.56 166 0.60 55 0.49 70 0.~2 66 
SUPJ1ler 1979 0.50 14 1.00 2 0.51 53 0. /19 39 0.56 89 0.50 22 0.45 103 0.51 59 
fall 1979 0.00 I 0 0.71 I~ 0.38 13 0.73 30 0.00 I 0.62 13 0.50 12 

P. T1a1tieulatus summer 1978 0.40 30 0.30 10 0 0.45 55 0.80 20 0.80 5 0.59 ~6 0 
fa II 1973 0.48 21 O.~O 5 0 o.~o 30 0.64 25 0.60 5 0.56 34 0 
summer 1979 0.~2 26 1.00 2 0 0.45 100' 0.5~ 26 0.50 2 0.46 63 0 
fal I 1979 0.36 II 0 0 0.42 31 0.67 6 0 0.1t2 12 0 

a Sex ratio. 

_¢ 

J=-
0 



41 

c. gappe:t>i~ M. penn8ylvanicu8~ and P. maniculatu8 captwred in each ,~ 

major forest cover type during snap trap censuses in July to 

October 1978 and May to November 1979 (Table 5). Sex ratios of these 

species did not differ significantly from 0.5 in any major forest cover 

type. 

3.5 REPRODUCTION 

Assuming that habitat selection is related to reproductive 

success, one of the better measures of habitat quality would he the 

mean number of young within each litter that survives to breeding age. 

Because of the difficulty in obtaining such ~ me~sure in free-rangin~ 

populations of small rodents, three indices of reproductive success 

and reproductive activity were used in this study: the proportions of 

animals in breeding cond1tion, pregnancy rates, and juvenile recruitment. 

3.5.1 Br~edin~ Activity 

Male animals captured on live-trapping plots were considered 

to be in breeding condition if their testeS wer'e fully or partially 

descended (scrotal). Females were considered to be in breeding condi­

tion if the vagina was perforate, if nipples were obviously swollen, 

or if the pubic symphysis was open. Indices of breeding activity, 

expressed as the proportion of mature males ~nd of mature females 

that were in breeding condition during the summer period of 1978 

(1 July to 20 September) and 1979 (16 May to 20 September), were deter­

mined for each species on each grid. Mature animals were defined as 

animals whose body Weights were greater than or equal to 10 g, 16 g, 

and 14 g for C. gappeY'i~ M. penn8ylvanicu8~ and P. maniculatu8, 

respectively; these weightS are based on an analysis of median weights 

at sexual matur'ity of animals captured during snap-trap censuses in 

1978 (Gre~n 1979b). Proportioris of mature male and female a~imals 

captured in each trapping p,eriod are summarized i.n Appendix 1].2, 

Tables 43 to 45. 

In 1978, breeding activity of both male and female C. gappeY'i 

differed significantly among habitats (Friedman's two-way ANOVA; 
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Table 5. Sex ratios of small rodents captured during snap-trap 
censuses in the Athabasca Basin. (Sex ratios, expressed 
as the proportion of the animals captured that were male, 
are shown for each of the major tree cover types.) 

1978 1979 

Sex Sex 
Species Cover Type a Ratio N Ratio N 

C. gapperi Aspen-white spruce 0.54 282 0.55 193 
Ba 1 sam pop 1 a r 0.50 28 0.57 61 
Black spruce 0.48 143 0.48 82 
Tamarack 0.67 24 0.]1 21 
Balsam fir 0.49 82 0.71 7 
Jack pine 0.00 4 1.00 '1 
Papeb birch 0.47 73 0.52 31 
Open 0.57 77 0.57 44 

M. pennsylvaniaus As pen-~"h i te spruce 0.42 43 0.63 8 
Balsam poplar 0 0.67 3 
Black spruce 0.58 12 0 
Tamarack 0.00 1 0 
Balsam fir 0.57 7 0 
Jack pine 0 0 
Papeb birch 0.83 6 1.00 1 
Open 0.51 45 0.46 13 

P. maniaulatu8 Aspen-white spruce 0.52 56 0.64 61 
Balsam poplar 0.50 12 0.50 32 
Black spruce 0.00 1 0.55 11 
Tamarack 0 0 
Balsam fir 0.67 15 0.50 2 
Jack pine 1.00 2 0 
Pape6 birch 0.67 18 0.57 21 
Open 0.41 17 0.71 28 

a Each animal was assigned to a cover type based on the dominant 
tree cover within 10 m of the trap location. 

b Inc 1 udes all where no trees were present within 10 m of captures 
the trap location. 
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males: X2 = 20.81; N = 6; K = 7; P = 0.004; females: X2 = 1].38; 
" . " r " .;'; , 

N r = 6; K = 7; P =. 0.015). Breeding activity of malesand ,f.emales 

on the Willow and Poplar Creek Cutline study areas and ofniallis on the 
; " 

Thickwood Cutl ine area were lower than in the remaining major habitats. 

In 1979, however, breeding activity did not differ among study areas 

(males: X2 = 4.96; N = 7; K = 7; P = 0.66; females: X2 = 5.85; 
r 

N = 7· K = 7; P = 0.56). 
r ' 

Breeding activity of male and female M.pennsyZvanicus 

did not differ significantly among habitats in 1978 (males: X2 = 7.63; 

Nr = 6; K.= 7; P = 0.37; females: X2 = 11.89; Nr = 6; K = 7; P 0.10) 

or in 1979 (males: X2 = 8.22; N = 7; K = 7; P = 0.31; females: 
r ' 

X2 = 4.27; Nr = 7; K= 7; P = 0.64). In 1978, however, breeding activ-

ity of mature femal e M. pennsyZvanicus on the Bal samPopl ar and 

Thickwood CutHne study areas tended to be higher than in other habitats. 

Breeding activity of P. manicuZatus also did not differ 

significantly among habitats in either 1978 (males: X2 = 1.95; N = 6; 
r 

K = 5; P = 0.86; females: X2 = 3.43; Nr = 6; K = 5; P = 0.63) or 1979 

(males: X2 = 8.74; N = 7; K = 5; P = 0.12; females: X2 = 2.66; 
r 

Nr = 7; K = 4; P = 0.62). 

Breed i ng act i vi ty of an ima 1 s captured during snap-trap 

censuses was also compared. Indices of breeding activity, as described 

above, were calculated for animals captured in eac~ of the major forest 

cover types during the summer of 1979 (July to August 1~78) and 1979 

(May to August 1979) (Table 6). 

Breeding activity of c. gapperi was highest in balsam fir, 

black spruce, and aspen-white spruce forests, whereas breeding activity 

was 1 imited in areas dominated by paper birch. Few breeding C. gap­

peri were captured in tamarack or jack pine habitats but sample sizes 

were small. 

Numbers of mature M. pennsyZvanicus were 1 imited in both 

years. Based on the small numbers captured, breeding activity was 

highest in habitats with no tree cover or areas dominated by Aspen­

white Spruce forest. Few breeding animals were captured in any 

other habitat. 

Because of the late initiation of trapping, few breeding 

P. manicuZatus were captured in 1978 . In 1979, breeding activity was 
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Table 6. Breeding activity of small rodents captured during snap-trap 
censuses in the Athabasca Basin. [Proportions of mature animals 
that were in breeding condition and numbers of mature animals 
captured during the summer of 1978 (July and August) and 1979 
(May to September) are i nd i cated for each of the maj or tree 
cover types.] 

1978 1979 

Hales Females Hales Females 

Cover Type a Prop. N Prop. N Prop. N Pr:op. N 

.~ gap?eri Aspen-white spruce 0.18 108 0.36 90 0.37 49 0.51 43 ~. 

Balsam poplar 0.00 2 0 0.22 27 0.42 19 
Black spruce 0.21 39 Q.24 34 0.64 25 0.53 36 
Tamarack 0·50 2 0 0 0 
Ba 1 sam fi r 0.57 7 0.50 4 1.00 5 1.00 2 
Jack pine C 1.00 1 0.00 1 0 
Pape,; bi rch 0.00 17 0.31 16 0.31 13 0.23 ! 3 
Open 0.03 29 0.13 16 0.20 15 0.46 13 

!d. pennsyZ.vanicus Aspen-white spruce 0.10 10 0.62 13 0.25 4 0,00 2 
Balsam poplar 0 0 0.00 2 1. 00 1 
Black spruce 0.00 3 0.00 2 0 0 
Tamarack 0 0 0 0 
Ba 1 sam fi r 0.00 1 0 0 0 
Jack pine 0 0 0 C 
Papeb birch 0.00 1 0.00 1 0.00 1 0 
Open 0.15 13 0.33 9 1.00 2 0.67 3 

P. .~c:n.i~ !at"'",a Aspen-white spruce 0.04 24 0.33 18 0.23 26 0.36 14 
Ba 1 sam pop 1 a r 0.00 2 0.01) 1 0.20 10 0.22 9 
Black spruce 0 0.00 1 0.75 :~ 0.50 2 
Tamarack 0 0 0 0 
Sa 1 sam fi r 0 0 1.00 I 0.00 I 
Jack pine 0.50 2 0 0 0 
Papet; bi rch 0.00 2 0.00 I 0.00 10 0.00 6 
Open 0.00 6 0.00 6 0.50 6 0.33 3 

a Each animal was assigned to a cover type based On the dominant tree cover withi~ 10 m of the trap 
location. 

b Includes all captures where no trees were present within 10 m of the trap location. 



highest in black spruce, open, aspen-white spruce, and .balsam poplar 

habitats. During both years, however, aspen-white spru<;e 'habitats 

appeared to more consistently support breeding at:1imalsthan any 

other hab i tat. 

Indices of breeding activity in live-trapping areas and from 

snap-trap censuses suggested that reproductive success of C. gapperi 

was highest in forested habitats as opposed to successional or shrub­

dominated habitats. Breeding activity of M. pennsyZvanicus was 

highest in successional or open habitats and in balsam poplar and 

aspen forests, whereas breed i ng act ivi ty of P. manicuZatus appeared 

to be most consistent in aspen-white spruce forests. 

3.5.2 Pregnancy Rates 

Pregnancy rates also are an important index of reproductive 

condition in polyestrous mammals such as microtine or cricetine rodents. 

Pregnancy rates, expressed as the proportion of mature female animals 

captured one or more times during the summer petiod of 1978 and 1979 

(Section 3.5.1) that were pregnant, were ca.lculated for each species 

On each area. 

Pregnancy rates of C. gapperi in 1978 were highest on the 

Thickwood Cutline and Jack Pine study areas and were moderately high 

on the Aspen, Balsam Poplar, and Black Spruce study areas (Tabl~ 7). 
In 1979, pregnancy rates were again high on the Jack Pine study area 

and were moderately high on the Black Spruce , Thickwood Cutl ine, and 

Aspen study areas. 

Pregnancy rates of M. pennsyZvanicus in 1978 were highest 

in balsam poplar, jack pine, and young successional habitats (i.e . , 

Thickwood cutline) and were moderately high on the Black Spruce, 

Aspen, and Willow study areas (Table 7). In 1979, pregnancy rates 

were highest in aspen habitats followed by young successional, balsam 

poplar, and tamarack communities. 

Pregnant P. manicuZatus were only captured in several habitats 

(Table 7). Pregnancy rates were highest on the Thickwood Cutline 

and Aspen study areas in 1978 and on the Poplar Creek Cutline, Balsam 

Poplar, and Aspen study areas in 1979 . 
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Table 7. Pregnancy rates of small rodents on live-trapping areas. 
(Rates are expressed as the proportion of mature females 
captured one or more times during the summer period that 
were pregnant.) . 

1978 1979 

Pregnancy Pregnancy 
Species Study Area Rate N Rate N 

C. garrel'i Aspen 0.31 16 0.19 47 
Jack pine 0.40 10 0.32 22 
Wi Ilow 0.17 6 0.07 14 
Balsam poplar 0. 30 47 0.12 43 
Poplar Creek cutl ine 0.16 31 O. IS 13 
Black spruce 0.30 10 0.27 22 
Thickwood cutl ine 0 . 50 8 0.25 20 
Tamarack O. \I 19 0. 06 31 

M. penrlsy~vanicu8 Aspen 0.50 2 0.60 5 
Jack pine 0.80 5 0 . 00 0 
Wi Ilow 0.44 16 0.19 21 
Balsam poplar 1.00 3 0.44 18 
Poplar Creek cutline 0.24 41 0 . 14 36 
Black spruce 0.53 19 0.13 8 
Thi ckwood cut line 0.74 23 0.55 51 
Tamarack 0.18 33 0.43 28 

P. marliCu~atu8 Aspen 0.14 7 0.21 14 
Jack pine 0.00 5 0.00 0 
Wi Ilow 0 0 
Balsam poplar 0.12 17 0.35 52 
Poplar Creek cutl ine 0.00 2 0.40 10 
Black spruce 0.00 I 0.00 I 
Thickwood cutl ine 0.30 10 0.19 32 
Tamarack 0 0 

\ 



47 

Pregnancy rates were also calculated for mature females 

captured in snap-trap censuses during the summer period of 1978 and 

1979 (Table 8). Pregnancy rates of C. gapperi and P. manicuZatus 

generally were highest in aspen-white spruce forest, whereas pregnancy 

rates of M. pennsyZvanicus appeared highest in both aspen-white spruce 

and open habitats (however; sample sizes in both years were small). 

Based on both 1 ive-trapping and snap-trapping information, 

pregnancy rates of C. gapperi were highest in jack pine, successional, 

and aspen-wh i te spruce hab itats. Pregnancy rates of M. pennsyZvanicus 

were also high in aspen-white spruce forests as well as insuccession~l 

habitats and in balsam poplar and jack pine forests. Pregnancy rates 

of P. manieuZatus generally were highest ,insuccessional habitats and 

in balsam poplar and aspen-white spruce forests. 

3.5.3 Juvenile Recruitment 

Juvenile recruitment rates, expressed as the number of new 

immature animals captured per mature breeding female during each 

trapping period, were used as a third index of reproductive success. 

Maturity was determined based on body weights described earl ier 

(Section 3.5.1). Juvenile recruitment rates for each species, sum-
~ 

marized in Appendix 11.2, Tables 46 to 48, were compared among habitats 

using Friedman's two-way ANOVA (Siegel 1956). 
Juvenile recruitment rates of C. gapperi tended to differ 

among habitats in 1978 (x2 =12.83; Nr = 4; K = 8; 0.10 > P > 0.05) but 

did not differ significantly among study areas in 1979 (X2 = 9.53; 
Nr = 6; K = 8; 0.30 > P > 0.20). Juvenile recruitment tended to be 

greater in ,balsam poplar and aspen communities than in any other habitat. 

Recruitment of juvenile M. pennsyZvanicus differed among study areas 

in 1978 (X2 ~ 11.15; N = 3; K = 8;' 0.02 > P ~ 0.01); juvenile recruitment r . 
rates were highest in willow shrub and jack pine forest communities. 

No Significant differences in juvenile recruitment were apparent in 

1979 (X2 = 5.58; Nr = 6; K = 7; 0.50 > P > 0.30). Too few juvenile and 

mature female P. manieuZatus were captured in 1978 to allow valid 

comparisons of juvenile recruitment. In 1979, recruitment rates of 

juvenile P. manicuZatus did not differ significantly among several of 
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Table 8. Pregnancy rates of small rodents captured during snap-trap 
censuses in the Athabasca Bas in. (Rates a re expressed as 
the proportion of mature females, captured one or more times 
during the summer period, that were pregnant.) 

1978 1979 

a Pregnancy Pregnancy 
Species Cover Type Rate N Rate N 

C. gapperi Aspen-white spruce 0.23 32 0.16 43 
Balsam poplar 0 O. 11 19 
Black spruce o. 18 8 0.06 36 
Tamarack 0 0 
Balsam fir 0.00 2 0.00 2 
Jack pine 1.00 1 a 
Papeb birch 0.25 5 0.08 13 
Open o. 13 2 o. 15 13 

M. pennsylvanicus Aspen-white spruce 0.38 13 0.00 2 
Balsam poplar a 0.00 1 
Black spruce 0.00 2 0 
Tamarack 0 0 
Balsam fir 0 0 
Jack pine 0 0 
Papel; birch 0.00 1 0 
Open 0.22 9 0.00 3 

P. maniculatus Aspen-white spruce 0.00 18 0.21 14 
Ba 1 sam pop 1 a r 0.00 1 0.00 9 
Black spruce 0.00 1 0.00 2 
Tamarack a a 
Balsam fir a 0.00 1 
Jack pine 0 a 
Paper birch 0.00 1 0.00 6 
Openb 0.00 6 0.00 3 

a 
Each animal was assigned to a cover type based on the dominant tree 

I . 

cover within 10 m of the trap location. 
b Includes all captures where no trees were present within 10 m of the 

trap location. 



the major hab i tats (suff i c Lent numbers of P. mcmicuZatus for va 1 i d 

comparisons were captured only on the Aspen, Balsam Poplar, Poplar 

Creek cutl ine, and Thickwood cutl ine study areas) (x2 = 2.75; 

Nr = 6; K = 4; 0.50 > P > 0.30). 

3.6 CONDITION 

Habitat use may partially reflect the ava~lability and · 

quality of food resources in an. area (Dyke 1971); In turn the qual ity 

and quantity of food resources may influence the 'condition' of animals 

from different habitats. Three indices of condition were used to 

assess differences in condition between habitats: instantaneous 

relative growth raites of animals On .live-trapping areas, Le 

Cren1s (1951) . index of condition, and an index of fat deposition of 

animals captured duri'1g snap-trap censuses. 

3.6. I Growth Rates 

Growth .rates have been used .as i nd ices of cond it ion of 

Microtus spp. andC. gappen (Krebs et al.1969; Krebs et al. 1973; 

Fuller 1977). For each species on each study area, weight changes 

over a 4 wk period were used to calculate regressJons of instan­

taneous relative growth rates versus body weights (Brody 1945). 

Animals that missed a trapping period or for which weights were not 

obtained within each 4 wk interval were not included in the .analysis· 

for that period. Mean instantaneous relative growth rates were ex­

pressed as the proportionate change per day for a standard 25 g mouse 

and are summarized in Appendix 11.2, Table . 49. Overall, there were 

no significant differences in growth rates between study areas 

[Friedman's two-way analysis of variance; C. gapperi (1978: x2 = 5.0; 

N = 5; K = 8; P >0.60; 1979: X2 = 7.6; N = 4; K = 8~ P > 0.35), · r r . 
M. pennsyZvanicus (1978: X2 = 5.0; Nr = 5; K = 7; P > 0.50; 1979: 

X2 = 4.0; N = 4; K = 6; P > 0.50), and P. manicuZatus (1978: x2 = 2.6; .. r 
N = 5; K = 5; P > 0.75; 1979:. x2 = 1.7; N = 4; K = 4; P > 0.60)J1• r r 

For each analysis, study areas wlth no growth rate values in more 
than 50% of the cells were deleted from the analysis. 
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3.6.2 Le Cren's Index of Condition 

Le Cren (1951) developed an index of relative condition 

based on the ratio of observed weight to weight predicted from body 

length. Condition factors of this type commonly have been employed 

in fish population studies. Krebs and Myers (1974) also have appl ied 

this index of condition to small rodent population studies. 

All body weight and body length data obtained for each 

species in 1978 and 1979 were pooled to calculate the body weight 

(V) - body length (X) regression for each species. Weights of preg­

nant females were corrected by subtracting the weight of the uterus 

and embryos from the total body weight. Predicted weights of indi­

vidual animals were then obtained from the regression. Mean con­

ditions of animals captured in each forest cover type (based on the 

dominant tree or shrub species at the site of capture) were then 

determined for each of the three major small rodent species in 1978 

and 1979. 
In 1978, condition indices of C. gappeY'i varied signifi­

cantl y wi th hab i tat types (one-way ANOVA; F = 6.45; 7,654 df; 

P < 0.001) (Table 9). ClethY'ionomys gappeY'i captured in areas domi­

nated by balsam fir or tamarack were in significantly better condi­

tion than animals captured in aspen or open cover types (Student­

Newman-Keul s mul ti pI e-compari sons test; P < 0.05). Animal strapped 

in balsam poplar, black spruce, jack pine, and willow shrub communities 

were in average condition. Condition indices of C. gappeY'i also varied 

significantly with forest cover types in 1979 (F = 3.41; 7,505 df; 

P < 0.001); C. gappeY'i captured in balsam fir habitats were again in 

better than average condition. 

Condition indices of M. pennsylvanicus varied sl ightly 

with forest cover types in 1978 (F = 1.66; 6,133 df; P = 0.14) but 

showed no significant trends with habitat in 1979 (F = 0.97; 3,25 df; 

P = 0.42) (Table 9). Mean indices of condition in 1978 suggested that 

animals captured in balsam fir cover types were in better condition 

than animals captured in other cover types. 
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Table 9. Mean indices of condition of animals captured in snap­
trap censuses. [Indices ' of conditlon areb~sed on Le 
Cren's (.1951) index of condition. t1eanindLces ' bf ' 
condition are indicated for each of the major habitat 

Species 

. types in the AOSERP study area, based on all ' an ima 1 s 
captured In that forest cover type. Mean conditJon 
indices ± 1 S.E. and sample sizes are shown.] 

1978 1979 

Forest Cover Mean Index ' Me~n Index 
Type of Condition N of Condition N 

C. gapperi Aspen + \~h i te spruce 0.98 ± 0.01 270 1.01 ± 0.01 198 
Jack pine 1. 08 ± 0.15 4 0.90 1 
\OJ i 11 ow + birch scrub 1.06 ± 0.03 28 0.94 ± 0.01 91 
Bal sam poplar 1.05± 0.03 28 1.00 ± 0.02 61 
Black spruce 1.02 ± 0.01 142 0.99 ± 0.01 90 
Tamarack 1.09 ± 0.02 24 0.92 ± 0.03 21 
Balsam f ir 1. 08 ± 0.01 82 1.05 ± 0.03 7 
Opena 0.99 ± 0.02 ...l2. 1.02± 0.02 44 

All habitats 1.01 ± 0.01 662 0 •. 99 ± O.OJ 513 

M. pennsy Zvaniaus Aspen + White spruce 0.99 ± 0.03 42 0.96 ± 0 .. 08 8 
Jack pine 0.76 1 0 
Willow + birch scrub 0.99 ± 0.03 34 0.99 ± 1).04 5 
Balsam poplar 0 1. 11± 0.06 3 
Black spruce 0.93 ± 0.03 12 0 
Tamarack 0.84 1 0 
Balsam fir 1. 11 ± 0.07 7 0 
Open a 1.01 ± 0.02 ~ . 0.98 ± 0.02 ....!l 
All habitats 0.99 , ± 0.01 140 0.39 ± 0.03 29 

P. maniauZatus Aspen + Wh I te spruce 0.97 ± 0.02 55 1.02 ± 0.02 60 
Jack pine 1.05 ± 0.05 2 0 
\~illow + birch scrub 1.00 ± 0.05 10 1.03± 0.05 7 
Balsam poplar 1.00 ±0.03 12 1. 02 ± 0.02 32 
Black spruce 0.76 1 1.08 ± 0.12 10 
Tamarack 0 0 
Balsam fir 1.03 ± 0.03 17 0.93 ± 0.20 2 
Opena . 0 . 91 ± 0.02 .....!l 0.97 ± 0.02 28 
All habitats 0.97 ± 0.01 112 1.01 ± 0.01 139 

a Open forest includes all cover captures where no trees were present wi thin 10m of the 
trap locat ion. 
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In 1978, condition indices of P. manicuZatus varied signifi­

cantly with habitat, whereas no significant relationships were apparent 

in 1979 (1978: F = 2.21; 6,105 df; P < .05; 1979: F = 0.93; 5,133 df; 

P = 0.47) (Table 9). Multiple comparisons of condition indices in 

1978, however, indicated that animals from no one specific habitat 

type were in significantly (p = 0.05) better condition than animals in 

other habitat types. 

3.6.3 Indices of Fat Deepsition 

Krebs (1964) used a fat index, based on the amount of fat 

deposited in the abdominal mesentery, to assess changes in the con­

dition of lemmings (Lemmu,s sibh"icus and Dicrostonyx torquatus) 

during a population cycle. An identical index (1 = no fat to 

5 = heavy fat deposits) was used in this study to compare conditions of 

of animals captured in each of the major forest cover types during 

snap-trap censuses. 

Fat indices of C. gapperi varied significantly with habitat 

in 1978 (Kruskal-Wallis <me-way ANOVA 1 : X2::: 52.04; 7 df; N = 769; 
P < 0.001). Animals captured in balsam poplar, balsam fir, and 

tamarack forest tended to have larger deposits of fat, whereas 

animals captured in jack pine forest had smaller deposits of fat 

than animals in other habitats (Table ]0). 

in amounts of fat deposition among habitats 

(X2 = 2.05; 7 df; N = 512; P = 0.96). 

No significant differences 

were apparent in 1979 

Fat indices of M. pennsyZvanlcus captured in each of the 

major forest types did not vary significantly in 1978 (X2 = 5.77; 7 df; 

N = 140; P = 0.33) or i~ 1979 (X 2 = 4.56; 7 df; N = 29; P = 0.21) 
(Table 10). 

Amounts of fat depo s ition in P. manicuZatus captured during 

snap-trap censuses also did not differ among habitats in 1978 
(X2 = 9.26; 7 df; N = 112; P ~ 0.16) but were significantly different 

in 1979 (XL = 19.89; 7 df; N = 141; P = 0.001). Peromyscus manicuta.tus 

captured in balsam fir fores t had larger deposits of fat than animals 

1 X2 values have been corrected for ties according to Siegel (1956). 
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Table lO~ Mean indices of fat deposition of animals captured. in 
snap-trap censuses •. (Mean indices of fat deposition 
are indicated for each of.themajor habitat types in 
the AOSERP study area, based on all animals captured 
in that forest cover type. Mean indices ± 1 S.E. and 
sample sizes are shown.) 

1978 1979 

Forest Cover Mean Fat Mean Fat 
Specili's Type Index N Index. N. 

C. gappel'i. Aspen + White spruce 2.08 ± 0.04 280 1.99 ± 0.03 198 
Jack pine 1.50±0.29 4 2.00 1 
Willow + birch scrub 2.28 ± 0.05 130 1.98· ± 0.04 90 
Balsam poplar 2.57 ± 0.13 28 ?03 ± 0.08 61 

·B I ack spruce 2.08 ± 0.05 144 1.97 ± 0.06 90 
Tamarack 2.46 ± 0.10 24 2.05 ± 0.05 21 

:Bal sam fl r 2.49 ± 0.07 82 1.86 ± 0.14 7 
Opena 2.17 ± 0.06 ..:u 2.05 ±0.09 44 

All habitats 2.19 ± 0.02 769 1.99 ± 0.02 512 

M. pennsyZvanietls Aspen + White spruce 2.35± 0.12 43 2.00 ± 0.19 8 
Jack pirie 2.00 I 0 
Willow + bi rch scrub 2.26 ± 0.10 34 2.00 ± 0.00 5 
Balsam poplar 0 1.33 ± 0.58. 3 
Black spruce 2:18 ± 0.12 II 0 
Tamarack 2.00 I 0 
Balsam fi r 2.5T± 0.20 7 0 
Open a 2.09 ± 0.10 ...!!1 1.8~ ± 0.10 -1l 
All habItats 2.24 ± 0.06 140 1.86 ± 0.88 29 

P. manioul.d.tuB Aspen + WhIte spruce 2.07 ± O. II 55 1.95 ± 0.07 61 
Jack pine 2.50 ± 0.50 2 0 
Willow + birch scrub 2.70 ± 0.26 10 2.00 ± 0.22 7 
Balsam poplar 2.42 ± O. IS 12 1. 97 ± 0.07 32 
Black spruce 2.00 I 1. 90 ± 0.28 II 
Tamarack 0 0 
Bals9m fir 2.27 ± 0.12 IS 4.00 ± 0.01 2 
Open 2.18 ± 0.13 -'1. 1. 79 ± 0.11 28 

All habitats 2.21 ± 0.07 112 1.95 ± 0.05 141 

a 
Open forest cover includes all captures where no trees were present within 10 m of the 
trap location. 
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in other forest cover types, whereas animals captured in open habitats 

tended to have the lowest fat indices of any groups sampled {Table 10}. 

3.7 DISCUSSION 

3.7.1 Population Tre~ds 

Population trends for the three major small rodent species 

in the AOSERP study area during the period of 1978 to 1979 indicate 

that C. gapperi and M. pennsyZvanicus populations declined between 

years, whereas numbers of P. manicuZatus changed 1 ittle over the 

course of the study. Two of these three species {C. gapperi and 

M. pennsyZvanicus} appear to undergo regular fluctuations in popula­

tiondensity [see Krebs and Myers {1974} for a review]. Because of 

the short duration of this study in relation to the longer term 

population cycles of C. gapperi and M. pennsyZvanicus, it is not 

possible to assess adequately the cyclic nature of population changes 

of these two species in the eight study areas. However, a four-year 

study of small rodent populations on reclamation sites in the vicinity 

of Fort McMurray {Radvanyi 1978; Michielsen and Radvanyi 1979} suggests 

that M. pennsyZvanicus populations in this region are cyclic and 

that peak population densities were attained in 1978. Indices of 

abundance on live-trapping and snap-trapping areas of this study are 

in agreement with these results--most M. pennsyZvanious populations 

reached peak densities in 1978 and underwent rapid declines between 

1978 and 1979. 

Peromyscus manicuZatus populations, however, may undergo 

only an annual cycle in numbers (Fuller 1969; Petticrew and Sadl ier 

1974). Densities of mice typically increase gradually throughout the 

late spring and summer period, reaching peak numbers shortly after the 

cessation of breeding when recruitment of juveniles to the population 

is high {Verts 1957; Petticrew and Sadl ier 1974; Fairbairn 1977a, 

1978; Sullivan 1979a}. Numbers slowly decline throughout the 

non-breeding period {Petticrew and Sadlier 1974; Fairbairn 1977a}, 

although stress associated with cold fall periods with little snow 

cover, long, cold winters, and spring meltoff may increase winter 
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mortality in more temperate areas. Population densities are typi­

cally low at the onset of breeding in the spring and may decline 

further depending on the density of the overwintered breeding popula­

tion (Sadl ier 1965; Fairbairn 1977a, 1977b). 

Annual cycles such as these were observed in P. maniculatus 

popu 1 at ions on the Aspen, Jack Pine, Black Spruce, and Poplar Creek 

study areas in 1978 and on the Aspen study area in 1979. Snap-trap 

indices of P. manicuZatus abundance in the Athabasca Basin also 

suggested that numbers of this species increased throughout th~ 

SUfilmer and reached peak densities in the early fall of each year. 

Numbers of P. maniculatus on the Balsam Poplar and Thickwood Cutline 

st:Jdy areas, however, remained almost constant throughout the dura-

t ion of th is study. The poor def i nit i on of these annual cyc1 es on 

almost all study areas in 1979 and the constancy of pqpulations on 

the Balsam Poplar and Thickwood Cut1 ine study areas indicate that 

annual cycles in numbers are not a phenomenon common to all popula­

tions in all years. Such differences between the study areas further 

suggest that annual cycles in population size may be influenced by 

hab i tat. 

3.7.2 Population Characteristics and Habitat Quality 

Higher quality habitats should be associated with larger 

population sizes (Hodgson 1972; Pollard and Relton 1973; Richens 

1974; Douglass 1976a; Krebs and Wingate 1976) and high reproductive 

success (Krebs 1978). Demograph Ie parameters, measured in th is study, 

that are associated most strongly with reproductive success include: 

1. High survival rates; 

2. High recruitment (recruitment of young born on the 

area plus immigration); 

3. An equal number of males and females in the population 

or a tendency towards a surplus of females in the 

popu 1 at ion; 

4. Moderate to high numbers of mature (breeding) animals 

during periods of increase; 
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5. A longer breeding season; 

6. High pregnancy rates; 

7. High juvenile recruitment to the trappable population; 

and 

8. Better nutritional condition. 

However, because some demographic variables are known to 

vary with cycl ic fluctuations in small rodent populations, indices 

of habitat quality which are based on demographic variables must be 

used with some caution. For example, increased lengths of breeding 

seasons, an older age at sexual maturity, high adult and low juvenile 

survival, high growth rates, larger body weights, and high rates of 

dispersal all have been associated with increasing small rodent popu­

lations [see Krebs and Myers (1974) for a reviewl. Other variables 

such as 1 itter size, pregnancy rates, and sex ratios appear to be 

less sensitive to cyclic changes in population densities. Consequently, 

conpar isons between sma 11 rodent popul at ions wi th asynchronous popu­

lation fluctuations may incorrectly attribute cyclic changes in SOme 

demographic parameters to differences among habitats. To minimize 

such errors, comparisons were made only among synchronously fluctu­

ating populations of small rodents. 

3.7.2.1 Characteristics of C. gapperi populations and habitat type. 

The numbers of C. gapperi on each 1 ive-trapping area, as well as the 

numbers of C. gapperi captured during snap-trap censuses in the 

Athabasca valle~declined between 1978 and 1979 suggesting that 

population fluctuations in this species were synchronous throughout 

the region. Consequently, comparisons of demographic parameters in 

each community should reflect differences associated with habitat as 

opposed to differences associated with asynchronous population , 

changes. 

Habitat affinities of small rodents in other boreal forest 

communities suggest that seasonal variations in habitat availability 

and habitat use by small rodents as well as peak population numbers 

are important indices of habitat quality (Douglass 1976a). Popula­

tion trends offer a means of assessing both the size and stability 
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of small rodent populations in different habitats. In this study, 

C. gapperi were present ina 11 hab i tat types dU,r i ng both' yea rs of 

the study but the number of animals present and the stability of 

populations in each habitat differed (Table 11). In 1978, all areas 

supported moderate to large populati9ns and all populations 

increased throughout the summer period and early fall. In contrast, 

only populations on the Aspen, Jack Pine, Balsam Poplar, and 

Tamarack study areas in 1979 increased during the summer and main­

tained moderate densities. Overall, this suggests that most mature 

forested areas (with the exception of black spruc;e forest cover)' 

were more optimal habitats for C. gappen, whereas successional 

areas, willow-birch scrub, and black spruce forest were marginal. 

Seasonal survival rates and recruitment rates offer another 

means of assessing population stability. Survival rates reflect the 

loss of animals from a population as a result of mortality and 

emigration, whereas recruitment rates reflect the assimilation of 

new animals into the trappable population through' recruitment of 

animals born on the area al1d immigration. The individual components 

of survival and recruitment rates, however, are difficult, if not 

impossible, to measure under field conditions. 

Fa.irbairn (19,na) suggested a means of evaluating the 

relative importance of each of these components. Assuming that 

increased emigration reflects increased movements of animals in the 

surrounding population, as well as in the study population, then 

high rates of emigration should be associated with high rates of 

immigration. Increased movements (dispersal) of animals, as a result, 

should be characterized by decreased survival, and increased 

recruitment. Conversely, limited dispersal of ~nimals should be 

characterized by increased survival and decreased recruitment. 

Other combinations such as low survival rates and poor recruitment 

rates likely reflect increased mortality, whereas high rates of 

survival and recruitment probably are associated with in situ 

nata Ii ty. 

Comparisons of seasonal survival and recruitment rates on 

each area (Table 11) indicate that dispersal rates of C. gappen 



Table 11. Characteristics of C. gapperi populations on the eight study areas (July to November 1978 and 
May to November 1979). 

Characteristics 

Population trends 

Peak MNA: 1978 
1979 

Sex ratio 

Aspen 

- moderate decline between 
1978 and 1979; increased 
annually to Sept.; de­
cI ined to Oct. 

67 
38 

- equal 

Breeding: Mature males - average 
Mature females - average 

Pregnancy rates - noderately high 

Juvenile recruitment - above average 
Condi t ion a 

- moderate to low 
Seasonal survival: 

SUII",er - average 
Fall - average 

Seasonal Recruitment: 
Sun.ner - average 

Fa II - average 

Oispersal Index 
Sun""er - low 

Fa II - low 

Jack pine 

- slight decline between 1978 
and 1979; gradual increase 
throughout SUllVner in both 
years 

29 
22 

- females more abundant 

- average 
- average 

- high 

- average 

- n~derate to low 

- average 
- above average in 1978; 

average in 1979 

- below average in 1978; 
average In 1979 

- below average in 1978; 
average in 1979 

limited dispersal in 1978; 
low in 1979 
I.imited dispersal in 1978; 
low in 1979 

Wi Ilow 

- moderate decl ine between 
1978 and 1979; noderate in­
crease dur ing SUIlVller and 
fall 1978. slow increase to 
Oct. in 1979 

39 
18 

- equal 

- low 
low 

- low 

- average 

- lIoderate 

- average 
- average 

- above average 

above average 

n~derate dispersal 

lIoderate d i spersa I 

B .. lsam Poplar 

- large decline between 1978 
and 1979; increased annually 
to Sept., slight decline in 
Dc t. and Nov. 

9S 
1t3 

- females more abundant 

- average 
- average 

- moderately high 

- above average 

- good 

- slightly above average 
slightly above average 

- b..Jow average 

- below average 

I illoi ted d i spersa I 

limited dispersal 

cont inued ••• 

V1 
00 



Table 11. Concluded. 

Characted st ics 

Popu lat ion tnmds 

Peak M~A: 1978 
1979 

Sex Ratio 

Black Spruce 

- moderate decline between 
1978 and 1979: gradual 
increase to Oct. 1978; 
low numbers and gradual 
decline in 1979 

It! 
21 

- females more abundant 

Breeding: ~ature n~les - average 
Mature females - average 

Pregnancy rates 

Juven i Ie recru i tment 

Conditionsa 

Seasonal Survival: 
SUllwner 

Fa II 

Seasona I Rec ru i tmen t : 
Summer 

Fa II 

Dispersal Index 
S~_r 

Fall 

- moderately high 

- average 

- moderate 

- above average in 1978; 
average in 1979 

- above average in 1978; 
below average in 1979 

- below average 

- below average 

- limited dispersal 
limited dispersal 

Tamarack 

- marked dec! i ne between 1978 
and 1979; rapid increase to 
Oct. 1978; small increase in 
Aug. and Sept. 1979 

70 
31t 

- equal 

- average 
- average 

- low 

- average 

- good 

- average 

- average in 1978; below 
average in 1979 

- average 

- average in 1978; above 
average in 1979 

- low 
- low in 1978; high 

dispersal in 1979 

a Based on comparisons of snap-trapping and live-trapping indices of condition. 

~.Qbilg=;&i;;U@:ztZJ! 12 ;;am 

Poplar Creek cutline 

- large decline between 1978 
and 1979: moderate numbers in 
summer and fall 1978: very 
low numbers in 1979 

52 
12 

- equal 

- low 
- low 

- low 

- average 

- low 

- poorer than average 

- poorer than average 

_. above average 

above average 

- high dispersal 
high dispersal 

Thickwood culline 

- slight dec! ine between 1978 
and 1979; n~derale numbers 
throughout most of 1978: 
very gradual decline in 
1979 
28 
13 

- equal 

- low 
- average 

- moderate 

- average 

- moderate 

- average 

- average 

Slightly above average in 
1978: below average in 1979 
slightly above average in 
1978; below average in 1979 

- moderate dispersal 
moderate di.spersal in 1978: 
I imi ted dispersal in 1979 

V1 
\.0 
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populations in successional or shrub-dominated habitats (i.e., the 

Poplar Creek Cutline, Thickwood Cutline, and Willow study areas) 

were moderate to high in both years of the study, whereas dispersal 

was limited in all forest cover types. Clethrionomys gapperi popula­

tions in successional or shrub-dominated areas, as a result, appear 

to be more transient than those in mature forested areas, suggesting 

that mature forested areas are higher qual ity habitat types than 

successional and shrub-dominated areas. 

Indices of reproductive success for C. gapperi populations 

on each of the eight study areas similarly indicated that most 

mature forest communities were moderate to high quality habitats for 

this species; reproductive success of animals in mature forest habi­

tats appeared to be higher than that of animals in successional or 

shrub-dominated communities. Pregnancy rates and breeding activity 

of animals in willow and successional habitats were low, whereas 

populations in most forested communities were characterized by 

moderate to high breeding activity, moderate to high pregnancy rates, 

and average to above-average juven ile recruitment. 

Differences in vegetation among the eight study areas also 

may have influenced the quality and availability of food on each 

area and, in turn, influenced the nutritional condition of small 

rodents. Because nutrition can affect reproductive activity, parti­

cularly the length of the breeding season (Batzl i and Pitelka 1971; 
Evans 1973; Cengel et al. 1978; Cole and Batzl i 1978; Taitt 1978), 
indices of condition should offer another means of evaluating habitat 

quality. Based On the three indices of condition used in this study 

(growth rates, Le Cren1s index of condition, and fat deposition), 

C. gapperi in balsam poplar and tamarack habitats were in better 

condition than animals in the other major forest cover types. In 

contrast, C. gapperi in older successional areas and in aspen or 

jack pine forests were in poor condition. 

When all characteristics of C. gapperi populations are 

considered, several habitats appear to be consistently better than 

others. Animals captured in areas dominated by balsam poplar, tamarack, 

or balsam fir forest cover commonly exhibited characteristics associated 
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with popu 1 at ions in near-opt imal hab i tats; populat ion numbers were 

moderate to high and remained relatively stable, sur-viva,l rates were 
, ' 

average to good, ,dispersal from these habitats was low, ,reproductIve 

success (as measured by several reproductive characteristics) was 

moderate to high, and nutritional conditions were moderate to high. 

Conversely,habitats dominated by willow-birch shrub or successional 

cover appeared to be marginal habitats for this species; populations 

numbers were low and variable, survival was average to poor, disp'ersal 

from these habitats was high, reproductive success was limited, and 

nutritional conditions were generally moderate to poor. Jack pine, 

aspen,and black spruce forest cover types appeared to be moderately 

suitable habitats forC. gapperi. 

3.7.2.2 'ChC!tacteristics of M. pennsylvanicuspopulatio~s and 

'habitat 'type. Snap-trap indices of M. pennsylvanicus abundance and 

peak numbers of this vole on seven of the eight live-trapping areas 

declined between 1978 and 1979 (Table 12). In contrast, the balsam 

poplar populatlon increased Slightly. Because these population 

changes appeared asynchronous with populations in other areas, the, 

balsam poplar popUlation was not included in further comparisons of 

population characteristics among habitats. 

Differences in the peak pO,pulation sizes and population 

trends of M. pennsylvanicuspopulations on the seven study areas 

suggest that populations differed among habitats (Table 12). 

Microtus pennsylvanicus were present on all study areas throughout 

both years of study but were most abundant on the Willow, Tamarack, 

Poplar Creek Cutline, and Thickwood Cutline study areas. Moderate to 

high population sizes were most consistent in willow or tamarack 

communities. In contrast, aspen and jack pine forest communities 

supported very few M.pennsylvanicus in either year. Willow shrub, 

tamarack forest, and successional communities were most suitable ,for 

M. pennsylvanicus, whereas aspen and jack pine forests were poor 

quality habitats for this specles. 

As previously de'scribed for C., gapperi populations, indices 

of dispersal based on comparisons of seasonal survival rates and 



Table 12. Characteristics of M. pennsyZvanious populations on the eight study areas (July to November 1978 
and May to November 1979). 

Characteristic Aspen Jack pine 

Population· trends - very low nuuQers In 1978 and -
1979 

moderately large decline be­
tween 1978 and 1979;s.llght·· 
increase to Sept. 1978. 

Peak MNA: '978 
'979 

Sex ratios 

Breeding: 
Mature males 
Mature females 

12 
6 

- females more abundant 

- average 
- average 

Pregnancy rates - high 

Juveniie recruitment - low 
a Condition - above average 

Seasonal Survival: 
Summer 
Fall 

Seasona', Recru I tment: 
Summer 

Fall 

Dispersal Index: 
SUlllller 
Fall 

- average 
- average In 1978; below 

average In 1979 

- below average In 1978; 
average In 1979 

- abOve average In 1978; 
below in 1979 

- limited dispersal 
- moderate dispersal in 1978; 

limited in 1979 (increased 
mortal I ty) 

very low numbers In 1979 

18 
I 

- equal 

- average 
- average 

- moderately high 

- high 

- average 

- below average 
-. below average 

-average in 1978; below 
average in 1979 

- below average in 1978; above 
in 1979 

- limited dispersal (mortality) 
I imited dispersal In 1978 
(mortality); high In 1979 
(emigration) 

Willow 

- moderately large decline be­
tween 1978 and 1979. increase 
to peak In late Sept. 1979; 
slight Increase in. July 1979 

57 
22 

- equal 

- average 
- average 

- moderate 

- high 

- above average 

- average to above average 
- above average 

- below average 

- below average In 1978; 
above in 1979 

- limited dispersal 
I imi ted dispersal 

Balsam poplar 

- slight increase in 1978 
and 1979; very low numbers 
in both years 

8 
15 

- equal 

- average 
- above average 

- high 

- low 

- average 

- below average 
- above average 

- average In 1978; above 
average in 1979 

- below average In 1978;· 
above in 1979 

- moderate to high dispersal 
- limited dispersal 

cont i nued ••• 

~ 
N 



Table 12. Concluded. 

Characteristic 

Population trends 

Peak MNA: 1978 
1979 

Sex ratios 

Breeding: 
Mature males 
Mature females 

Pregnancy rates 

Juvenile recrui'tlilent 

Conditlona 

Seasonal Survival: 
SUlllller 

Fall 

Seasona I Recrui tment: 
SUlliller 

Fall 

u i spersa 1 Index 
Sun,"er 

Fall 

Black Spruce 

- sharp decline between 1978 
and 1979; increased rapidly 
to moderate-high numbers in 
late Aug. 1978; gradual 
decl Ine to NOli. 1979 

62 
It 

- females more abundant 

- average 
- average 

- moderate 

- moderate 

- average 

- average 

- above average in 1978; 
below in 1979 

- average 

- below average In 1978; 
above in 1979 

Talnarack 

- sharp decl ine between 1978 
and 1979; Increased to 
moderately high numbers in 
late Aug. 1979 then de-
cl ined to Nov.; gradual 
decline throughout 1979 

79 
33 

- equal 

- average 
- average 

- moderate 

- moderate 

- average 

- above average 

- average 

- average in 1978; below 
In 1979 

- average 

I llIli led dispersal - I imi ted.·dlspersal 

increa:;ed PlOrtallty in 1978 - I iud ted dispersal 
high dispersal in 1979 
(emlgrat ion) 

a Based on comparisons of snap-trapping and live-trapping indices of condl tion. 

Poplar Creek cutllne 

- sharp decline between 1978 
and 1979; rapid increase to 
high numbers to late Sept. 
followed by rapid deCline in 
fall 1978; Increase to mid­
Sept.. 1979; then decl ined ~ 

102 
32 

- females more abundant 

- average 
- average 

- low 

- moderate to low 

- above average 

below average In 
above in 1979 

- average In 1978; 
1979 

1~78; 
arove In 

above average in 1978; 
average In 1979 

- above average In 1978; 
below In 1979 

high dispersal in1978; 
I imited dispersal in 1979 
lIloder.ate disp~rsal in J978; 
limited dispersal In 1979 

Thlckwood cutline 

- moderate decline btltween 1978 
and 1979; increa~ed to high 
numbers In mid-Sept. then 
declined to Nov.; gradual 
decline throughout 1979 

73 
52 

- equal 

- average 
- above average 

- high 

- moderate to low 

- above average 

- above average 

- average 

- average in 1978; below 
in 1979 

- average in 1978; above 
in 1979 

I 1m i ted d Ispersa 1 

limited dispersal .in 1978; 
moderate dispers ... 1 in 1979 
(emi yral ion) 

'" W 
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recruitment are also useful in assessing the stabil ity of small 

rodent populations. Dispersal from most M. pennsyZvanicus popula­

tions was low during the summer periods of 1978 and 1979 (Table 12). 

The only exception was the Poplar Creek cutline population in 1978; 

dispersal from this population was notably high during the summer of 

1978 when the numbers of animals present on this area were greater than 

on any other study area during this study. During the fall periods of 

each year, however, increased emigration probably accounted for 

population decl ines on several areas, suggesting that forest cover 

types that were suitable for this species during the summer may be 

only moderately or marginally suitable habitats during the fall. 

Emigration appeared to increase in aspen forest and older successional 

areas during the fall of 1978 and in jack pine forest, black spruce 

forest, and young successional areas during the fall of 1979. 

Assuming that reproductive success is closely associated with 

habitat qual ity, indices of reproductive success in this study indicate 

that young successional, jack pine, and willow habitats were 

high qual ity habitats for M. pennsyZvanicus--populations in these 

areas were characterized by average to above-average breeding activity 

and moderate to high pregnancy rates. However, juvenile recruitment 

was I imited in young successional habitats. On the other hand, repro­

ductive success of animals in older successional areas appeared low; 

breeding activity was average, pregnancy rates were low, and juvenile 

recruitment was moderate to low. 

Because the nutritional condition of an animal can affect 

reproductive activity, indices of condition should provide a similar 

measure of habitat quality as reproductive success. Although none 

of the indices of condition used in this study were significantly 

associated with habitat differences, trends in snap-trap indices of 

condition were only partially in agreement with indices of reproduc­

tive success. Animals in willow, aspen-white spruce, and open 

(e.g., successional areas, shrub-dominated areas) habitats appeared to 

be in better condition than most populations, whereas animals in jack 

pine and tamarack forest were in poor condition. 
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If all pepulatien characteristics are considered, willew 

shrub, tamarack ferest, and yeung successienaL cemmunities appear te 

be near-eptimal habitats fer M. pennsylvanicus; pepulatien numbers . 

were censistentlymederate te high, surv"lval was abeve average, 

emigratien was limited,and repreductive success was high (mederate 

en the Tamarack study area). Necensistent trends in cenditien were 

apparent. Cenversely, aspen~ ja~k pine, and elder successienal cem­

munities were marginal h~bitats fer this vele; pepulatien numbers 

were variable, survival was average te belew average, emigratien and 

mertality were high, reproductive success was lew (except in jack pine 

ferest), and indices .of cenditien were peer. 

3.7.2.3 Characteristics of P. manicuZatus pepulatiens and habitat 

types. Differences between pepulatien sizes and trends indifferent 

habitats .of the bereal ferest in nertheastern Alberta suggest that 

balsam peplar, yeung successienal, and aspen cemmunities were the 

mest suitable habitats fer P. manicuZatus (Table 13). Jack pine, 

black spruce, and elder successienal areas, hewever, were .only mar­

ginallyadequate. Ne animals were captured in willew...;birch scrub .or 

tamarack cever types. 

Dispersal indices generally supperted thesecenclusiens 

(Table 13). fmmigration in aspen, jack pine, balsam peplar, and 

yeung successienal habitats was limited, suggesting that mest .of the 

animals present in these cemmunities were animals that had been bern 

en these areas. In centrast, dispersal indices .of pepulatiens in black 

spruce and elder successienal cemmunities were mederate te high. 

Assuming that higher numbers .of transient animals are typical of 

populatiens in more marginal habitats, the aspen, jack pine, balsam 

peplar, and yeung successional areas are apparently better quality 

habitats than black spruce and elder successional areas. 

Repreductive attributes .of P. manicuZatus pepulatiens alse 

suggested that balsam peplar, aspen, and successienal cemmunities were 

best-suited fer this "small redent, whereas Jack p ine and black spruce 

ferests were marginal habitats (Table 13). Populatiens in successienal, 



Table 13. Characteristics of P. maniauZatu8 populations on the eight study areas (July to November 1978 
and Hay to November 1979). (No P. manicuZatu8 were captured on either the Willow or Tamarack 
study areas.) 

Characteri st ics 

Population trends 

Peak MNA: 1978 
1979 

Sex ratio 

Breeding: 
Mature males 
Mature females 

Pregnancy rates 

Juveni Ie recrui tillent 

Condltlona 

Seasonal Survival: 
Summer 

Fall 

Seasonal Recruitment: 
SunMller 
fall 

Dispersal Index 
Summer 

Fall 

Aspen 

little change between years; seasonal 
peak In Aug. and Sept. 

22 
IS 

- males lIIore abundant 

- average 
- average 

- high 

- average 

- average 

- slightly below average in 1978; above 
In 1979 

- above average 

- above average 
- average 

- moderate to low dispersal in 1978; 
limited in 1979 

- limited dispersal 

Jack pine 

low numbers in 1978; very low numbers 
in 1979 

9 
I 

- equal 

- average 
- average 

- low 

- average 

- average 

- above average in 1978; below In 1979 

above average in 1978; below in 1979 

- slightly below average 
average in 1978; below in 1979 

limited dispersal 

- limited dispersal 

Balsam Poplar 

- moderate Increase between 1978 and 
1979; consistant moderate numbers in 
1978; increase to peak in late July 
and decrease to Nov. 1979 

Ito 
Sit 

- males more abundant 

- averaye 
- average 

- moderately high 

- moderate 

- above average 

above average 

above average 

below average in 1978; average in 1979 
below average in 1978; average In 1979 

limited dispersal 

- limited dispersal 

continued ••• 

<7' 
<7' 



Table 13. Cone 1 uded. 

Characteristics 

Population trends 

Peak I1NA: 1978 
1979 

Sex rat 10 

Breeding: 
l1ature males 
Mature females 

Pregnancy rates 

Juvenile recruitment 

Conditiona 

Seasonal Survival: 
Suu.ner 
Fall 

Seasonal Recruitment : 
Sunlner 
Fall 

01 spersa I Index 
Summer 
Fall 

Black Spruce 

- very low numbers in both years 

5 
2 

- equal 

- average 
- average 

- low 

- average 

- average 

- below average 
- below average 

- average 
- average in 1978; below in 1979 

- n~derate dispersal 
moderate dispersal in 1978; 
increased mortality in 1979 

Poplar Creek cutl ine 

moderate decline between 1978 and 1979; 
increase to low peak in Oct. 1978; low 
numbers in 1979 

21 
16 

- females n~re abundant 

- average 
- average 

- moderately high 

- average 

- average 

- average 
- average 

- above average 
- above average 

- moderate dispersal 
- lI~derate d i spersa I 

a Based on snap-trapping and I ive-trapping indices of condition. 

Thickwood cutline 

- little change between 1978 and 1979; 
consistent moderate numbers throughout 
1978; variable increase to Aug. and 
decrease to Nov. 1979 

38 
31t 

- equal 

- average 
- average 

- moderately hi 'gh 

- average 

- average 

- above average 
- above average 

below av,erage in 1978; average in 1979 
below average 

limited dispersal 
I i lid ted d I spersa I 

0' 
'-J 
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balsam poplar, or aspen communities were characterized by average 

reproductive activity, average to high pregnancy rates, and moderate 

juven i 1 e recrui tment. I n con t ras t, breed i ng act i v i ty, pregnancy rates, 

and juvenile recruitment rates were moderate to poor in jack pine 

and black spruce cover types. 

Nutritional conditions of P. maniauZatus, however, did not 

appear to be closely associated with habitat types. No differences 

in growth rates or Le Cren's indices of condition were appare,nt be­

tweeen populations in the major habitat types. Fat indices, however, 

did vary significantly among some habitats. Fat deposits of P. mani­

cuZatus captured in open cover types in 1979 were lower than in other 

habitats, whereas the fat deposits of animals from areas dominated 

by balsam fir forest cover were higher than those of animals in other 

habitats. Successional and shrub-dominated areas, as a result, 

appear to be poorer quality habitats for this species than other 

plant communities. 

In summary, characteristics of populations in balsam 

poplar, young successional, and balsam fir communities suggest that 

these areas were near-optimal habitats for P. manicuZatus; popula­

tions reached moderately high numbers and were relatively stable 

throughout the summer and fall periods, survival was above average, 

dispersal was limited, reproductive success was good, and fat indices 

were high. Older successional areas and jack pine and black spruce 

forests,however, were marginal habitats; populations generally 

reached on I y J:ow to moderate popul at ions sizes, popu I ation trends 

were erratic, survival was generally average to poor, dispersal was 

moderate to high, reproductive success was moderate to low, and fat 

deposition was limited. Aspen forest appeared to be a moderately­

suitable habitat for P. maniauZatus. No P. manicuZatus were captured 

on the willow or tamarack live-trapping areas in either 1978 or 1979 

implying that these communities are unsuitable for this cricetid. 
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3.8 CONCLUSIONS 

Population trends of the three major species of small 

rodents in the Athabasca Basin suggest that both C. gappeY'i and 

M. pennsylvanicus populations declined between 1978 and 1979, 

whereas numbers of P. maniculatus changed little during the same 

period. Based on the results of this study and studies by 

Radvany i (1978) and M i ch Ie 1 sen and Radvany i (1979), M. pennsylvanicus 

populations reached peak population numbers in 1978 and underwent 

rapid decl ines, typical of cycl ic microtine populations, in 1979. 

PePOmyscus maniculatus populations in some habitats appeared to 

undergo annual cycles in abundance (typical of this species) but 

such fluctuations were not common to all populations. Populations 

that were characteristic of animals in higher quality habitat did 

not appear to undergo annual cycles in abundance, suggesting that 

differences in habitat structure (both biotic and abiotic features) 

may influence annual changes in abundance. 

Based on population characteristics of each small rodent 

species in major habitat types of the boreal forest region of north­

eastern Alberta, it appeared that balsam fir and balsam poplar 

forests were moderately to highly suitable habitats for C. gappeY'i3 

M. pennsylvanicus3 and P. maniculatus. Young successional communi­

ties were also near-optimal habitats for the latter two species, 

whereas tamarack forests were suitable habitats for all species except 

P. maniculatus. In contrast, jack pine forests and older successional 

communities were only moderate to marginally suitable habitats for 

the three major species of small rodent. Willow communitites were 

also marginal habitats for C. gappeY'i and were avoided by P. manicu­

latus yet were optimal habitats for M. pennsylvanicus. Aspen and 

black spruce forests were only moderately suitable habitats for most 

species. 
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4. SMALL RODENTS: HABITAT USE 

Habitat selection and use by small rodents is the expression 

of a complex response of an animal to a large number of independent 

and interdependent variables. Small rodents may respond to intrinsic 

and/or extrinsic factors which may also vary with season or changes 

in density. Intrinsic factors may include physiological and behav­

ioural responses, whereas extrinsic factors may include biotic and 

abiotic environmental cues such as soil types, microcl imate, vegeta­

tion structure, or interspecific competition. The major objectives 

of this study were to quantify the habitat affinities of the three 

major species of small rodents and to assess the relationship between 

specific components of habitat structure and the abundance of small 

rodents. By better understanding the habitat affinities of small 

rodents, the impacts of land disturbances associated with oil sands 

developments can be more accurately evaluated and more effective 

mitigative measures can be developed. 

Responses of Clethrionomys gapperi, Microtus pennsylvanicus, 

and Peromyscus maniculatus to the vegetation structure and major 

habitats of the boreal forest were assessed by three methods: 

(I) comparisons of the peak population densities of each species in 

each habitat type; (2) determinations of habitat preferences and 

avoidances; and (3) multivariate analyses of small rodent abundance 

and habitat structure. 

4.1 PEAK DENSITIES OF SMALL RODENTS 

Preferred or optimal habitats have been defined as those 

habitats where a species is most abundant (e.g., Hodgson 1972; 

Pollard and Relton 1973; Richens 1974; Douglass 1976a; Krebs and 

Wingate 1976). In this study, peak population densities were 

used as one index of habitat use. 

Clethrionomys gapperi were most abundant in areas dominated 

by balsam poplar (Populus balsamifera) (Table 14) and were less 

abundant in trembl ing aspen-white spruce forest (Populus tremuloides 

and Picea glauca, respectively) and tamarack forest (Larix laricina). 



Table 14. Peak MNA estimates for e~ch study area. (MNA estimates were calculated as described in 
Section 3.2.1.1.) 

Pe~k MNA Estimate 

C. (iap.t!.eri M. e.ennsy"LvaniauB P. maniauLatuB ' 

Gr id 1978 1979 1978 197~ 1978 1979 

Aspen 67 38 12 6 22 15 

Jack Pine 29 22 18 9 
Wi 110w 39 18 57 22 

Ba1 sam Poplar 95 43 8 15 40 54 

Poplar Creek Cut1ine 52 12 102 32 21 16 

Black Spruce 41 21 62 11 5 2 

Thickwood Cutline 28 13 73 52 38 :34 , 

Tamarack 70 34 79 33 

-....J 
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Moderate numbers of c. gapperi were present in black spruce forest 

(Picea mariana), jack pine forest (P"inus banksiana) , willow scrub 

(Salix spp.),and young successional areas (the two cutline study 

areas) . 

Microtus pennsylvanicus were most common in successional 

areas or sites dominated by tamarack forest or willow scrub. Few 

animals were present in areas dominated by black spruce forest, 

balsam poplar forest, aspen-white spruce forest, or jack pine 

forest. 

Peromyscus maniculatus were most abundant in areas domi­

nated by balsam poplar forest, and were moderately abundant in 

successional areas and in aspen-white spruce forest. Few P. manicu­

latus inhabited areas dominated by jack pine forest or black spruce 

forest and none were captured in willow or tamarack habitats. 

4.2 HABITAT USE AND AVAILABILITY 

Habitat preferences of the major species of small rodent 

in northeastern Alberta were assessed by comparisons of indices of 

habitat use and availability that were obtained during the two-year 

snap-trap census program (Section 3.1.2). Habitat availabil ity 

was estimated by recording the dominant tree and shrub species within 

a 5 m radius of each of the 20 trap stations along each snap-trap 

census line; the tree and shrub species with the highest percent 

coverage (based on the area of the canopy) of the sampl ing area was 

recorded as the dominant species. For each mouse captured during 

a snap-trap census, the dominant tree and shrub species within 5 m 

of the trap were also recorded. Habitat use by each of the small 

rodent species was estimated using the number of captures in each 

of the tree and shrub cover types. The statistical significance of 

preferences for or avoidances of specific forest cover types or 

specific shrub understories were determined using the technique 

described by Neu et al. (1974). 

I n 1978, c. gapperi. preferred areas wi th no tree cover or 

treed areas dominated by Abies balsamea or Betula spp. and avoided 

habitats dominated by P. tremuloides~ P. mariana~ or P. banksiana 
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(Table 15). In 1979, C. gapperi selected P. balsamifera, P. glauca, 

or L. Zaricina forest cover types over other hab i tats and ag,a i n 

avoided communities dominated by P. mariana. Understory areas 

dominated by Rosa spp. were preferred by C. gapperi in 1978, whereas 

areas of shrub understory dominated by Salix spp. or Amelanchier 

alnifolia were avoided (Table 16). Understory habitats dominated by 

Berula glandulosa, Alnus spp., and Viburnum spp. were most preferred 

in 1979. As in 1978, areas dominated by Salix spp., as well as 

areas with no shrub cover, were avoided. 

Microrus pennsylvanicus showed a significance preference 

in both 1978 and 1979 for unforested areas (areas with no tree cover 

such as young successional areas, shrub thickets, clearings, and 

marsh edges) and consistently avoided forested areas dominated by 

P. mariana (Table 15). Understory areas with a predominance of 

Rubus melano,lasius were preferred by M. pennsylvanicus in'1978, 

whereas understory habitats dominated by Comus stolonifera were 

avoided (Table 16). Although the distribution of M. pennsylvanicus 

captures in 1979 did differ significantly from that expected by 

chance, no preferences for or avoidances of specific shrub cover 

types were apparent (P = 0.05). 

Peromyscus maniculatus showed few preferences for any forest 

cover or shrub cover type (Tables 15 and 16); in 1978 and 1979, 

this species preferred treed areas dominated by A. balsamea and 

P. balsamifera, respectively, and avoided P. mariana forest cover in 

both years. Use of most shrub cover types by P. maniculatus was 

proportionate to their availabil ity--however, areas dominated by 

Salix spp. and B. glandulosa were inhabited less commonly by 

P. maniculatus in 1978 than expected. In 1979, P. maniculatus 

preferred shrub cover types dominated by Alnus spp. and avoided 

areas dominated by Salix spp. 

4.3 HABITAT STRUCTURE AND SMALL RODENT ABUNDANCE 

Use of boreal forest habitats by small rodents may be in­

fluenced by a number of factors related to vegetation structure or 

microhabitat differences. Variation in these factors may not be 



Table 15. Habitat preferences of small rodents related to forest cover types. (Chi-square values for 
each species in each year were: c. ga~peri--1978: X2 == 148.9; P < 0.001; 1979: X2 == 93.9; 
P < O.OOl; M. pennsy7;vanicus--.J978: X ==202.4; P < 0.001; J979:X2 == 36.5; P < 0.001; 
P. maniauZatus--1978:X2 == 88.6; P < 0.001; 1979: X2 == 77.];P < 0.001.) 

c. q!E22eri 

Proportion of All Proportion of Total 
Hab i tat Useb Species Habitats Sampled Observed Capturesa 

1978 
P.tremuloides 0.195 0.146 
P. balsamifera 0.038 0.040 0 
P. glauca 0.261 0.245 0 
P. mariana 0.278 0.201 
L. laricina 0.021 0.039 0 
A. balsamea 0.049 0.1 IS + 
P. banksiana 0.025 0.005 
Betula spp. 0.069 0.101 + 
No trees 0.064 0.108 + 

1979 
P. troemuZoides 0.214 0.172 0 
P. baZsamifera 0.082 0.137 + 
P. gtauca 0.194 0.256 + 
P. mariana 0.285 0.197 
L. Zaricina 0.014 0.050 + 
A. baZsamea 0.008 0.017 0 
P. banksiana 0.003 0.002 0 
Betula spp. 0.076 0.068 0 
No trees 0.124 0.101 0 

a Based on a total of 751 captures in 1978 and 489 captures in 1979. 

b Habitat use related to habitat availability: 
o use not significantly different from availability 

use significantly less than availability 
+ use significantly greater than availability 
N confidence interval cannot be calculated for a zero value. 

M. pennsl:l. lvanww; P. manicuZat:'uts 

Proportion of Total 
Habi tat Useb 

Proportion of Total 
Hab ita t Useb Observed Capturesc Observed Capturesd 

0.140 0 0.195 0 
0.000 N 0.089 0 
0.264 0 0.260 0 
0.099 0.008 
0.017 0 0.000 N 
0.058 0 0.147 + 
0.008 0 0.016 0 
0.041 0 0.147 0 
0.373 + 0.138 0 

0.172 0 0.265 0 
0.104 0 0.203 + 
0 .• 172 0 0.133 0 
0.034 0.063 
0.000 N 0.000 N 
0.000 N 0.013 0 
0.000 N 0.000 N 
0.034 0 0.146 0 
0.484 + 0.177 0 

c Based on a total of 121 captures in 1978 and 29 captures in 1979. 

d Based on a total of 123 captures in 1978 and 158 captures in 1979. 

...... 
~ 



Table 16. Habitat preferences of small rodents related to shrub cover types. (Chi-square values for 
each species in each year were: C. ga~pe1"i--1978: X2 = 175.2; P < 0.001; 1979: X2 = 74.2; 
P < 0.001; M. pennsyZvanieus--1978: X = 99.8; P < 0.001; 1979: X2 = 48.2; P < 0.001; 
P. manieuZatus--1978: X2 = 75.9; P < 0.001; 1979: X2 = 129.2; P < 0.001.) 

c. 'J.ar;pe!'i 

Proportion of All Proportion of Tota.1 
Habitat Useb Species Hab i tats Samp led Observed Capturesa 

1978 
Sal&: spp. 0.241 0.113 
B. gZandulosa 0.080 0.074 0 
Alnus spp . 0.287 0 . 273 0 
A. aZnifoZia 0.014 0 . 003 
Rosa spp. 0.067 0 . 108 + 
c. stolonifera 0.035 0 . 033 0 
Ribes spp. 0.010 0 . 011 0 
S. canadensis 0.020 0.0·17 0 
Viburnum spp. 0.137 0.140 0 
R. meZanoZasius 0.010 0 . 025 0 
No shrubs 0.101 0.203 0 

1979 
Salix spp. 0.200 0 . 108 
B. glanduZosa 0.051 0 . 093 + 
Alnus spp. 0.228 0.301 + 
A • .:zZnifolia 0.005 0 . 006 0 
Rosa spp. 0; 162 0 . 153 0 
C. stolonifera 0.054 0 . 037 0 
Rices spp. 0.014 0.008 0 
S. canadensis 0.035 0 . 039 0 
S. a1bus 0.004 0 . 006 0 
Viburnwn spp. 0.094 0.143 + 
R. melanolasius 0.015 0 . 017 0 
No shrubs 0.138 0.089 

a Based on total of 751 captures in 1978 and 483 captures in 1979. 

b Habitat use related to habitat availability: 
o use not significant'ly different from availability 

use significantly less than availability 
+ use signifi~antly gieater than avai l ability 
N confidence interval cannot be calcu l ated for a zero value. 

M. pennsuZvanicus P. manicuU:"C7A.s 

Proportion of Total 
Habitat Useb 

Proportion of Total 
Habitat Useb Observed Capturesc Observed Capturesd 

{).158 0 0.057 
0.150 0 0.016 
0.258 0 0.359 0 
0.000 N 0.008 0 
0.100 0 0.146 0 
0.008 0.049 0 
0.017 0 0 . 024 0 
0.017 0 0.000 N 
O. 108 0 0.203 0 
0.092 + 0.057 0 
0.092 0 0.081 0 

0.207 0 0.045 
0.000 N 0.000 N ' 

0.207 0 0.410 + 
0.000 N 0.051 0 
0.103 N 0.141 0 
0.000 N 0.090 0 
0.034 0 0.000 N 
0.034 0 0.013 0: 

0.000 0 0.000 " N 
0.1'03 0 0.135 0 
0.1]2 0 0.019'0 0 
0.138 0 0.096 O. 

c Based on a tota I of 121 captures in ' 1973 and 29 captures in 1979. 

d Based on a total of 123, captures in 1978 and 158 captures in 1979. 

"'-J 
V1 
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defined accurately by the major discrete habi.tat types identified 

in the AOSERP study area [as d~scribed by Stringer (1976)], largely 

because the values of these variables are continuously distributed 

rather than discrete. In addition, other factors that are not used 

in the categorization of these major habitat types nevertheless may 

be important in determining the distribution and abundance of a 

particular species of small rodent~ In this study, multivariate 

statistical techniques were used as one means of assessing the 

relationship between habitat structure and small rodent habitat use 

on each of the I ive-trapping areas. Such statistical -techniques 

permit the simultaneous consideration of all habitat data and so 

avoid the necessity for arbitrary classifications of habitat types. 

It.3. 1 Quantification of Habitat Structure and Rodent Abundance 

Vegetation analyses on live-trapping areas were conducted 

during the period of 25 June to 30 July 1978 and 23 to 30 June 1979. 

Estimates were made of (1) sapl ing density and species composition 

of sapl ings and (2) density, species composition, and vertical 

composition of ground cover~ At each of 30 random sample points on 

each study area, a 4 m x 4 m quadrat and a I m x 1 m quadrat were 

placed on the ground as shown in Figure 18. 

Sapling densities were estimated by counting the number 

of each species of tree and shrub present in the 16 m2 . quadrat. 

Saplings were defined as individual young trees with a stem diameter 

of 3 cm or less at a height of 15 cm above ground level. Each dis­

tinct shrub (i.e., a distinct grouping of stems at ground level) 

was also counted as one plant. In 1979, the total number of stems 

of each tree and shrub species in the quadrat was also recorded. 

Estimates of the percent ground coverage (on the horizontal 

plane) of each plant species and ground litter within the 1m2 

quadrats were obtained using a Braun-Blanquet cover scale (Kershaw 

1966). 

The density (percent cover) of all vegetation in each 0.25 m 

vertical increment was estimated visually at two opposite corners 

of the 1 m2 quadrat (Figure 18) using the vegetation profile board 



Nuddts Vegetation 
~Profile Board 

Sample Plot for: 
i) Sapling Density 

i i) Sapling Damage 

:::d
p7: ~~\\:\:::~ fL ... 

Point 
.~ . 

4m 

Sample Points for 
Vertical Plant Density 

Sample Plot for 
Horizontal Ground 
Cover 

Figure 18. The configuration of vegetation sampling quadrats. (The 16 m2 sampling quadrat, the 1 m2 

quadrat, and the vertical cover sample points are shown.) 

-...J 
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method of Nudds (1977). More specific 'information on vertical plant 

cover was collected for each of the three most ~ominant plant species 

in the 1m2 quadrat (based on the estimates of percent horizontal 

cover). For each dominant species, the vertical zone with the 

highest density of cover was first estimated and, the minimum height 

of this zone (from the ground surface) was recorded. Two minimum 

heights for each dominant species were obtained--one at each of the 

two corners of the quadrat sampled for vertical cover. The depth of 

the plant 1 itter (i .e., dead grasses, twigs, leaves, etc.) was also 

measured at each of these two sample points. 

The total number of captures per trap night (CTN) for the 

four closest trap-stations to each vegetation sample was used as 

an index of small rodent abundance. Because information on vege-

" tation structure was collected in June of each year and consequently 

~was representative of summer vegetation structure, indices of small 

mammal abundance were calculated only for the period July to 27 
August 1978 (except for Grid 5 where only the period 1 August to 

27 August was considered) and for the period 24 June to 31 August 

1979. Estimates of the cumulative CTN for C. gappe:roi and M. pennsyZ­

vaniaus were based on three trap checks (= nights) per trapping period 

minus any trap setoffs during that period (e.g., accidental closure 

of traps, captures of other species of small rodents, birds, and 

reptiles). Because P. maniauZatus is nocturnal, numbers of trap 

nights were based on only two trap checks per trapping period minus 

any trap setoffs. 

4.3.2 Multi~variate Analyses of Habitat Structure and Small 

Rodent Abundances 

Two techniques were used to assess the relll,ationship 

between small rodent abundance and vegetation. Initially factor 

analyses were used to reduce 216 habitat variables to a small number 

of independent factors that characterized ~egetation structure on 

the I ive-trappi,ng areas. A stepwise multiple ,r,e,gression analysis 

was then used to assess and quantify the relative importance of 

each of these new variables (factors) in determining the distribu-

tion and abundance of small rodents. 
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Because no or extremely few P. manicuZatus were present on 

the Willow, Tamarack,and Black Spruce study areas, two separate 

factor analyses were performed; one included vegetation information 

from all eight study areas (to be used in further analyses with 

c. gapperi and 11. pennsyZvanicus populations in natural areas), 

whereas the other excluded the vegetation information from the Willow, 

Tamarack, and Black Spruce study areas (to be used in further analyses 

with P. manicuZatus populations in natural areas). Factor analyses 

were run on the combined vegetation data from 1978 and 1979 using 

the BMDP4M computer program (Dixon and Brown 1979). Biological 

interpretations of the 17 habitat factors are summarized in Tables 

17 and 18. Rotated factor loadings and details of the two factor 

analyses are summarized in Appendix II. 3.1 and Tables 50 and 51. 

The relationships among the independent habitat factors 

and the abundance of each species of small rodent were then assessed 

using stepwise mUltiple regression (SMR) techniques. A separate 

SMR analysis was run for each ·of the three major species of small 

rodents within each of the two years of live-trapping using the 

BMDP2R computer program (Dixon and Brown 1979). Only factors with 

F-ratios larger than 4.0 were allowed to enter the SMR model. 

Because preliminary SMR analyses indicated that the variance of 

residuals was greater for high than for low estimates of the dependent 

variable (mouse abundance), cumulative CTN were transformed using 

the log or square root of (CTN + I) (Cohen and Cohen 1975). 

Because some trap-stations were used in more than one 

calculation of the CTN estimates on each study area, the actual 

denominator degrees of freedom for significance tests were reduced. 

To correct for this, the mean number of times a. trap station was 

used on each study area was calculated and the denominator degrees 

of freedom was divided by the grand mean for all areas. included in 

the analysis. Critical F-values were determined using the corrected 

denominator degrees of freedom. 



Table 17. Description of habitat variables that characterize the 17 factors of the eight-study area 
factor analysis. (Rotated factor loadings are shown in Appendix 11.3, Table 50. Only 
variables whose factor loadings were greater than ± 0.250 are included in the descriptions. 
High factor loadings represent areas where a habitat variable is abundant, whereas low 
factor loadings represent areas where a habitat variable is rare or absent. Names assigned 
to each factor are used inall further discussions of the analysis.) 

Factor 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Name 

Aspen 
understory 

Balsam 
poplar 
understory 

Black 
spruce 
forest 

Vertical 
cover 

Jack pine 
understory 

Tamarack 
understory 

Wi I low-
bi rch scrub 

Successional 
cover 

Rose 
understory 

Raspberry 
shrub 

Dwarf birch 
shrub 

Viburnum 
shrub 

Dogwood 
shrub 

Description of Variables 

- characterized by high stem densities and ground cover of shrubs such as A. alnifolia, Loniaera spp., s. aanadensis, 
S. albus. and Rosa spp.: and low ground cover spec ies such as V. rrryrtiZloides, L. borealis, L. oahI'oleuaus, 
C. aanadensis, A. uva-ursi, and G. boreale. 

- reflects the presence of high stem densities, ground cover, and vertical cover of shrubs such as R. oxyaaanthoidesl 
hirteZZum, R. triste, C. stoZonifera, R. ameriaanum, Alnus spp., and R. meZanoZasius: high ground and vertical cover 
of C. alpina, Equisetum spp., V. ruguZosa, and G. tri/Zorum: the presence of moderate to high amounts of deadfall 
and litter: and I ittle grass cover. 

- represented by the presence of moderate to high stem densities of P. mariana and L. Zariaina: high ground and 
vertical cover of L. groenZandiaum, R. ahamaemorus, V. vitis-idaea, and mosses: I ittle leaf I itter: and an absence 
of grass cover. 

- measures the cumulative vertical cover of all plants up to a height of 1.5 m: and a thick accumulation of leaf 
litter. . 

- characterized by the presence of high densities and ground cover of P. tremuloides stems; high ground and vertical 
cover of V. aaespitosum, CladinalCladonia spp., and A. uva-ursi: and sparse vertical cover. 

- measures a high density of young L. lariaina: high densities and cover of B. gZandulosa; and moderate ground cover 
densities of M. aanadense, G. tri/Zorum, and P. asarifolia. 

- represented by high stem densities and cover of Salix spp.; moderate stem densities and cover of B. glandulosa and 
P. frutiaosa: and moderate ground cover densities of R. aaaulis, H. umbelZatum, V. uliginosum, and P. palmatus. 

- characterized by moderate stem densities of P. balsamifera: high ground cover densities of H; umbellatum, 
A. sibiriaa, Aster spp. and V. ameriaana; and moderate to low ground cover densities of P. sagittatus and P. major. 

- reflects the presence of a moderate to high density and cover of Rosa spp.j and moderate to low ground cover of 
Petasites spp. and G. boreale. 

- represented by high vertical and ground cover of R. me lanoZasius. 

- characterized by low to moderate stem densities and cover of B. gZandulosa: and high ground cover densities of 
P. frutiaosa, F. virginiana, V. uZiginormm. 

- represents high stem densities and ground cover of V. trilobum and V. eduZe; and a moderate ground cover density of 
leaf litter. 

- reflects the presence of high vertical and ground cover; and moderate stem densities of C. stolonifera. 

continued ..• 

00 
a 

£tM""ALJtlMjfM4+§il!§ ~'dkt £&J§@J&141M£--'1Q&1QJi4Zi mm i£itl&i _Ep &ii&lImRi WE liIftililli&.fW t&tlSliW& j1JQJg ~4iJACll£i _b'iE&f'"~ 



Table 17. Concluded. 

Factor Name 

t4 Grass/Sedge 
cover 

t5 Fireweed 
cover 

16 ttorseta i 1 
cover 

t7 Wh tte spruce 
understory 

Description of Variables 

- charac.terized by high vertical and ground cover densities of grasses/sedges; moderate vertical cover densities up 
to a height of 50 cm above ground; and a shallow layer of leaf litter. 

- represents high vertical and ground cover densities of E. angustifoUuin. 

- characterized by moderate to high ground cover densities of Equi.sstum spp.; and a shallow layer of leaf litter. 

characterized by moderate densities of young P. gZauaa; moderate ground cover densities of C. aanadensis and 
L. boreaLis; and low stem densities.of Rosa spp. 

00 



Table 18. Description of habitat variables that characterize the 17 factors of the five study area 
factor analysis. (Rotated factor loadings are shown in Appendix 11.3, Table 54. Only 
variables whose factor loadings were greater than ± 0.250 are included in the descriptions. 
High factor scores represent areas where a habitat variable is abundant, whereas low factor 
loadings represent areas where a habitat variable is rare or absent. Names assigned to each 
factor are .used in all further discussions of the analysis.) 

Factor 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Name 

Aspen 
understory 

Balsam 
poplar 
understory 

Jack pine 
understory 

Vertical 
cover 

Successional 
cover 

Tamarack 
forest 

Rose 
understory 

Raspberry 
shrub 

Viburnum 
shrub 

Dwarf birch 
shrub 

Grass/Sedge 
cover 

Description of Variables 

- characterized by the presence of high stem densities and/or ground cover of shrubs such as Lonicera spp., 
A. a 7.ni[oUa , S. canadensis, and S. aZbus; high ground cover densities of L. ochroZeucus, V. myrtiUoides, 
L. boreaZis, and M. canadense; and moderate to low ground cover densities of A. uVa-ursi, G. boreal-e, and 
C. canadensis. 

- reflects high stem densities and/or cover of R. oxyacanthoides/hirteUwn, R. triste, C. stoZoni[era, 
R . americaTlUll1, AZnus spp., and R. me~anoZasius; high ground cOVer' of C. aZpirr.a, Equisetum spp., and G. trifiorwn; 
the presence of moderate leve15 of deadfall and leaf litter; an absence of grass or sedge ground cover, and 
E. angusti[oZium cover; and low stem densities of SaZix spp. 

- ~easures a presence of high stem densities and ground cover of young P. tremuwides; high vertical and/or ground 
cover densities of Ct~dina/CZadonia spp., V. caespitosum, A. uv~-ursi, and M. canaaense; an absence of 
R. meZanoZasius; sparse cumulative vertical cover at ground level (0 to 25 cm); and- poor accumulations of leaf 
11 tter. 

- characterized by dense vertical cover up to a height of 1.5 m; and moderate to thick accumulations of leaf litter. 

- represents a yeung successional habitat with high ground cover densities of Aster spp., H. umbeZtatum, 
A. sibirica, V. americana, P. sagittatus, and SaZix spp.; moderate to low stem densities of P. balsamifera and 
SaZix spp.;and a low ground cover density ofP. major. 

_ measures the presence of high stem densities of L. Zaricina imd B. gZanduZosa; high vertical and ground cover 
densities of L. groenlandicum; a moderately dense ground cover of moss; low vertical cover densities of 
V. caespitosum; and low ground cover densities of V. uZiginosum. 

_ characterized by hi gh densities of ground cover, vertical cover, and stems of Rosa spp.; and low ground cover 
densities of R. pubescens, Petasites spp., and G. boreaZe. 

_ reflects the presence of moderate densities of stems, and dense ground and vertical cover of R. me LanoZasius. 

- characterized by high stem densities and ground cover densities of V. trilobum and V. eduZe; and moderate to low 
accumulations of leaf litter. 

_ measures a presence of moderate stem . densiti·es, and dense groLlnd and vertical cover of B. glarr.:iu~QS2. 

_ represents a moderate to dense cc'!er of grasses and sedges; moderately dense vertical cover from ground level up 
to a height of 50 em; poor accumulation of leaf littar; and low ground cover densities of H. umbe~~. 

cont i nued ... 
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Table 18. Cone 1 uded. 

Factor Name 

12 Dogwood 
shrub 

13 Fireweed 
cover 

14 Black spruce 
ground cover 

15 Equisetwn 
cover 

16 Black-white 
spruce 
transitIon 

17 Older 
successional 

Description of Variables 

- characterized by moderate stem densities, and dense ground~and vertical cover of C. stoZonifera. 

- reflects the presence of hIgh vertical and ground cover densities of E. angustifoZium. 

- represents a moderate to dense ground cover of V. vitis-idaea and V. uliginosum; and a moderate ground cover 
density of M. canadense. 

- reflects the presence of a high ground and vertical cover densIty of Equisetwn spp. 

- characterized by a high ground cover density ofP. mariana; low to moderate stem densities of P. gZauca and 
Salix spp.; and low ground cover densities of C; canadensis. 

- represents the presence of dense vertical cover and moderate to low stem densities of Salix spp.; moderate to low 
densities of P.balsamifera; and low ground cover densities of .Salixspp., V; ruguZosa, and G. trifZorwn. 
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4.3.3 CZethrionomysgapperi--Habitat Structure_Relationships 

4.3.3.1 ·1978 analysis. Values of the two habitat factors (succes­

sional cover and the rose understory factors) were transformed to 

correct for non-normality by adding 4 (to make all values positive) 

and then taking the square root. 

During the summer of 1978, 53% of the variation in the 

abundance of C. gapperi could be explained by 12 habitat factors 

(Appendix 11.3, Table 52). Areas characterized by high values of 

the balsam poplar understory, dogwood shrub cover, successional 

cover, raspberry shrub cover, Viburnum shrub cover, rose understory, 

and dense vertical cOver factors were most often associated with 

higher numbers of C. gapperi, whereas habitats with high values of 

the aspen understory, wiJ low-b i rch shrub cover, f i reweed cover, 

and tamarack understory factors generally supported low numbers of 

C. gapperi. 

Of the factors positively associated with the abundance 

of this microtine, balsam poplar understory was the most important 

predictor variable; 29% of the variance in numbers of C. gapperi 

was associated with this factor. Dogwood shrub cover was moderately 

important (5.6% of the previously unexplained variance). All re­

maining factors were statistically significant predictors of abundance, 

but each accounted for only I to 4% of the previously unexplained 

variance. 

Based on the importance of these habitat factors as pre­

dictors of abundance and the direction of their relationship with 

abundance, how do the results of the SMR model re.late to the major 

communities of the boreal forest? Mean factor scores for each habitat 

factor were calculated for the 30 vegetation samples on each study 

area (Appendix 11.3, Table 53). The expected number of eTN for one 

trap station on each study area was then predicted using the SMR 

equation (Appendix 11.3, Table 52) and the appropriate mean factor 

scores for that study area; the expected number of eTN were used as 

a means of quantitatively evaluating the relationships between these 

habitat factors and the major community types. 
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Based on expected numbers of CTN:, ba}sam poplar and older 

successional habitats were most strongly associated with moderate to 

high numbers of c. gapperi in 1978 (Table 19). strong positive 

associations of these habitats with high values of the balsam popla~ 

understory and successional cover factors, respectively, were largely 

responsible for the positive correlation with the abundance of 

C. gapperi. Expected CTN on all other study areas in 1978 indicate 

that all other communities were less suitable habitats for this 

species. Subzero estimates of expected CTN on many of the study 

areas in 1978 suggest that CTN values used in the SMR were skewed 

upward (despite tran~formaiion) and consequently resulted in an 

underestimation of the expected CTN estimates. 

4.3.3.2 1979 ~nalysis. Only 20% of the variation in the abundance 

of C. gapperi on the eight study areas in 1979 was associated with 

habitat structure (A~pendix 11.3; Table 54). Balsam poplar under­

story, aspen understory, successional cover, and Viburnum shrub 
, , 

cover all were associated with lower numbers of C. gapperi. 

the balsam poplar understory, aspen understory, and 

successional cover factors were major predictor variables in 

1979 (7.2, 5.6, and 4.6% of the variance was explain~d by these 

factors, respectively). Viburnum shrub cover was also a significant 

predictor variable but accounted for only 2.7% of the variance in 

abundance . 

Expected numbers of CTN on each of the eight study areas 

in 1979 (Table 19) suggest that none of the six naturalhabitats ,or 

the two successional areas were strongly associated with high numbers 

of C. gapperi. Aspen, wi llow; black spruce, tamarack, and young 

successional habitats all were associated with approximately the same 

numbers of animals, whereas jack pine, balsam poplar, and older 

successional habitats were associated with lower numbers of animals. 

The apparent 1 ack of strong assoc i at 'i ons between C. gapperi numbers 

and specific communit,iesin 1979 suggests that habitat structure 

was not a major influ,ence on C. gapperi abundance during this period. 



Table 19. The expected number of eTN of small rodents during the summer of 1978 and 1979. {The 
expected eTN was derived using the appropriate SMR equationa for the spec~es and year, 
and the mean factor scores for each predictor variable on each study area. Expected 
mean eTN values shown are for one trap station on each area.} 

Study Areas 

Poplar Creek Thickwood 
Species Year Jack pine Aspen Willow Ba I sam Pop lar Cutline Black Spruce Cut line Tamarack 

C. aappelrl 1978 -0.15 -0.15 -0.17 0.01 0.00 -0.12 -0.17 

1979 0.02 0.05 1).05 0.02 0.03 0.05 0.06 

1-1. pemIBylvanicu8 1978 0.03 0.02 0.07 0.01 O. ill 0.09 0.09 

1979 0.03 0.02 0.03 0.05 0.08 0.01t 0.02 

P. maniauZatu8 1978 0.03 0.03 0.12 0.03 0.08 

1979 0.10 0.11t 0.02 0.02 O.olt 

a See Appendix 11.3. Tables 52 and 51t for C. gappel·i. Tables 57 and 58 for M. pennBylvanious. and Tables 60 and 62 for P. lfIaniautatuB 
in 1978 and 1979. respectively. 

b See Appendix 11.3. Tables 53 and 55 for the eight-area analysis arid Tables 61 and 63 for the five-area analysis in 1978 and 1979. 
respectively. 

-0.16 

0.05 

0.09 

0.02 00 
<l' 
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4.3.3.3 Inter,.;.yearCbrilpariSblisofSMR .rilodels. B?lsed on the two 

SMR models, the relationships in 1978 between habitat structure and 

the abundance of C. ga:ppeT'i appeared to be different from the r.elation­

ships in 1979; a smaller percentage of the variance in abundance was 

explained by habitat structure in 1979 than in 1978 (20% v~ 54%, 

respectively), and the number of and specific predictor variables 

differed between years. For example, balsam poplar understory was 

the most important predictor of C. gapperi abundance . in both years, 

but accounted for more of the variance In abundance in 1978 than in 

1979. Further balsam poplar understory was positively correlated 

with C. gapperi abundance in 1978 but was negatively correlated 

with abundance in 1979. 

Changes in the relative magnitude of the multiple regres­

sion coefficients (R) between 1978 and 1979 could be attributed to 

either: 

1. Changes in the specific habitat vari~bles characterizing 

each habitat factor; or 

2. Changes in the importance of or inclusion of different 

habitat factors as predictors of abundance. 

Because the factor analysis of the habitat variables was performed 

on the combined data for 1978 and 1979, vegetation factors were' iden­

tical in both years and, consequently, would not influence the SMR 

analyses. Changes in the importance of individual habitat factors 

and the inclusion of different habitat factors, however, could alter 

the SMR analyses in both years. These changes might be attribu­

table to variation in the habitat affinities of a species with 

decreasing population densities, changes in population structure, or 

variation in interspecific competition. 

Differences in the relationship between habitat structure 

and the abundance of C. gappeT'i in each year were assessed by means 

of a second SMR analysis of the 1979 data; in the second analysis, 

the 12 significant habitat factors from the 1978 analysis were used 

to re-evaluate the 1979 data. Overall, 25.2% of the variance in 

the abundance of C. gapperi during the summer of 1979 was accounted 

for by the second 'forced' SMR model (Appendix 11.3, Table 56) 
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versus a total of 20.0% in the original 1979 SMR and 53.1% in the 

1978 SMR. In the forced 1979 analysis, the four ha~itat factors 

included in the original 1979 SMR were among the most important 

predictor variables and accounted for 16.1% of the variance. The 

similarity of the two 1979 analyses suggests that although similar 

components of habitat structure may have influenced local abundance 

in both years, the relationship of C. gapperoi n~mbers to overall 

habitat structure really were different in the two years. 

4.3.4 Miai'otuspennsyZ.vani¢us~-Habitat Structure Relationships 

4.3.4.1 1978an~lysis. Eight habitat factors explained 55% of 

the variation in the numbers of captures of M. pennsyZ.vaniaus during 

the summer of 1978 (Appendix 11.3, Table 57). Four factors, 

characterizing successional cover, Equisetum cover, grass/sedge 

cover, and black spruce forest were positively correlated with the 

abundance of M. pennsyZ.vaniaus, whereas the remaining four factors, 

balsam poplar understory; jack pine understory, aspen understory, 

and white spruce understory, were negatively correlated. 

Successional cover, balsam poplar understory, and jack pine 

understory were the most important predictor variables of M. pennsyl­

vaniaus abundance, accounting for 13.7, 14.0, and 12.2%, respectively, 

of the variance in captures of M. pennsyZ.vaniaus. Aspen understory 

accounted for an additional 6.3%, whereas each of the remaining four 

habitat factors accounted for only an additional 1.1 to 3.0% of the 

previously unexplained variance. 

Based on the expected number of CTN predicted from the 

SMR model and mean factor scores on each study area (see Section 

4.3.3.1), older successional communities (i .e., the floplar Creek 

cutline) were the most suitable habitat for M. pennsyZ.vaniaus (Table 

19). Black spruce, tamarack, and young successional habitats were moder­

ately suita~le for this species, whereas jack pine, aspen, and balsam 

poplar habitats were least suitable. The strong association between 

older successional communities and higher numbers of M. pennsyZ.vaniaus 

was largely related to the common occurrence of vegetation components 

comprising the successional cover factors. 
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4.3.4.2 1979 analysis. Overall, 27% of the varjatio'1 ,jnthe number 
. . .. - " . .. ,-~ 

of captures of M. ,pennsylvaniCJU$<;Iuring the summer of. 1979 , cpuld be 

related to differences in vegetation structure (Appendix 11.3, 

Table 58). Five habitat factors, successional cover, grass/sedge 

cover, balsam poplar understory, dogwood shrub cover, and Viburnwn 

shrub cove~were positively correlated with the abundance of 

M. pennsylvanicus. The rem~; i ning three factors, Equisetwn cover, 

tamarack understory, and jack pine understory, were negatively 

correlated with the numbers of this species. 

Successional cover and grass/sedge cover were the two 

most important predictor variables of abundance in 1979, accounting 

for 10.3 and 5.6%, respectively, of the variance. After these 

factors were taken into account , Equisetwn cover, tamarack understory, 

and jack pine understory accounted for an additional 2.b to 2.3% of 

the variance in captures of M. pennsylvanicus. The rema i n i ng 

habitat factors were statistically significant predictor variables 

but each accounted for only 1.5 to 1.7% of the previously unexplained 

variance. 

Expected numbers of CTN suggest that older successional 

communities were again the most suitable habitats for M. pennsylvanicus 

(Table 19). As in 1978, the high values of the successional cover 

factor (the most important predictor variable) on the Poplar Creek 

cutline were the major determinant of the strong association of 

M. pennsylvanicus numbers with this habitat. High values of the 

grass/sedge cover factor (the second most important predictor variable) 

were also COmmon on this area. Balsam poplar and black spruce 

communities were moderately suitable habitats for this species in 

1979, whereas jack pine, wi llow, aspen, young successional, and 

tamarack cover types were least suitable. 
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4.3 .. 4.3 Inter-year comparisons of SMR models. A second SMR analysis 

of the 1979 data, as described previously for c. gapperi, was used to 

assess differences between the SMR models for M. pennsylvanicus during 

1978 and 1979. All significant predictor variables in the 1978 

analysis were used to re-evaluate the 1979 data. 

Responses of M. pennsylvanicus numbers to vegetation struc­

ture appeared to have changed between 1978 and 1979. Habitat 

factors significantly associated with local abundance in 1978 

accounted for only 8.7% of the variance in the number of captures of 

M. pennsylvanicus in 1979 (versus 26.9% in the original 1979 SMR 

and 55% in the 1978 SMR) (Appendix 11.3, Table 59). The large 

difference in the R-square values for the two 1979 SMR analyses 

imply that the habitat factors associated with M. pennsylvanicus 

in 1978 Were different from those in 1979. Further, the large dif­

ferences between the R-square values for the 1978 and 1979 SMR imply 

that the relationship between M. pennsylvanicus abundance and habitat 

structure also changed between years. Notably, balsam poplar and 

jack pine understory were important predictor variables in 1978, 

whereas grass/sedge cover was a major predictor variable ir 1979. 

Successional cover was the most important predictor variable in both 

years. 

4.3.5 Peromyscus maniculatus--Habitat Structure Relat.ionships 

4.3.5.1 1978 analysis. Habitat structure accounted for 48% of the 

variance in the abundance of P. maniculatus on the five study areas 

during the summer of 1978 (Appendix 11.3, Table 60). Seven habitat 

factors, balsam poplar understory, Equisetum cover, dense vertical 

cover, jack pine understory, successional cover, aspen understory, 

and grass/sedge cover all were significantly related to the numbers 

of captures of P. maniculatus. The first three factors were positively 

correlated, whereas the last four factors were negatively correlated 

with the abundance of this species. 
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Balsam poplar understory was the most important predictor 

variable of P. maniauZatus abundance. in 1978; 16.8% ()f tbe total 

variance in abundance was attributable to this habitat factor. 

After taking this into account, Jack pine understory and succession­

al cover explained an additional 8.3% and 7.8% of the variance. in 

abundance, whereas aspen understory accounted for an additional 5.5%. 

The remaining three factors were significant predictors of P. maniau­

latus abundance but were associated with only 2.6 to 4.3% of the 

variance in numbers. 

Based on the expected number of eTN as predicted by the 

above SMR equation and the mean factor scores on each study area, 

balsam poplar forest was the most important habitat for P. maniaulatus 

(Table 19). The strong association between this habitat and P. maniau­

latus was largely related to the common occurrence on th'is area of 

vegetation composing the balsam poplar understory factor (the most 

important predictor variable). The Thickwood Cutline study area (a 

young successional community) was also a highly suitabl.e habitat for 

P. maniaulatus; veget~tion components characterizing successional 

cover and a lack of Jack pine understory were common on this area. 

The remaining three community types, aspen forest, Jack pine forest, 

and older successional areas appeared to be marginally suitable 

habitats for P. maniaulatus. 

4.3.5.2 1979 analysis. During the summer of 1979, seven habitat 

variables explained 48% of the variation in the abundance of 

P. maniaulatus (Appendix 11.3, Table 62). Both jack pine and aspen 

understory were positively associated with the abundance of 

P. maniaulatus--together these two factors accounted for 37% of the 

total variation in the numbers of captures. The remaining five 

factors, balsam poplar understory, raspberry shrub cover, grass/ 

sedge cover, young successional growth, and Equisetum cover, all were 

negatively correlated with the abundance of P. maniauZatus. 

However, each accounted for only 1.5 to 3.4% of the previously un­

explained variance. 
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Expected numbers of CTN for P. maniculatus in 1979 suggest 

that aspen and jack pine forests were the most suitable habitats for 

this mouse species (Table 19). The common occurrence of vegetation 

characterizing the aspen understory and jack pine understory factors, 

respectively, on each of these areas was largely responsible for the 

close association of P. maniculatus abundance with these habitats. 

Young successional habitats (i .e., the Thickwood cutl ine) appeared to 

be moderately suitable, whereas balsam poplar and older successional 

communities were least suitable for P. maniculatus. 

4.3.5..3 Inter"'"year compa r i sons of the SMR models. The 1978 and 

1979 SMR analyses of the relationship between vegetation structure 

and the abundance of P. maniculatus accounted for almost identical 

proportions of the variance in abundance of P. maniculatusin each 

year (48.4% in 1978 versus 48.2% in 1979). However, the importance 

of some predictors changed between years. A second SMR analysis 

of the 1979 data was performed, using the significant predictor 

variables for P. maniculatus in 1978 to assess differences between 

years. The 'forced ' SMR model of the 1979 data accounted for 5.2.5% 

of the variance in abundance, versus 48.2% in the original 1979 SMR 

and 48.4% in the 1978 SMR (Appendix 11.3, Table 64). The small dif­

ferences in the R-square values of the three models indicate that 

the importance of the association of overall habitat structure with 

F. maniculatus numbers did not change appreciably between years. 

However, changes in the direction and importance of specific predictor 

variables between years suggest that P. maniculatus may have responded 

to different habitat components in 1978 and 1979. 

4.4 DISCUSSION 

Why do small rodents select specific habitat types over 

others? Habitat preferences probably have evolved in response to 

processes of natural selection; animals that inhabit marginal 

habitats produce fewer offspring than animals living in optimal 

habitats and consequently are selected against (Krebs 1978). Small 
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popUlations in more marginal 'areas, however, I ikely are sustain:ed by 

dispersal of ariimalsfrom more suitabl~ habitats. Three aspects of 

habitat selection and use were of interest in this study: 

it. it. 1 

I. Which habitats were most preferred by each species of 

small rodent and which habitats were least used; 

2. What characteristics of preferred and: marginal habitats 

were associated with differences in the abundance and 

distribution of small rodents; and 

3. Were characteristics of popul at'i ons i nthese preferred 

habitats consistent with the su~gestion that the 

reproductive success of popUlations in optimal habitats 

is higher than that of populations in marginal habitats? 

H~bit~t Pt~f~t~hc~~~hdUse 

Based on peak popu lati on sizes and preferences fo'r spec i f i c 

tree and shrub species, balsam poplar and tamarack forest cover types 

were the most important habitats for C. gappe1'i. t10derate to high 

numbers of animals were captured on live-trapping areas in these 

hab i tats and stat i st i ca 11 y sign i f i cant preferences were shown for 

some of the tree and shrub components of ba 1 sam poplar commim it i es 

(i .e., P • . baZsamifera, Rosa spp., Viburnum spp. , and AZnus spp.) 

and tamarack forests (i .e., L. lariaina and B. gZandi",-Zosa). 

In contrast,' successional areas and jack pine forest were 

marginally suitable habitats for C. gapperi; populations in these 

habitats were small and major tree and shrub species associated 

with these habitats were avoided (i.e., no shrub cover, SaZix spp., 

P.,) banksiana, and A. aZnifoUa). 

The preference of C. gappe1'i in the Athabasca region for 

balsam poplar or tamarack forest cover and avoidance of areas with 

limited tree or shrub cover (e.g., successional areas, jack pine forest, 

wil1ow-:-birch scrub) agrees with a number of previous studies of this 

species. CZ~thrienamys gappe1'i has been shown to be associated closely 

with the boreal montane forest biame and is 1 imited primarily to the' 

more mature forest communities of this ecotone (Criddle 1932;. 
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Williams 1955; Gunderson 1959; Hoffman 1960; Rickard 1960; Cameron 

1964; Iverson et al. 1967; Miller and Getz 1972, 1977; Richens 1974; 

Lovejoy 1975; Kucera and Fuller 1978). Distributions within these 

communities appeared to be related most closely to the amount of 

cover provided by vegetation, debris, and litter and to the amount 

of available water (Connor 1953; Miller and Getz 1972, 1973; 

Lovejoy 1975). 

Microtus pennsylvanicus in northeastern Alberta showed 

significant preferences for and most frequently inhabited successional 

areas (i.e., no tree or shrub cover). On the other hand, jack pine 

and black spruce habitats were only marginally suitable for this 

species. Both areas supported moderate to very low numbers of mice 

and habitats dominated by P. mariana were significantly avoided by 

M. pennsylvanicus. 

Preferences by M. pennsylvanicus for successional areas, 

willow shrub cover, and tamarack forest are very similar to those 

reported by studies in other areas of Canada and the northern United 

States; M. pennsylvanicus was found to occur most commonly in moist 

habitats with dense grass-dominated or sedge-dominated ground cover 

(Findley 1951, 1954; Connor 1953; Eadie 1953; Mossman 1955; Getz 

1960; Hoffman 1960; Zimmerman 1965; Iverson et al. 1967; Wrigley 1969; 

Grant 1971a; Hodgson 1972; Douglass 1976a). Microtus pennsylvanicus has 

also been shown to inhabit woodland areas, particularly areas comprised 

of open woods and grassy vegetation (Buckner 1957; Smith and Foster 

1957; Clough 1964; Connor 1960; Morris 1969; Grant 1971a; Krebs and 

Wingate 1976; Douglass 1976a). 

Peramyscusmaniculatus in the Athabasca Basin were most 

abundant in and preferred balsam poplar forests (i.e., significant 

preferences for P. balsamifera and Alnus spp.). In contrast, willow­

birch shrub and tamarack habitats were avoided (no captures on live­

trapping areas in these habitats and an avoidance of SaZix spp. and 

B. gZandulosa shrub cover). Jack pine and black spruce forests 

were only marginally suitable (very low numbers of animals and an 

avoidance of P. mariana and B. glandulosa cover.. types). 
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. :t: .jl .. ,'O 
As in this study, P. maniCJ'UZatus have been shown to chiefly 

,. 

inhabit woodland areas, particularly mature, deciduous-coniferous 

forests with dense shrub uhderstorles and damp solIs (Hoffman 1960;. 

Iverson et al. 1967; Sheppe 1967; Baker 1968; Wrigley 1969; Dyke 

1971; Grant 1971b; ~ichens 1974; Lovejoy 1975; Kreb~ and Wingate 

1976). Detailed studies of small mammal populations in the boreal 

montane forest communities of the southern Yukon indicated that 

P. maniauZatus was most common in closed white spruce forests with 

buffalo-berry understory, followed by beach ridge areas, closed 

white spruce forests, aspen woods, closed white spruce-aspen forest, 

and bal~am poplar forests with buffalo-berry understory (Krebs and 

Wingate 1976). Moderate to low numbers of P. maniauZatus were 

captured 'in grass-fireweed meadows, white spruce-birch forests, 

Dryas d!'u.rrmondi flats, closed white spruce forests with moss or 

willow uhder:story, and willow scrub. 

Peromysaus maniauZatus is also a common resident of prairie 

habitats throughout most of the north-central United States (Hays 1958; 

Lobue and Darnell'1959; Wecker 1963; Brown 1964; Iverson et al. 1967; 

Beck and Vogl 1972). 'In addition, this species appears to readily 

colonize disturbed areas such as post-burn or post-logging succes­

sional areas (Williams 1955; Tevis 1956a, 1956b; Gashwiler 1959', 

1969; Ahlgren 1966; Lawrence 1966; Hooven 1969; Hooven and Black 

1976; Martell and Radvanyi 1976). Ih this study, disturbed habitats 

(i.e., the two cutline study areas) supported moderate numbers of 

P. maniauZatus but did not appear to be as suitable as some 

forested areas. Recent studies of P. maniauZatus populations in 

disturbed sites and in adjacent forest habitats similarly have in­

dicated that early successional areas are poorer quality habitats 

than mature forest communities (Petticrewahd Sadlier 1974; Lovejoy 

1975; Sullivan 1979a, 1979b). Populations in disturbed communities 

typically undergo a rapid turnover of animals throughout the year; 

recruitment to disturbed areas during the late spring and summer 

is generally high but population sizes decline overwinter as a 

result of higher mortality and higher rates of emigration than in 

forested areas (Sullivan 1979a, 1979b). 
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4.4.2 Habitat.Structureand Small Rodent Abundance 

What characteristics of the major boreal forest communities 

in the Athabasca Basin were associated most often with high levels 

of use (or avoidance) by C. gapperi .. M. pennsyZvanicus .. or 

P. manicuZatus? In this study, multivariate statistical techniques 

proved useful in evaluating (I) the relationships between specific 

components of habitat structure and local abundances of the major 

small rodent popUlations in each year and (2) the relationship 

between these components and use of major habitat types. 

4.4.2.1 CZethrionomys gapperi. Although similar habitat factors 

were significantly associated with C. gapperi abundance in 1978 and 

1979, the nature of these relationships differed between years. 

In 1978, the overall importance of habitat structure as a predictor 

of abundance was twice as great as in 1979. This suggests that 

C. gapperi abundance in 1979 was influenced by some factors that were 

not included in the SMR analysis; these factors may have involved 

other aspects of habitat structure (bot~biotic and abiotic 

characteristics) or intrinsic responses (i.e., behavioural or 

physiological) of C. gapperi. The decline in numbers of C. gapperi 

and trappability between years may also have influenced the statistical 

associations of habitat structure and abundance in 1979. 

Based on multivariate analyses described previously, 

C. gapperi in 1978 were generally more abundant in areas with dense 

shrub understories (comprised largely of C. stoZonifera .. Ribes spp., 

Alnus spp., or R. meZanoZasius), dense ground cover, and moderate to 

thick accumulations of 1 itter and deadfall. In contrast, low numbers 

of C. gapperi were associated most often with areas of moderate to 

low accumulations of leaf 1 itter, moderate to dense ground cover, and 

moderate to dense shrub cover dominated by A. a ZnifoZia .. Lonicera 

spp., S. canadensis .. S. aZm~B .. Rosa spp., SaZix spp., B. gZanduZosa .. 

or Viburnum spp. The similar densities of shrub cover in both the 

more suitable and marginal habitat types suggest that shrub densities 

were not directly associated with C. gapperi abundance. Rather, the 
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species composition of the shrub understory. the density of the ground 

cover, the accumulation of leaf litter, and the presence of deadfall 

were important habitat components associated with higher numbers of 

C. gapperi. 

In contrast, relationships between C. gapperi abundance and 

specific components of habitat structure in 1979 were not well defined 

(i.e., all predictor variables were negatively correlated with 

C. gapper-z- abundance). Consequently, variation in local numbers of 

C. gapperi in 1979 was associated most closely with the absence 

rather than the presence of specific components of habitat structure. 

Lower numbers of C. gapperi were associated most often with dense 

shrub understory, dense ground cover, and moderate to thick accumu­

lations of leaf litter and deadfall. 

Habitat relationships of C. gapperi in 1978 were similar to 

those described by a number of other studies of small rodent habitat 

use. Local distributions of C. gapperi have been shown to reflect 

dense vegetation cover, deadfall, and deep accumulations of leaf 

litter (Williams 1955; Gunderson 1959; Miller and Getz 1972, 1973. 

1977; Powell 1972). Mil1er and Getz (1972,1973,1977) found that 

C. gapperi avoided fields, clearings, and unforested areas and, in 

particular, found that population numbers were highly correlated 

with the amount of vegetation debris. Powell (1972) compared 

C. gapperi populationdensiti:es in a mature forest area with those 

in a recent blowdown area (where deadfall was abundant) immediately 

adjacent to this forest and found that the density in the blowdown 

area was three times that in the forested area. 

Available moisture also has been shown to affect the 

distribution of C. gapperi (Butsch 1954; Hoffman 1960; Miller and 

Getz 1972, 1973, 1977). Getz (1968) concluded from a laboratory 

study of water balance of C. gapperi that the relatively inefficient 

kidney of this species necessitated a high daily intake of 

water. As a result, the species often is restricted to low, wet 

areas or to areas where abundant, succulent food is available 
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(Miller and Getz 1972, 1973). Water availabil ity also may have 

affected the distribution of C. gapperi in this study. Balsam poplar 

understory was associated closely with C. gapperi abundance in 1978 
and was a major component of vegetation on the Balsam Poplar study 

area; this area was consistently damp (as evidenced by the dense 

growth of Equisetum spp. and ferns in some areas) and standing water 

was common after rains in 1978. Conversely, the jack pine under­

story factor was associated with low numbers of C. gapperi and was a 

common component on the Jack Pine study area--jack pine forests 

are one of the most xerophytic plant communities in the region 

(Stringer 1976). However, willow-birch shrub and tamarack commu­

nities were also located in poorly drained sites yet were poorly 

correlated with the abundance of this species. This suggests that, 

although water availabil ity may be an important factor associated 

with C. gapperi distributions, it is not the only factor associated 

with higher numbers of this species. 

Changes in population size or population structure may 

also have resulted in real changes in habitat use by C. gapperi or 

in apparent changes in the statistical associations of this species 

with habitat structure. For example, the decline in C. gapperi 

numbers between 1978 and 1979, probably contributed to the lower R2 

in 1979 SMR analyses. The lower the abundance of animals, the greater 

the I ike] ihoOd that a larger proportion of the total variance is 

comprised of measurement and sampl ing errors, which cannot be 

accounted for by SMR analyses. 

Changes in population sizes of C. gapperi or other species 

of small rodents may also influence interspecific competition 

(particularly with M. pennsyZvanicus) and in turn may affect local 

distributions of C. gapperi. The presence of C. gapperi in forested 

areas has been shown to restrict the occurrence of M. pennsyZvanicus 

(Cameron 1964; Morris 1969; Morris and Grant 1972), whereas the 

presence of M. pennsyZvanicus in grassland areas can restrict 

C. gapperi to more forested areas (Grant 1969). Almost all 
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M. pennsyZvanicus and C. gapperi populations de<::lined,petween 1978 and 

1979. However, most M. penrtsy'lvanicus popUlations ,underwent much more 

pronounced declines than did most C. gapperi popUlations., The absence 

of M. pennsyZvanicus in some habitats possibly allowed C. gapperi to 

disperse into areas from which it was excluded previously ,and so 

decreased the apparent relationship between local abundances and areas 

which previously had been used more intensively. Such changes in 

microhabitat selection by two species of microtines have been observed 

by Douglass (1976b) following experimental manipulations of popUlations 

in exclosures. 

4.4.2.2 MiOi>6tuspennsyZvanicus. Based on the habitat associations 

of the SMR analyses, M. pennsyZvanicus in the Atha~asca region in 

1978 and 1979 occurred most often in areas dominated by dense suc­

cessional plant cover. Areas characterized by high ground cover 

densities of H. wnbeUatwn, A. sibirica~ Aster spp., and V" c;unepiqanurn, 

and moderate dens i ties of P. baZs(]JTIifera genera 11 y supported, h),gher 

numbers of M. pennsyZvanicus than other plant associations. In 1979, 

M. pennsyZvanicus were also abundant in grass/sedge communitie!:; 

characterized by dense, growths of grasses and sedges, moderately 

dense vertical cover up to a heIght of 50 cm, and a shallow accumu~ 

lation of leaf litter. 

Close associations of M. pennsyZvanicus with a number of 

species of grasses, sedges, and legumes similarly have been observed 

in other studies (Eadie 1953; Hoffman 1960; Zimmerman 1965; Hodg!:;on 

1972; M'Closkey 1975; Douglass 1976a). As in this study, Douglass 

(1976a) found that numbers of M. pennsyZvanicusi n berea 1 forest 

communities in the vicinity of Chick Lake, Northwest Territories, 

were highest in open areas, particularly those dominated by dense 

gram i no i d cover. 

Distributions of M. pennsyZvaniqus also have been shown to 

be affected by the density of ground cover and the structure of the 

canopy. In this study, numbers of M. pennsyZvanious were highest in 

areas with dense ~anopies of either succession~l herpac~ol,Jsplants 

and/or grasses and sedges. Eadie (1953) showed ,that areas of a 
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grassland with high indices of mouse density had almost double the 

amount of ground cover (by weight) of areas with low indices of mouse 

density. Hodgson (1972) also found that the distribution of 

M. pennsyZvanicus was significantly correlated with the amount of 

plant biomass and the total coverage of the herbaceous and shrub 

canopy--areas with a plant biomass greater than 700 g/m 2 or with 

herb-shrub cover greater than 85% appeared to be the most favourable 

habitats. Studies by Lobue and Darnell (1959), Zimmerman (1965), 

and Birney et a1. (1976) similarly have shown that distributions of 

M. pennsyZvanicus are related directly to the density of vegetation 

and in particular in high densities of graminoid cover. 

In contrast, lower numbers of M. pennsyZvanicus in the 

Athabasca Basin during 1978 commonly were associated with understory 

communities of balsam poplar, jack pine, aspen, and white spruce 

forests. In 1979, low numbers were observed most often in areas of 

willow-birch scrub, black spruce forest, tamarack understory, and 

jack pine understory. Other studies have similarly indicated that 

M. pennsyZvanicus typically avoided mature forest habitats; however, 

it was able to and did occupy woodland areas, particulary areas 

comprised of open woods and grassy vegetation (Buckner 1957; Smith 

and Foster 1957; Clough 1964; Connor 1960; Mortis 1969; G~ant 1971a; 

Hodgson 1972; Krebs and Wingate 1976). 

Comparisons of the 1978 SMR analysis with the'forced ' 1979 

SMR analysis suggested that overall importance of habitat structure, 

as well as the importance of individual habitat factors as predictors 

of M. pennsyZvanicus abundance differed between years. As discussed 

previously for C. gapperi, part of the apparent decl ine in the impor­

tance of habitat structure probably reflects the effects on the 1979 

SMR analysis of the decline in Dumbersand trappability between 

1978 and 1979. Changes in population sizes and structure, however, 

may have resulted in real differences in habitat use by this species. 

Studies of habitat selection and interspecific competition in small 

rodent communities have suggested that, although M. pennsyZvanicus ' 

normally occupies grassland areas; density-dependent dispersal may 
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occur into woodland areas (Morris 1969; Grant 1970, 1971a; Morris 

and Grant 1972). Assuming that most M. pennsyZvanieus popul aHons 

in the Athabasca Basin reached peak numbers in 1978 (Section 3), 
indices of habitat use during that year may reflect a broader range 

of hab i tat use as a resu 1 t of such dens i ty-dependent d i spersa l. 

Indices of habitat use during the population decline in 1979 con­

sequently may more accurately describe selection of optimal habitats 

in lieu of intra-specific competition for more suitable areas. 

4.4.2.3 Pe:pomyscusmanicuZatus. In 1978, high numbers of P. manicu­

Zatus were most common in areas with a dense shrub understory dominated 

by Ribes spp., C. sto'lonifera, Alnus spp., and R. me ZanoZasius , a 

dense ground cover of Equi8etum spp. and several herbs, moderate to 

thi~k accumulations of 1 itter~and deadfall, an abSence of grass/sedge 

cover and dense vertical plant cover up to a height ofl.5 m(the 

highest zone measured). Preferences byP .. manicuZatus for forested 

areas with dense shrub and ground cover similarly have been reported 

by Hoffman (1960) ,Iverson et a 1. (1967), Sheppe (1967), Baker (1968), 

Wrigley (1969), Dyke ~1971), Grant (1971b), Richens(1974), Lovejoy 

(1975), and Krebs and Wingate (1976). Close assoc i at ions between the 

. density ahd complexity of Shrub understory and distributions of several 

different species of Peromyscus also have been reported by M'Closkey 

(1975) and Dueser and. Shugart (1978, 1979). 

Relationships between habitat structure and abundance of 

P. manicuZatus in 1979 were almost directly opposite to the relation­

ships in 1978. Higher numbers of P. manieuZatusin 1979 were 

associated with the understory communities of aspen, jack pine, and 

success i ona 1 hab itats, whereas low numbers of th i s spec i es were 

associated with the dense shrub understory components of balsam 'poplar 

forests. However,. the overall importance of habitat structure 

(i.e., the cumulative R2 for the SMR analyses) as a predictor of 

P. manicuZatus abundance did not cha,nge appreci ab 1 y between years. 

This suggests that although the association of specific components of 

habitat structure with abundance did change between years, the 

importance of habitat structure did not. 
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Because population sizes of P. maniculatus changed little 

between years, it is unlikely that changes in numbers were related to 

variation in habitat affinities. However, changes in micro-habitat 

selection by P. maniculatus may be related to changes in levels of 

interspecific competition with M. pennsylvanicus or c. gapperi. 

For example, Grant (1971b) showed that, although P. maniculatus 

commonly inhabited woodland areas, when densities in woodland areas 

increased, more intense intraspecific competition forced young 

animals into grassland areas. However, in the presence of high 

density M. pennsylvanicus populations, P. maniculatus was excluded 

totally from grassland areas. Similar relationships between P. manicu­

latus and Microtus oregoni populations in British Columbia were 

observed by Petticrewand Sadlier (1974) and Taitt (1978). Because 

M. pennsylvanicus populations in the Athabasca Basin declined sharply 

between 1978 and 1979, changes in the relationships between habitat 

structure and P. maniculatus abundance may have been related to changes 

in levels of interspecific competition between these species and the 

possibl~ expansion of P. maniculatus into previously unexploited or 

marginally used habitats. 

4.4.3 Demographic Indites of Habitat Quality 

If habitat selection is related to the successful production 

of offspring, popUlations in preferred or commonly used habitats should 

be characteristic of populations with high reproductive success. 

If this is the case, and if all demographic and vegetation indices 

of habitat quality used in this study correctly approximated habitat 

quality, assessments of habitat quality within each habitat should be 

similar. Such comparisons of indices also will define more strongly 

the habitat affinities of each small rodent species. Six indices 

of habitat quality, measured in this study, ~ere thought to be most 

useful in del ineating habitat affinities: (1) peak MNAs, (2) expected 

CTNs (as predicted by the SMR analysis), (3) habitat preferences (or 

avoidances), (4) disperal indices, (5) reproductive success (breeding 

activity, pregnancy rates, and juvenile recruitment), and (6) condition. 
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4.4.3.1C7-eth:f:>ionomysgctpperi. Based on the six indices of habitat 

quality, balsam poplar habitats most closely approximated optimal 

habitats for C. gapperi (Figure 19); the population reached a high 

peak MNA; expected CTN was high; Rosa spp. was abundant in the area 

and was highly preferred by C. gapperi; dispersal was limited; 

reproductive success was good; and the condition of animals tn this 

habitat (i.e., fat deposits) was above average. Aspen and jack pine 

forests were generally moderately well-suited for C. gapperi; in 

both cases, peak MNAs and expected CTN were small, whereas some shrub 

species in each habitat were preferred by C. gapperi, reproductive 

success was good, animals were in average or above-average condition, 

and dispersal was 1 imited. The remaining five habitat types appeared 

only minimally-suitable for C. gapperi. Populations in successional 

areas were characterized by moderately high peak MNAs and expected 

CTNs but low reproductive success, poor condition, and high dispersal. 

In contrast, populations in black spruce habitats were characterized 

by low indices of abundance but higher indices of reproductive 

success and 1 imited d,ispersal. Indices of habitat quality for 

populations in willow and tamarack communities were generally 

moderate, except for reproductive success and expected CTNs; both 

of these indices were low in both communities. 

Habitat affinities of C. gapperi were not as well defined 

in 1979 as in 1978; most habitats were characterized by several 

high indices and one or more low indices of habitat quality (Figure 20). 

Indices of habitat quality in aspen, jack pine, and young successional 

habitats (i.e., Thickwood cutline) were more consistently moderate 

to high than in the remaining habitats. Most indices of habitat 

quality, except expected CTN and reproductive success, were also high 

on Balsam Poplar study areas. Overall, it appeared that jack pine, 

young successional, aspen, and balsam poplar were the best-suited 

habitats for C. gappen in 1979, whereas willow, black spruce, 

tamarack, and older successional areas were more poorly suited. 

Inter-year comparisons of habitat quality indicate that 

balsam poplar, aspen, and jack pine communities were consistently 
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the best su i ted hab i tats for C. gapperi. I n contrast, wi llow shrub 

habitat was consistently poorly-suited for this species. 

4.4.3.2 Mici>otuspennsylvanicus. Willow shrub and successional 

habitats were the best quality habitats for M. pennsylvanicus in 

1978 (Figure 21). Populations in these communities were characteri­

zed by moderate to high peak MNAs and expected CTNs, significant 

preferences were shown for tree and/or shrub specJes in each habitat, 

dispersal was moderate to low and reproductive success was moderate 

to good. Tamarack and black spruce habitats were moderately well­

suited, whereas aspen, jack pine, and balsam poplar forests were 

marginal habitats for M. pennsylvanicus. In particular, populations 

in the latter three habitats, were characterized by low indices 

of abundance and poor reproductive success or condition. 

During 1979, older successional areas (Poplar Creek cutl ine) 

apreared to be near-optimal habitats for M. pennsylvanicus (Figure 22); 

the peak MNA and expected CTN was high,dispersal was moderate to low, 

reproductive success was good, and animals were in above-average 

condition. Indices of habitat quality in willow, balsam poplar, 

yeung successional, and tamarack communities were variable but 

suggested that these habitats were only moderately suitable for this 

microtine. Jack pine and black spruce forests were marginally 

suitable for M. pennsylvanicus (moderate to poor indices of habitat 

quality). 

During both years of study, willow and successional com­

munities were the best quality habitats for M. pennsylvanicus. The 

minor changes in indices of habitat quality in these habitats between 

1978 and 1979 suggest that the quality of these communitites for 

M. pennsylvanicus was not altered greatly by year-to-year variations 

in vegetation structure. 

4.4.3.3 Pei>OrtlysduS maniculatu.s. During June to November 1978, 

balsam poplar forest and young successional areas appeared to be 

near-optimal habitats for P. maniculatus (Figure 23); peak MNAs and 
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expected CTNs were high, some tree components of these habitats 

were preferred by P. manicuZatus, dispersal was 1 imited, reproductive 

success was good, and the conditions of animals (in balsam poplar 

forest only) Were above average. Jack pine and aspen forest were 

moderately well-suited for this cricetid . Older successional, black 

spruce, and, in particular, willow shrub and tamarack communitites 

were marginal habitats for P. manicuZatus; indices of abundance were 

low; some tree and shrub components of these communities were sig­

nificantly avoided; dispersal was high; reproductive success was 

poor; and conditions of animals (except in the willow shrub) were 

below average. 

Somewhat similar trends in habitat quality were apparent in 

1979 (Figure 24). Balsam poplar, aspen, jack pine, and young succes­

sional communities were best-suited for P. manicuZatus, whereas willow 

shrub, older successional areas, and black spruce forests were marginal 

habitats for this species . Tamarack forest was an extremely poor 

qual ity habitat for P. manicuZatus; all indices of habitat qual ity 

were low. 

Inter-year comparisons of habitat quality indicate that 

balsam p6plar and young successional communities were consistently 

high quality habitats for P. manicuZatus. In contrast, wi 11 ow 

shrub, tamarack forest, and older successional communities were 

poor quality habitats for this species. Aspen and jack pine forests, 

although only moderately suitable for P. manicuZatus, did appear 

to offer consistently moderate to good quality habitats for this 

cricetid. 

4.5 CONCLUSIONS 

Based on comparisons of population characteristics , popu­

lation sizes, and habitat preferences, balsam poplar forest and young 

successional communities appeared to be the most important habitat s 

for small rodents in the Athabasca Basin of northeastern Alberta . 

Balsam poplar communities were high qual ity habitats for C. gapperi 

and P. manicuZatus, whereas young successional areas were near-optimal 

habitats for M. pennsyZvanicus and P. manicuZatus. 
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Jack pine and aspen forests were moderately suitable habitats 

for small rodents. Both communities supported small to moderate 

numbers of C. gapperi and P. marticulatus but populations in these 

areas were moderately productive in relation to populations in other 

communities. Neither habitat, however, was well-suited for 

M. pennsylvanicus. 

Older successional and willow communities were high qual ity 

habitats only for M. pennsylvanicus. Habitat use by and population 

characteristics of C. gapperi and P. maniculatus suggested that these 

communities were not important habitats for these species. 

Black spruce and tamarack forests appeared to be the least 

suitable habitats for small rodents in the Athabasca Basin. Both 

forest communities were poorly suited for C. gapperi and P. maniculatus 

and were only moderately adequate for M. pennsylvanicus. 

Because of the importance of balsam poplar, aspen, and jack 

pine communities on small rodents in the AOSERP study area, impacts 

of oil sands developments to small rodent populations can be best 

minimized by avoiding destruction of these major community types. 

However, disturbance of vegetation in some areas may promote seral 

growth and succession to willow-dominated communities, which in 

turn may actually benefit some small rod~nts. Although current 

mining practices in the oil sands area destroy both the vegetation 

cover and mineral soil (and so retards or inhibits natural 

su~cession), properly designed reclamation and afforestation programs 

that mimic natural succession could minimize impacts of oil sands 

developments to M. pennsylvan1:cus and P. maniculatus. However, 

loss of large areas of mature mixed-wood or deciduous communities 

and the subsequent long period of regeneration resulting from dis­

turbance of the mineral soil, could severely affect the numbers and 

productivity of C. gapperi populations. 
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5. SMALL RODENTS! ' SEASONAL DIETARY CHANGES 

Assessments of seasonal changes in the diets of small rodents 

are an important component of baseline studies; information on dietary 

composition is useful in determinations of resource utilization and 

may also be of value in future evaluations of the mobilization and 

transfer of toxic chemicals. Analysis of the stomach , contents of 

the three major specles of small rodents in the Athabascaarea, 

Clethrionomys gapperi, Microtus pennsylvanicus, and Peromyscus 

maniculatus, were undertaken primarily to identify seasonal changes 

in food habits and to supplement information on habitat use 

(Section 4). 

5. 1 METHODS 

Food habits ,were determined by microhistological examina­

tion of stomach contents of ~icecaptured during the snap-trap 

census program in 1979. Stomachs were removed from all specimens 

during the standard autopsy procedure (Section 3) ' and were preserved 

in formalin. 

Analyses of stomach contents were performed by the 

Composition Analysis Laboratory of the Range Science Department, 

Colorado State University, following the methods described by Sparks 

and Malechek. (1968). One slide was prepared for each stomach and 

twenty fields were systematically evaluated on each slide. 

An .analysis of at least 15 stomachs for each species in 

each mon t·hly block of trappin~ was attempted. If more than 15 speci­

mens were available, stomachs for analysis were selected ,randomly . 

If less than 15 specim~ns were available, all specimens were included. 

In most cases~ plant fragments were identified only to 

genus. Fragments of woody-stemmed plants, however, were also iden­

tified as leaf or bark tissue because of the implications of the 

consumption of woody-stemmed plants by small mammals in the assess­

ment of small rodent damage to trees and shrubs. Because of 

1 imitations in the microhistological analysis, such identification 

of specific plant tissues was feasible only for tree or shrub species 
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that exceeded a percent relative density of 10% within a sample. 

Insect parts were all classified as one group. 

5.2 RESULTS 

5.2.1 Clethrionomys gapperi:SeasonalFoodHabits 

Based on both the average percent relative density of plant 

fragments and the frequency of occurrence in the stomach contents, 

lichens were the major component of the diet of C. gapperi during the 

period of May to November 1979 (Table 20). Mycorrhiza, arthropods, 

Salix spp., Equisetum spp., mushrooms, and seeds were also important 

components of the C. gapperi diet throughout most of the sampling 

period. 

Li chens were the mos t abundant food item ins tomachs in May, 

October, and November and were the second rnost abundant food item in 

all other sampling months except September. Mycorrhiza, arthropods, 

Salix spp .• and mushrooms were only seasonally important. Salix spp. 

were a major dietary item in June, arthropods were common foods in 

July, mushrooms were moderately abundant in stomachs in August, and 

mycorrhiza were commonly consumed in August and, particularly, in 

September. Such seasonal variation 1 ikely reflects changes in the 

availability of these items during the spring and summer periods. 

Equisetum spp. and seeds were consumed in moderate to low quantities 

throughout most of the May to November period. A number of other 

plant species were present in low quantities (Table 20) but were 

consumed by only a few animals (i.e., a low percent occurrence). 

Four species of woody-stemmed plants, Populus spp., Prunus 

spp., Salix spp., and Shepherdia canadensis were present in the 

stomach contents of C. gapperi captured in 1979 (Tab 1 e 21). Leaf 

tissue of Prunus spp. and Populus spp. were consumed in small amounts 

by single specimens of C. gapperi in June and July, respectively. 

Bark tissue and small amounts of leaf tissue of S. canadensis were 

present in two stomach samples in May. Salix spp. were consumed 

throughout the May to November period; bark tissue being consumed 
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Table 20. Percent relative density of discerned plant frag~ehts in 
c. gapperi stomach samples. {The mean percent relative 
density, range of values, and percent occurrence for 
each plant species or group are shown. Sample sizes 
for each month are indicated.} 

May June July 
N=29 N=13 ( 15)a N=25 

~ % Re 1. % x % ReI. % ; % Re 1. % 
Species Den. Range Dec. Den. Range Oec. Den. Range Occ. 

Agropyron spp. 
AroZia spp. 1.88 0-43.96 10.3 0.11 0-1.44 7.6 
Arctostaphylos 

uva-ursi 0.23 0-6.68 3.4 
Aster spp. 0.09 0-2.69 3.4 0.62 0-8.00 7.6 
Astragalusspp. 0.09 0-2.50 3.4 
Carexspp. 0.49 0-10.82 8.00 
Compositae 0.05 0-1.41 3.4 
Comus spp. 1.17 0-34.06 3.4 
Empe truro nigruro 0.05 0-1.44 3.4 
EpiZobium 

angustifoZia 0.30 0-3.90 7.6 0.05 0-1.27 4.0 
Equisetum spp. 7.:33 0-75.12 34.48 8.07 0-46.48 38.5 5.22 0-87.87 12.0 
GaZium spp. 0.17 0-4.24 4.0 
Impatiens spp. 0.06 0-1.38 4.0 
Legumes 0.94 0-12.26 7.6 
Li chens 61.25 0-100.0 82.76 26.23 0-92.11 53.8 17.63 0~98.56 68.0 
Medicago sativa 
Mosses 0.91 0-22.62 !1.80 0.27 0-3.56 7.6 0.05 0-1.36 4.0 
Mushrooms 0.21 0-4.44 6.90 4.30 0-84.11 24.0 
Mycorrhiza 3.98 0-/33.29 10.34 9.35 0-92.96 15.4 7.60 0-88.27 16.0 
Petasites spp. 0.45 0-10.54 6.90 0.33 0-4 .32 7.6 
Pinus .banksiana 0.14 0-4.19 3.45 
PZantago spp. 0.13 0-2.39 6.90 0.58 0-5.15 15.4 
Poa spp. 
Pollen 2.52 0-63.02 4.0 
PopuZus spp. 0.94 0-12.18 7.6 
PotentiUa spp. 

Geum spp. 0.97 0-20.1 10.34 0.11 0-2.81 4.0 
Prunus spp. 0.75 0-18.65 4.0 
Ribes spp. 2.27 0-65.82 3.45 0.69 0-17.34 4.0 
Rosa spp. 0.17 0-2.78 8.0 
SaZix spp. 4.12 0-98.56 27.59 40.09 0-94.85 69.2 1.61 0-18.23 28.0 
Seeds 2.81 0-29.36 
Shepherdia 

27.59 6.36 0-98.56 36.0 

canadensis 0.78 0-12.18 
SymphoricaI'pos 

6.90 0.08 0-2.05 4.0 

albus 0.92 0-26.76 3.45 0.10 0-1. 36 7.6 0.51 0-11.33 8.0 
Taraxacum 

officinale 3.28 0-78.03 12.0 
TrifoZium spp. 1. 73 0-43.2 4.0 
Vaccinium spp. 0.53 0-13.28 4.0 
Viburnum spp. 0.10 0-2.92 3.45 
Viola spp. 0.26 0-7.57 3.45 
Unknown forbes 2.04 0-30.81 10.34 0.06 0-1.38 4.0 

Arthropods 7.17 0-75.64 58.62 12.07 0-66.91 46.2 46.03 0-100.0 76.0 

continued ... 
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Table 20. Continued. 

August September October 
N=17 (21 ) N=11 ( 12) N=15 

x % ReI. % x % ReI. % x % ReI. % 
Species Den. Range Occ . Den. Range Occ. Den. Range Occ. 

Agropyron spp. 
Ara~ia spp. 
ArctostaphyZos 

uva-lu'sl: 
Aster spp. 
Astl"aga~us spp. 
Cal'ex spp. 1.69 ')-28.7 5.~ 
Compos i tae 0.15 0-2.22 6.7 
Cornus spp. 1. 66 0-16.56 13.3 
Emplltrum nigI'WTl 
Epilobium 

angustifolia 0.61 0-6.92 11./\ 
Equisetum spp. 6.63 0-61.04 29.4 1. 91 0-19.11 10.0 3.67 0-41.45 20.0 
Galiwn spp. 
Impatiens spp. 
Legumes 
Lichens 23.19 0-100.0 47.1 0. 90 /)-9 .02 10.0 48 . 08 0-100.0 80.0 
Medicago sativa 
Mosses 
Mushrooms 22.47 0-97.08 47.1 11.41 0-100.0 30.0 0.03 0-1.40 6.7 
Mycorrhizo 27.55 0-100.0 35 . 3 68 . 42 0-100.0 90.0 11).03 0-98.50 46.7 
Petasites spp. 0.83 0- 12.45 6.7 
Pinus banksiana 
Plantago spp. 
Poa spp. 0.27 0-4.05 6.7 
Pollen 6.39 0-95.80 6.7 
Populus spp. 1. 13 0-11.33 10.0 
PotentiUa spp. 

Geum spp. 0.75 0-8.96 13.3 
Prunus spp. 0.90 0-9.02 10.0 
RibeR spp . 5.56 0-55.6 10.0 
Rosa spp. 
Salix spp. 2.88 0-18.89 41.2 4.76 0-23.09 40.0 11.49 0-87.82 60.0 
Seeds 6.34 0-100.0 23.5 6.18 0-40.37 53.3 
Shepherdia 

canadensis 
Symphoricarpos 

albus 
Taraxacum 

officinale 
Trifo lium spp. 0.19 0-2.83 6.7 
Vaccinium spp. 
Viburnum spp. 
Viola spp. 
Unknown forbes 5.65 0-48.44 23.5 

Arthropods 2.49 0-16.33 35.3 5.01 0-19.11 60.0 4.17 0-27.84 40 .. 0 

continued.;. 
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Table 20. Concluded. 

November 
N=28 (33) 

x % ReI. % 
Species Den. Range Dcc. 

Agropyron spp. 0.12 0-3.39 3.6 
AraZia spp. 
AratostaphyLos 

uva-ursi 
Aster spp . 
AstragaLus spp. 
Carex spp. 
Compos i tae 
Comus spp. 0.40 0-7.77 10.7 
Empetl'U17l nigl'U1l1 
EpUobiwn 

angus tifo Zia 0.13 0-3.67 3.6 
Equisetwn spp. 4.84 0-98.56 25.0 
Gal.iwn spp . 
Impatiens s pp . 
Legumes I. 13 0-31.74 3.6 
Li chen!; 60.45 0-100.0 89 .. 3 
Mediaago sativa 0.12 .. ~ 0-3.39 3.6 
Mosses 
Mushrooms 1. 59 0-34.12 10.7 
Hycorrhiza ' 1.57 0-44.05 3.4 
Petasites spp. 
Pinus banksiana 0.21 0-3.39 7. I 
Pl.antago spp. 
Poa spp, 
Pollen 
PopuLus spp. 
PotentiZZa spp. 

Gewn spp. 
Prunus spp. 
Ribes spp. 0.05 0-1.40 3.6 
Rosa spp. 
SaLix spp. 14.79 0-92.37 64.3 
Seeds 4.52 0-97.08 28 .6 
Shepherdia 

aanadensis 
Syrrrphoriaarpos 

aLbus 
Tara:i:aawn 

offiainaLe 
TrifoZiwn spp. 
Vaaainium spp. 1.83 0-42.43 10.7 
Viburnum s pp • 
VioLa spp. 3.73 0-95.56 7. I 
Unknown forbes 

Arthropods 4.52 0-79.48 21.4 

a Sample sizes In parentheses Include samples which were unsuitable for microhistological 
analyses (e.g., tissue decomposed). Means shown Include only readable samples. 



Table 21. Percentages of leaf and bark tissue of woody-stemmed species consumed by C. gapperi. 

Populus spp. Pmmus spp. Sali:c spp. S. canadensis 

Month % Bark % Leaf N % Bark % Leaf N % Bark % Leaf N % Bark % Leaf N 

May 0 0 90 10 85.4 14.6 2 
± 5.3 ± 5.3 

June 0.0 12.2 0 99.5 0.5 9 0 
± 1.4 ± 1.4 

July 0 0.0 18.7 0.0 100.0 0 

August 0 0 0.0 100.0 2 0 00 

± 0.0 

September 0 0 0.0 100.0 2 0 
± 0.0 

October 0 0 0 100.0 0.0 3 0 
± 0.0 

November 0 0 100.0 0.0 11 0 
± 0.0 
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, . . . 

mainly during the early spring ana fall and leaf tissue being con-
, :, ,' 

sumedprimari ly during the summ'er (Table 21). 

5.2.2 Midi>otuspennsy'lvanidus: . Sea soria 1 Food Hab i ts 

Nierotus pennsy'lvanieus populations declined sharply in 

most habitats i~ the Athabasca region in 1979 (Section 3). As a 

result, few animals were captured during the snap-trap census program 

and few samples were available for stomach analyses. Seasonal changes 

in diet consequently are based on few samples and may not adequately 

reflect normal feeding habits of this species. 

Mycorrh i.za and Carex spp. were important food items, both 

in quantity and in frequency of occurrence, throughout most of the 

sampl ing period (Table 22). Arthropods, Sa'lix spp., moss, and 

Equisetwn spp. were present seasonally in small amounts. Graminoids 

(Agropyron spp., Agrostis seabra3 Ca'lamagrostis . spp., Carex spp., 

G'lyceria spp., and unknown grasses) comprised a major portion 

(21.5 to 95.8%) of the stomach contents in May, July, October, and 

November. 

Only one woody-stemmed species, Sa'lix spp., was present in 

the M. pennsy'lvanicus stomachs analyzed. Sa'lix spp '. was consumed in 

very sma 11 amounts ina 1,1 months except September. Because the . 

amounts consumed were small, it was not possible to determine what 

types of tissue were most commonly eaten. 

5.2.3Peromysdusmanidu'latus: · SeasorialFoodHabits 

Arthropods were the primary food i tern of P. manieu'latus 

during all of the sample months (Table 23). Arthropods comprised 

from 42.7 to 92.9% of the stomach contents and were present in 

almost all stomach samples during all months (from 77.8 to 100% of 

the samples). Sa'lix spp., ·mycorrhi.za, and lichens also were 

seasonally important; SaZ:ix spp. were most commonly consumed in 

August and November, mycorrhiza were moderately abundant in July, 

and lichens were a common food item in September. Seeds from a 

variety of plant species (n6t identified in the laboratory analysis) 

were present in small amounts during all months. 
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Table 22. Percent relative density of discerned plant fragments in 
M. pennsyZvanicus stomach samples. (The mean percent · 
relative density, range of values, and percent occurrence 
for each plant species or group are shown. Sub-totals 
are also shown for all graminoids. Sample sizes for each 
month are indicated. No animals were captured in June.) 

May July August 
tl=7 (8)a N=6 N=2 

x % ReI. ~ ; % ReI. % ; % Re 1. % 
Speci es Den. Range. Occ. Den. Range Occ. Den. Range Occ. 

Agropyron spp. 0.42 0-2. 91 14.3 
Agl'O.9tis scabra 0.86 0-5.13 16.7 
CaZamagl'Ostis 

spp. 0.44 0-2.63 16.7 
Carro: spp. 20.68 0-98.56 57.1 42.14 0-98.56 50.0 4.07 0-8.13 0.5 
Compos i tae 0.35 0-2.44 14.3 
Equisetum spp. 12.63 0-88.4 14.3 35.90 2.46-69.35 1.0 
GaUum spp. 0.88 0-3.47 33.3 
GlyceriC! spp. 
Li chens 0.35 0-2.44 14.3 14.33 0-28.65 0·5 
MedicC!go sativa 11.81 0-78.61 29.6 2.75 0-16.47 16.7 
Mosses 8.36 0-34.01 57.1 6.0 0-34.56 33.3 
Mushrooms 7.20 0-14.39 0.5 
Mycorrhiza 14.51 0-87.47 42.9 32.30 0-80.38 50.0 37.27 8.13-66.43 1.0 
Petasites spp. 1. 03 0-7.19 14.3 
Poa spp. 0.42 0-2.91 14.3 4.81 0-17.83 33.3 
Sali:r spp. 0. 114 0~3. 11 14.3 0.42 0-2.50 . 16.3 1. 23 0-2.46 0.5 
Seeds 0.35 0-2.44 14.3 
Symphol'icarpos 

albuB 0.42 0-2.92 14.3 
Tal'a:r,aaum 

offl:cinaZe 15.79 0-76.56 28.6 
TJ'>ifoZiwn spp. 8.96 0- 53.81 16.7 
Unknown forbes 9.13 0-34.86 28.6 
Unkno~m grasses 
Arthropods 3.31 0-13.68 28.6 0.44 0-2.63 16.7 

Graminoids 21.52 48.25 4.07 

continued ... 

=,..e" m m 
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Table 22. Conel uded. 

; ~.'~ 

September October , November 
N=l N=6 (7) N=l 

x % ReI. 0, x 9,; Re 1. % x % ReI. % '0 

Species Den. Range Occ. Den. Range Occ. Den. Range Occ. 

Agl'opYl'on spp. 
Ag1'Ostis saabl'a 
Calamagl'osti8 

spp. 
Cal'ex spp. 70.12 10.96-98.56 1.0 
Compositae 
Equisetwn spp. 0.49 0-2.92 16.7 
GaZiwn spp. 
Glyael'ia spp. 25.37 0-89.04 66.7 
Lichens 
Mediaago sativa 
Mosses 1. 50 0-5,80 33.3 
Mushrooms 
Mycorrh i za 18.65 0.24 0-1.44 16.7 
PetrzsiteB spp. 
Poa spp. 
Salix spp. 0.97 0.-5.80 16.7 2.13 
Seeds 3.32 
SymphOl'iCarpOB 

albu(J 
Tal'axaawn 

offiainale 
Tl'ifoZiwn spp. 
Unknown forbes 
Unknown grasses 95.74 
Arthropods 78.03 1. 31 0-3.22 0.50 2.13 

Graminoids 0.0 95.49 95.74 

a 
Sample sizes in parentheses include samples which were unavailable for mlcrohistological 
analyses (e.g. , tissue decomposed). ~eans shown include only readab;e samples. 
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Table 23. Percent relative density of discerned plant fragments 

Species 

Amelanchier spp. 
AstragaZus spp. 
Ca Zamagl'ostis 

spp. 
Car>e.'C spp. 
Chenorodium s pp. 
Cm'1rus spp. 
E'riZobiwn 

angus tifo lia 
Equisetum spp. 
Gll/cer£a spp. 
Legumes 
Lichens 
Medicago sativa 
Mosses 
Mushrooms 
Mycorrhiza 
Petasitee spp. 
Pinus banksiana 
l'wnta(lo spp. 
Pl"unus spp. 
Ribes spp . 
Rubus spp. 
Salix spp. 
Seeds 
Shepherdia 

canadensis 
SteZlar>ia 

Zongifolia 
Symphoricarpos 

aZbus 
Trifolium spp. 
Viola spp. 
Unknown forbes 
Unknown grasses 
Arthropods 

in P. maniculatus stomach samples. (The mean percent 
relative density, range of values, and percent occurrence 
for each plant species or group are shown. Sample- sizes 
for each month are indicated.) 

May June July 
N=ll N=9 (10) a N=11 

x 't Rei. % x % Rei. - % x % Rei. :t: 
Den. Range Dec. Den. Range Occ . Den . Range Occ. 

0.45 0-4.15 11. 1 

0.42 0-3.82 II. I 0.15 0-1.68 9.1 

0.19 0-2 . 13 9.1 0.51 0-4.61 11. 1 1. 17 0-10.42 18.1 

1.11 0-12. 1 B 9.1 4.58 J-41.34 11. 1 
0.39 0-3.52 11. 1 

1.70 0-12. 1 B 27.3 8.64 0-66.67 22.2 20.65 0-95.72 63.6 

0.30 0-3.29 9 . I 

12.93 0-50.-0 55.6 1.05 0-5.13 27.3 
4.13 0-39.49 18.2 5.78 0-44.54 33.3 0.23 0-2.50 9. I 

0.70 0-6.33 II. 1 

0.39 0- 3. 52 II. I 

0.18 0-1.60 11. 1 
92.87 0-100.0 100.0 64.59 0-100.0 100.0 76.45 0-1')0.0 100.0 

continued ... 
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Table 23. Continued. 

August September October 
N=18 N=8 (9) N=18 

x % ReI. % x % ReI. :'6 x % ReI. % 
Species Den. Range Occ. Den. Range Occ. Den. Range Occ. 

Amelanahier spp. 0.19 0~3.48 5.6 
Astragalus spp. 
Calamag1'Ostis 

spp. 
Care:c s pp . 0.10 0-3.48 5.6 
Chenopodium spp. 0.36 0-2.84 12.5 0.19 0-3.48 5.6 
Cornusspp. 2.74 0-34.67 27.8 
Epilobiwn 

artgustifolia 
Equisetum spp. 
GZyaeria spp. 0.17 0-3.09 5.6 
Legumes 
LI chens 27.94 ')-09.46 87.5 0.19 0-3.49 5.6 
Medicago sativa o ~ 12 0-2.13 5.6 
Mosses 
Mushrooms 
Mycorrhlza 10.13 0-72.11 55.6 8.A3 0-66.47 37.5 0.30 0-4.06 11. 1 
Petasites spp. 
Pinus banksiana 
Plantdgo spp. 5.24 0-94.24 5.6 
Prnnus spp. 
Ribes spp. 0.38 0-3.07 12.5 
Rubus spp. 2.87 0-51.64 5.6 
SaliJ; spp. 26.18 0-95.62 72.2 9.93 0-55.58 62.5 11.45 0-87.17 66.7 
Seeds 0.133 a-8.B 16.7 0.17 0-1.32 12.5 4.23 0-40.46 33.3 
Shepherdia 

oanadensis 0.44 0-3.52 12.5 0.19 0-3.49 5.6 
Stellaria 

7;ongifolia 
Sympnoricarpos 

albus 0.14 0-2.50 5.6 
Trifolium spp. 0.37 0-6.60 5.6 
Viola sp. 0.14 0-2.50 5.6 
Unknown forbes 3.83 0-51.82 11.1 
Unknown grasses 0.40 0-7.15 5.6 
Arthropods 55 . 34 0-100.0 88.9 51.95 22.81-98.56 1.0 74.46 4.38-100.0 1.0 

continued ... 
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Table 23. Concluded. 

November 
N=9 (11) 

x % ReI. ,% 
Speci es Den. Range Occ. 

Al7leZanahter spp. 
AstmgaZus spp. 2.93 0-26.35 ILl 
CaZamagroostis 

spp. 
Ccn'ex s pp • 
C1umopodiwn spp. 
COl'lm.s spp. 2.25 0-16. /t9 22.2 
EpiZobium 

angustifoZia 0.89 0-8.05 II. I 
Equisetwn spp. 
GZyC!eroia spp. 
Legumes 1. 51 0-12.01 22.2 
li chens 
Mediaago sativa 
Mosses 
Mushrooms 
Mycorrhlza 
Petasites spp. 0.42 0-3.7!l II. I 
Pinus banksiana 
Plantago spp. 
l'l'unus spp. 4.71 0- /12.40 II. I 
Ribes spp. 9.09 0-70.03 22.2 
Rubus spp. 
Saiix spp. 32.92 0-33.33 55.6 
Seeds Ul3 0-16.44 II. i 
Shepherodia 

C!anadensis 
SteZZal"ia 

longifoZia 
Symphoriaal'pos 

albu.9 
TroifoZium spp. 
Viola spp. 
Unknown forbes 0.42 0-3.79 II. I 
Unknown grasses 0.37 0-3.32 II. I 
Arthropods 42.66 0-100.0 77.8 

a Sample sIzes In parentheses include samples which were unavailable for microhistological 
analyses (e.g., tissue decomposed). Means shown include only readable samples. 
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Three species of woody-stemmed plants, Pinus banksiana., 

Ppunus spp., and Salix spp., were present in the stomach samples 

of P. maniaulatus. Pinus banksiana and Ppunus spp. were consumed in 

very small amounts and were present in only a few individual samples 

(Table 23). In contrast, Salix spp. were consumed in small to. moderate 

amounts from June to November. During June, bark tissue was eaten 

most commonly [an average of 99.4% of Salix spp. tissue.present was 

bark (N = 4)]. In contrast, only leaf tissues were present in samples 

collected in July (N=9). Both leaf and bark tissues were eaten in 

September (bark: 65.8%; leaf: 34.2%; N= 2) and October (bark:. 46.1%; 

leaf: 53.9%; N = 3), whereas only bark tissue was consumed in November 

(N = 5). 

5.3 DISCUSSION 

Microhistological analyses of stomach contents of C. gappepi" 

M. pennsyZvaniaus., and P. maniauZatus in the Athabasca region are 

useful primarily in providing qualitative assessments of seasonal 

dietary changes. Quantitative evaluations of diets (estimates of 

percent relative density) may not accurately represent natural vari­

ation in diets of small rodents in this study because of: (1) the small 

sample sizes for each species of rodent in each monthly block of 

trapping; (2) effects of seasonal variation in diets and seasonal av.ail­

ability of some items; and (3) errors associated with differential 

digestibil ity and subsequent identification of various plant and 

arthropod tissues. 

Dietary analyses idea'ly should include assessments of 

habitat effects. However, because of the small sample sizes for all 

three small rodent species in this study, inter-habitat differences 

in diets were not quantitatively evaluated nor were quantitative 

analysis of inter-habitat differences in the consumption of bark 

attempted. 
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5.3.1 Clethi'ionorn'!Js'gal?peri 

As in this study, C. gapperi has been shown to be an 

omnivore feeding largely on forbs, shrubs, berries, and fungi 

(Criddle 1931; Hamilton 1941; Connor 1953; Whitaker 1962; Fisher 

1968; Dyke 1971). Food habits, however, are seaonally variable and 

largely reflect both seasonal and annual availability. For example, 

in years of poor fruit production, mushrooms and lichens become 

increasingly more important in the diet of this small rodent in the 

Northwest Territories (Dyke 1971). Microhistological analyses of 

stomach contents of C. gapperi, captured in the Athabasca region 

during May to November 1979, similarly indicated that the diet of this 

species was seasonally variable although some species such as 1 ichens 

and mycorrhlza were staple foods throughout the sampling period. 

Dyke (1971) found that C. gapperi were largely frugivorous 

during the spring and summer--oVlerwintered berrieswere staple items 

in the spring diet and as a variety of berries (e.g., S. canadensis, 

FragaY'ia spp" Rubus spp.) became available in early summer, these 

were also consumed. Leaves bf S. canadensis3 A. uva-ursi3 P. tremu­

loides3 and mosses were also important in the diet in May and June. 

Lichens, mycorrhiza, arthropods, Equisetum spp., and Salix spp. were 

all important components of the spring diet of C. gapperi in the 

Athabasca Basin. Leaves of Salix spp. were a particularly important 

food species during June. The greater dependence of C. gapperi on 

1 ichens and fungi (mycor r hiza) observed in this study is similar to 

dietary studies by Whitaker (1962), Will iams and Finney (1964~ and 

Fisher (1968)--all found that C. gapperi consumed considerable amounts 

of fungi (up to 38% of the dIet by volume) during the summer period. 

Arthropods were a more important food item of C. gapperi in this 

study than reported for other popUlations in previous studies (Fisher 

1968; Dyke 1971). As reported by Dyke (1971), mushrooms also con­

stituted a major proportion of the diet of C. gapperi in this study 

during August and September. 

During the late fall and winter, C. gapperi has been shown 

to depend largely on overwintering fruits of some shrubs {e.g., Rosa 
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spp., S. canadensis" Vaccinium spp.), lichens, remaining green vege­

tation, and tWigs, buds, and bark of trees and shrubs (Criddle 1932; 

Hamilton 1941; Dyke 1971; Zemanek 1972). Late fall diet, of 

c. gapperi in the Athabasca region closely approximated diets 

reported by these studies. 

Assuming that feeding habits influence habitat use, how do 

dietary components of C. gapperi relate to habitat use in the 

Athabasca region7 Lichens, mycorrhiza, arthropods, Salix spp., and 

Equisetwn spp. were the most important .constituents of the diet (by 

percent relative density). Based on peak population sizes, demo­

graphy, habitat preferences, and responses to habitat structure, 

balsam poplar, aspen, and jack pine forests were the most important 

habitats for this species (Section 4.4.3.1). Although information 

on vegetation composition collected during this study is insuffi­

cient for estimating the availabilities of the. major dietary compo­

nents, descriptions of the major vegetation communities of the 

AO$ERP study area (Stringer 1976) suggest that lichens were abundant 

in tamarack, aspen, and black spruce forests. Salix spp. were 

moderately abundant in the Willow, Tamarack, Aspen, and Poplar Creek 

Cutline study areas (Section 7.), whereas Equis8twn spp. were modera­

tely to very abundant in the Balsam Poplar study area. Habitat use 

by C. gapperi consequently may partially reflect the availabilities 

of commonly consumed foods but more detailed information on the 

availabil ities of major food species are required. 

Bark consumption by C. gapperi in the Athabasca region 

during the period of May to November 1979 was limited--bark of 

S. canadensis and Salix spp. were consumed during the late spring 

and the late summer and fall, respectively. This agrees closely 

with reports of an increased dependence by C. gapperi on twigs, buds, 

and bark of a number of dec i duous tree and shrub speci es du ring the 

winter months (Criddle 1932; . Hamilton 1941; Dyke 1971; Zemanek 

1972). 
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5.3.2 MicrotuspennsYlvanicus 

Microtus pennsylvanicus is largely herbivorous, feeding 

predominantly On grasses, sedges, and to a lesser extent o'n forbs 

throughout the year (Bailey 1924; Hamilton 1940; Jameson 1955; 

Thompson 1965; Zimmerman 1965). Graminoids were similarly an important 

food item of M. pennsylvanicus in the Athabasca region during the 

summer and early fall. Forbes such as M. sativa, Trifolium spp., and 

T. officinale were also seasonally important dietary components of 

M. pennsylvanicus in this study, particularly during the early 

summer. Seasonal use and preferences for similar forbs have been 

reported by Bailey (1924), Thompson (1965), and Zimmerman (1965). 

As in this study, Bailey (1924) and Zimmerman (1965) found that 

M. pennsylvanicus consumed insects and fungi during some seasons. 

However, mycorrhiza were a more important food item of M. pennsyl­

vanicus in the Athabasca region than previously reported for this 

species in other areas. Assuming that mycorrhiza are more abundant 

in forested habitats than in grassl~nd communities (Maser et al. 

1978; Maser et al. 1979), the increased use of mycorrhiza by 

M. pennsylvanicus in the Athabasca region may be a result of the 

increased availability of mycorrhiza in habitats used by M. pennsyl­

vanicus in this region, as opposed to the availabil ity of mycorrhiza 

in grassland habitats (most dietary studies of M. pm~nsylvanicus 

have been based on populations from predominantly grassland 

communitites. 

Based on relative percent densities, mycorrhiza, Carex 

spp., arthropods, Salix spp. and mosses were the major dietary com­

ponents of M. pennsyZvanicus in the Athabasca region. Comparisons 

of these dietary components with habitat use suggest that feeding 

habits and habitat use are at least partially related. Successional 

habitats with moderate to dense grass and shrub cover were the most 

important habitats for M. pennsyZvanicus in this study--tamarack 

and willow habitats were moderately important (Section 4.4.3.2). 

No information was available on the distribution and abundance of 

mycor"hiza in these habitats, but Carex spp. were abundant in 
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successional communities and in tamarack and willow habitats (Stringer 

1976). Arthropods were most abundant [based on estimates of biomass 

(g)~m2] in fens, disturbed (=successional) areas,and tamarack 

forest (Ryan and Hilchie 1980). Salix spp. occurred commonly in 

!willow, aspen, tamarack, and older successional areas (Section 7.3), 

whereas mosses were abundant in tamarack forests (Stringer 1976). 

Consumption of bark by M. pennsylvanicus was expected to 

~e high in relation to other smallordent species--voles of the genus 

Microtus are considered to be one of the major small rodent pest 

species in North American and E,-,rope responsible for severe damage 

to young trees in orchards and reforestation programs (Bailey 1924; 

Littlefield et al.1946; Jokela and Lorenz 1959; Buckner 1970; 

Hansson 1971; Lars,son 1975; Radvanyi 1978). However, . stomach contents 

of M~ pennsyZvanicus from natural habitats in the Athabasca region 

conta i ned on 1 y one sped es of woody-stemmed pI ant; sma 11 amounts of 

Salix spp. were consumed _throughout the year. The 1 imited occurrence 

of woody-stemmed plants in the diet of this species probably refle~ts 

the sampling season. Consumption of bark by Microtus spp. is sup­

posedly highest during periods of food scarcity, particularly during 

the winter and early spring (Bailey 1924; Zimmerman 1965; Hansson 

1971, 1975). Stomach samples collected during the May to November 

period consequently may not have included samples from periods when 

bark consumption is believed to be highest. 

5.3.3 PeromyscusmanicuZatus 

Food habits of P. maniculatus can best be described as . , 

opportunistic and omnivorous (Jameson 1952, 1955). Regular seasonal 

shifts in diet, as observed in this study, are typical of this species 

(Jameson 1952; Williams 1959; Dyke 1971). Variations in the quality 

and quantity of food in different habitats also have been shown to 

affect the composition of the diet. For example, Dyke (1971) found 

that P. manicuZatus populations in the Northwest Territories depended 

on overwintering fruits during the winter but, in years of fruit crop 

failures~ readily utilized insects. Local food shortages also 
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appeared to be overcome by more extensive foraging excursions 

(Stickel 1960; Dyke 1971). 
Peromyscus maniculatus in the Athabasca region, like this 

species in a number of other areas, are largely dependent on arthro­

pods during the late spring (Jameson 1952; Will iams 1959; Brown 1964; 
Gashwiler 1969; Dyke 1971). Dyke (1971) found that arthropods made 

up at least 90% of the diet in late May to July of each year. 

Berries, fruits,and seeds of grasses, shrub~ and trees are also used 

as they become available and gradually comprise more of the diet in 

the late summer and early fall (Hamilton 1941; Jameson 1952; Brown 

1964; Frischknecht 1964; Whitaker 1966; Gashwiler 1969; Dyke 1971; 
this study). Peromyscus maniculatus in the Athabasca region also 

consumed moderate amounts of leaves of Salix spp. in August, September, 

and October; a simllar consumption of deciduous leaves during the late 

summer was reported by Jameson (1952). Fung i when abundant maya 1 so 

form a major part of the diet--Wflliams and Finney (1964) found that 

8 to 92% of the diet of P. maniculatus in Wyoming and Colorado was made 

up of the fung i Endogone. Consumpt i on of fung i {mycor rh i za} by 

P. maniculatus in northeastern Alberta was common during July to 

September and has similarly been reported by Jameson (1952), Dowding 

(1955), Bakerspigel (1958), Whitaker (1962), Dyke (1971), and Maser 

etal. (1979). 
Dyke (1971) showed that both the quantity and quality of 

food consumed by P. maniculatus varied significantly among habitats, 

suggesting that habitat selection by this cricetine may partially 

reflect availability and quality of preferred foods. Peromyscus 

maniculatus in the Athabasca region most commonly consumed arthropods, 

Salix spp., mycorrhiza, seeds, and lichens. Several indices of 

habitat use and qual ity suggested that balsam poplar forest, aspen 

forest, and successional communities were the most suitable habitats 

for P. maniculatus in the Athabasca region. During 1979, estimates 

of arthropod biomass (g.m 2 ) were highest in fens. disturbed areas, 

tamarack forest, and deciduous shrub-wetland habitats (Ryan and 

Hilchie 1980). Salix spp. were most abundant {based on stem densities 
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in 1979; Section 7.2.1) in willow, aspen, tamarack, and older suc­

cessional areas, whereas lichens were most abundant in tamarack, 

aspen, and black spruce forests (Stri.nger 1976). No information was 

available on the distribution and abundance of mycorrhiza or seeds. 

The lower abundance of preferred foods in habitats most commonly 

used by P. maniauZatus suggests that habitat s.election by this 

species is not greatly inHuenced by the availabil lty of. preferred 

foods. 

Peromysaus maniauZatuscommonly consume seeds and fru i t ,of 

trees and shrubs (Jameson 1952; W111iams1959; Baker 1968; Gashwiler 

1969; Drickhamer 1970; Dyke 1971; Everett et al. 1978) and have 

a 150 been reported to occas i ona 1ly consume need 1 esof some con Hers 

during periods of deep snow (Jameson 1952). Consumption of tree 

or shrub bark, as reported in this study, ~as not previously been 

reported for this cricetine. SaZix spp. were the only species of 

tree or shrub from which bark was consumed; however, it is not known 

if this is a special case or if bark of other species may be eaten 

as well. Bark consumption was highest during June and November, 

suggesting that girdling by this species (like C. gapperi and 

M. p.ennsyZvaniaus) may be most common during the lateJall, winter, 

and early spring. 

Because P. maniauZatus was not previously known to consume· 

bark, this mouse species was not believed to be responsible for 

gird 1 ing damage to trees or shrubs. Rather, it was cons idered a 

major pest species because of its consumption of tree seed used in 

programs of reforestation by artificial seeding (see Section 7). 

Consumption of moderate amounts of bark of Salix spp. by P. maniauZatus, 

however, i nd i cates that th is spec i es is respons i b 1 e for some. 9i rd 1 i ng 

of at least one shrub species. Further investigations of diets of 

P. maniaulatus in northeastern Alberta, particularly during the 

winter months, are required to more adequately evaluate bark consump­

tion by this cricetine and may result in modifications to current 

concepts of controlling, girdli.ng damage by small rodents (see Green 

1978 for a review). 
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6. SNOWSHOE HARES 

The snowshoe hare (Lepus americanus) is an integral com­

ponent of the small mammal community within the boreal forest, both 

as a herbivore and as a major prey species of several furbearers. 

Snowshoe hare populations undergo cycl ic fluctuations in abundance 

every 8 to II years (Keith 1963; Keith and \·lindberg 1978) and browsing 

of woody vegetation during peak years is often severe (MacLulich 

1937; Aldous and Aldous 1944; Cook and Robesen 1945; Trapp 1962; 

Grange 1965; \010 I ff 1978; Pease et a I. 1979). Snowshoe hares are 

also an important prey species for a number of raptors and mammals, 

particularly lynx (Lynx canadensis). Lynx are dependent upon snow­

shoe hares for a major portion of their diet and changes in lynx 

population sizes typically reflect changes in the abundance of 

snowshoe hares (Keith 1963; Nellis and Keith 1968; Nellis et al. 1972; 

Brand et al. 1976; Brand and Keith 1979). Disturbances of snowshoe 

hare populations resulting from oil sands developments consequently 

may not bnlydirectly affect this species but may also result in 

changes in numbers of some predators and in vegetation composition 

and productivity. 

The major objectives of this study' were to assess the demo­

graphy of and habitat use by snowshoe hares in several major plant 

communities of the boreal forest. Such information will provide 

both a data base for future comparisons with post-disturbance states 

and information necessary for evaluations of probable impacts of 

development and formulation of mitigative measures. Although a 

basel ine study of snowshoe hares should include data on the cyclic 

characteristics of this sp~cies, giveh the short duration of this 
I 

study relative to the 10 year population cycle, no specific attempt 

has been made to evaluate cyclic phenomena in the study populations. 

6. I SPECIFIC METHODS 

6.1.1 Live~trappingTechniques 

Snowshoe hares were I ive-trapped using techniques similar 

to those described by Keith et al. (1968). All study areas were 
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trapped once every 2 wk from 30 June to 13 November 1978 and once 

every 3 wkfrom 13 May to 2 December 1979. 

Each study area was 5.tha in size1 and consisted of a 

8 x 10 grid of trapping stations at 30 m intervals. One Tomahawk 

rabbit trap (single door) was placed on a well-defined runway (if 

possible) within a 5 m radius of alternate trap stations. Alfalfa 

hay or fresh c lover was used as bai t. All traps were preba i ted 

(traps were locked open on both ends) for 2 wk prior to commencing 
, 

1 ive-trapping in 1978. Traps were arranged so that, during one 

trapping period, traps on even-humbered rows were set at the even­

numbered stat ions, and traps on odd-numbered rows were set at the 

odd-numbered stat ions. Traps were moved between trapp i ng periods 

so that, during the ' fol1owing ~ trapping periods, traps on even-numbered 

rows were set at 'odd-'numbered stations and traps on odd~numbered rows 

were set at odd-numbered stations and traps on odd-numbered rows were 

set at even-numbered stations. Traps were locked open between 

trapping periods. 

Each trapping period consi sted of 3 d of 1 i ve-trappi ng. On 

the first 'day, all traps were set in the afternoon. All traps were 

checked and reset the following morning. On the third day, all traps 

were checked and locked open until the next trapping period. 

Snowshoe hares were also trapped 28 February to 7 March 1979 

and 22 to 31 January 1980. Each winter trapping period consisted of 

5 d of live-trapping. On the first day, all traps were set in the 

afternoon. Over the next 2 d, all traps were checked and reset each 

morning. Following the second trap check, traps were moved (as 

described previously for between trapping periods) and set. All traps 

were checked and reset each morning for another two days. 

Newly captured snowshoe hares were tagged with a #3 monel 

metal ear tag (National Band and Tag Company). The tag number, 

Partial flooding of the SH-balsam poplar grid in 1978, resulting 
from the damming of an old river channel by beaver, effectively 
reduced the trapping grid to a size of 5.0 ha (an 8 x 9 station 
trapping grid). 
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species, trap location, sex, breeding condition, weight, age [based 

on genital morphology (Trapp 1962)], and the number of attached ticks 

were recorded for each animal captured. 

6. 1 .2 Vegetation Analyses 

Vegetation analyses were conducted on each of the snowshoe 

hare live-trapping plots during the period of 30 June to 2 July 1979. 
Habitat availabil ity was estimated by recording the three most domi­

nant tree, shrub, and ground cover species, the percent coverage of 

each of the three ground cover species, and the density of the forest 

canopy in the Vicinity of each trap station. The three most dominant 

species of trees and shrubs, respectively, were determined for the 

area within a 5 m radius of each station; species of trees and shrubs 

were ranked according to the percent coverage of the sampl ing area 

(based on the projected area of the canopy). For each of the three 

most dominant ground cover species (e.g., herbs, forbs, grasses, 

sedges, and mosses) an estimate of the percent coverage of the area 

within aIm radius of each trap station was obtained using a Braun­

Blanquet cover scale (Kershaw 1966). An estimate of canopy density 

(cumulative percent coverage of all tree species) was recorded 

based on a scale of 1 to 4 (1 = canopy density 0% to <25% coverage; 

2 = 25% to <50%; 3 = 50% to <75%; 4 = 75% to 1 OO%). 

6.2 SNOWSHOE HARE DEMOGRAPHY 

An intensive 1 ive-trapping program was used to assess the 

demography of L. amepiaanuB in representative habitat types of the 

AOSERP study area. During each trapping period, a complete enumera­

tion of the snowshoe hare population on each study area was 

attempted. Based on the number of snowshoe hares captured in each 

trapping period, the minimum number known to be al ive (MNA) (Chi:tty 

and Phipps 1966) was used as a biased estimate of population size 

(see Section 3.2.1.1). 

me=_wsnr am' 
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6.2. 1 Ttappab i1 i ty ! 1 
,:\ , .. 

The trappability of L. ameT'iaanU8 on each of the 'four 

study areas was used to assess the rel iabi 1 ity of the MNA estimates; 

of population size (see Section3.'~.1.1) .. Minimum unw~ighted 

trappabilities (Boonstra and Krebs 1978) were calculated for each 

population for the summer period (30' Jl:'ne to 20September 1978; 

16 May to 20 September 1979) ard for the fall ~eriod (21. September to 

17 November 1978; 21 September to 29 November 1979). 

In 1978, estimates of tra,ppability for all study populations 

always exceeded 50% (Table 24)-:-tiNA estimates consequently should 

underestimate the trappable population size by acceptably small 

amounts. In 1979, only trappabi.lities on the Balsam Poplar and, 

BlackSprllce study areas during the summer and 'On the Aspen study 

area during the, fall exceeded, 50%.' Trappabilities in all other 

cases in 1979wel"e low and do-not provide acceptable estimates of 

population sizes. These MNA estimates will be considered as under­

estimates throughout the remainder of this report. 

6.2.2 Changes in Population Size 

MNA estimates of population size for snowshoe hares on 

the four study areas are shown in Figures 25 to 28. In 1978, snowshoe 

hares were most abundant on the Black Spruce study area. Moderate 

numbers were present on the Ba ham P,op 1 ar 5 tudy area and low numbers 

were present on both the Aspen and Jack Pine study areas. In 1979, 

snowshoe hares were again most abundant in black spruce and balsam 

poplar cover types, whereas numbers were low in jack pine and aspen 

habitats (estimates on the Jack Pine and Aspen study areas are 

probably underestimates because of low trappabilities). Within the 

Balsam Poplar and Jack Pine study areas, snowshoe hares were more 

abundant in 1979 than in 1978 (despite poor trappability on the latter 

study area). In contrast, the number of snowshoe hares on the 

Aspen and Black Spruce 'study areas changed little between 1978 and 

1979. 
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Table 24. Seasonal estimates of minimum unweighted trappability 
(MUT) of L. americanus. 

1978 1979 

Summer Fa 11 Summer Fa 11 

Gr id MUT N MUT N MUT N MUT N 

Jack Pine 58.3 8 69.1 7 13.3 9 22.2 9 
Aspen 61.1 9 60.0 5 40.8 10 66.7 3 
Balsam Poplar 68.0 14 89.0 15 53.0 16 25.0 24 

Black Spruce 70.4 38 79. 1 30 53.7 22 43.9 22 
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JACK PINE GRID 

1978 1979 1980 

The MNA and sex ratios of L. ameriaanus on ,the Jack Pine 
study area. (Triangles indicate that ~rappabi Ii ties were 
less than 50% af)d MNA estimates likely underestimate the 
real t,rappable population size. Thewint~r periods, when 
trapping effortsw~reless intensive~ are indicated by 
the shaded areas.) , , 
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ASPEN GRID 
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Figure 26. The MNA and sex ratios of L. americanus on the Aspen study 

area. (Triangles indicate that trappabilities were less 
than 50% and MNA estimates likely underestimate the real 
trappable population size. The winter periods, when 
trapping efforts were less intensive, are indicated by 
the shaded areas.) 
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BALSAM POPLAR GRID 
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The MNA and sex rat ios of L. americanus on the Sa 15 am 
Poplar study area. (Triangles indicate that trappabi 1 iti'e's 
were less than 50% andMNAest imates 1 ikely und.erest imate 
the realtra~pable popJ1ail6n size. ' Th~ wrnt~r periods, 
when trapping efforts were less intensive, are indicated 
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Figure 28. The HNA and sex ratios of L. americanu8 on the Black Spruce 

study area. (Triangles indicate that trappabilities were 
less than 50% and HNA estimates likely underestimate the 
real trappable population size. The winter periods, when 
trapping efforts were less intensive, are indicated by 
the shaded areas.) 
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6.2.3 Survival and Recruitment 

Changes in the numbers of snowshoe hares within a habitat 

are a result of population losses (mortality and emigration) and 

recruitment (births and immigration). Seasonal survival and recruit­

ment rates were determ i ned for .the summer (1 Ju 1 y to 20 September 

1978, and 16 May to 20 September 1979), fall (21 September to 9 

November 1978, and 21 September to 9 November 1979), and winter 

(10 November 1978 to 15 May 1979, and 10 November 1979 to 25 January 

1980) periods using multiple regression analyses with 'dummy' 

variables (Fairbairn 1977a) as described prevlbuslY for small rodents 

(Section 3.3). Effects of habitat (= study area) and season on 

survival and recruitment rates were evaluated by analysis of variance 

(Nieet al. 1975). 

Seasonal survival rates of snowshoe hares did not differ 

significantly between habitats during the sprinQ, summer, or winter 

periods of 1978 (summer: F = 0.96; 3,16 df; P = 0.44; fall: F:::: 0.30; 

3,12 df; P = 0.82; winter: F = 0.30; 3,8 df; P = 0.82) (Figure 29) or 

1979, although survival rates tended to differ among habitats during 

the summer 1979 (summer: F = 2.37; 3,24 df; F = 0.10; fall: F = 0.73; 

3,12 df; P = 0.36; winter: F = 1.81; 3,8 df; :P = 0.22). During the 

summer of 1979, survival rates of animals on the aspen grid tended to 

be lower than in other habitats. No significant changes in survival 

rates between seasons were apparent in 1978 (F = 1.35; 2,36 df; 

0.50 > p) or 1979 (F = 0.74; 2,44 df; 0.50 > P > 0.25). 

Recruitment rates within each season also did not differ 

significantly among the four habitats during 1978 (summer: F = 0.47; 

3,16 df; P = 0.71; fall: F = 0.14; 3,12 df; P = 0.94; winter: F = 0.31; 

3.8 df; P = 0.82) or 1979 (summer: F = 0.59; 3,24 df; P = 0.63; faLl: 

F = 1.25; 3,12 df; P = 0.34; winter: F = 2.23; 3,8 df; P = 0.16) 

(Figure 30) • . Recruitment rates, however, did change significantly 

between seasons in both years (1978: F = 9.96; 2,36 df; 0.005 > P; 1979: 

F = 4.12; 2,44 df; 0.05 > P > 0.01). In both 1978 and 1979, recruitment 

rates were highest during the summer (the period of reproductive 

activity), decl ined during the fall, and increased slightly during 

the winter. 
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6.2.4 Population Structure 

6.2.4.1 Age distributions. Three age classes of snowshoe hares 

were recognized (juveniles, sub-adults, and adults) based on genital 

morphology (Trapp 1962) and previous trapping history. Adults were 

animals that had survived at least one winter. Sub-adults and 

juveniles were animals born that year. 

In 1978, juveniles were most abundant at the start of the 

trapping season in July and declined gradually during August and 

September, reflecting the recruitment of juveniles to the sub-adult 

portion of the population (Figures 31 to 34). No or few juveniles 

were present in the overwintering populations. In 1979, juveniles 

increased rapidly in late May and June reaching peak numbers in 

August and September (with the exception of the population on the 

balsam poplar grid where juveniles reached peak numbers in July). 

No juveniles were present in any of the study populations by early 

November 1979. 

Sub-adults generally increased over the summer (as juvenile 

cohorts matured), becoming most abundant in November. Few sub-adults 

were captured on the Jack Pine study area. During the winter of 

1978-1979, most animals on the Aspen, Balsam Poplar, and Black Spruce 

study areas were sub-adults. 

on the Jack Pine study area. 

In contrast, no sub-adults were present 

During the early winter of 1979-1980, 

all study populations, except the jack. pine population, were composed 

of approximately equal numbers of sub-adults and adults. 

Only low to moderate numbers of adult snowshoe hares were 

present on the Aspen, Balsam Poplar, and Black Spruce study areas in 

1978 and 1979 except during May and early June 1979 when almost all 

the animals present were adults. In contrast, adult animals were 

abundant on the Jack Pine study area throughout both years. All 

animals overwintering on the Jack Pine study area in 1978-79 were 

adults, whereas only a moderate number of adults overwintered on the 

other three study areas. 
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Figure 31. Age distributions of L. amepicanus on the Jack Pine 
study area. · (Proportions are based on the actual number 
of animals captured in each trapping per~od; 0 ~ . N ~ 13. 
The winter periods, \.oJhen trapp.ing efforts were less 
intensive~ are indicated by the shaded areas.) 
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Figure 32. Age distributions of L. americanus on the Aspen study 

area. (Proportions are based on the actual number 'of 
animals captured in each trapping period; 0 < ~ < 13. 
The winter trapping periods~ when trapping e¥for~s were 
less intensive, are ihdicated by the shaded areas.) 
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BALSAM, POPLAR GRID 

1978 ' 1979 1980 

Age distributions of L. amerieanus on the Balsam Poplar 
study area. (Proportions are based on the actual number ' 
of animals captured i~ each tra~ping period; 5 < N < 28. 
The winter trapping periods~ when trappingeffo~ts ;ere 
less inten~I~e, are ihdic~ted by the shaded areas.) 
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study area. (Proportions are based on the actual number 
of animals captured in each trapping period; 13 < N < 32. 
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6.2.4.2 Sex ratio. Sex, rati9s, expressed as the proportion of the 

tota I MNA that were rna I es, were ca,1 cuI ated for snowshoe hares on 

each study area during each trapping period (Fi~ures 25 to 28). In 

all cases, sex ratios on each of the four study areas did not differ 
. ·f· I I f 0 slgnl Icant y rom .5. 

6.2.5 Reproduction 

As discussed earlier for'small rodents, assuming that habitat 
" . ' i - . I :-, ' 

selection is related to reproductive success, the ~ean ~umber of . " ; - ~ ,~ . - , ( 

young within each, litter that suryh/es, to breeding age would be ,one 

of the better measures of habitat qualiJy. However, because of. the 

difficulty in obtaining such a meClsurein free-ra,nging, populations , 

of snowsho~ hares, three indices of reproductive succ.esswere ,used 

in this study; breeding activity, pregnancy rate~; and juvenile 

recruitment. 

6.2.5.1 Breeding ,activity. Reprodl;lctive at,tributes of ~nowshoe 
"I , ' " ; 

hare populations on each of the study areas ~~ere~ssesse~ using 

external indices of reproduction. Male hares were considered to 

be in breeding condition only if their te~tes were obviously scrotal. 

Females were considered to be in breeding condition ~f their nipples 

were enlarged. Females were noted as being pregnant if the abdomen 

obviously was distended and/or if ,an obvious ,reduction in body weight 

was associated with an increase in the size of the nipples. Indices 

of breeding activity, expressed as the proportion of adult males and , 
females that were in breeding condition during thE;! summer period of 

1978 (I July to 20 September) and 1979 (16 May to 20 September) wer~ 

determined for animal s on each study area (Appendix 11.4" Table 65). 

During the summer of 1978, breeding activity of male and 

female L. cunericanus did not differ significantly among habitats 

[Friedman's two-wayANOVA(Siegel 1956); males: )1(2 = 1.10; N = 6; , . r 
k = 3; P = 0.78; f~ales: x2 = 0.60; N = 6; k = 3; P = 0.90]. r 

I Yates correction for continuity employed. 
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In 1979, however, male breeding activity did differ among habitats 

(X 2 = 11.7; N = 7; k = 3; P = 0.01), whereas female breeding activity 
r 

did not (X2 = 1.05; N = 7; k = 3; P = 0.79). Fewer male L. americanus 
r 

on the Aspen study area were in breeding condition during the summer 

of 1979 than in the other three habitats. 

6.2.5.2 Pregnancy rates. Pregnancy rates, expressed as the propor-

tion of adult female hares captured one or more times during the 

summer period of 1978 and 1979 that were pregnant, were calculated for 

each study population. In 1978, pregnancy rates were highest on the 

Black Spruce [0.38; N (total number mature females capture) = 8] and 

Jack Pine (0.33; N = 3) study areas followed by the Balsam Poplar 

(0.29; N = 7) and Aspen (0.00; N == 2) study areas. In 1979, pregnancy 

rates were again highest on the Black Spruce study area (0.52; N = 23) 

followed by the Balsam Poplar (0.46; N= 13), Ja~k Pine (0.30; N = 10~ 

and Aspen (0.11; N = 9) study areas. 

6.2.5.3 Juvenile recruitment. Juvenile recruitment rates, expressed 

as the number of neW juvenile animals captured per adult female during 

each summer trapping period, were used as a third index of reproduc­

tive success. Juvenile recruitMent rates, summarized in Appendix 

11.4; Table 66, were compared among study areas using Friedman's 

two-way ANOVA. 

During the summer 1978, juvenile recruitment rates tended 

to differ among habitats (X2 = 6.55; N = 6;k - 4; 0.10 > P > 0.05); 
r 

recruitment of juveniles tended to be highest on the Black Spruce 

study area and was lowest on the Jack Pine study area. No signifi­

cant differences in juvenile recruitment rates were apparent in 

1979 (X2 = 4.26, N = 7; k = 4; 0.30 > P > 0.20). 
r 

6.2.6 Condition 

Studies by Keith (1963) and Dolbeer and Clark (1975) have 

suggested that habitat preferences and use by L. americanus may 

partially reflect the quality and quantity of browse locally 

available. Variation in browse may in turn affect the condition 



151 

of snowshoe hares. Body weights were used in this study as an index 

of condition of juveniles, sub-adults, and adults on each study area 

and are summarized in Appendix 11.4, Table 67. 

Body weights of juvenile snowshoe hares differed signi­

ficantly among study areas only in 1978 (Friedman's t.wo-way analysis 

of variance; 1978: x2 = 9.3;N = 9; k = 3; 0.05 > P ':> 0.01; 
r 

1979: x2 = 2.9; N = 7; k == 4; 0.50> P > 0.25). Juvenile snowshoe r 
hares on the Jack Pine study area in 1978 were significantly smaller 

than juveniles on the Balsam Poplar study area [two-way moltiple 

comparison test (Hollander and ~/olfe 1973);p < 0.05] 

Body weights of sub-adult snowshoe hares tended to dtffer 

among the four study areas in 1978 (x2 = 7.4; N = 8; k = 4; r 
0.10 > P > 0.05) and differed significantly among the~e habitats in 

1979 (x2 =20.8; Nr = 11; k = 4; P < '0.00). In 1978, 'sub-adul ts on 

the Aspen study area tended to be smaller than sub-adults on the 

Jack Pine study area (p < 0.10), whereas sub-adult hares on the Jack 

Pine study area in 1979 were significantly smaller than sLib-adults 

on the remaining three study areas (p < 0.05). 

Body weights of adult snowshoe hares differed significantly 

among study areas in both years (1978: X2 = 9.1; Nr = 9; k =4; 

0.0~ > ~ >0.01; 1979: x2 = 17.3~ N = 11; k = 4; P < 0.00). Adult r 
hares on the Jack Pine study area in 1978 were smaller than those on 

the Aspen study area (P < 0.05). In 1979, adul ts on the Black Spruce 

study area were significantly smaller than adult hares on the Aspen 

study area (p < 0.001) and tended to be smaller than those on the 

Balsam Poplar study area (P < 0.10). 

6.3 HABITAT USE 

The response of L. americanu8 to major habitat types and 

vegetation structure of the boreal forest ecotone was assessed by 

two methods: comparisons of the peak population sizes on each study 

Mean body weights for cells with no captures were estimated by 
interpolation. 
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area; and multivariate analyses of snowshoe hare abundance and habitat 

structure. 

6.3. 1 Peak Popu lat ion Sites 

Habitat use by snowshoe hares commonly has been assessed 

by comparisons of indices of abundance such as the number of captures, 

the number of tracks/unit distance~ or population densities in dif­

ferent habitat types (e.g., Keith and Surrendi 1971; Dolbeer and 

Clark 1975; Keith and Windberg 1978). In this study, peak MNA 

estimates were used as an index of habitat use during each year of 

the study. 

Peak population sizes on the Jack Pine, Aspen, Balsam 

Poplar, and Black Spruce study areas during the period of 1 July to 

9 November 1978 were II, IS, 21, and 46 snowshoe hares, respectively. 

In 1979, black spruce forest was again the most commonly used habitat 

(peak MNA = 38) followed by balsam poplar (28), jack pine (16) 1, and 

aspen forest (15)1. 

Based on MNA estimates for early March 1978, snowshoe hares 

most frequently used black spruce and balsam poplar habitats (24 and 

22, respectively) during the mid-winter, whereas few animals were 

prese~t in jack pine and aspen cover types (six and seven, respectively). 

In late January 1980, snowshoe hares again were most abundant in black 

spruce forest (19); lower numbers were present in balsam poplar (13), 

aspen (10), and jack pine (9) habitats. 

6.3.2 Multivariate Analyses of Snowshoe Hare--Habitat 

Relationships 

Indices of abundance within major habitat types can pro­

vide crude estimates of habitat factors affecting local distributions 

of snowshoe hares but may ignore other factors which may be important 

in the categorization of major habitat types. As discussed earlier 

for small rodents, multivariate statistical techniques permit 

I Trappabil lty was less than 50%; MNA shown are 1 ikely underestimates. 
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simultaneous consideration of all habitat data and so avoid the 

necessity for arbitrary classifications of habitat type. 

The relationship between the local distribution (and 

abundance) of L. americanus and vegetation structure were assessed 

by a two-stage multivariate analysi.s. Initially a BMDP4M factor 

analysis (Dixon and Brown 1979) was used to reduce a possible set of 

28 habitat vari~bles to nine independ~ntfactors that characterized 

vegetation structure on the four live-trapping areas (see Appendix 

11.4 for details). Interpretaiion~ of the nine independent factors 

based on orthogonally-rotated factor loadings (Appendix 11.4~ 

Table 68) greater than ± 0.250 are summarized in Table 25. 

The relationship between these factors and the local distribution 

and abundance of snowshoe hares were then assessed using stepwise 

multiple regression (SMR) analyses. Separate SM.R's were run for 

snowshoe hare populations during the summer period of 1978 and 

1979, and for the mid-winter period of 1978~1979 and 1979-1980, 

using the BMDP2R analysis (Dixon and Brown 1979). 

The number of captures per trap-night (eTN) was used as an 

index of snowshoe hare abundance. One estimate of CTN was calculated 

for each trapping station on each study area for the periods of 

1 July to 27 October 1978 and 16 May to13 October 1979. Estimates 

of tTN for the mid-winter of 1978-1979 included all animals taptured 

between 27 October 1978 and 3 March 1979; mid-winter estimates in 

1979-1980 included all captures between 9 November 1979 and 25 January 

1980. For each period, CTN were determined by dividing the cumu­

lative number of captures of snowshoe hares by the cumulative number 

of trap-nights corrected for the number of trap setoffs (e.g~, 

accidental trips, captures of other species). All estimates of CTN 

were transformed by taking the log of (CTN +1) to correct for 

heteroscedasticity and non-normality (Sokal and Rohlf 1969). 

6.3.2.1 Surtmer 1978. During the summer of 1978, 33.6% of the 

variance in the abundance of L. americanus could be explained by 

habitat structure (Appendix 11.4; Table 69). All five predictor 

variables (+aspen/-black spruce forest, +white spruce/-black spruce 



Table 25. Description of habitat variables that characterize the nine factors of the snowshoe hare 
study area factor analysis. (Rotated factor loadings are shown in Appendix 11.4, Table 68. 
Only variables whose factor loadings were greater than ±O.250 are included in the descrip­
tions. t~ames assi~ned to each fa·ctor are used in all further discussions of this analysis.) 

Factor 

2 

3 

,. 
5 

6 

7 

8 

9 

Name 

Balsam poplar 
forest 

+Aspen/-Black 
spruce forest 

+White spruce/ 
-Black spruce 
forest 

Open Habitat 

Jack pine 
understory 

Shrub blrch­
white spruce 
transition 

V. eaespitosum 

B I uebe II Cover 

Paper Birch 

Description of Variables 

- characterized by a predominance of Alnus spp., C.stolonifera, and Viburnum spp. shrub cover; a moderate to dense 
forest canopy dominated by P. balsamifera; and moderate to dense ground cover .dominated by Equisetum spp. 

- measures the presence of a number of variables describing aspen forest habitat and the absence of variables de­
scribing black spruce-tamarack forest types. Aspen variables included the presence of a tree canopy dominated 
by P. trenruZoides; shrub layer characterized by A. alnifolia, S. aanade",.sis, and Rosa spp.; and high densities 
of A. uva-upsi and V. myrtilZoides. Variables associated with black spruce habitat included a forest canopy 
composed largely of P. mariana and moderate densities of L. lariaina; moderate densities of SaZix spp. and ground 
cover characterized by a dense growth of moss and L. groenZandicum; and moderately dense V. vitis-idaea. 

- represented by the presence of variables associated with white spruce forest cover and the absence of variables 
associated with black spruce-tamarack habitats. White spruce variables included a forest canopy composed largely 
of P. gZauaa; a shrub layer of S. aanadensis and Rosa spp.: a.nd a high density of C. aanadensis. Black spruce­
tamarack variables included a forest canopy dominated by P. mariana and L. Zariaina, and a shrub layer commonly 
composed of Salix spp. 

- characterized by a sparse tree and ground cover (i.e., trees and ground cover rarely present) and a limited 
growth of shrubs. 

- measureS the presence of variables typical of jack pine forest such as a paucity of shrub cover and dense growths 
of CZadina/CZadonia spp.: and the absence of variables commonly associated with more poorly-drained sites such 
as L. Zariaina, Salix spp., and a high density of moss cover. 

- characterized by a predominance of B. gZandUZosa, sparse to moderate densities of P. gZauaa, moderate densities 
of L. groenZandiaum and an absence of V. vitis-idaea. 

- reflects a dense growth of V. aaespitosum; low to moderate densities of CZadina/CZadonia spp. and an absence of 
V. uliginosum and S. eanadensis. . 

- is a measure of vegetation associated with dense growths of M. paniauZata: low densities of AZnus spp., 
P. baZsamifera, Rosa spp., and L. Zariaina; and an absence of moss cover. 

- measures a tree canopy composed almost entirely of B. pccpyrifera and moderate to low densities of Viburnum spp. 

\.n 
~ 
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forest, jack pine understory, shrub birch-white spruce transition, 

and balsam poplar forest cov.erl· were negatively correlated"with' the 

abundance 'of snowshoe h·ares. 

Of the five habitat factors, the +cl'spen/-black spruce 

factor was most strongly assoclatedwith sno\.,;shoe hare abundance 

(accounting for 16.6% of the variance). After this was taken into 

account, ttle +whi.tes.pruce/-black spruce factor explained an addi·tional 
, .' ,..,' '"', .. ~ . . , 

8.0% of the variance in abundance., lhe remaining three habitat factors 

were statistically significant predictors,of abundance but each 

accounted for onl yl.9' to 4.8% of fhe'total vari~·nce. 

How' then' do theserelatiorlsliips between 'habitat structure 

and abundance of snowshoe 'hares relate to major h'~bi tat types of t'he' 
boreal forest? Expected numbers of'CTN were,"calculated for each study 

area using the SMR equation (Appendix 11.4, Table 69) and the mean 

factor scores for each hab,,Itat (App~ndix 11.4, Table 70). During. I;' 

summer 1978, black spruce forest was associated with th~;,highe,st 
. ,", ;,~ ~ j . :~. " 

j ndex of abundance (Table 26). I n con t ras t, jack pine hab i tat was 

ass()ciated with the lowest numbers of snowshoe hares. Results 

suggest that of the four habitats studied, black spruce forest was 

most suitable for L. ameriaanus. 

6.3.2.2 Summer 1979. During the summer of 1979, three habitat 

factors accounted for 28.1% of the variance in the number of captures 

of snowshoe hares. Jack pine understory, +white spruce/-black spruce 

forest, and +aspen/-black spruce forest all were negatively correlated 

with the abundance of snowshoe hares (Appendix 11.4, Table 71). Of 

the three significant predictor variables, the +aspen/-black spruce 

factor accounted for most (20.3%) of the variance in numbers of snow­

shoe hares. The +white spruce/-black spruce forest factor and the 

jack pine understory factor were both significant predictors of 

abundance but only explained an additional 4.9 and 2.9% of the total 

variance, respectively. 

Based on the SMR model and the mean factor scores for each 

predictor variable on each study area, higher numbers of snowshoe 

hares were most often associated with black spruce forest cover 
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Table 26. Expected number of CTN during the summer and winter of 
1978 and 1979. (Expected number of CTN for one trap 
station in each habitat was calculated using the 
appropriate SMR equation for that season and the mean 
factor scores for each habitat.) 

Study .Area 

Season Jack pine Aspen Balsam poplar Black spruce 

Summer 1978 0.0169 0.0211 0.0245 0.0493 

Wi nter 1978-1979 0.0077 0.0113 0.0086 0.0283 

Summer 1979 0.0280 0.0170 0.0432 0.0640 

Winter 1979-1980 0.0002 0.0010 0.0012 0.0022 
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(Table 26). Conversely, aspen and jack pine forests commonly were 

associated with lower numbers of this species. 
"I, 

6.3.2.3Wint~t:1918~1979. Onl~ ~4.9% of i~e variance in the ab~~~ 
dance of snowshoe hares durlng t'h:~winter of 1978-1979 was' explained 

by habitat structure (Appendix 11 ~4,:Table72). 'Habitat factors 

associated with+a~pen/-black spr~c~'for~st cover were'oegatively 

correlated with ~nowshoe h~re;:riumbe'rs' ~na explained 6.0% of the 

variance in abundance. Simtlarly,'.'h~bi:tat'factors associat:ed 'with 

jack pine understorYt balsam popl~r forest,'+wtlite spruce/-black spruce 

forest, and shrub birch-white spruce transition were negatively 

associated' with l:lbundantebOt e><plaihed 0~ly'l:'3'to 2:7% of the 

rema i ni rig vat i ~riceiri 1 numbers.' 

Expected 'numbers of captures, as pfedlcted by the:SMR 

model and mean f~ctorscores, i nd i cated that ~sp~n and til ack. spruce" 

forests we~e most COilmbhlyass6ciat'ed w·ithhigher ri~mbers of snowshoe 

hares du~trig the ~ihter Of1978~j~79 {Tabl~~6).jac' pine and balsa~ 
poplar habitats, on the'other hand, were"associ~t~d in~stoften wi'tti 

lower numbers of L. arn,e:roiaanus. 

6.3.2.4 Winter 1979-1980. During the winter of'1'979';;1980, habitat 

structure explained only 10.1% of the variation in snowshoe hare 

numbers (Appehdix 11.4, Table 73). As during the ~ie~lous winter, 

the +aspen/-black spruce foresta'nd jack pine underst:ory factors 

were most strongly associated with 'snowshoe hare abundance. 

However, both the +aspenl-b1ack spruce forest and the ja'ck pine 

understory factors were negatively associated with snowshoe hare 

abundance. 

Based' on expected numbers of captures, black spruce forest 

was associated most commonly with ~igher numbers of 'snowshoe hares 

during' the winter of 1'979-1980 (Table 26). 1n contrast, jack pine 

habitats were associated with low numbers during the same 'period. 
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6. 3.2.5 Inter~seasoncomparisbnsbfSMRmodels. SMR analyses 

for the spri ng to summer period of 1978 and 1979 accounted for 

approximately the same amount of variation in the abundance of 

snowshoe hares (33.6% vs 2B.l%). The three major predictor vari­

ables in bothSMR models were identical and accounted for similar 

proportions of the total explained variance in both years. In 

addition, all were negatively corn~lated with snowshoe hare abundance. 

This suggests that snowshoe hares were responding to similar compo­

nents of vegetation structure during the spring to summer period of 

each year~ 

The SMR models for winter abundance of snowshoe hares 

accounted for less of the variance in captures than the spring­

summer models but included almost identical predictor var.iables. 

The similarity of the spring-summer and winter models suggests that 

seasonal factors had only a minor effect on the habitat affinities 

of snowshoe hares and that similar components, in habitat structure 

influenced local distributions of this species throughout the entire 

year. 

6.4 DISCUSSION 

6.4. 1 Pbpulationlrends 

Keith and Windberg (1978) used a mid-winter questionnaire 

of registered trappers to monitor long-term population trend~ of 

snowshoe hares in Alberta. Based on information for the Athabasca 

Basin during the period from 1963 to 1976 [Keith and Windberg 

(1978), Figure 4, Area 0], the last population peak occurred in 

the mid-winter of 1971. Assuming that population cycles in snow­

shoe hares occur every 8 to 11 years (Keith 1963), the next 

population peak in this region should occur during the period of 

1979 to 1982. Itis probable then th~t the four study populations 

enumerated during this research program were either in the increase 

phase or peak phase of their population cycle. 
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Snowshoe hares were more abundant on the Jack Pine and 

Balsam P.oplar study areas"in 1979 than in ,1978, sugges~ing that 

snowshoe hare"populations werestill incre~sing in the Athabasca 

region. Assuming that population estimates on the Aspen study area 

in 1979 were underestimates (as suggested by the poor trappability 

of animals on this area), this population also may have increased 
, ' , 

between 1978 and 1979. In contrast, the population on 'the ,Black 

Spruce study area appeared to have changed little between ,),ears . l 

, 
6.4.2 Popul adon Characteri st i cs and Hab i tat Qua 1 i ty 

As discussed earlier in relation to small r;odents 

(Section 4.4), ha~itat selection and use by differ~nt specie~ of 

small mammals are the expression of a complex response of an animal 

to a large number of independent and interdependent variables that 

reflect the incre~sed reproductive SUCC!!SS of animals, able to select 

optimal habitat types (Krebs 1978). The characteristic,s of a popula-
~ ( i t 

tion, particularly those related to reproductive success, consequently 
, t ' , 

should reflect the 'quality' ?f its habitat. The apparent, 

density-dependent dispersal of snowshoe hares, (particularly young 

animals) from areas of high qual tty habitat to more marginal habitats 

(Keith 1963; Dolbeer and Clark 1975) similarly sugge;sts that vari­

ations in population characteristics are associated closely with, 

habitat quality. Assuming that habitat selection is related to 

reproductive success, populations in higher quality habitats should 

be characterized 'by moderate to high numbers of animals, high 

survival, high recruitment of juvenile animals, high reproductive 

activity, balanced sex ratios and ,age structures, and average to 

good nutritional conditi6n. 

However, because some demographic parameters of snowshoe 

hares vary with cyclic fluctuations in density, indices of habitat 

quality based on population characteristics must be used wi,th caution. 
, • . . ' j " ~ • 

For example, Keith and 'Windberg (1978) showed that overwinter 

juvenile survival, ad'ul'tsurvival" gro~th (andwe,i~ht losses), ~he 
" -, 

length 'of tile breeding season, ovulation rates, and pr,egnancy rates, 

of snowshoehares~ere asso~iated with cycl ic changes in population 
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densities. Assuming that these demographic changes are similar 

among synchronously fluctuating populations of snowshoe hares, 

comparisons of characteristics of synchronous populations should 

minimize the probability of attributing cyclic demographic changes 

with differences between habitats. Although it is not possible on 

the basisof 2 years of study to determine if the four study popu­

lations discussed here were synchronous, previous work by Keith and 

associates (Keith 1963; Keith and Windberg 1978) suggest that cyclic 

population changes are regionally synchronous. Characteristics 

consequently have been compared between all four study populations 

with the provision that some differences among populations may re­

flect cycl ic rather than inter-habitat differences in demography. 

6.4.2.1 Population size and structure. Diff~rences in peak MNAs 

suggest that the carrying capacity of jack 'pine, aspen, balsam 

poplar, and black spruce forests differed (Table 27). Population 

trends in each habitat, however, suggest that these four communi­

ties were stable habitats for snowshoe hares [i.e., snowshoe hares 

were able to inhabit the communities throughout the year (Douglass 

1976a)]. 

Age structures, however, were partially influenced by dif­

ferences in habitat (Table 27). In particular, few young animals 

were captured On the Jack Pine study area implying that reproductive 

success was limited. In contrast, recruitment of young animals on 

the Black Spruce study area was high and appeared to be associated 

with the rapid Increase in numbers. These differences in age 

structures imply that jack pine forest was marginally suitable, 

whereas aspen and balsam poplar forests were moderately suitable and 

black spruce forests were optimal habitats for snowshoe hares. 

6.4.2.2 Reproductive success and habitat quality. Overall patterns 

of breeding activity observed in this study appeared to be similar to 

those observed in a number of other studies of snowshoe hares (Rowan 

and Keith 1956; Adams 1959; Newson 1964; Bookhout 1965; Dodds 1965; 



Table 27. Characteristics of L. ameriaanu8 populations on the four study areas (July 1978 to January 1980). 

Characteristic 

Population trends 

Peak /'INA: 1978 
1979 

Age Structure: 
Sunlner/Fall a 

Winter (1978-79) 

Sex Ratlob 

Breeding activity 
Hales 

Females 

Pregnancy Rates 

Juvenile Recruitment 

Body Weights: 
Juveniles 
Sub-adults 
Adults 

Survival: Summer 

Fall 

Winter 

§If!JL& ;;;::;ga:;:;;;::;;:;:mg i -s WILZ2'k 

Jack pine 

small increase in numbers 
between 1978 and 1979; 
moderate seasonal Increase 
to Sept .• decline in late 
fall and over winter 

II 
15 

- uostly A; J increase in June 
to Aug. (1979); SA most 
cooOlon in fall 

- all adults 

- equal 

- average 

- average 

- moderate 

- low 1978; average 1979 

- smaller 1978; average 1979 
- average 1978; smaller 1979 
- smaller 1978; average 1979 

- below average 1978; 
average 1979 

- above average 1978; average 
1979 

- above average 1978; average 
1979 

Asp~n 

similar population size in 
both years; moderate seasonal 
increase to Sept.. decl ine in 
late fall and over winter 

15 
16 

- large proportions of J Hay 
to Oct.; moderate to low 
proportions of A in early 
su~ner. decline to low num­
bers by fall; SA i~crease in 
fall 

- all sub-adults 

- tendency towards more 
females in 1978 and more 
males In 1979 

- average 1978; below average 
1979 

- average 

- low 

- moderate 1978; average 1979 

- average 
- smaller 
- average 

- slightly above average 
1978; average 1979 

- below average 

Balsam poplar 

- moderate increase in numbers 
between 1978 and 1979; 
moderate seasonal increase 
to Oc t. and Nov.; Ii tt Ie 
change in population size 
over winter 

21 
28 

- J abundant until late July; 
moderate to low proportions 
of A throughout sunmer and 
fa II; Increase in SA In fall 

- sub-adults and adults 

- equal 

- average 

- average 

- moderate to high 

- moderate 1978; average i979 

- average 
- average 
- average 

- average 

- slightly above average 

- below average 1978; average - average 
1979 

Black spruce 

- moderate decline between 
1978 and 1979; rapid in­
crease in July to Aug. 1978; 
decline in fall and over 
winter; moderate increase to 
Aug. in 1979 

~6 
38 

- J abundant during July to 
Aug.; few A in 1979. 
moderate numbers in 1979; 
Increase in SA In fall 

- mostly sub-adults, some 
adults 

- equal 

- average 

- average 

- highest 

- high 1978; average 1979 

- average 
- average 
- smaller 

- Slightly above average 1978; 
average 1979 

- average 

- slightly below average 

cont i nued ••• 

0" 



Table 27. Concluded. 

Characteristic 

Recruit_nt: Sulaer 

fall 

Winter 

Ilhpersal Indexd : . 
SUdler 

Fait 

Winter 

Jack pine 

- above average 1978. average 
1919 

- below average 

- below average 

- high 1918. li_ited 1979 

- li.ited 1918; moderate 
1919 

- li_lted; moderate mortality 
1919 

a J .. juvenile, SA .. sub-adult, A .. adult. 

Aspen Balsam poplar 

- above average - average 

- below average 1918; above - average 1978; be low ave.rage 
average 1979 1919 

- below average 1918. above - above average 1918; below 
aver-age 1979 average 1919 

- high insiturecruitment 1978 - limited 
moderate 1979 . 

- higholOrtality 1918; high - limited 
1919 

- high IOOrtal ity 1918; limited - DIOderate 1918; low, sOllie 
1979 DIOrtal Ity 1919 

b trends are indicated; no sex ratios were significantly different from 0.5. 

COates !>hown are last period when sot or more of the adult anilllals present were in breeding condition. 

d Based on Fairbairn (1917a). 

Black spruce 

- below average 1978; average 
1979 

- above average 1978; average 
1979 

- above average 1978; average 
1919 

- I imi.ted 

moderate 1978, I imi ted 1919 

- high 1978, moderate 1919 a­
N 
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Ke ith et a I. 1966; Wood and Mun roe 1977; Ke i th and Wi ndberg 1978); 

throughout much of their range, .male and female snowshoe hares 

typically become reproductively active in February and March, respeC­

tively, and remain in breeding condition until August. Females com­

monly produce an average of three litters; first litters are usually 

born in early May to June, wherea.s. the.last are usually born in late 

August. In this study, the initiation dates of breedfrig and partu­

rition are not known because populations were not sampled regularly 

during the late winter and early spring; however, the cessation of 

breeding and pi:lrturition observed was similar to that of previous 

studies. 

Within the Athabasca Basin, however, some differences in 

reproductive success were apparent among habitats (Table 27). 
Pregnancy rates and juvenile recruitment were highest on the Black 

Spruce study area, whereas male breeding activity and pregnancy rates 

were low on the Aspen study area. This suggests that b1ack spruce 

forest was optimal habitat for L. ameroiaccnus in the Athabasca area. 

Aspen habitat, on the other hand, was a poor quality habitat for 

this species. Poor juvenile recruitment on the Jack Pine study 

area, despite average breeding activity and moderate pregnancy rates, 

suggests that this habitat is alsoa poorer quality habitat for 

snowshoe hares. 

6.4.2.3 Nutritional condition arid habitat quality. A number of 

studies have indicated that the nutritional condition of L. ameroiaa­

nus and other leporids can affect reproduction and survival; 

assuming that differences in habitat structure can influence nutri­

tion of snowshoe hares, indices of nutritional condition should 

provide an additional index of habitat qual ity. For example, Hi 11 
(1972) showed that litter sizes of SyZviZagus fZoI'idanus (cottontail 

rabbits) in Alabama were correlated with soil pH and suggested that 

soil fertility, through its influences on plant types and quality, 

influenced litter sizes of cottontail rabbits. Kirkpatrick and 

Keebe (1971) similarly showed that low nutritional diets reduced 

reproductive activity. Following a forest fire in central Alberta, 
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Keith and Surrendi (1971) associated the low pregnancy rates of 

snowshoe hares in burned areas, in relation to those of animals in 

unburned communities, with the sharp decline in habitat quality in 

severely burned areas. 

The nutritional condition of snowshoe hares also appears 

to affect survival rates. Using body weight as an indicator of 

condition and body size, Keith and Windberg (1978) found that 

survival rates of adult and juvenile animals during the winter 

tended to be correlated directly with the condition of the animals. 

Similarly, Pease et al. (1979) showed that malnourished snowshoe 

hares survived poorly during winters with colder temperatures. 

Assuming that body weight is an adequate measure of con­

dition, conditions of snowshoe hares in this study did appear to 

differ among habitats. In particular, snowshoe hares in jack 

pine forest communities were often in poorer condition (i .e., 

smaller body weights) than animals in the remaining habitats. 

Other differences in condition among the four study areas were 

not consistent among age classes on the same area or between years, 

suggesting that the conditions of animals on the Aspen, Balsam 

Poplar, and Black Spruce study areas were similar. Differences in 

condition consequently imply that jack pine forest was a marginal 

habitat for snowshoe hares, whereas aspen, balsam poplar, and black 

spruce forests were more suitable habitats for this species. 

6.4.2.4 Dispetsal and habit~tq~~1 ity. Survival and recruitment 

are both important aspects of population change; populations in 

higher quality habitats should be characterized by low mortal ity 

rates and high natality, whereas populations in marginal habitats 

should be characterized by higher mortal ity rates and low natality. 

Further, if surplus snowshoe hares are forced out of more heavily 

populated areas of preferred or higher quality habitat into areas 

of marginal habitat as suggested by Keith and Surrendi (1971) and 

Dolbeer and Clark (1975), populationi in marginal habitats also should 

be characterized by high immigration. Conversely, populations in 
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higher quality habitats should be characterized by higher rates of 

emigration, particularly during periods of population increases. 

To assess the relative importance of mortal ity and emigration in 

population losses and of natality and immigration in population 

increases, seasonal survival and recruitment rates were compared 

within each season, as described previously for small rqdents 

(Section 3.6.2.1). 

During the summer of 1978, dispersal on the Jack Pine study 

area was high, suggesting that most animals recruiting to this popu~ 

lation were immigrants (Table 27). In contrast, dispersal was limited 

during the summer of 1979 implying that increases in the population 

during this period were largely the result of young born on the area. 

Dispersal was low during the fall of both years and remained low 

during the winter--the overwinter decline in numbers (figure 25) 

thus would appear to be due to mortality rather than immigration. 

Dispersal of snowshoe hares on the Aspen study area was 

low throughout 1978 but increased during the summer and fall of 1979. 

Population increases in 1978 consequently would appear to be the 

result of juvenile recruitment, whereas increases in 1979 were 

principally due to immigration (Figure 26). Low surviva.l and 

recruitment rates of snowshoe hares during the fall and winter of 

1978 and during the winter. of 1979 suggest that overwinter losses 

from this population were largely caused by increased mortality. 

Throughout the summer of 1978 and 1979, dispersal indices 

of snowshoe hares in the Balsam Poplar study area were low (Table 27). 

Population increases during the summer, consequently are 1 ikely due 

to increased natality (Figure 27); this is supported by the increased 

numbers of juvenile and sub-adult animals recruiting to the population 

at this time (Figure 33). During the fall, however, dispersal re­

mained Jow suggesting that losses of animals during this period were 

due to mortal ity and not emigration. Immigration (i .e., moderate 

dispersal) appeared to be the principal cause of a slight population 

increase during the winter of 1978-1979, whereas increased mortality 

resulted in a sl ight decl ine in numbers during the winter of 1979-

1980. 
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Increases in population size on the Black Spruce study area 

in 1978 (Figure 28) appeared to be due mostly to the recruitment of 

sub-adults already on the area; dispersal indices were low through­

out the summer and the proportions of sub-adults in the population 

increased rapidly during July and August (Figure 34). Dispersal 

a 1 so was 1 im i ted dur i ng the summer of 1979, when both the number of 

animals and the proportion of juveniles in the population were in­

creasing rapidly; most of this increase would ~ appear, asa result, 

to be due to th~ recruitment of juveniles born oh the study area. 

Dispersal indices increased in the fall and winter of both 1978 and 

1979, coincident with a decline in numbers, thus implying that 

most losses during these periods were due largely to emigration. 

How then do thesei nd ices of morta li ty , natal i ty, and 

dispersal relate to habitat quality? Based on criteria discussed 

earl ier, black spruce forest was the most suitable habitat for 

snowshoe hares; recruitment of young animals born on the area was 

high during both 'summerS and population losses from peak populations 

in each year were attributed largely to emigration. Conversely, 

both aspen and Jack pine forests were marginal habitats for snowshoe 

har~s; fall decl inesin numbers were associated with increased 

mortal itYt whereas the small increase in numbers during the summer 

were due largely to immigration from surrounding areas. Increased 

recruitment of juveniles on the Jack Pine study area .during the summer 

of 1979, however, suggests that habitat conditions on this area may 

have improved between 1978 and 1979 . Balsam poplar communities were 

moderately suitable habitats for snowshoe hares; increases during 

both summers were associated with the. recruitment of young ;born on the 

area, whereas declines during the fall and winter were attributable 

to both emigration and mortality. 

6.4.2.5 Summary. ' Although snowshoe hares were able to inhabit 

jack pine, aspen, balsam poplar, and black spruce forest throughout 

the year, population characterisdcs suggest that the quality of 

these communities as snowshoe hare habitats did differ. Black 

• spruce forests were the most suitable habitats; age structures were 
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balanced, reproductive success was high, nutritional condition was 

average, juvenil.e recruitl11ent during the summer was high, and most 

population losses were due to emigration. Balsam poplar communities 

were moderately suitable for snowshoe hares; age structures were 

ba lanced, reproduct ive success was moderate, ins i tu recrui tment 

was moderate, and mortality during the fall and winter was moderate 

to low. In contrast, both aspen and jack pine forests were marginal 

habitats for snowshoe hares; few juveniles were present in jack pine 

forest, reproductive success in both habitats was low, animals in 

jack pine communities were in poor condition, population increases 

in both communities were largely the result of immigrati9n, and 

decl ines were attributable mostly to increased mortality. 

6.4.3 Habitat·Use 

Throughout their range in the boreal forest of North 

America, snowshoe hares appear to inhabit most commonly black spruce 

forest, spruce-fir forests, mixed spruce-fir-lodgepole pine forests, 

and post-fire successional areas dominated by aspen regrowth {MacLulich 

1937; Bider 1961; Trapp 1962; Keith 1972; Dol beer .and Clark 1975; 

Wood and Munroe 1977; Keith and Windberg 1978}. In this study, 

indices of habitat use, based upon peak population sizes during 

.each year of trapping and on multivariate analyses of vegetC!tion 

structure and snowshoe hare abundance, are in agreement with these 

studies; black spruce forest consistently supported the largest 

number of snowshoe hares, followed by balsam poplar, aspen, or jack 

pine forest. Indices of habitat quality based on population charac­

teristics also ranked black spruce forests as an. optimal habitat. 

Keith (1972), however, concluded that op~imal cover for 

snowshoe hares in northern Alberta was in areas of aspen regrowth 

following fires;,the hazel, willow, an.d alder understory associated 

with this habitat apparently provided good cover and good winter 

food supplies for snowshoe hares. Mature conifer forests or mixed 

wood areas, generally supported only low densities of snowshoe hares. 

Resident populations in these areas occurred chiefly in shrub­

dominated areas or young coniferous cover along bog edges, water 
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courses, or natural openings. The discrepancy in indices of use of 

aspen forests in this and Keith's (1972) study likely reflects dif­

ferences in the successional age of these aspen habitats; the Aspen 

study area in this study was a mature stand of aspens, whereas 

Keith's (1972) study areas were located largely in early (post-fire) 

successional communities. As Keith (1972) discusses, older mature 

stands of aspen may be marginal habitats for snowshoe hares, whereas 

others still may provide high quality habitat; the period of time 

that aspen stands remain attractive to hares appeared related to 

both the density and composition of the shrub understory. 

Multivariate analyses of snowshoe hare abundance and habitat 

structure indicated that some specific components of vegetation were 

associated with local distributions of snowshoe hares. Based on the 

summer and winter analyses, higher numbers of snowshoe hares were 

associated commonly with L. laricina and P. mariana tree cover and 

Salix spp. shrub cover. Ground cover types dominated by moss, 

L. groenlandicum, and V. vitis-idaea also were common components of 

several of the significant predictor variables of high snowshoe hare 

abundance. In contrast, no single habitat variable was associated 

consistently with low numbers of snowshoe hares, although P. gZauca 

tree cover; Rosa spp. and S. canadensis shrub cover; and V. uligi­

no sum and Cladonia/Cladina ground cover were components of at least 

two of the predictor variables that were associated most commonly 

with lower numbers of snowshoe hares. It should be stressed, how­

ever, that the associations between these habitat factors and 

snowshoe hare abundance do not necessarily imply a cause and effect 

relationship; snowshoe hares may be responding to other habitat 

variables (not measured in this study) which are also negatively or 

positively associated with these habitat components. 

Habitat selection by snowshoe hares also appears to be 

partly influenced by changes in population densities. Keith (1963) 

and Keith and Windberg (1978) considered changes in habitat use 

by snowshoe hares throughout a cycle and concluded that animals were 

restricted largely to islands or foci of favourable habitat during 

low years but dispersed into less favourable habitats as densities 
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increased. Keith and Surrendi (1971') similarly showed that, 

following a forest fire, hares abandoned severely burned sites and 

concentrated i~ . less severely damaged areas. As populations in­

creased, however, hares (particularly young hares) dispersed into 

surrouhding habitats and event~ally reoccupied the .more marginal 

areas (which by that time had sta,rted to regenerate). Because 

snowshoe hare popul~tions in the Athabasca region were ,increasing to 

or had reached peak population densities, indices of habitat ~se 

obtained in this study likely reflect a more widespread use of 

boreal forest communities. During .population lpws or dec) ines, 

the rei at i ve importance or qua 1 i ty of these hab i tats may change as 

remaining snowshoe hares become more restricted to fOc::i of favourable 

habitat. It is important then, that any future evaluations of 

impacts of oil sands developments on snowshoe hare habitat consider 

the possIbility of such changes in habitat use . and quality with changes 

In snowshoe hare abundance. 

6.5 CONCLUSIONS 

Based on population trends of four snowshoe. hare study 

populations in the Athabasca Basin from July 1978 to January 1980 

and regional population trends [as reported by Keith and Windberg 

(1978)], snowshoe hare populations in northeastern Alberta appeared 

to be increasing in numbers although peak population sizes may have 

been reached in 1979-1980. Present information is insufficient, 

however, to determine the exact status of the snowshoe population 

cycle in this region. 

Comparison of peak population sizes, popUlation trends, 

levels of reproductive activity, nutritional condition, and indices 

of dispersal for each of the four study populations ind.icated that 

the demographic parameters of these populations differed between 

study areas (= habitat types). Snowshoe hares populations in black 

spruce forest habitat appeared to be most characteristic of popula­

tions in high quality habitats; populations increased to moderately 

high numbers each year, reproductive activity was moderate to high, 
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nutritional conditions were average, recruitment of young animals 

born on the area was high, and most population losses were associated 

with emigration. In contrast, snowshoe hares in aspen and jack pine 

communities appeared to be characteristic of animals in marginal 

(poor quality} habitats; populations tended to be small', reproductive 

activity was moderate to low, nutritional conditions tended to be 

average to below average, juvenile recruitment was 1 imited, immigra­

tion was moderate to high, and most population losses were associated 

with increased mortal ity during the fan and winter periods. Animals 

on the balsam poplar study area showed some characteristics of 

animals in both high quality and m~rginal habifatS,suggestirig that 

this habitat was moderately suitable for this spe~ies~ 

Indices of habitat use based on peak population size~ and 

multivariate analyses of the relationship between snowshoe hare num­

bers and habitat structure'similatly ~uggested that snowshoe hares 

selected some habitat types over others. Indi'ces of habitat use 

implied that black spruce forest habitat was the most important 

habitat (of the four evaluated) for snowshoe hares in northeastern 

Alberta, whereas aspen and jack pine forests were marginally suitable 

habitats; this is identical to the evaluations of these habitats on 

the basis of population characteristics. Black spruce habitats were 

associated consistently with the highest peak population sizes and a 

number of the major vegetatio'n components of black spruce forest 

(e.g., P. mariana, L. laricina, Salix spp., L. groenlandicum) were 

correlated significantly with higher numbers of snowshoe hares 

during the summer and winter periods. In contrast, jack pine and 

aspen communities consistently supported the smallest number of 

animals in each year and a number of the shrub and ground cover 

components of these habitats were associated significantly with lower 

numbers' of snowshoe hares. 
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7. SMALL MAMMAL DAMAGE TOWOODY.:.STEMMED PLANTS 

Small mammals (small rodents. and snowshoe hares) are 

capable of damaging large numbers of young trees and shrubs and have 

been known to restrict afforestation and reforestation programs. 

Voles of the genus MicY'otus are considered to be one of the major 

small rodent pests in North America and Europe and have caused 

extensive losses of orchard and nursery stock by girdling of young 

trees (Bailey 1924; Littlefield et al. 1946; Jokela and, Lorenz 1959; 

Cayford and Haig 1961; Buckner 1970; Hansson 1975; Larsson 1975; 

Radvanyi 1978). Clethr>,ionomys spp. also have been repor.ted to 

girdle young trees an.d shrubs (Gessel and Orians 196]; Black e.t al. 

1969; Hornfeldt 1978) but do not appear to be as severe a pest 

as MicY'otus spp. Snowshoe hares (Lepus ameY'icanus) have similarly 

been known to severely damage young trees in natural situations and 

in planations by girdling and by browsing (clipping) of terminal 

and lateral twigs (MacLul ich 1937; Aldous and Aldous 1944; Trapp 

1962; Black et a1. 1969; Keith 1972). Although P. maniculatus is 

not consri:dered a major cause of girdling damage to saplings, evidence 

from stomach analyses in this study has shown that this species does 

consume bark from at least one species of shrub {Section 5.3.3). 

PeY'omyscus maniculatus is one of the major consumers of coniferous 

seed, however, and is considered to be one of the major causes of 

failures to re-establish forest cover by artificial seeding (Howard 

1950; Jameson 1952; Black 1969; Gashwiler 1969; RadvanyJ 1973; 

Everett et al. 1978; Sullivan 1978). 

With the exception of several studies of L. ameY'icanus 

and P. maniaulatus, few studies have assessed the effects of small 

mammal damage to trees and shrubs in natural situations. In this 

study, levels of girdling and browsing damage to woody-stemmed 

plants by small mammals in six of the major forest cover types of 

the boreal forest ecotone and in two successional areas were 

assessed over a 2 year period. Effects of seed consumption by 

P. maniaulatus on trees and shrubs were not considered in this 

program. Several aspects of girdling and browsing damage were 

cons i dered: 
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1. Do levels of small mammal damage vary among habitats? 

2. Are some species of trees and shrubs more susceptible 

to damage by small rodents and snowshoe hares? 

3. Are levels of damage related to the abundance of small 

mammals? and 

4. Are levels of damage associated with vegetation 

structure? 

7.1 SPECIFIC METHODS 

Damage by sma 11 roden ts and snowshoe ha res to sap 1 i ngs and 

shrubs was assessed during the vegetation analyses described in 

Section 4.1. All tree sapl ings a~d shtubs present in th~ 30 16 m2 

quadrats on each study area were examined for small mammal damage. 

In 1978, the number of individu~l plants of each species girdled by 

rodents or browsed by snowshoe hares was recorded. In 1979, the 

number of stems damaged by small rodents and snowshoe hares was 

recorded. 

Gi rdl ing refers specifically to the removal of the 

phloem and the outer cambium layers of the stem, roots and/or branches. 

Damage to these layers was classified as girdling only if rodent 

teeth marks were visible in the remaining woody tissue. Girdl ing 

damage was rated according to the percentage (in 25% increments) 

of the total circumference of the stem that had been damaged; 

five girdl ing classes were recognized: 0% < Class 1 < 25%; 

25% $ Class 2 < 50%; 50% $ Class 3 < 75%; 75% < Class 4 < 100%; 

and Class 5 = total girdling. Browsing refers to the cl ipping of 

terminal and lateral twigs and buds. Browsing and girdl ing damage 

was described as old (exposed woody tissue weathered; calloused growth 

around the wound) or new (exposed woody tissue not weathered). 

Because both old and new girdling damage by small rodents 

rarely was encountered on any study area, a cumulative index of all 

small rodent damage was calculated for each species of sapling. 

Old and new rodent girdling was ranked (from 1 = Class 1 damage to 

5 = Class 5 damage) and the sum of these girdling ranks for each 
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sample was calculated. The mean cumulative damage for the 30 samples 

on each study area then was computed for each species of tree and 

shrub on each study area and will be referred to as a girdl ing 

index. 

7.2 RESULTS: SMALL RODENT DAMAGE 

7.2. 1 Sma 11 . Rodent· Damage· arid· Hab i tat· Type 

Population characteristics and habitat use of Microtus 

pennsyZvanicus, CZethPionomys gapperi, and Peromyscus manicuZatus 

varied markedly between Some habitats (Section 3 and 4). As a 

result, it is probable that levels of small rodent damage to saplings 

may vary among habitats as well. 

Girdling indices for each species of tree and shrub within 

each of the 30 sampl ing plots on each study area were standardized 

by expressing levels of girdling damage as a girdling index/plant. 

A gird.ling index/stem was also obtained in 1979. Girdling indices/ 

stem or girdling indices/plant can range from 0.0, indicating that 

no plants or stems were girdled, to 5.0, indicating that all stems 

or plants were totally girdled. 

In 1978, girdling damage by small rodents was limited. 

No girdling damage to any species of tree or shrub was observed 

on the Jack Pine, Balsam Poplar, or Thickwood Cutline study areas 

(Tables 28 to 35). Traces (girdl ing index < O.OOI/plant) of 

girdling damage were recorded on the Aspen and Poplar Creek 

Cutl ine study areas. Several species of trees and shrubs showed 

very low levels of girdling damage (girdling indices ranged from 

traces to 0.124/stem) on the Willow, Black Spruce, and Tamarack 

study areas. A comparison of the total girdling damage for all 

trees and shrubs combined on each study area indicated that girdling 

damage varied significantly among different habitats (one-way 

ANOVA: F = 3.25; 7,232 df; P = 0.003); damage was significantly 

greater (p = 0.05; Student-Neuman-Keuls procedure) on the Tamarack 

study area than on the Aspen, Jack Pine, Balsam Poplar, Poplar 

Creek CutJine, or Thickwood Cutline study areas. 



Table 28. Summary of small mammal damage on the Aspen study area in 1978 and 1979. (Means and 

Species 

1978 

P. trerrruZoides 
P. gZauca 
SaZi:t: spp. 
B. gZanduZosa 
Alnus spp. 
A. aZnifoUa 
P. peT'.BY Zvanica 
Rosa spp. 
S. canadensis 
S. albus 
v. eduZe 
V. tl'iZobum 
R. tl'iste 

1979 

P. tremuloides 
P. gZauaa 
Salix spp. 
Alnus spp. 
A. alnifoUa 
Rosa spp. 
S. aanadensis 
S. albus 
v. eduZe 
R. meZanoZasius 

1 S.E. are shown for tree and shrub densities, gtrdling densities, girdling indices, 
and hare damage. Units in 1978 were plants. Units in 1979 were stems. The numbers of 
stems/ha were recorded only in 1979.) 

Small Rodent Damage Snowshoe Hare Damage 

# Plant Units Girdling Index/ # Stems Newly Browsed/ # Stems with Old Browse/ 
# Plants/ha # Stems/ha ~ Girdled/ha Plant Unit ha ha 

1354 ± 298 0 0 0 63 ± 56 
1125 ± 410 0 0 0 trace 
333 ± 136 0 0 0 63 ± 63 

21 ± 21 0 0 0 0 
125 ± 106 0 0 0 125 ± 88 

23 417 ± 2115 21 ± 21 trace 0 2313 ± 569 
21 ± 21 0 0 0 0 

7083 ± 674 0 0 0 375 ± 106 
4438 ± 595 21 ± 21 trace 63 ± 31 500 ± 181 
3333 ± 619 0 0 0 trace 
3917 ± 953 0 0 0 0 
3042 ± 1143 0 0 0 0 

21 ± 21 0 0 0 0 

1083 325 1083 ± 325 21 ± 21 0.04 ± 0.04 0 125 ± 88 
1313 455 1375 ± 462 0 0 0 0 
1000 330 2063 ± 446 167 ± 116 0.23 ± 0.18 0 625 256 

21 21 250 ± 250 0 0 0 125 106 
22 688 2365 26 021 ± 2736 813 ± 599 0.10 ± 0.07 1188 ± 400 3000 694 
15 083 1791 15208 ± 1811 208 ± 157 0.08 ± 0.06 563 ± 400 500 213 

2271 617 11 146 ± 2790 63 ± 63 0.02 ± 0.02 0 375 275 
4125 595 4208 ± 586 0 0 trace 125 75 
3313 1157 3396 ± 1193 0 0 125 ± 106 0 
4604 2013 4771 ± 2060 21 ± 21 trace 125 ± 125 0 

-....J 
.c-



Table 29. Surrmaryof small mammal damage on the Jack Pine study area in 1978 and 1979. (Heans and 1 S.E. 
are shown for tree and shrub densities, girdling densities, g.irdling indices, and hare 

Species 

1978 
P. tl'emuZoidss 
p. gZauoa 
P. banksiana 
SaZUI: spp. 
B. gZanduZosa 
AZnus .spp. 
A. aZnifoZia 
P. pensy Zvanica 
Rosa spp. 

1979 
P. tl'emuZoides 
P. gl.auca 
L. Zazoicina 
P. banksiana 
B. papyrifera 
SaZUI: spp. 
B. gZanduZosa 
AZnus spp. 
A. aZnifoZia 
P. pensyZvani.ca 
Rosa spp. 

damage. Units in 1978 were plants. Units in 1979 were stems. The numbers of stems/ha were 
recorded only in 1919~) 

. Sma II Roden t . Oamalile Snowshoe Hare Damalile 

I Plant Units G i rdl ing Index! # Stems Newly Browsed! I Stems with Old Browse! 
# Plants!ha # Stems!ha Girdled!ha Plant Unit ha ha 

8625 ± 1064 0 0 0 2563 ± 525 
354 ± 133 0 0 0 ·0 
63± 46 0 0 0 0 

1479 ± 380 0 0 1; race 313 ± 138 
667 ± 347 0 0 0 188 ± 94 
854 ± 495 0 0 0 750 ± 494 

6604 ± 2133 0 0 0 63 ± 44 
42 ± 42 0 0 0 63 ± 44 

1583 ± 882 0 0 0 125 ± 125 

10 042 ± 1447 10 313 ± 1440 167 ± 112 0.12 ± 0.11 0 2500 ± 544 
375 ± 122 396 ± 129 0 0 0 63 ± 44 

21 ± 21 21 ± 21 0 0 0 0 
229 ± 132 229 ± 132 0 (; 0 0 

42 ± 42 42 ± 42 0 0 0 0 
1208 ± 422 5792 ± 2167 0 0 188 ± 150 500 ± 231 
1333± 933 3833 ± 1951 167 ± 94 0.02 ± 0.01 1563 ± 856 500 ± 263 
1167 ± 696 2354 ± 950 42 ± 42 0.01 ± 0.01 500 ± 256 500 ± 381 
6896 ± 2426 7146 ± 2438 21 ± 21 0.02 ± 0.02 0 1063 ± 444 
229 ± 209 229 ± 209 0 0 0 63 ± 44. 

1208 ± 714 1750 ±884 63 ± 63 0.05 ± 0.05 250 ± 269 63 ± 44 

...... 
V1 



Table 30. Summary of small 
1 S.E.are shown 
and hare damage. 
of stems/ha were 

Species 

1978 
P. 1;remuZoides 
P. baZsanrifera 
P. gZauaa 
P. mariana 
SaZi:r: spp. 
B. gZo:nduZosa 
Rosa spp. 
R. o:r:yaanthoides/ 

hirteUum 

1979 
P. tremu Zoides 
P. gZauaa 
P. mariana 
SaZi:r: spp. 
B. gZanduZosa 
R. o:r:ycanthoides/ 

hirteZZton 

# Plants/ha 

333 ± 198 
42 ± 42 
63 ± 63 

875 ± 239 
8542 ± 2657 

13 771 ± 1312 
83 ± 83 
21 ± 21 

458 ± 301 
42 ± 42 

688 ± 170 
6417 ± 542 
6479 ± 452 
750 ± 250 

mammal damage on the Willow study area in 1978 and 1979. (Means and 
for tree and shrub densities, girdling densities, girdling indices, 
Units in 1978 were plants. Units in 1979 were stems. The numbers 

recorded only in 1979.) 

I Stems/ha 

458 ± 301 
42 ± 42 

688 ± 170 
68 833 ± 6467 
54 917 ± 4613 

979 ± )O! 

Small Rodent Damage 

# Plant Units 
Girdled/ha 

42 ± 29 
0 
0 
0 
0 

271 ± 250 
0 
0 

0 
0 
0 
0 

500 ± 171 
0 

Gi rd I ing I ndexl 
Plant Unit 

trace 
0 
0 
0 
0 

trace 
0 
0 

0 
0 
0 
0 
0.02 ± 0.01 
0 

Snowshoe Hare Damage 

# Stems Newly Browsedl 
ha 

0 
0 
0 
0 
0 
trace 
0 
0 

0 
0 
0 

63 63 
10 500 2694 

63 44 

# Stems with Old Browsel 
ha 

63 ± 31 
0 
0 
0 

563 ± 125 
3938 ± 456 

0 
0 

0 
0 
0 

3000 ± 769 
7688 ± 1250 

0 

-.....J 
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Table 31. Summary of small mammal damage on the Balsam Poplar study area in 1978 and ]979. (Means and 
1 S.E. are shown for tree and shrub densities, gird) ing densities, girdl ing indices, and 
hare damage. Units in J978 were plants. Units in 1979 were stems. The numbers ofstems/ha 
were recorded only in 1979.) 

Species 

1978 

P. tl'emuloids8 
P •. balsamifera 
P. gZauca 
B. pawPifePa 
B. glandulosa 
AZnus spp. 
BuBo. spp. 
C. 8tDlonifera 
R. o:r:yaan1;hoidea/ 

hizoteZlwn 
R. americanum 
V. edul.e 
V. tz>£tobum 
R. melanol.a8ius 
R. t:Pi.Bte 

1979 

P. tl'e11luloidsB 
P. balsamifera 
P. gZauca 
B. gZamiuloBa 
AZnus spp. 
A. aLnifoZia. 
P. pensyZvanica 
ROBa spp. 
C. stDlonifera 
R. o:ryaanthoides/ 

hizotellwn 

#Plants/ha 

500 ± ISft 
1063 ± 280 

42 ± 42 
21 ± 21 

SSOO ± 1291 
7521 ± 1576 
ft229 ± 537 
5708 ± 1202 
ito63± 674 

2208 ± 609 
%S8± 201 

2417 ± 602 
458 ± 284 

13 854 ± 1]20 

146 ± 83 
1000 ± 308 

21 :!: 21 
10 188 ± 1783 

6604 ± 1297 
146 ± 107 
It2 ± It2 

5917 ± 1139 
10 604 = 2059 

9229 ± 1303 

# Stems/ha 

146 :!: 83 
1229 = 349 

21 = 21 
10 188 = 1783 

8t88 = 1548 
229 = 136 

42 = It2 
8458 = 1548 

13 271 = 2582 
10 292 = 1455 

Sma 11 Roden t Damage 

# Plant Units 
Girdled/ha 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
104 ± 53 

0 
0 

4t = 29 
0 
0 

167 ± 73 
21 = 21 
0 

Girdling -Indexl 
Plant Unit 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0.26 ± 0.14 
0 
0 
0.01 = 0.01 
0 
0 
0.10 :!: 0.06 
0.01 = 0.01 
0 

Snowshoe Hare Damage 

# Stems Newly Browsedl # Stems with Old Browsel 
ha ha 

0 63 ± 50 
0 125 ± 63 
0 0 
0 0 

188 ± 188 125 ± 75 
trace 2500 = 888 

63 = 63 188 = 94 
63 = 4ft 750 = 213 
0 125 = 9ft 

0 0 
0 0 
0 125 = 100 
0 trace 

563 = 213 250 = 156 

0 63 :!: 63 
0 125 = 75 
0 0 
0 0 

1875= 613 438± 138 
0 0 
0 0 

2500 ft88 188 = 119 
1563 406 250 ± 131 
750 344 63 = 81 

continued ••• 
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Table 31. Concluded. 

Species I Plants/ha # Stems/ha 

R.: americanum 10 125 ± 2688 10 271 ± 2725 
s. aZbUB 167 ± 73 167 ± 73 
v. sauls 500 ± 419 500 ± 419 
R. melanolasiuB 3188 ± 1412 3688 ± 1463 
R. mate 12 896 ± 1782 22 979 ± 3657 

Small Rodent Damage 

# Plant Units Girdling Index/ 
Girdled/ha Plant Unit 

0 0 
0 0 
0 0 
0 0 

83 ± 58 trace 

Snowshoe Hare Damalle 
# Stems Newly Browsedl # Stems with Old Browsel 

ha ha 

63 ± 44 63 ± 44 
0 0 

,63 44 63 ± 81 
63 56 63 ± 44 

7813 1794 125 ± 125 

" 00 



Table 32. Summary of small mammal damage on the Poplar Creek cutline study area in 1978 and 1979. 
(Means and 1 S.E. are shown for tree and shrub densities, girdling densities, girdling 
indice~, and hare damage. Units in 1978 were plants. Units in 1979 were stems. The 
numbers of stems/ha were recorded onlY in 1979.) 

Small Rodent Damage Snowshoe Hare Damage 

# Plant Units GI rdl Ing I ndexl # Stems Newly Browsedl # Stems with Old Browse! 
Species /I Plants/ha /I Stems!ha Glrdled/ha Plant Unit ha ha 

1978 

P. tremuWides 271 ± 119 0 0 0 0 
P. balsamifera 1417 ± 738 0 0 0 0 
P. glauoa 63 ± 46 0 0 0 0 
B. papyt>ifera 21 ± 21 0 0 0 0 
Sal.~ spp. 3396 ± 646 21 ± 21 trace 0 0 
B. gl.anduwsa 583 ± 268 0 0 0 0 
Alnus spp. 479 ± 273 0 0 0 0 
A. al.nifol.ia 83 ± 83 0 0 0 0 
Rosa spp. 6188 ± 1472 0 0 0 0 
c. stoZonifera 1854 ± 935 0 0 0 0 
R. o:r:yoanthtJides/ 83 :!: 58 0 0 0 0 

hil'tel.Zum 
R. amet>ioanWII 63 ± 46 0 0 0 0 
S. canadensis 42 ± 42 0 0 0 0 
S. al.bus 104 ± 85 0 0 0 0 
V. eduZe 125 ± 76 0 0 0 0 
R. mel.anoZasius 1500 :!: 852 0 0 0 0 
R. mste 2771 ± 1846 0 0 0 0 

1979 

P. tl'emuloides 271 ± 107 292 :!: 115 42 29 O.I3±O.IO 0 0 
P. bal.samifera 3979 ± 992 4792 ± 1366 146 65 0.05 :!: 0.04 0 0 
B. papyrifera 375 ± 257 375 ± 257 21 21 trace 0 0 
Sal.~ spp. 4521 :!: 936 7292 ± 1426 83 50 0.05 :!: 0.03 0 0 
B. gl.andulosa 667 ± 563 792 :!: 576 0 0 0 0 
Alnus spp. 250 :!: 118 521 ± 245 0 0 0 0 
Rosa spp. 6771 ± 1689 10 146 ± 2578 0 0 0 0 
C. stoZonifera 292 :!: 149 708 :!: 373 0 0 trace 0 

cont i nued ••• 
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Table 32. Concluded. 

.. Spec;ies 

R. ·oXycanthoides/ 
hirtelZwn 

R. ameri;canwn 
V. eduZe 
R. melanoZasius 
R. tz:i~te . 

# Plants/ha 

42 ± 42 

21 21 
21 21 

313 292 
1958 622 

#. Stems/ha 

42 ± 42 

21 ± 21 
21 ± 21 

396 ± 375 
3813 ± 1455 

Small Rodent Damage 

# Plant Units Girdlinglndexl 
Girdled/ha Plant Unit 

0 0 

0 0 
0 0 
0 0 

21 ± 21 0;10 ± 0.10 

Snowshoe Hare Damage 

# Stems Newly Browsedl 
ha 

o 

o 
o 
o 
o 

# Stems with Old Browsel 
ha 

o 

o 
o 
o 
o 

00 
o 



Table 33. Summary of small mamma l damage on the Black Spruce study area in 1978 and 1979. (Means and 
1 S.E. are shown for tree and shrub densities, girdl ing damage densities, girdling indices, 
and hare damage. Units in 1978 were plants. Units in 1979 were stems. The numbers of 
stems/ha were recorded only in 1979.) 

SIIICIII Rodent · DalllClse Snowshoe Hare DalllClse 

, Plant Units Gi rdl ing Indexl I Stems Newly Browsedl # Stems with Old Browsel 
Spec:ies , Plants/ha , Stems/ha Girdled/ha Plant Unit ha ha 

1978 
P. tl'emuZoides 1250 ± 441 292 ± 107 trac:e 0 625 ± 319 
P. batsamlfsra 42 ± 42 0 0 0 0 
P. g~ 813 ± 301 0 0 0 63 ± 31 
P. IIICU'la1za 10 208± 1245 0 0 0 188 ± 75 
L. Zariaina 583 ± 153 83 ± 50 trac:e 0 375 ± 113 
B. · papynfeM 21 ± 21 0 0 0 0 
Saliz spp. 7125 ± 2796 :) 0 188± 81 750 :t 244 
B. gZanduZosa 854 ± 353 83 ± 83 trac:e 125. ± 88 563 ± 250 
Rosa spp. 3521 ± 1223 0 0 0 125 ± 75 
R. o:cycanthoides/ 21 ± 21 0 0 0 0 

hirt:ellum 
S. canadensis 42 ± 29 0 0 0 0 

1979 
P. tzoemuZoides 1646 ± 599 1958 ± 620 479 ± 189 0.27 ± 0.10 0 438 ± 163 
P. balsamifera 208 ± 125 208 ± 125 0 0 0 63 ± 48 
P. gZauca 208 ± 208 208 ± 208 0 0 0 0 
P. IIICU'la1za 10 479 ± 1500 10 479 ± 1500 0 0 0 63 :t 31 
L. Zariaina 813 ± 273 896 ± 284 2l± 21 0.01 ± 0.01 0 375 ± 100 
B. papynfera 167 ± 167 167 ± 167 0 0 0 63 ± 63 
Sal4: spp. 1271 ± 508 6042 ± 3099 63 ± 63 0.01 ± 0.01 250 ± 175 625 ± 369 
11; gUmdulo8a 750 ± 624 1396± 910 21 ± 21 trac:e 811 ± 575 250 ± 200 
Alnu8 spp. 63± 46 1021 ± 744 0 0 688± 669 625 ± 606 
Rosa spp. 2021 ± 878 2021 ± 878 0 0 188 ± IIj 188 ± 100 
S. canadensi8 63 ± 63 63 ± 63 0 0 trac:e 0 

00 



Table34. Summary of small mammal damage on the Thickv,;ood Cutl ine study area in 1978 and 1979. 

Species 

1978 

P. trernuLoides 
P. baLsamifera 
A. baLscimea 
Sali:c spp, 
B. glanduLosCz 
Alnus sp·p . 
Rosa spp . 
R. ameriaanum 
R. triste 

1979 

P. trernuloides 
P. balsamifera 
P. gla:Ltaa 
B. papyrifera 
Salix spp. 
B. glandulosa 
ALnus spp. 
Rosa spp. 

(Means and IS.E. of : the 30 samples on each study area in each year are shown for tree and 
shrub densities, girdl i ng densities; girdling indices, and ha.re damage. Units in 1978 
were plants. Units in 1979 were, stems. The numbers of stems/ha were recorded only in 
1979. ) 

Small Rodent Damage Snowshoe Hare Damage 

# Plant Units Girdling Index/ # Stems Newly Browsed/ # Stems with Old Browse/ 
# Plants/ha # Stems/ha Girdled/ha Plant Unit ha ha 

1396 ± 479 0 0 .0 ' 0 
208 ± 135 0 0 0 0 

21 ± 21 0 a. 0 '0 
604 ± 145 0 0.. "0 0 
6.25 ± 424 0 0, 0 0 
167 ± 79 0 0 0 0 

8521 ± 2630 0 0 0 0 
21 ± 21 0 0 0 0 

3083± 1117 0 0 0 0 

2875 ± 852 3083 ± 902 146 ± 71 0.05 ± 0.03 0 63 ± 31 
938 ± 938 938 ± 938 0 0 D 0 

21 ± 21 21 ± 21 0 0 0 0 
42 ± 29 42 ± 29 0 0 0 0 

1125 ± 283 2708 ± 711 21 ± 21 0.01 ± 0.01 trace 0 
188 ± 104 1792 ± 1053 0 0 0 0 
146 ± 58 625 ± 300 0 0 0 0 

8813 ±. 2571 16 146 ± 3733 0 0 63 ± 44 0 
R. oxyaanthoidesl 

hirteLZum 
625 ± 604 625 ± 604 0 0 , 0 0 

R. ameriaanum 688 ± 624 688 ± 624 0 0 0 0 
R. triste 11438 ± 2351 z7 500 ± 4802 21 ± 21 trace . 63 ± 50 o. 

00 
N 



Table 35. Summary of small mammal damage on the Tamarack study area in 1978 and 1979. (Means and 
1 S.E. are shown for tree and shrub densities, girdling damage densities, girdling 
indices, and· hare damage. Units in 1978 were plants. Units in 1979 Were stems. The 
numbers of stems/ha were recorded only in 1979.) 

Species 

1978 
P. gtauca 
P. IIICZZ'iana 
L. ZaPiOina 
A.. baZaamea 
B. papyrifBM 
Sati4: spp. 
B. gZanduZosa 

1979 
P. gZauoa 
P. IIICZZ'iana 
L. ZaPicina 
B. papyrifBM 
Sati4:. spp. 
B. gZandUZosa 

I Plants/ha 

1601t ± 1397 
201t2 ± 515 
1t875 ± 597 

21 ± 21 
125 ± 87 

. 3917 ± 1012 
lit 708 ± 21t1t6 

333:!: 333 
5792 ± 2790 
6000 :!:1034 

83:!: 83 
1t833:!: 882 
8792 :!: 1160 

I Stems/ha 

333 :!: 333 
5813:!: 2789 
6417:!: 1026 

875 :!: 87·5 
14 292 ± 3042 
89 250 :!: 13 256 

Smal1 Rodent Damage 

1 Plant Un.its Girdling Indexl 
Girdled/ha Plant Unit .. 

o 
o 

1t2 ± 1t2 
o 

21 ± 21 
o 

688 ±21t0 

o 
21:!: 21 

250 ± 98 
o 

125:!: 76 
3167 ± 811 

0 
0 

trace 
0 

trace 
0 

trace 

0 
0.08 :!: 0.08 
0.16 ± 0.07 
0 
0.02 :!: 0.02 
O~ 13 0 •. 04 

Snowshoe Hare Damage 

I Stems Newly Browsedl .1 Stems with Old Browse/· 
ha ha 

0 0 
0 375 ± 131 
0 2250 ± 388 
0 0 
0 0 

188 ± 100 938 :!: 350 
1688 :!: 613 9000 ±1931 

0 0 
0 313 ± 156 
0 1500 ± 31t4 
0 0 

5375 :!: 1375 2500 :!: 844 
85 750 :!: 15 313 . 16 250 ± 36pO 

00 
w 
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In 1979, gird 1 i ng damage to shrubs and trees was also 

limited (Tab I es 28 to 35). Traces of girdling damage were recorded 

on the Wi llow, Pop I ar Creek Cut 1 i ne, and Thickwood Cutline study 

areas, whereas very low levels of damage, were observed on the Aspen, 

Jack Pine, Ba]sa~ Poplar, Black Spruce, and Tamarack study areas. 

However, differences among habitats in the total amount of girdl ing 

damage to all species of trees and shrubs combined were not signifi­

cant (one-way ANOVA: F' = 1.56; 7,232 df; P=0.15). 

Levels of girdling damage by small rodents on each study 

area also varied significantly between years (F = 11.70; 1,479 df; 

P< 0.001). Levels of old and new damage combined to woody-steri'lned 

plants increased significantly between 1978 and 1979. However, 

only 2.3% of the variance in the levels of small rodent damage" to 

trees and shrubs on the eight study plots over the two years of the 

study, was accounted for by differences between the twoyears ' 

(multiple classification analysis, .. Nie et al.1975). Differ.ences 

among study areas .within each year accounted , for 8.4% of the total 

variance. This suggests that vegetation communities and small 

mammal populations associated with these habitats are more important 

i nfl uences on 1 eve 1 s of small rodent damage' than changes in hab i tat 

or in small mammal populations between years. 

7.2.2 Susceptibility of Trees and Shrubs to Small Rodent Damage 

Small rodents have been shown to preferentially damage some 

species of trees and shrubs (Littlefield et al. 1946; Jokel~ and 

Lorenz 1959; Cayford and Haig 1961; Sartz 1970; Von Althen 1971). 

Preferences of small rodents in the Athabasca region were assessed 

by comparing the aVailabil ity of each tree and shrub species, (i.e., 

mean density of that species) to the mean number of plants and stems 

of that species girdled by small mammals (ol~ and new damage were 

included in this mean). Only species damaged by small rodents were 

included in the analysis for each year. Species not damaged were 

obviously less commonly damaged than species included in the analyses. 

Because the clustered distributions of shrub stems may influence 

levels of damage, separate ~nalyseswere~onductedfor trees and for 

shrubs. 
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In both 1978 and 1979, several species of trees sustained 

disproportionate amounts of damage (1978: x2 = 77.3; 2 df; P < 0.001; 

1979: X2 = 501 ~9; 4 df; P < 0.001) (Table' 36) ~ In 1978, Betula 

papyPifeX'a was most susceptible to damage by small rodents, whereas 

Larix ZaX'iaina was least susceptible. In 1979, PopuZus tremuloides, 

PopuZus balsamifera, and L. Zariaina sustained heavier amounts of 

damage than expected, whereas levels of damage to Picea·maX'iana 

were lower than expected. 

Although girdling of shrubs by small rodents was limited 

in 1978 and 1979, some species of shrubs were more susceptible to damage 

than other (1978: X2 = 1424.8; 2 df; P < 0.001; 1979: X2 = 2921.6; 

8 df; P < 0.001) (Table 36). In 1978, AmeZanchier aZnifoZia was most 

slJsceptible to girdl lng, whereas SaZix spp. and BetuZagZanduZosa 

received less damage than expected. 

In 1979, however, B. gZandulosa and A. aZnifoZia were more 

prone to girdl ing, whereas damage to Salix spp., AZnus spp., Rosa 

spp., Comus stoZonifera, Shepherdia canadensis, Rubus melanolasius, 
and Ribes tPiste were significantly lower than expected. 

7.2.3 Small Rodent.Oamage and·Population Size 

An impl icit but as yet unconfirmed assumption of the use of 

rodenticides, chemosterilants, and several other techniques for the 

control of small rodent damage to plants [see Green (1978) for a 

review] is that levels of damage are related directly to the size 

of the pest population. Regression analyses were used in this 

study to assess the relationship between the abundance of small 

rodents and levels of girdl ing damage to trees and shrubs in natural 

areas. The number of captures per trap-night (eTN) was used as an 

index of abundance for each small rodent species in each of the 30 

vegetation sampling quadrats on each study area during the summers 

of 1978 and 1979 and the winter of 1978 to 1979; methods for calcula­

ting eTN are described more fully in Section 4.3. Summer eTN for 

1978 included all captures between 1 July and 27 August 1978; the 

summer eTN for 1979 included all captures between 24 June and 31 
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Table 36. Susceptibility of naturally occurring species of trees and 
shrubs to sma11 rodent damage. [SignifIcant differences 
between observed levels of damage and levels of damage 
expected based on the availability of that species are 
b~sed on a Bonferr6nt z~tesr with a 95% confidence inter­
val (Neu et al. 1974).] 

Sma 11 Rodent Hare Oamage 

Girdling 1978 1979 
Species. 1978 1979 New Old New Old 

Trees 

P. tremuloides Oa + NO + NO + 
P. balsamifera NO + NO NO 
P. glauca NO NO NO NO NO 
P. mariana NO NO NO 
L. laricina + NO + NO + 
P. banksiana NO NO NO NO NO + 
B. pdpyrifel'a + 0 NO NO NO NO 

Shrubs 

Salix spp. 
B. glandulosa + + + + + 
Alnus spp. NO NO + + 
A. alnifolia + + NO + 
P. pensylvanica NO NO NO + NO 0 
Rosa spp. NO 
C. stolonifera NO 
R. oxycanthoides/hirti3llum NO NO NO 
R. americanum NO NO NO NO 
S. canadensis NO NO NO 
L. dioica NO NO NO NO NO NO 
S. albus NO NO NO NO NO 
Viburnum s pp . NO NO NO 
R. melanolasius NO NO NO 
R. triste NO + 

a Levels of damage related to the availability of that species. 
NO no damage recorded = most resistant 

0 damage not significantly different from availability = resistant 
. damage significantly lower than expected from availability 
= susceptible 

+ damage significantly higher than availability = most susceptible 
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August 1979; and the winter CT~ for 1978 to 1979" included all captures 

between 27 October 1978.and 16 Mi3,y 1979. Estimates of thegirdJing 

index/plant and of the girdling index/stem for all trees and,shrubs 

(occurring in each vegetation plot) combined were us.ed as indices of 

small rodent damage in 1978 and 1979, respectively. ,f 

During the summer of 1978, amounts of damage to trees and 

shrubs were negat ivel y associ i3~ed wi.th the abundance of C. gappeY'i 

(r = O. II;. b = -10.63; p = 0 •. 05; N =240) and of p. man~auZatus 

(r = 0.13; b = :-,11.14; P::;: 0.9,2; N,,= 2,40) but were.positively,associated 

wi th the numbers of M. pe;nnsyZvaniaus (r =, o. q; "b = 12.54; P = Q. 03; 

N = 240). Although these reli3tionsbipswere statistically significant, 

changes in small r?dent abun~ance explained only I. Ito 1."7%·of the 

variance in small rodent dalllage, indicating that population ,sizes of. 
,,' ,'~ , 

small rodents during t~e summer 1978 were a minor influence on ~mounts 

of dama~e. 

Amolln ts of gird I i ng,damage t~ trees and shrubs! n 1979 

were negat i vel y associi3ted. wi th the numbers of M. pennsyZvaniaUl~ j 

(r = 0.12; b = -5.12; P = 0.03; N = 240) and of P. maniauZatus 

(r = 0.11; b = -10.44; P = 0.04; N = 240) .durJng:thesummer months but 

were not significantly rt;:lated with the abun~ance,of C. gappeT'i 

(r == -0.09; b = 5.36; P= 0.07; N = 240). ReI at ionsh ips between small 

rodent abundance and amounts of damage again explained only a small 

amount of the variance in small rodent damage (1.3 to 1.4%). 

A nun'lperof studies have suggested that girdling of trees 

and shrubs by small rodents occurs predominantly during the winter 

months [see Myllymaki (1975a)Jor a review]; shortages of forage of 

adequa te nutr it iona' qual i ty d~r i ng the wi nter per i od apparent I yare 

associated with increased consumption of bark (Bailey 1924; Hansson 

1973a).Regression analyses were used to assess the relationship 

between the winter abundance of small rodents and amounts of damage. 
~' " . 

Level s of small rodent damage to trees and shrubs opserved. duri ng 

the summer of 1979 were assumed to be representative of damage caused 

during the winter of 1978 to 1979. W,inter abundance of small rodents 

was estimated using the total ,CTN for the last t~ trapping periods 

in the late fall of 1978 and the first trapping period (May 6) in 1979. 
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Levels of gi rdl ing damage were not significantly related with numbers 

of small rodents during the winter of 1978 to 1979 (C. gapperi: 

r = 0.06; b = -0.04; P == 0.17; N = 240; M. pennsyZvanicus: r = 0.01; 

b = 0.01; P = 0.43; N = 240; P. manicuZatus: r = 0.08; b = -0.04; 

P 0.12; N = 240). 

7.2.4 Small Mammal . Damage and Habitat Structure 

Previous studies of small mammal damage to saplings and 

shrubs have suggested that components of habitat structure, such as 

the density of ground cover, the abundance and diversity of food 

types, and the density of trees and shrubs, can influence levels of 

small rodent damage to plants (Eadie 1953~ Jodela and Lorenz 1959; 

Howard 1967; Buckner 1970). Two aspects of the relationship between 

habitat structure and amounts of damage were examined in this study; 

a regression analysis of the relationship between tree and shrub 

densities and amounts of damage, and a multivariate analysis of the 

relationships between habitat structure and levels of girdling damage. 

7.2.4. 1 Plant densities and damage. The relationship between plant · 

densities and girdling damage was assessed using the total numbers of 

plants (in 1978) and stems (in 1979) and the girdl ing inde)l; for all 

trees and shrubs combined for each vegetation sampling quadrat (16 m2 ). 

Plant densities were not significantly correlated with girdling damage 

in 1978 (r = 0.03; b = 0.14; P = 0.34; N = 240). In 1979, however, 

stem densities were significantly and positively correlated with small 

rodent damage (r =0 . 26; b = 1.09; P <0.001). The relationship be 

between stem densities and girdling damage was weak, however, and 

explained only 6.8% of the total variance in small rodent damage. 

7.2.4.2 Habitat structure and girdl ing damage. There were two 

steps in the multivariate assessment of the relationships between 

indices of small rodent damage and vegetation structure. Initially, 

a factor analysis was used to reduce a l arger number of habitat 

variables to a small number of independent factors that characterized 
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vegetation structure on the eight live-trapping areas (see Section 

4.3). Stepwise multiple regression analyses (SMR) (BMDP2R; Dixon 

and Brown 1979) then were used to assess and quantify the relative 

importance of each factor in predicting amounts of damage by small 

rodents. Habitat factors were allowed to enter the SMR model only 

if F-ratios exceeded 3.0. Estimates of damage were transformed 

using the square root (x + 1) (where x is the damage estimate for 

that sample) to correct for non-normality (Sokal and Rolf 1969). 
In 1978, only 1,5% of tbe variation in levels of mouse 

damage was explained by habitat structure (Table 37). Aspen 

understory and jack pine understory were positively correlated with 

levels of girdling damage, whereas balsam poplar understory, Viburnum 

shrub cover,and Equisetum cover were all negatively 'correlated. 

Aspen understory a'nd the Viburnum shrub cover were th.e most important 

predictor variables, explaining 5.9 and 4.3% of variation in levels 

of damage, respectively. 

In 1979, differences in habitat structure w~r~ associated 

withonly 5% of the variance in girdling damage (Table 38). Higher 

levels of damage were associated most commonly with s!.lccessional 

habitat, whe:reas lower levels of damage were associated with 

Viburnum shrub cover and jack pine understory. The successional 

cover, Viburnum shrub cover, and jack pine understory factors 

accounted for l.~, 1.9, and 1.2% of the total variance in damage, 

respectively. 

7.3 RESULTS: SNOWSHOE HARE DAMAGE 

7.3. 1 Snowshoe Hare Damage and'Habitat Type 

Based on the results of this study and several recent 

studies of snowshoe hare populations (Dol beer and Clark 1975; Wood 

and Munroe 1977; Keith and Windberg 1978), it is apparent that snow­

shoe hares show distinct habitat preferences and that some population 

characteristics vary with habitat type. Keith (1972) also showed 

that levels of damage to trees and shrubs by snowshoe hares varied 

according to the vegetation composition of the community. 



Table 37. SMR analysis of the 1eve]s of damage by small rodents in 1978. (See Table ]7 for 
explanation of factor names. R2 = 0.15; 1 S.E. of the transformed estimate = 0.06; 
F = 8.36; df = 5,234; P <-O.OO]~) 

Factor Name 

Constant 

Aspen understory 

Vibu~~ shrub cover 

Balsam poplar understory 

;lack pine understory 

'Squisetum. cover 

Step at 
which Factor 

Entered Equation 

2 

3 

It 

5 

Regression S.L 
.Coeffici·ent at of Regression Coefficient· 

Last Step at Last Step 

1.012 

0.015 0.004 

-0.pI2 0.005 

-0.009 0.005 

0.015 0.004 

0.007 0.004 

a Two-sided significance levels: ;, 0.05 > P > 0.01, ** 0.01 > P > 0.001, *** 0.001 ~ P. 

R2 Increase in 
3t Each R2 Attributable 
.. Step to Factor 

0.0587 0.587 

0.1018 0.0432 

0.1252 .0.0233 

0.1394 0.0143 

0.1515 0.0121 

pa 

\.0 
0 

*** 
r..** 

*1. 

.,:** 

** 



Table 38. SMRanalysis of the levels of damage by small rodents in 1979. (See Table 17 for 
explanation of factor names. R2 = 0.05; 1 S.E. of the transformed estimate = 0.09; 
F = 4.17; df = 3,236; 0.01 > P > 0.001.) 

Step at Regression S.E. R2 Increase in 
which Factor Coefficient at of Regression Coefficient at Each R2 Attributable 

Factor Name Entered Equat ion last Step at last Step Step to Factor 

Constant 1.028 

Young successional -0.009 0.005 0.0191 0.0191 

Dwarf birch shrub 2 0.013 0.006 0.0380 0.0190 

Jack pine understory 3 -0.012 0.005 0.0504 0.0123 

a Two-sided significance levels: * 0.05 ~ P > 0.01, ** 0.01 ~ P > 0.001, P ~. 0.001. 

~--------------------------------------------------------------------------------

pa 

1..0 

** 

** 
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In 1978, amounts of old browse on trees differed signifi­

cantly among habitats (one-way ANOVA: F = 16.32; 7,232 df; P < 0.001). 

Amounts of old damage were significantly lower on the Poplar Creek 

Cutline, Thickwood Cutline, \Jillow, Jack Pine, and Balsam Popla~ 

study areas than on the Black Spruce, Aspen, or Tamarack study areas 

(Student-Newman-Keuls procedure; ... P = 0.05) (Tables 28 to 35). In 

contrast, old damage on the Aspen and Tamarack study areas was 

significantly higher than on any other study area. 

Levels of both old and new snowshoe browse on shrubs were 

also significantly related to ha~itat (new damage: F = 7.57; 7,232 df; 

P < 0.001; old damage: F = 14.98; 7,232 df; P < 0.001). Both old and 

new damage was significantly more severe on the Tamarack study area 

than on the remaining seven areas, whereas old damage on the Poplar 

Creek Cutl ine and Thickwood Cutline study areas was significantly 

lower than on most othE}r areas (damage tended to be higher on the 

Aspen and Black Spruce st~dy areas than on the successional areas 

but these differences were not significant). Ov~ral1, trees and 

shrubs on the Tamarack study area consistently sustained signifi­

cantly greater damage than in any other habitat type. Conversely, 

browsing of trees and shrubs on both successional study areas was 

significantly less than in most natural habitats. 

Very similar trends in snowshoe hare damage to trees and 

shrubs in each habitat type werE~observed in J979. Amounts of 

damage to trees and shrubs differed significantly among study areas 

(old damage to trees: F == 13.84; 7,232 df; P < 0.001; new damage to 

shrubs: F = 30.94; 7,232 df; P < 0.001; old damage to shrubs: 

F = 18.90; 7,232 df; P < 0.001).· Old browse damage to trees on the 

Aspen and Tamarack study areas was significantly higher than on the 

remaining six study areas (Tables 28 to 35). Similarly, old and new 

browsing of shrubs on the Tamarack study area was significantly more 

common than in other habitats. Amounts of old brONse on shrubs in the 

Willow study area in 1979 were also significantly greater than in the 

successional, aspen, jack pine, balsam poplar, or black spruce 

communities. 
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Inter-year comparisons of snowshoe hare browse indicated 

that antountsof da~age (o'ld and new combined) to trees did not 

change significantly between years (F = 1.10; 1,479 df; P = 0.30) 1. 

Differences in the amounts of damage between years accounted for 

only 1.6% of the variation in browsing damage, whereas inter-:habitat 

differences explained 36.4%. Browse damage to shrubs on each area, 

however, increased significantly between years (F = 55.91; 1,479 df; 

P < 0.001). Differences in browse damage between years" accounted 

for 5.8% of the variatiqn in levels of damage, whereas inter-habitat 

differences were associated wit~ 28.5%. 

7.3.2 Susceptibil ity'of'Trees:aric;l'Shrubs 'to S rioWs hoe Hare Dam~ge 

Snowshoe har:-es ut il ize a wide range of woody pI ants but, 

appear to show distinct preferences and avoidances of some browse 

species (de Vos 1964; Hansen and Fl inc;lers 1969; Keith 1972; Klein 

1977); food preferences appear to be related partially to the nut­

ritive value of plant, parts consumed (Miller 1968; Lindlof et al. 

1974) and the availability of each species (de Vos 1964; Telfer 1972). 

Preferences of sn,owshoe hares in the Athabasca Bas i n for trees and 

shrubs were assessed by comparing.the availability of a species 

(i.e., the number of stems or plants/ha) to the number of stems 

browsed. Because distributions of shrub stems are more clumped 

than that of trees, browse damage to trees and shrubs was analysed 

separately. 

In 1979, several tree species were more susceptible to 

browse damage than others (only old damage was recorded) (1978: 

x2 = 5059.5; 4 df; P < 0.001; 1979: X2 = 3360~9; 4 df; P < 0.001) 

(Table 36). In both years, P. tremuZoides and L. ~iaina were 

most susceptible to damage, whereas P. baZsami!era and P. mariana were 

were less commonly damaged than expected. 

For comparisons between years, all estimates of the number of 
stems damaged/vegetat,ion plot in 1979 were converted to the number 
of plants' damag"ed/vegetation plot by dividing by the average 
numbecs of stems per plant for each species'. 
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New snowshoe hare damage to shrubs in 1978 and 1979 also 

was not proportionate to the ava'ilability of these species (1978: 

x2 = 2146.4; 5 df; P < 0.001; 1979: X2 =116 151.0; 10 df; P < 0.001) 

Table 36). During both years,B. gZemduZosa and R. triste' were the 

most highly preferred browse spedes and consequently were most sus­

ceptible to new damagebysnowsh6e hares. In contrast, 'P.' pensyZ­

vanica., Lonicera spp., 'and '8: :dZbu8' 'wer~ consi stent I y avoi ded. 

Estimates ~f' (Hd'd~mageibsh'rubs 5 i mil arl yi nd i cated that 

'some species of shrubs were more commonly browsedthanot'hers 

(1978: x2 = 25 087.6; 10 df;P .( b.\00l;I9"79: x?= 20535.5; 12 df; 

P < 0.001) (Table 36). Based on estimates of old damage in each 

'year,B. g'zaYiduZosa ahdAZnui:tspp:were"highly,preferred and 

P. pensy-Zvanica and A; aZnifot-ta were rnoderai~ ly preferred over 

most other shrub spedes~ and 'consequent 1 y, were most su's'cept ibl e 

to damage. COnversely, Loniaera 'sPP.', R. ameY'icanum., s. a'Zbus.,' 

'R. me l'anoZa8iuB., 'aridS. aanadensis freq:ueritly' werenof browsed and 

would'app'eiu to be'tl'ie'Tnost reSist~nt :species to browse damage.' 

Levels of 'SriowshoeHare Damage and Population Size 

'Pe~se'et al.(l979)observed that' browsing intensity of 

woody stems in natu ra 1 cornmun it i es by s'nowshoe hares became more 
,'. " 

severe during snowshoe 'hare population increases and decreased 

follo~ing th'e' population decl ine~ Surveys ,of browse during the peak 

winter ,indicated that over~50% of the woody stems had been severely 

or heavily 'browsed. To 'assess effects of snowshoe hare population 

sizes on amounts of browse damage during this study, mid-winter 

popUlation sizes of 'snowshoe hares on ~ach of the four snowshoe 

hare study areas in late February to March 1979 were compared to 

estimates of the mean amounts of old and new browse damage to trees 

and shrubs on the correspondihg small rodent study area (each snow­

shoe hare study plot encompassed the small rodent trapping area in 

that habitat type). 

Altho,u,gh 'arnO,unts of oldbr:ow~.eQ~II1)age 'to shrubs and trees 

were not' si·gnificantly ,related to the numbers· of snowshoe hares 

present during mid-~rnfer'(old' damage to trees: r = 0.05; b = 7.44; 
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N = 4; P = 0.47; old damage to shrubs: r = 0.34; b = -37.51; N = 4; 

P = 0.33)' new ·damage to shrubs tended to· be Positively associated 

with mld,;",winter population' sizes (r=0.79; b = 41 ~'3; N == 4; P = 0.10). 

This suggests that, during the winter of 1978 to 1979 when snowshoe 

hare populations were bel i:eved to be increasing (see Section 6.4.'1), 

amounts of browsing by 'snowsHoe nareson'shrubs were determined partly 

by the number of animal s present in the area. 

7.3.4 Snowshoe, Ha re Damage and Hab ita t S t ruc ture . 

Keith (1972) conducted a survey of snowshoe damage to 

woody pI ants j n' northern Alberta and concl uded that amounts' of 

hare browsing were r,elated directly to.' the qual ity of the surrounding 

communi ty as hare habi tat •. In addi tion, studies by de Vos"(964) 

and Telfer (1972), have suggested that avai labil ityi~ a major deter­

minant of browsing prefer'ences inlocal'areas. Such evidence 

suggests that hab i tat strOc'tu're may di rectly influence brows ing 

pressures by, snowshoe hares •. 

7.3.4.1 Plant densities and levels of girdling damage~ Effects of 

stand densities on the amounts of snowshoe hare damage to trees and 

shrubs were assessed by comparing the 'number of plants (in 1978) and 

stems {in 1979) damaged with the density of plants or stems in each 

vegetation sampling quadrat. Density and damage estimates for all 

species of trees and for all species of shrubs were pooled for the 

analysis. 

In 1978, amounts of old and new damage were significantly 

associated with plant densities (old damage to trees: r = 0.39; 

b = 19.19; N = 240; P < 0.001; old damage to shrubs: r = 0.14; 

b = 8.20; N = 240; P< 0.001 ; new damage to shrubs: r = 0.09; 

b = 20.00; ,N = 240; P = 0.008). Amounts of old damage to trees and 

old and new damage to shrubs in 1979 were alSo significantly associated 

with stem densities (old ,damage to trees: r = 0.40; b = 27.2; N = 240; 

P < 0.001; new damage to shrubs: ',' r = 0.27; b = Sa8; N = 240; 

P < 0.001; old damage to shrubs:r = 0.24; b = 21.50; N = 240; 

P < O.ool). I.n both years, greater amounts of damage were associated 

with higher densities of trees and shrubs. 
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Habitat stn.lCture arid damageby snowshoe hares. Multi-

variate analyses of the relationship between snowshoe hare damage 

and habitat structure were similar to those described for small 

rodent damage (Section 7.2.4.2). Estimates of snowshoe hare browse 

were transformed using a log transformation of the (damage estimate + 1) 

to correct for non-normality (Sokal and Rolf 1969). 
In 1978, 50% of the variation in the levels of browse 

damage by snowshoe hares was associated w~th habitat structure 

(Table 39). The aspen understory, tamarack understory, grass/sedge 

cover, dwarf-birch shrub, raspberry ~hrub, willow-birch scrub, and 

dogwood shrub factors were positively associated, whereas the balsam 

poplar understory, white spruce understory, rose understory, and 

Equisetum cover factors were negatively associated with levels of 

browse damage. The aspen understory, balsam poplar understory, 

and tamarack understory factors were the most imptirtant predictor 

variables, accounting for 14.2, 12.8, and 8.2% of the total vari­

ation in browse damage, respectively. 

Habitat factors explained 48% of the variation in levels 

of snowshoe hare damag7 in 1979 (Table 40). High levels of damage 

were most commonly associated with the tamarack understory, black 

spruce forest, dense vertical cover, and successional cover factors, 

whereas damage was I imited in areas dominated by willo~-blrch scrub, 

dwarf birch scrub, aspen understory, and white spruce understory. 

Tamarack understory was the single most important predictor variable 

(acco rdi ng for 30.9% of the va r i ance in damage). 

7.4 DISCUSSION 

Damage by small mammals to woody-stemmed plants in natural 

areas is primarily a problem of feeding behaviours. Browsing 

damage by snowshoe hares to naturally occurring species of trees and 

shrubs in the AOSERP .study area was encountered more frequently 

than was girdling damage by small rodents. This is not unexpected; 

the fall and winter diets of snowshoe hares is composed almost 

entirely of hardwood browse and the bark and needles of coniferous 



Table 39. SMR analysis of the levels of damage by snowshoe hares in 1978. [See Table 17 for 
explanations of factor names.R 2 = 0.50; 1 S.E. of t~e transformed estimate = 0.38; 
F = ,20.73; df;:: 11,228; P < 0.001. All' factors Were significantly (P < 0.001) 
associated with levels of brow'se damage.l 

Step at Regression S.E . R2 Increase in whIch Factor Coefficient at for Regression Coefficient at Each R2 Attributable Factor Name Entered Equation Last Step at Last Step Step to Factor 
CClns1;ant 

0.595 
Aspen understory 

0 . 197 0.024 0. 1421 0.1421 Balsam poplar understory 2 -0.232 0.028 0.2705 0.1284 Tamarack understory 3 0.185 0.027 0.3529 0.0823 Grass/sedge cover 4 0.050 0.025 0.3908 ,0.0380 Dwarf birch shrub 5 0.066 0.026 0.4229 0.0320 White spruce understory 6 -0.066 0.026 0. 4477 0.0248 Raspberry shrub 7 0.105 - 0.02.] 0.4613 0.0136 Rose understory 8 -0.041 0.023 0.4761 0.0148 Willow birch scrub 9 0.086 0.024 0.4844 0.0083 Equisetwn cover 10 -0.049 0.025 0.4928 0.0084 Dogwood shrub II 0.094 0.028 0.5000 0.00]2 

\.0 
'J 



Table 40. SMR analysis of the levels of damage by snowshoe hares in 1979. [See Table 17 for 
explanation of factor names.R 2 = 0.48; lS.E. of the transformed estimate = 0.56; 
F = 27.16; df = 8,231; P < 0.001. All factors were significantly _(P < 0.001) 
associated,with levels of browse damage.] 

Step at Regression S.E. R2 Increase in 
wh i ch Factor Coefficient at of Regression Coefficient at Each R2 Attributable 

Factor Name Entered Equation Last Step at Last Step Step to Factor 

Constant 0.877 

Tamarack understory 0.11 I 0.038 0.3091 0.3091 

Willow/birch scrub 2 -0.129 0.035 0.3493 0.0402 

Dwarf birch shrub 3 -0.099 0.043 0.3911 0.0418 

Black spruce forest 4 0.397 0.036 0.4274 0.0362 

Aspen understory 5 -0.149 0.038 0.4513 0.0240 

White spruce understory 6 -0.074 0.037 0.4653 0.0139 

Dense vertical cover 7 0.035 0.035 0.4757 0.0104 

Successional cover 8 0.035 0.035 0.4847 0.0009 

1.0 
00 
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trees (MacLul ich 1937; Dodds 1960; . Trapp 1962; de Vos. 1964; O'Farren 

1965; Klein 1977; Wolff 1978), wher~a~ twigs and bark ar~minor 

components of microt.ine and cricetine diets (Criddle 1932; Hamilton 

1941; Dyke 1971; Hansson 1971'; ~emanekI972 .; Larsson and Ha.nsson 

1977; . this study) . 

. Feeding behaviours of sma) I mammals appear to be influenced 

by a number of factors, including forage availability, forage quality, 
,' , ." ., '-. ' . '- , 

and feeding preferences (e.g., ,Dyke 1971; Hansson 1971; Telfer t972; 

Grant 1978; Wolff 1978) . Because gird 1 i ng damage and browse damage 

(i .e., the consumption of bark and. twigs) a ,re ~pecific types of 

feeding responses which, under certain circumstances are deemed 

undesi rab I e by humans, 1 eve 1s and types of sma I I mal1l1la I da!l1age are 

probably influenced by these factors as well. 

7.4.1 Damage ' by ' Sma 11 . Rodents . 

Gi rd 1 ing damage by small rodents has been shown to resu.I t 

in incre~t$es ins!!edl i ng morta Ii ty in natura I cOlTlmun i Hes and in 

reforestation areas , (~oore 1940; Staebler et al. 1954; Jokel,a and 

Lorenz 1959; Bang 1975; Christiansen 1975; Larsson 1975; Myl1ymaki 

1975a, ,1975b). Girdl ing appears to occur most often during the late 

fall and winter, but is not necess~rily restricted to these periods, 

and OCCllrs more frequently during periods when small rodent popu­

lations are at a peak (Jokela and, Lorenz 1959; Hansson 1973a; 

Myllymaki I 975a). 

In natural habitats in the Athabasca Basin, several species 

of trees and shrubs sustained proportionately higher levels of 

damage than expected. Two tree species, P. ,tremuZoides and ' B. papy~ 

pifepa, and two shrub species, B. gUxnduZosa and A. a ZnifoZia , 

were significantly more susceptible tQgirdling damage than other 

species of trees and shrubs. Piaea gZauaa, P. banksiana, and a 

number of shrub species such as P. pensyZvaniaa, Ribes spp., 

Loniaepa spp., S. aZbus, andVibuPnum spp. sustained no girdl .ing · 

damage in either year of study. No previous studies have assessed 

small rodent damage to shrub species in natural conmunitiesbut 

studies of girdling damage to a number of tree species throughout 
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North Amedca have suggested,'as in'this study, that P. glauca is 

avoided by sm'll rodent~ «(rttlefield et at. 1946; Cayford and 

Haig 1961; Buckner 1970; Sartz 1970;"' Von Althen 1971). Littlefield 

et a 1. (1946) a 150 noted that' P. banksiana was 'avo i ded by small 

rodents. In contrast, P. banksiana in some localities have sustained 

high levels of girdling da'mag'e (Sai"tz 1970; Buckner 1970; Von Althen 

1971). Conflicting results such ~s these likely reflect local 

influences of habitat structure, forage availability,and the nu­

tritional condition of the ~nim~ls on feeding' preferences. 

In this study, differences among habitats accounted for 

more of the variation iii' the amount df small rodent damage than did 

differences between years, suggesting that' the am~unt of girdling 

damage was associated largely with physical and biotic differences 

among habitats. This is in agreement with several studies of the 

relationship between components of habitat structure and 'girdling 

damage. Levels of small rodent damage to trees have been shown to 

be related closely fo the density of ground cover (Jokela and Lorenz 

1959;Cayfofd and Haig 1961); dehsity of trees and shrubs (Buckner 

1970), slop~ aspect CSartz 1970), and forage availability and quality 

(Hansson 1973a, 1973b). Multivariate analyses of vegetation struc­

ture and damage within the major forest habitats of the Athabasca 

region, however, failed to reveal any strong statistical 

relationships. This suggests that' the habitat structul-e of these 

communities (as measured in this study) was a minor influence on the 

distribution and extent of girdling damage. 

Longer term changes in habitat structure and associated 

changes in small rddent species diversity and abundance,however, 

may affect levels of girdling damage. For example, ',changes in the 

species compos i t ion of :sma 11 rodent popu lat'ionsthatare assoc i ated 

with successional processes indisturbed areas (Sims and Buckner 

1973; Krefting and Ahlgren 1974; Lovejoy 1975; Hooven and Black 1976) 

can influence the relative abundance of small rodent species known 

to damage trees and shrubs and' so influence levels of damage. 



201 

Apparent increases in .the amo.ur'lt of gird 1 jng damage during 
. ,', . -; . " '. . '" '.. . ' ., . . 

small mi'!mmal ~ PQPl.Jlation peaks (Joke.la and Lorenz 1959; Hansson 1 973a; 

Myll ymaki 1975a) suggest that levels of sma ,ll rodent damage are, ' 

related directly to th~ numb~r ~fj.mice. Although 1 ittle evidence 

is ava i 1 abl e , to sugges,t that th is, is the case, a number of methods 

of contraIl ing sm~ll , rodent damage , have assumed impl icitly that 

reductions in the numberpfm~ce ~iJl. result in a reduction of the 

amounts of damage (e.g., Smith and Aldous 1947; Peoples , 1970; Gratz , 

1973; Lund 1975; Radvanyi 1978). In this study, levels of small 

rodent damage in six natural community types and in two successional 

areas were weakl y .associ ated wi th both spmmer and wi nter popu 1 at ion 

sizes of C. gaprf3ri and M. p~nnsyZvanicus. , Beca,use populations of 

C. gapperi a,nd M. pennsylvani-qus declined between 1978 and , 1979,a" 

wide range of population sizes was observed over . the two. years of 
.' - , '. " - ': " . " " " . . 

this , study-- t .hepoor .~ssoci at}pn between damage and small rodent 

abundance, d~spi ~~ thew i de range of observed popu 1 at ion sizes" 

suggests that amoun~s of girdling are no.t a , simple function of small 

rodent populatJon densities. 

Several studi¢s have suggested that the consumption of 

large amounts of bark is . indicative of food shortages, particularly 

a lack of carbo.hydrates (Hamilton 1941; Thompson 1965; Zemanek 

1972; Hansson 1973a, 1973b).lf this is true, then animals in .,areas 

with higher levels of damage should be in poorer condition than 

animals in areas with 1 ittle or no damage . Levels of damage were 

Significantly higher on the Tamarack study area, yet C. gapperi 

and M. pennsyZvanicus popUlations on the Tamarack study areas were 

in mbderate to go.od ccmdition (based on population sizes, population 

trends, and reproduction; Section 3.6). Fat indices and cond.ition 

indices of snap-trapped animals similarly indicated that C. gapperi, 

and M. percnsy~vanicus from tamarack, habitats were in moderate to 

excellent nutritio.nal conditio.n.ln contrast, the c9ndition of 

C. gapperi in jack pi!1e, aspen, black spruce, and open (treeless) 

habitats and of M. pennsyZvanicus in jack pine and aspen co.mmunities 

tended to. be below average--amounts of damage on these , areas, 

however, were extremely low in bo.th years of the study. The 
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association between amounts of dam.age and nutritional condition of 

small rodents in this study suggest that bark consumption and poor 

nutritional condition are not as closely related as suggested in 

earlier studies. Studies of the seasonal changes in the nutri­

tional condition of natural small rodent populations versus seasonal 

changes in nutrient availabil ity are required to examine more closely 

the role of bark consumption in the nutritional status of free­

ranging small rodents. 

7.4.2 Damage by Snowshoe Hares 

\.Jide variations in browsing pressure appear to be a common 

phenomenon associated wfth cyclic fluctuations in snowshoe hare 

populations. Pease et al. (1979) showed that over 50% of the woody 

stems (:::1.5 cm in diameter) in natural forest communities of north­

central Alberta had been severely browsed by snowshoe hares during a 

snowshoe hare population peak, whereas only 2% of the woody stems 

were so intensively browsed during the population decline and low. 

Keith and Windberg (1978) have suggested that the extreme reductions 

in the abundance and quality of forage associated with the more 

intensive browsing pressures of increasing snowshoe hare populations 

result in a decline in the nutritional condition of snowshoe hares. 

Changes in nutritional condition subsequently affect reproduction 

and eventually result in the initiation of the popUlation decline. 

In addition, excessive clipping of trees and shrubs by snowshoe 

hares and other herbivores can severely curtail the growth of trees 

and shrubs and reduce the survival of these plants; moderate browsing, 

however, has been shown to simulate browse production (Garrison 1953; 

Stoeckler et ala 1957; Lay 1965; Krefting et al. 1966; Harlow and 

Hall s 1972). 

Snowshoe hares feed upon a wide variety of woody-stemmed 

plants during the late fall to-early ipring periods but show signi-
. I· 

ficant preferences and avoidances of some browse species. In the 

Athabasca Basin, P. tremuloides, L. ~iaina, and P. banksiana 

were the most highly preferred tree species and B. glandulosa, 

Alnus spp., P. pensylvaniaa, and A. alnifolia were the most highly 
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preferred shrub species. Studies of snowshoe hare diets and feeding 

preferences in . Newfoun~land, Ontario, Alberta, and Alaska suggested 

that P. tremuloides, Betula spp." Salix spp., and Alnus spp. were 

the most commonly consumed or pre~erred forage species of snowshge 

hares (Dodds 1960; de Vos 1964; Keith 1972; Klein 1977; Wolff 1978). 
Picea spp., Pinus spp., L. lqr:icf,na, Vaccinium spp., L. groenland­

icum, Rosa spp., Corylus cornuta, and Viburnum spp. also were 

preferred by snowshoe hares in som~ of these localities. 

Of the tree and ~hrub speci~s present in .the Athabasca Basin, 

B. papyrifera was most resi~tant to browsing followed by p. glauca, 
P. balsamifera, and P. mariana. Shrubs such as Lonicera spp., 

S. albus, S. canadensis, R. americanum, R. melanolasius, and Viburnum 

spp. also sustained lit~le or no brow~ing damage. Keith (1972), 
Klein (1977), and, Pease et al. (1979) similarly n.otedthat snowshoe 

h~res in north-central Alberta and central Alaska rarely browsed 

shrubs of .the family Caprifoliaceae(Lonicera spp., S. albus, 

Viburnum spp.). Klein (1977) suggested tha,t limited br:9wsi.rg pres­

sures on these speci~s of shrubs and trees (particu)arlyyoung 
' , ' ,- " . . - " 

suckers) are I~rgely the result of antiherbivore shemistry (e.g., 

toxins, digestibility-reducing substances). Growth forms of shrubs 
" 

and trees may also affect their susceptibility to damage. (Klein 

1977). Low woody-s temmed pI ants such as S. canadensis,V. uliginosum, 

and L. groenlandicum are all afforded some protection from hare 

browsing by the accumulated winter snows. Others~ such as Rosa spp. 

or Viburnum spp., are protected partially from browsing by sharp 

spines or stiff remnants of the previous summer's inflorescence. 

Because snowshoe hares preferentially browse some species 

of trees and shrubs, differences in amounts of damage among habitats 

may reflect the availabil ity of these preferred species in some 

commun i:ty types. Of the three most highly preferred speci es of trees~ 

P. tremuloides and P. banksiana saplings were most abundant on the 

Aspen study area, whereas L. laricina was most abundant on the 

Tamarack and Black Spruce study areas (Tables 28 to 35); levels of 

browse damage to trees were also significantly higher on these three 

areas than on successional areas or in other natural forest 
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communities. Of the four most highly preferred shrub species 

(E. glandulosa~ Alnus spp., P. pensylvanica~ and A. alnifolia) , 

only E. glandulosa was more abundant on the study area (Tamarack 

study area) where amounts of browse damage to shrubs were sig­

nificantly higher than in other areas. Overall, these associations 

between amounts of browse damage and the availabil ity of preferred 

species of trees and shrubs suggest that feeding preferences do 

influence browsing activity and are partially associated with dif­

ferences in the amount of damage among habitats. 

Keith (1972) suggested that the density and composition of 

understory species are major habitat characteristics associated with 

snowshoe hare distributions and numbers and, consequently, the poten­

tial for browse damage. In this study, levels of damage were 

significantly correlated with both stem densities and several compo­

nents of habitat structure. Overall, the tamarack understory and, 

to a lesser degree, the aspen understory and the absence of (i.e., a 

negative regression coefficient) balsam poplar understory were the 

most important habitat factors associated with higher levels of 

snowshoe hare damage. 

The close associations of these habitat factors with 

amounts of damage suggest that both the availabil ity of preferred 

browse species and cover were associated with browsing activity by 

snowshoe hares. High densities of L. laY'icina and E. glandulosa 

were major components of the tamarack understory; ooth were preferred 

browse species and would provide dense cover for snowshoe hares. 

Similarly, the high densities of A. aZnifolia (preferred browse 

species) associated with aspen understory would provide an adequate 

supply of winter forage, whereas the dense growths of a number of 

unpalatable species (i.e., shrubS of the family Caprifoliaceae) 

would provide ample cover. By the same reasoning, the poor 

association between balsam poplar understory and damage appears 

contrary to the suggestion that food and cover are associated with 

the amount of damage; Alnus spp., a highly preferred browse 

species, were abundant in this area and the dense canopy typical 
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of this community would provide ample cover. Most Alnus spp. on 

the Balsam Poplar .study area, however, were large stems with 1 lttle 

or no secondary branching below a h~ight of 2 to 3 m. As a result, 

the more highly preferred par~~ of the plant [i.e., twigs and buds 

{Klein 1977)] would be inaccessible to snowshoe hares. Consequently, 

the availabil ity of woody-stemmed forage during the winter may 

have been low on this area. 

Snowshoe hare popu 1 at ion . sizes al~.o may be a potent i a 11 y 

important influence on amounts of damage within different habitats; 

amounts of browse in areas supporting higher numbers of hares would 

be expected to be higher than in areas with small population sizes. 

In this study, the significant and positive correlation between the 

amounts of new browse damage to shrubs ard the numbers of snowshoe 

hares present during the previous winter suggest that some differences 

in the amounts of damage among habitats were the result of different 

population sizes. However, old damage to trees and shrubs did not 

appear to support this conclusion. Because old damage reflects 

browsing activity for ,several years prior to the sampl ing period, this 

poor association with population sizes is not unexpected. Keith and 

Surrendi (1971) and Keith and Windberg (1978) have suggested that 

habitat selection by snowshoe hares is influenced by cyclic changes 

in population density; snowshoe hares were restricte9 to areas of 

high quality habitat during .population lows and only expanded into 

more marginal habitats as popUlation densities increased. 

Consequently, browsing activity in different habitats also may be 

influenced by cyclic population changes (with the possible exception 

of high quality habitats) and amounts of browsing over a period of 

several years will not necessarily be related directly to the number 

.of snowshoe hares present during one wfnter. 

7.5 CONCLUSIONS 

Overall, small rodent damage to most species of trees and 

shrubs in the Athabasca region was limited. Although leve1s of damage 
differed among habitat types in 1978 (trees and shrubs in tamarack 

habitats sustained the highest amounts of ddmage), these differences 
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did not appear to be closely related to the population sizes of the 

three major sma 11 rodent speci es (C~ gapperi~ M. pennsylvaniaus~ and 

P. maniaulatus), to riutritional conditio'n, or to a number of habitat 

factors characterizing vegetation communities within the eight stud~ 

areas. However, small rodents showed significant preferences for 

P. tremuloides~ B. papyrifera~ B. glandulosa~ and A. alnifolia. 

Notably, B. glandulosa and B. papyrifera were abundant on the 

Tamaratk study area, ~elative to the other study sites, suggesting 

that inter-habitat differences in levels of damage may reflect 

differences in the availability of more highly preferred species in 

different habitats. 

Browsing damage by snowshoe hares was observed more commonly 

in the AOSERP study area than was girdling damage by small rodents; 

this probably reflects the rel iance on woody-stemmed plants by snow­

shoe hareS for much of their winter diet. Of the naturally occurring 

species of trees and shrubs in the region, P. tremuloides~ L. lariaina 

and P. banksiana were the mOst susceptible tree species and 

B. glanduldsa~ Alnus spp., P. pen8ytvaniaa~ and A. alnifolia were 

the most susceptible shruh species to snowshoe hare damage. In 

contrast, B. papyrifera~ P. glauaa~ P. mariana~ P. balsamifera~ 

R. ameriaa:Y/,um~ R. melanolasius~ Rosa spp., and members of the family 

Caprif,oliacea rarely were damaged by snowshoe hares. Differences in 

the amounts of damage by snowshoe hares to trees and shrubs in each 

study area suggested that both food availabil ity (i.e., the presence 

of high densities of preferred tree and shrub species) and the density 

of tree and shrub cover were strongly associated with levels of browse 

damage. 
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8. CONCLUSIONS 

The broad objectives Df AOSERP as described by Smith 

(1979) were to develop a comprehensive environmental research 

program which would (1) establish an integrated data base for future 

environmental management strategies and (2) identify environmental 

and social problems that c@Q be expected to arise from present and 

proposed oil sands developments. The Land System research program, 

of which this study is a part, has concentrated primarily on docu­

mentation of th~physiographic and biophysJographic features of the -

AOSERP study area, as well as describing the .major faunal groups and 

their habitat affinities. This research program has attempted to 

specifically identify population sizes and distributions of small 

mammals in natural and successional plant communities, and to 

evaluate the importance (Le., quality) of the major habitat types 

for each of the major species. By identifying the habitat affinities 

of each species, impacts of habitat loss resulting from oil sands 

developments can be better described and mitigative measures can be 

planned mOre effectively. Consideration of such data may involve 

direct effects on sma 11 rodents or i nd i Fect effects on other compo­

nents of the ecosystem sUGh as predators or vegetation. An additional 

objective of this study was to determine the extent and nature of 

small mammal damage to trees and shrubs in natural habitats. Infor­

mation obtained was intended primarily for comparison with concurrent 

studies of small mammal damage to woody-stemmed plants in existing 

reclamation areas in the Athabasca Basin. 

Conc;lusions presented here are intended primarily to provide 

an overview of sm~ll mammal populations in the AOSERP study area and 

of the importance and use of ~abitats by small mammals. Possible 

impacts on these speci es from habi tat loss resu 1 t ing from 0 it sands 

developments are also considered. 

8. I SMALL MAMMAL POPULATIONS 

In terms_of popUlation sizes and distributions, four species 

of small mammals, C. gapperi, M. pennsyZvaniaus, P. maniauZatus, and 

L. amencanus, were important -components of the boreal for:est ecosystem 
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in the AOSERP study area. Although a number of other small mammals, 

including Mi(Jrosorex hoyi, Sorex ainereus, Sorex obsau1'Us, Sorex 

aratiaus, Phenaaomys inte~edius, Synaptomys boreaZis, Zapus hudsoni­

CUS, EUtamiasminimus, Tamiasaiu1'Us hudBoniaus, GZauaomyssabrinus, 

MusteZa nivaZis, and MusteZa e~inea,were captured, numbers were 

insufficient for further analysis. This does not imply, however, 

that these s.peci es are not important components of the borea 1 forest 

ecosystem. Such low abundances may reflect both small actual popu­

lation sizes and/or biases in the sampling methods of this study 

(i .e., trapping methods used were specifically for small rodents and 

snowshoe hares). 

8.1 . 1 CZe t11.:rionomy s ga:pperi 

'Based on six different indices of habitat quality, balsam 

poplar, aspen, and jack pine communities were consistently the highest 

qua 1 i ty. hah i tats. for C. gapperi. .Success i ona 1 areas, bl ack spruce 

forests; and tamarack forests were moderately suitable habitats for 

this species. In contrast, wi llow shrub cover was the lowest qual ity' 

habitat of the communities studied. 

Although nurnbers of C. gapperi varied greatly among major 

forestc;:over types, animals were consistently present in all commu­

nities, suggesting that all forest communities were suitable for this 

species (Douglass 1976a). Indices of reproductive success and dis­

persal, however, indicated that productivity and stability of 

C. gapperi populations varied among habitats. Dispersal indices 

"suggested 'that populations in aspen, jack pine, balsam poplar, and 

black spruce habitats were composed primarily of resident animals; 

survival rates were high, recruitment by natality was high,and 

emigration was 1 imited. In contrast, animals in wi llow and suc­

cessional conmunities were largely transients; survival on these 

areas tended to be low, recruitment was predominantly by immigration, 

and emigration was high. Tamarack forests supported moderate numbers 

of resident animals but emigration and immigration were also high. 
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ReproclIJ,ctive,succes-s appeared to be dir'ectly associated 

wi th the I stabi lity 'of·anima Is in these habi tats; rep'rodutt hie 

success tended to be.higher -in populations with higher numbers of 

resident animals, as opposed to those With h.igher numbers of 

transients. This may be indicative of the suitability of areas f6r 

breeding and survival (e.g., .food supplies, protective cover, 

moisture, numbers of predators) but may also reflect the types of " 

animals present in these areas. 'Studtesof dispersal of small 

rodents (Myers and Krebs 1971'; Krebset a 1. 1976) have suggested 

that dispersing animals. (i .e., immigrants to less suitable habitats) 

are genetically, reproductively, and behaviourally different from 

resident animals. 

Habitat selection by .small mammals is a complex response 

of a species to a number of biotic and abiotic components which in 

turn determine the qUCilUtyof an area for that species.' The deter.., 

mination of the factors important to each species (i.e., the 

determinants of a species' niche) has been the subject of a number of 

recent and detailed research programs (e.g., Rosenweig 1973; M'Closkey 

1976; Deuser and Shugart 1978, 1979). Although it was not possible' 

to identify factors directly influencing habitat selectiorl by C~gap­

pen in this study, several habitat components, associated with food 

resources and protective cover, appeared to be closely related to 

habitat use by this species. 

Associations of higher numbers of. C. gapperi with dense 

shrub understories composed of C. stoZonifera., Ribes spp., AZnus spp., 

and/or R. meZanoZasius.; dense: ground cover; and moderate to thick 

accumulations of litter and deadfall mean that plants or conditions 

associated with these habitat factors are of importance in determining 

the level of use of areas by C", gappePi • . CZethrionomys gapperi also 

preferred areas of tree cover dominated by P. baZsamiferaor L • . Zari­

(Jina and shrub cover dominated by Rosa spp., VibumUl7l spp., AZnus 

spp., or B. g~uZosa. Preferences may again indicate a direct 

relationship between these tree and shrub. species and the abundance 

of C. gappePi but may also reflect a relationshJp with other bio­

physical factors that are as,sociated with these plant species. 
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Dietary analyses suggest that the direct association of 

C. gapperi with these plant species is not a result of feeding habits. 

None of the above-mentioned tree, shrub, or ground cover species were 

important dietary items--durihg 1979, lichens, mycorrhiza, arthropods, 

Salix spp., Equisetum spp., and mushrooms were the primary foods of 

C. gapperi. Although quantitative information on the availability 

of these major food items in each habitat was not available, studies 

by Stringer (1976) and Maser et al. (1979) suggest that 1 ichens and 

mycorrhiza, respectively, are generally more abundant in mature 

forested areas. Dense ground cover and thick accumulations of litter 

and deadfall also are associated with higher numbers of arthropods 

(Ryan and Hilchie 1980). The association of C. gapperi with aspects 

of habitat structure, that are also related to a higher availability 

of important foodS, suggests that forage availability does influence 

habitat selection by this mlcrotine. Further studies of this ~spect 

of habitat selection by C. gapperi are required. 

The significant avoidance of areas with no shrub cover, 

and the association of high numbers of C. gapperi with higher den­

sities of some shrub species, also su£gests that dense shrub cover is 

an important aspect of habitat structure for C. gapperi . Dense shrub 

cover may afford protection from cl imatic extremes and some predators 

while providing a suitable microcl imate (e.g., moisture, temperature) 

for C. gapperi and for ' its major dietary components. 

Habitat associations discussed here were representative of 

the late spring to late fall period. Studies of a closely-related 

species, Clethrionomys rutilus, by West (977) indicated that small 

rodent habitat affinities can change drastically between seasons, 

particularly during the winter in more temperate regions. Because 

C. gappepi populations may exhibit similar seasonal shifts in habitat 

use, the habitat affinities described here should not be applied to 

winter and early spring. 

8.1.2 Microtuspennsylvanicus 

Indices of habitat quality consistently ranked willow and 

successional communities as the highest quality habitats for 
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M. permsy'lvaniaus. Tamarack and black spruce forests were moderately 

suitable for this vole, whereas aspen, jack pine, and balsam poplar 

were most poorly suited. 

Douglass (1976a) suggested that population sizes as well as 

the consistency of occurrence of animals were important indices of 

habitat quality. Peak popu'lation densities of M. pennsy'lvanicus dif­

fered greatly among study areas in this study but, with. the exception 

of jack pine forests, all habitats studied appeared capable of con­

tinually supporting at least moderate numbers of this vole. Numbers 

of mice Ol"l the Jack Pine study area in 1979, however, were low and 

highly variable. 

As discussed for C. gapperi, dispersal indices offer another 

meansof evaluating 'the 'stability' ~f animals in populations. 

Oispersal indices of M. pennsy'lvaniaus in jack pine, balsam poplar, 

older successional, and black spruce cover types suggested that popu­

lations in these areas were composed predominantly of transient animals 

(i.e., high rates of immigration). In contrast, dispersal indices in 

aspen, willow, young successional, and tamarack communities suggested 

that rnost animals present were residents (i.e., high recruitment by 

natality, little emigration). The latter four habitat types therefore 

would appear to be the most stable habitats for this vole. 

If reproductive success is related to habitat selection 

(Krebs 1978), reproductive success of predominantly resident popula­

tions in high quality habitats would be expected to be greater than 

that of transient populations in poor quality habitats. Close 

associations of reproductive success with the 'stability'of 

M. pennsy'lvaniaus populations, however, were .not apparent. High 

numbers of res i dent an i.ma I s on I y were assoc i ated wi th hi gh reproduct i ve 

success in young successional areas in 1978 and in successional areas 

and tamarack forests in 1979. Poor reproductive success only was 

associated with higher numbers of transient animals in balsam poplar 

and older successional areas in 1978 and in jack pine and balsam poplar 

forests in 1979. However, during the peak and decl ine phases of a 

microtine population cycle, reproduction of dispersing animals has 

been found to be higher than non-dispersing animals (i.e., more young 
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female animals were in breeding condition) (Myers and Krebs 1971). 

Because M. pennsylvanicus populations in the AOSERP study area were in 

the peak and decline phase of the cycle during this study, dispro­

portionate dispersal of young breeding animals from optimal habitats 

to more marginal habitats may have resulted in the poor associations 

between reproductive success and dispersal indices in this study. 

Assuming that willow and successional habitats are the 

best quality habitats for M. pennsylvanicus in the Athabasca Basin, 

a number of vegetation characteristics appeared related to these high 

evaluations of habitat quality. The preference of M. pennsylvanicus 

for successional areas or grass meadows (i .e., no trees or shrubs) 

and the significant association of M. pennsylvanicus with habitat 

factors characterizing dense successioeal cover and grass/sedge cover 

suggest that dense graminoid or forb cover and sparse tree or shrub 

cover provide near-optimal conditions for this species. Graminoids 

and mycorrhiza were the predominant foods of M. pennsylvanicus 

in this study although arthropods, Salix spp., moss, and Equisetum 

spp. were present seasonally in small amounts. Assuming that ar­

thropods are also moderately abundant in successional areas and willow 

shrub communities (Ryan and Hilchie 1980), the best qual ity habitats 

appear to offer high availabil ities of the most common foods of this 

vole. In addition, the dense graminoid or forb cover in these areas 

would afford protection from climatic extremes and aerial predators. 

Based on existing information, it is not possible to 

determine whether food availabilities or cover factors are most 

important. However, a recent study by Green (1980), in which food 

suppl ies and cover were manipulated on experimental reclamation areas, 

suggests that the plant cover is more important than food supplies-­

M. pennsylvanicu8 was very abundant in an area with dense grass/ 

legume cover and supplemental food but was limited in an area with 

supplemental food and highly reduced ground cover. 

Habitat affinities of M. pennsylvanicus in this study were 

generally the converse of those of c. gappe~i. Although a number of 

factors related to vegetation structure likely influenced the habitat 
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affinities of each species, differences in habitat use suggest that 

spatial segregation of C. gapperiandM.'pennsylvariiausis also 

an important aspect of habitat use. Studies of interspecific compe­

tition between these species (Grant 1969, 1970, 1972; Morris 1969; 

Morris and Grant 1972) cle~rly lndicate that each species in its 

preferred habitat is able to restrict the distribution of the other. 

Idea 11 y, i nterspeci f i c compet it iori shou 1 d have been included in 

evaluations of habitat' use in this study (e.g., asa component of 

habitats in the SMR analyses); however, because of time and budgetary 

constraints, analyses 6f interspeCific competition were not possible. 

8.1.3 

Balsam poplar and young successional areas were the highest 

quality habitats for P.maniculatus in the AOSERP study area; 'almost 

all indices of habitatqual'ity 'in these communities were high. 

Aspen and jack pine forests were moderately suitable for P. maniaulatus, 

whereas older successional, black'spruce,wi11ow, and tamarack com-' 

munities were 0111y ma,rginally' suitable. 

Both willow shrub and tamarack forest appeared uninhabitable 

for P. maniciA.latil8; no F. maniaulatus were captured onl ive-'trapp i ng 

areas in these habita:ts. Based on peak MNAs and consistency of occur­

rence (Douglass 1976a), jack pine and black spruce also were not 

consistently suitabl. habitats for this species. All oth~r h~bitats, 

however, consistently supported some P. maniculatus throughout the 

trapping season in each year, suggesting that these communities were 

stable habitats for this cric.tid. 

Indices of dispersal and reproductive success similarly 

suggested that aspen, balsam poplar, and young successional areas were 

more stable commun i ties for P. maiziaulatus; most an imal s present in 

these areas were residents and reproductive success waS ~igh. 

In contrast, most animals in black spruce habitat were transients and 

reproductive success was low., Older successional communities 

, genera 11 y w.re composed of both res i dents and, trans i ents and reproduc­

trve success was moderate to low. Black spruce communities; in 
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particular, may serve as 'dispersal sinks' for dispersing~ non­

breeding young animals where competition for food resources and nest 

sites are less intense (Fairbairn 1978). 

Multivariate associations of habitat structure with numbers 

of P. manicuZatus and preferences for specific habitats suggested that 

P. maniculatus were habitat general ists and were not strongly associ­

ated with anyone habitat. Dense shrub understories, deadfall, and 

moderate accumulations of litter, however, were generally associated 

with higher numbers of this species and A. balsamifera, P. balsamifera, 

and Alnus spp. were significantly preferred by P. maniculatus. 

The availability of arthropods, the most common food of 

P. maniculatus in the Athabasca region, did not appear related to 

habitat use. Poor quality habitats for P. maniculatus, such as fens, 

non-vegetated areas, and 1 ightly forested tamarack bogs, had the 

highest arthropod standing crop (biomass.m2 ), whereas higher quality 

habitats,such as balsam poplar (= mixed woods), aspen, and Jack pine 

forest,had some of the lowest standing crop estimates (Ryan and 

Hilchie 1980). However, P. manicuZatus may prefer some species of 

arthropods which actually may be more abundant in these latter habitats. 

The observed habitat associations for P. maniculatus may 

also reflect selection of more suitable microclimates, av.3ilabilities 

of nest sites, better protection from predators, and/or the influence 

of interspecific competition as previously described. For example, 

interspecific competition between P. manicuZatus and M. pennsylvanicus, 

as described by Grant (1971b), may have resulted in the restriction 

of P. maniculatus d i str i but ions by M. pennsylvanicus, part i cu 1 ar 1 y 

during 1978 when M. pennsylvanicus populations were at a peak. 

8.1.4 Lepus·amei>icanus 

Snowshoe hares were most abundant in black spruce forests 

and were most strongly associated with vegetation factors characteri­

zing black spruce communities. Balsam poplar forests appeared to 

be moderately suitable, whereas aspen and jack pine forests were only 

marginally suitable for snowshoe hares. Because of budgetary 
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constraints; snowshoe hare populations in other major vegetation types 

cou 1 d not be sampled. Est imate.s of snowshoe hare browse, however, 

suggested that tamarack forest was also an important habitat for 

snowshoe hares, whereas success i ona 1. areas were on.1 y marg j na 1 hab i tats 

for this species. , 

Distributions of snowshoe hares were most strongly associ­

ated wi th L. Zazaiaina and P. maPianat,ree cover and Salix spp. shrub 

cover. Ground cove~ dominated by moss, L. gzaoenZandiaum, and 

, v. vitis-idae~was also associated with higher numbers of snowshoe 

hares. Estimates of,snowshoe hare browse in each habitat type lndi ... 

cated that L. Zazaiaina as well Cl.S P. t;raemuZoides and P. banksiana 

were the most preferred tree species. Betu.Za gZanduZosa, AZ,nus. 

spp., P. pensyZvaniaa, and A .• aZnifoUa were the most highly preferred 

species of shrubs. In contrast, P. mazaiana (the other tree species 

'associated with high numbers of snowshoe hares), as well as P. gZauad, 

P. baZsamifezaa, B. pcrpyZ'ifel'a, ,R.amezaiaanum, R. meZanoZasius, Rosa 

spp., and members of the family Caprifol iaceae were not commonly 

eaten by snowshoe hares. Associations of L. amezaiaanus in' this study 

with both preferred and less common browse species support the 

suggest ion by Keith n 972) that. dense forest c;over as we L1 as food 

availabil ity are important factors in the selection of habitats by. 

snowshoe hares. 

8.2 IMPACTS OF OIL SANDS DEVELOPMENTS , 
Habitat loss associated with the development of oil sands 

facilities will most likely be the major impact of such developments 

for small mammals. However, because of the w.ide distribution of 

small mammals in northeastern Alberta in relation to the small amounts 

of land dis'turbances now anticip~ted as a result of current and .' 

planned oil sands developments, impacts on small mammals will 

be 1 imited. Current information on more complex questions, such as 

the effect of aerial emissions on vegetation or the bioaccumulation 

of heavy metals, is too I imited to permit evaluations of- impacts 

arising from these aspects of oil sands developments. 
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Based On indices of habitat use and quality discussed in 

this study, it is apparent that wide-scale changes in habitat 

structure or disproportionate losses of some habitats could result 

in significant changes in small mammal populations. In turn, changes 

in the species composition or abundance of small mammals may affect 

mammal ian and avian predators, soil dynamics and development, vege­

tation productivity and composition, and insect numbers (see 

SE;!C t ion 1). 

Of the natural habitats studied, balsam poplar communities 

were the most important small mammal habitat; use of this community 

by C. gapperi~ P. maniculatus~ and L. americanus was high. Loss of 

balsam poplar communities would most seriously affect C. gapperi 

populations. Numbers and productivity of this species was higher in 

balsam poplar forest than in any other habitat. Lepus americanus 

and P. maniculatus would likely be affected to a lesser extent; 

L. americanus more commonly used black spruce habitats, whereas 

P. maniculatus, a habitat generalist, was abundant in several other 

habitats. 

Black spruce and tamarack forests were the least important 

small rodent habi tats but were the highest qual ity snowshoe hare 

habitats. Numbers and productivity of snowshoe hares in black spruce 

communities were high and estimates of snowshoe hare brows!e in 

tamarack communities suggested that this habitat was an ;mportant 

feeding area, if not an important breeding and overwintering site. 

Jack pine and aspen communities appeared to be moderately 

suitable habitats for most small mammals, except M. pe~nsylvanicus. 

Loss of these habitats consequently would have a minimal effect on 

the major small mammal species. The diversity of small mammals in 

aspen hab itats, however, was hi gher than in any other commun i ty 

sampled; in particular, many of the less common species occurred in 

this forest type. 

Successional communities were intensively used by both 

P. maniaulatus and M. pennsylvaniaus. The suitability of these areas, 

however, was dependent on the age of the community. Use of an older 

(5 year old) successional area by P. manioulatus was limited suggesting 
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that only young successional conmunities are suitable habitats for 

this species. If one assumes that willow shrub habitats are also seral 

habitats, representing a later stage of the successional continuum, 

snowshoe hare use of successional habitats also appears time dependent. 

Based on amounts of browse, snowshoe hares avoided younger successional 

areas but had begun to commonly utilize willow shrub communities. 

Willow shrub communities were also commonly used by M. pennsyZvanicus 

but were totally avoided by P. manicuZatus. 

Clearing of forest cover, consequently, will both detrimen­

tally and beneficially affect small mammals. Loss of mature forested 

communities will most seriously affect C. gappeY'i and L. ameY'icanus 

populations and will moderately affect P. manicuZatus populations. 

The long regeneration time of these communities in reclamation sites, 

if in fact they will be regenerated, will prolong these adverse 

effects. In particular, black spruce and tamarack communities typical 

of poorly drained areas will 1 ikely not be reclaimable on the well­

drained sand deposits typical of reclamation sites. Loss of these 

habitats, the highest quality habitats for snowshoe hares, consequently, 

will be permanent. Unless such losses of mature forest communities 

are widespread, however, it is unlikely that effects on small rodents 

or snowshoe hares will even be detectable. 

In contrast, assuming that natural successional processes 

are allowed to proceed in some areas, land disturbances may actually 

benefit M. pennsyZvanicus. PeY'omyscus manicuZatus may also initially 

benefit from the increased seral growth. Simi larly, the creation of 

reclamation areas dominated by dense growths of graminoids and 

legumes may also benefit these two small rodent species. This 

assumes, however, that sources of 'surplus' (dispersing) animals are 

present in adjacent habitats. If succession in disturbed but 

naturally revegetating areas or in reclamation sites proceeds to 

dense growths of Salix spp. and perhaps young aspen forests, snowshoe 

hares may also eventually benefit from oil sands related disturbances 

(Keith 1972; this study). 
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9. . RECOMMENDAT I QNS 

9.1 FURTHER STUDIES 

As a result of time and budgetary constraints, the proposed 

4 year study of smaU mammal populations in natural communities of 

the AOSERP study area was terminated following the second year of 

study. In view of the limitations of this study in relation to 

cyclic population phenomenon of small mammals, some of the proposed 

objectives of this study could not be fulfilled. To complete a 

detailed baseline study of small mammals in the AOSERP study area, 

further information is currently required on: 

1. Variation in population characteristics of the major 

species of small mammals in each of the major habitats 

throughout a complete popUlation cycle (i.e., a minimum 

of a 4 year period) and the relationship of these 

characteristics to habitat quality; 

2. Responses of small mammals to specific components of 

vegetation structure throughout a fu11 population cycle; 

3. The rol.eof interspecific competition in habitat 

selection by small mammals; 

4. The composition of diets throughout the year (in particu­

lar, information On winter and early spring diets is 

required); the relationships between feeding habits, 

the availabil ity of preferred or commonly consumed 

foods, and habitat selection; and the natlJre and impor­

tance of bark tissue of trees and shrubs in small 

rodent diets; and 

5. The extent of small mammal damage, particularly small 

rodent damage, throughout a complete population cycle 

and the relationships between the condition of small 

rodents, nutrient availability, and amounts of 

gi rdl ing. 

Because of the importance of small mammals as herbivores of the 

boreal forest ecosystem, and the likelihood of increased aerial 

emissions of gaseous and particulate toxic compounds with increased 
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oil sands developments, it is also important that the role of small 

rodents in the transfer of such compounds from vegetation to higher 

trophic levels (i.e., predators) be establ ished and the potential for 

bioaccumulation of these substances by small mammals be defined. 

Physiological and demographic implications of these substances on 

small mammals should also be explored. 

9.2 MITIGATION OF IMPACTS OF OIL SANDS DEVELOPMENTS 

Based on present knowledge, the potentially most serious 

impact of oil sands developments on small mammals will be the loss 

of habitat ass6ciated with site devel~p~ent, mining, tai lings ponds, 

townsites, and access routes. Of the major forest types in the 

AOSERP study area, balsam poplar forests were the most important 

habitat for small rodents, whereas black spruce and, possibly, 

tamarack forests were the most important habitats for snowshoe hares. 

On the other hand, jack pine and aspen forests were less important 

habitats for small mammals. 

Because the amounts of land disturbed by oil sands develop­

ments are anticipated to be small (in relation to the availabil ity 

of the major forest cover types in the Athabasca Basin), impacts of 

habitat loss on small mammals is not expected to be severe. However, 

disturbances of jack pine and, possibly, aspen forests in lieu of 

disturbances of balsam poplar, black spruce, or tamarack communities 

would help to minimize adverse effects on populations of the major 

small mammal species. In addition, because the regrowth of mature 

forest communities (on which C. gapper-i and L. amepiaanu8 are 

dependent) on reclamation.sjtes will be slow, if feasible, it 

is recommended that some enclaves of mature forest communities be 

maintained adjacent to reclamation sites. 

Current reclamation practices employed in the Athabasca 

Oi 1 Sands result primari ly in dense, growths of agronomic grasses 

and legumes and sparse tree or shrub cover. Establishment of native 

successional species appears slow (Green 1980). Impacts of mining 

disturbances on small mammals may be mitigated by reclamation programs 
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that mimic natural successional processes. Such practices would 

1 ikely benefit M. pennsyZvaniaus and P. maniauZatus and if capable 

of proceeding to later seral stages (i .e., dense shrub growths, 

young aspen forests), may also moderately benefit snowshoe hares. 

However, because the current design of most reclamation sites and 

tailings dikes result in deep deposits of well-drained sandy soils, 

mining disturbances will result in a net loss of vegetation commu­

nities typical of wet sites. It is recommended that some reclamation 

practices also attempt to re-establish communities typical of poorly­

drained sites, such as black spruce or tamarack bogs. Such practices 

would primarily benefit the snowshoe hare component of the small 

mammal community. 
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11. APPENDICES 

Append ices have been organ i zed to correspond to sect ions 

in the main text. 

11.1 PLANT NOMENCLATURE (Table 41) 
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Tab 1 e 41. Sc i ent i fic and comillon names of plant spec i es encountered 
durIng vegetation surveys in 1978 and 1979. [Scientific 
and common names from Moss (1967) unless otherwise 
indicated.] 

Scientific Name 

Abies balsamea 
Ace1" glab1"um 

AchiUea miUefoUum 

Achillea sibi1"ica 

Actaea 1"ub1"a 

Alnus·spp. 

Amelanchie1" alnifoZia 

Anaphalis ma1"garitacea 

Andromeda polifolia 

Anemone multifida 

Apocynum andPosaemifolium 

AquiZegia b1"evistyla 

A1"a Ua nudicau Us 

A1"ctostaphylos l"Ub1"a 

A1"ctostaphylos uva-u1"si 

A1"enana spp. 

Aste1" spp. 

Aste1" conspicuus 

Aste1" puniceus 

Betula glandulosa 

BetuZa occidentalis 

BetuZa papY1"ife1"a 

Betula pumiZa 

Caltha paZustl"is 

Chamaedaphne calycuZata 

Chenopodium album 

Common Name 

balsam fir 

Manitoba maple 

common yarrow 
a many-flowered yarrow 

baneberry 

alder 

saskatoon 

pearly everlasting 

bog rosemary 

cut-leaved anemone 

spreading dogbane 

blue columbine 

wild sarsaparilla 

alpine bearberry 

bearberry 

sandwort 

aster 

showy aster 

purple-stemmed aster 

dwarf birch 

water birch 

paper birch 

swamp birch 

marsh marigold 

leather-leaf 

lamb's-quarters 

cont i nued ... 



Table 41. Continued. 

Scientific Name 

Chenopodiumaapitatum 

Ciauta spp. 

Ci:roaaea aZpina 

CZadina/CZadonia spp. 

CZematis ve:rotiaeZZa:rois 

CormnandT'a paZZida 

Comus aanadensis 

Comus stoZonife:roa 

Co:royda Zis au:roea 

Co:roydaZis sempe:rovi:roens 

C:roepis teato:roum 

Cyp:roipedium s pp. 

DeZphinium glauaum 

Empetz>wn nig:roum 

EpiZobium angustifoZiUm 

Equisetum spp. 

Equisetum syZvaticum 

F:roaga:roia vi:roginiana 

GaZeopsis tet:roahait 

Ga Zium bo:roea Ze 

GaZium t:roifZo:l'um 

Gepanium biakneZZii 

Geum :roivaZe 

Geum t:roi fZoPum 

Habena:roia hype:robo:roea 

HaakeZia spp. 

Hie:roaaium aanadense 

Hie:roaaium umbeZZatum 
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Common Name 

strawberry bl ite 

water ,hemlock 

enchanter~s nightshade 

reindeer moss 

purple clematis 

bastard toad-flax 

biinchberry 

red osier (dogwood) 

~olden corydalis 

pi'nk corydal is 

annual hawksbeard 

lady's-sl ipper (moccasin-flower) 

tall 1 arkspur 

crowberry 

fireweed 

horseta i 1 

woodland horsetail 

wi 1 d s t r awbe r ry 

hemp nettle 

northern bedstraw 

sweet-scented bedstraw 

Bicknell's geraniuma 

purple or water avens 

ol~ man's whiskers 

northern green orchid 

stick-seed 

Canada hawkweek 

narrow-leaved hawkweed 

continued ••• 
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Table 41. Continued. 

Scientific Name 

Impatiens s pp. 

KaZmia poZifoZia 

Labiatae spp. 

Larix Zaricina 

Lathypus ochroZeucus 

Ledum gZanduZosum 

Ledum groenZandieUm 

Li Zium phiZade Zphiaum 

Linnea borea Zis 

Loniaera spp. 

Lycopodium corrrpZanatum 

Maianthemum canadense 

Matricaria matricarioides 

Medicago sativa 

MeZiZotus aZba/offiainaZis 

Menyanthes trifoZiata 

Mertensia panieuZata 

MiteZZa nuda 

OpZopanax horridum 

Orchis potundifoZia 

O,xycoccus micro carpus 

Parnassia spp. 

PedieuZaris spp. 

Petasites spp. 

Petasites paZmatus 

Petasites sagittatus 

Picea gZauca 

Piaea mariana 
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Common Name 

jewelweed 

mountain laurel 

mint 

tamarack 

vetchling 

glandular labrador tea 

common labrador tea 

wes tern wood 1 i 1 y 

twi n-flower 

honeysuckle 

ground cedar 

wild lily-of~the-valley 

pineapple-weeCt 

alfalfa 

sweet clover 

buck-bean 

ta 11 mertens ia 

bishop Is-cap 

devil ' s-c1ub 

round-leaved orchid 

small bog cranberry 

grass-of-parnassus 

lousewort 

sweet coltsfoot 

palmate-leaved coltsfoot 

arrow-leaved coltsfoot 

whi te spruce 

black spruce 

cont i nued • .. 



Table 41. Continued. 

Scientific Name 

Pinus banksiana 

Plantago major 

Polypodiaceae spp. 

Populus balsamifera 

Populus tremuloides 

PotentiUa spp. 

Potentilla concinna 

Potentilla fruticosa 

Potentilla palustris 

Potentilla rivalis 

Potentilla tridentata 

Prunus pensylvanica 

Prunus virginiana 

Pyrola asarifolia 

Pyrola secunda 

Ranunculus spp. 

Rosa acicularis 

Rosa woodsii 

Ribes americanum 

Ribes oxyacanthoides/hirtellum 

Ribes triste 

Rubus acau lis 

Rubus chamaemorus 

Rubus melanolasius 

Rubus pubescens 

Salix spp. 

Salix bebbiana 

Scirpus spp. 
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Jack pine 

plantain 

ferns 

Common Name 

balsam poplar 

aspen 

c i nquefo i I 

early cinquefoil 

shrubby c i nquefo i I 

marsh ci nquefo i I 

brook cinquefoil a 

three-toothed cinquefoil 

pin cherry 

chokecherry 

common pink wintergreen 

one-sided wintergreen 

buttercup 

prickly rose 

woodland rose 

wild black currant 

wi I d gooseberry 

wild red currant 

dwarf raspberry 

cloudberry 

wild red raspberry 

dewberry 

wi Ilow 

beaked wi II ow 

bulrush 

continued ... 



Tab I e It 1. Conc I uded . 

Scientific Name 

Senecio Zugens 

Shepherdia canadensis 

Sium suave 

SmiZacina racemosa 

SmiZacina steZZata 

Solidago 

Ste Haria s p p • 

SteZZaria ZongifoZia 

St~eptopus ampZexifoZius 
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Common Name 

ragwort 

Canadian buffalo-berry 

water parsnip 

false solomon's-seal 

star-flowered solomon's-seal 

goldenrod 

chickweed 

long-leaved chickweed 

twisted-stalk 

Symphoricarpos aZbus/occidentaZis snowberry 

Taraxacum s p p • 

TrientaZis europaea 

TrifoZium pratense 

Typha Zatifolia 

Urtica gracilis 

Vaccinium caespitosum 

Vaccinium myrtiZloides 

Vaccinium uZiginosum 

Vaccinium vitis-idaea 

Viburnum edu Ze 

Viburnum triZobum 

Vicia americana 

Viola spp. 

Viola adunca 

Vio la paZustris 

VioZa renifolia 

Viola ruguZosa 

dande I ion 

star-flower 

red clover 

common cattail 

common nettle 

dwarf bilberry 

blueberry 

bog b i I berry 

bog cranberry 

low-bush cranberry 

high-bush cranberry 

wild vetch 

violet 

early blue violet 

marsh violet 

kidney-leaved violet 

Western Canada violet 

a 
Common name from Looman and Best (1979). 
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II. 2 SMALL RODENT DEMOGRAPHY (Tabl es 42 to 49) 
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Table 42. Captures of other species of small mammals during snap-trap censuses in 1978 and 1979. 

Total Captures per Trap-night 

Number of s. oinezoBUII/ S. obscurus/ 
Date Trap-nightsa M. hoyib S. aztcticusC S. bozoeatis P. intermedius Z. hudBonicus E.mi.nimus 

1978 
July 1748 0.11 ± 0.13 0.0 0.0 0.0 0.11 ± 0.07 0.51 ± 0.23 
August 3231 1.80 ± 0.38 0.0 0.0 0.03 ± 0.03 0.15±0.07 0.03 = 0.04 

. 'October 1205 2.24 ± 0.65 0.0 0.0 0.0 0.0 0.0 

1979 
May 1079 0.09 ± 0.09 0.0 .. 0 .• 0 0.0 0.0 0.19 ± o~ 16 
June 1263 0;0 0.0 0.0 0.0 0.32 ± 0.12 0.0 
July 1322 p.08 ± 0.07 0.0 0.08±0.07 0.0 0.0 OdS ± 0.15 
August 1823 0.44 ± 0.37 0.11 ± 0.08 0.0 0.0 0 .• 16, J: 0.09 0.0 
September 1150 0.96 ± 0.46 0.09 ± 0.08 0.09 ± 0.09 0.0 0.17 ± 0.12 0.17 ± 0.13 
October 1333 0.0 0.0 0.0 0.08± 0.07 0.0 0.0 
November 1261 0.0 0.08 0.08 0.08 ± 0.09 0.0 0.0 0.0 

a Total number of possible trap-nights minus trap 5etoffs~ 

b M. hoyi and S. oinezoBUII could not be. reliably differentiated on the basis of externa.1 characteristics and have consequently been grouped 
together. 

c S. obscurus and S. aztcticus could not be reliably differentiated on the basis of external characteristics and have consequently been grouped 
together. 
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Table 43. Breeding activity of mature(J. gappePi • . (Numbers of mature males and females cal'tured and 
proportion i-n breeding condition during each trapping period are indicated for the summer 
periods of 1978 and 1979.) 

Aspen Jack pine Wi 1 low 8alsam.poplar 

Males Females Males Females . Males .Females .... Males .. Females 

Date a Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N 

1978 
r· 

1 July 1.00 4 1.00 2 0.50 2 1.00 3 0 0 0.75 4 1.00 6 
]9 Ju]y 0.67 3 1.00 2 0 1.00 2 0 1.00 1 0.58 12 0.67 9 
1 August 1.00 2 1.00 2 0.67 3 1.00 3 0 0 0.47 15 .0.50 12 

16 August 0.33 3 1.00 3 0 1.00 1 0.50 2 0.50 2 0.33 , 15 0.23 13 
27 August 0.00 3 0.80 5 0.33 3 .. 0 0.00 2 0.00 1 0.11 . 9 0.33 12 
15 September 0.00 9 0.56 9 0.20 5 0.25 4 0.00 9 0.00 3 0.05 19 0.38 13 

1979 
16 May 1.00 12. 1.00 6 1.00 7 0.83 6 1.00 3 1.00 1 0.90 10 0.80 5 
8 June 1.00 11 0.50 6 1.00 5 0.80 5 1.00 2 0 1.00 6 1.00 3 

24 June 1.00 11 0.63 8 1.00 3 1.00 5 1.00 2 0 1.00 6 0.75 4 
18 July 0.80 15 0.85 13 0.75 8 0.75 8 0.75 4 0.50 2 1.00 5 0.86 ·7 
10 August 0.40 15 0.54 13 0.67 9 0.63 8 0.50 4 0.50 2 0.29 17 0.50 14 
31 August 0.53 17 0.20 20 0.38 13 0.38 8 0.00 4 ·0.50 2 0.06 18 0.21 24 
20 September 0.14 14 0.09 22 0.08 12 0.17 6 0.00 8 0.20 10 0.10 21 0.11 19 

cont i nued ••• 
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Table 43. Concluded. 

Poplar Creek Black spruce Thickwood Tamarack 

Males Females Males Females Males . Fema les Males Females 

Date a Prop. N Prop. N Prop. N Prop. N prop. N Prop. N Prop. N Prop. N 

1978 

1 July . 0 0 1.00 3 0. 0 0 - 0 0 
19 July 0 0 I. 00 2 1.00 3 0 .• 00 3 1.00 1 0.67 3 1.00 1 
·1 August 0.33 3 0.50 8 0.6] 6 1.00 I 0.00 4 0.50 2 0.20 5 0.80 5 

16 August 0.00 11 O. 10 10 0.20 5 0.25 4 0.25 4 1.00 3 0.33 3 0.0.0 2 N 
..c:-

27 August 0.00 2 0.13 8 0.11 9 0.40 5 0.00 2 0.75 4 ,0.17 6 0.14 7 ..... 
15 September 0.00 11 0.15 13 0.00 8 0.00 5 0.00 5 a 0.00 12 0.00 9 

1979 

16 May 0.80 5 1.00 5 1.00 11 1.00 7 0.75 4 o. T1 7 1.00 21 . 0.79 14 
8 June 1.00 2 1.00 3 1.00 8 0.67 6 1.00 2 1. 00 2 1.00 13 0.88 8 

24 June · 1. 00 4 1.00 4 0.86 7 0.86 7 1.00 2 0.67 3 1.00 8 0.86 7 
18 July I. 00 · 2 0.00 ) 0.60 10 0.67 6 1. 00 , 4 0.80 5 0.88 8 0.80 , 5 
10 August 1.00 1 1.00 I 0.33 6 . 0. .38 8 1 . 00 · ) 0.75 8 0.50 8 0.40 5 
31 August 0.33 3 0.67 3 0.40 5 0.13 8 0.33 3 0.29 7 0.36 11 0.33 9 
20 September 0.20 5 0.50 4 0.13 8 0.00. 5 0.50 2 0.33 6 0.22 18 0.00 8 

a Date shown is mid-point of trapping period. 



Table 44. Breeding activity of mature M. pennsyZvanicus. (Numbers of mature males and females 
captured and proportion in breeding condition during each trapping period are indicated 
for the summer per i ods of 1978 and 1979.) 

Aspen Jack pine Wi 110w Balsam.poplar 

Males Females Males . Fema les .. Males Females Males .Females 

Date a Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. 

1978 

1 July 0 0 0.50 2 0.00 1 1.00 6 0.33 3 1.00 3 
19 July 1.00 2 0 0 0 0.00 3 0 0.67 3 1.00 
1 August 0 0.00 1 1.00 1 1.00 1 0.20 5 0.67 3 0 1.00 

16 August 1.00 1 0 0 0.67 3 0.50 4 0.67 3 1.00 1 1.00 
27 August 0.50 2 0.00 2 0.00 1 1.00 1 0.00 4 0.43 7 0.00 1 1.00 
15 September 0 0 0.00 1 0 0.00 5 0.00 7 1.00 1 

1979 

16 May 1.00 2 1.00 1 0 0 1 . 00 5 0.50 2 0.67 3 0.00 
8 June 1.00 2 0 0 0 1.00 2 0 0 

24 June 1.00 1 1.00 1 1 .00 1 0 1.00 4 1.00 1 0.67 3 
18 July 1.00 4 1.00 2 1.00 1 0 1.00 9 0.50 8 1.00 2 0.75 
10 August 0 0 0 0 0.70 10 0.57 7 1.00 3 0.57 
31 August 0 1.00 1 0 0 0.71 7 O. 13 8 0.67 3 0.67 
20 September 0 0.00 1 0 0 0.33 9 0.25 4 0.67 3 0.14 

N 

0 
2 
1 
1 
1 
0 

2 
0 
0 
4 
7 
6 
7 

cont i nued ... 
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Table 44. Concluded. 

Poplar Creek · Black spruce Thickwood Tamarack 

Males Females Males females Males Females Males Females 

Date a Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N 

1978 

1 July a a 1.00 4 0 1.00 1 0 1.00 1 0 
19 July 0 0 0.67 3 1.00 2 1.00 2 1.00 5 1.00 5 0.60 5 
1 August o. 18 11 0.83 6 0.67 6 1.00 7 1.00 2 1.00 6 0.25 4 1.00 2 

16 August 0.25 4 0.63 11 0.33 9 0.83 6 0.50 4 1.00 7 0.44 · 9 0.50 8 N 
-'='" 

27 August 0.25 8 0.43 14 O. 17 12 0.20 5 0.43 7 0.]8 9 0.00 9 0.35 17 \.0 

15 September 0.27 15 0.37 19 0.10 10 0.29 7 0.06 16 0.36 11 0.10 10 0.00 10 

1979 

16 May 0.90 10 0.69 13 1.00 6 1. 00 4 1.00 20 0.46 28 0.93 15 0.22 18 
8 June 1.00 2 1.00 4 1.00 7 0.50 4 1.00 10 0.95 21 1. 00 4 0.80 5 

24 June 1.00 9 0.69 16 1.00 2 1.00 1 1.00 9 0.87 23 1.00 2 1.00 8 
18 July 1.00 1 0.71 7 1.00 2 1.00 4 0.67 3 0.82 17 1.00 3 0.60 10 
10 August 0.33 3 1.00 2 1.00 1 1.00 3 0.50 2 0.67 9 1.00 1 0.75 8 
31 August 0.30 10 0.50 4 0.00 1 0 0.00 1 0.86 7 0.40 5 o. 17 6 
20 September 0.35 20 0.00 5 0.00 0 0 0~25 13 0.20 5 0.50 6 0.00 6 

a Date shown is mid-point of trapping period. 



Table 45. Breeding activity of mature P. manicuZatus. (Numbers of mature males and females cap­
tured and proportion in breeding condition during each trapping period are indicated 
for the sumner periods of 1978 and 1979.) 

Aspen Jack.pine Balsam poplar .. 

Males Females . Males. ... Females Males .. .. Females 
, 'a 

Date Prop. N Prop. N Prop .• N Prop. N Prop. N " Prop. 
.......... . ,- .... 

1978. 

1 July 0.00 1 0 0 0 0.00 4 0.40 
19 Ju ly " 0 0.00 2 0 0.00 1 0.38 .8 0.).3 . 

1 Augus.t a 0 0 0.25 4 0.29 '7 0.00 
16 August 0.00 2 0.00 1 0.00 ] 0 0.00 '7 0.00 
27 August 0.00 3 0.33 3 a 0.00 2 0.00 6 0.00 . 
15 September 0.00 2 0.00 2 0.00 1 0.00 1 0.00 ,6 0.00 

'1979 

16 May. 1.00 4 0.50 2 0 0 0.93 1.4 0.63 
8 June 1.00 3 '1.00 1 1.00 1 0 1.00 9 0.87 

24 June 1.00 3 1.00 2 '. 1.00 1 -. 0 0.89 '9 0.81 
18 July .0.33 3 0.29 7 0 0 0.61 18' 0.41 
10 August 1.00 2 0.40 5 0 0 0.69 16 .. 0.29 
31 August 0.80 5 0.13 8 0.00 1 0 0.22 '18 0.10 
20 September 0.75 4 0.00 7 0 0 0.77 13 O~oO' 

N 

5 
8 
4 
4 
8 
4 

24 
15 
16 
22 
24 
19 
17 
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Table 45. Concluded. 

Poplar Creek Black Spruce Thickwood 

Males Females Males Fema les Males. Females 

Date a Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N 

1978 

1 July 0 0 0 0 0 0 
19 July o. 0 0 0 o. 17 6 0.40 5 
1 August 0.00 3 0.00 2 0.50 2 0 0.00 8 0.50 4 

16 August 0.00 2 0 0 0 0.11 9 1.00 1 N 
V1 

27 August 0.00 3 0 0 0 0.00 5 0.00 2 
15 September 0.00 3 0.00 1 0 0.00 ] 0.00 9 0.00 4 

1979 

16 May 1.00 8 0.50 6 0 0 0.75 12 o. 15 13 
8 June 1.00 2 1.00 3 1.00 1 1.00 1 1.00 8 0.50 8 

24 June 1.00 1 1.00 3 0 0 1.00 5 0.88 8 
18 July 1.00 1 1.00 2 0 0 0.82 11 0.75 12 
10 August 0.00 2 0.50 2 0 0 0.60 10 0.36 14 
31 August 0.00 1 0.00 2 1.00 1 0 0.27 11 0.20 15 
20 September 0.25 4 0.00 2 0 0 0.20 5 0.00 7 

a Date shown is mid-point of trapping period. 
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Table 46. Juvenile recruitment rates of C. gapperi. [Rates shown are expressed as the number of new 
immature animals (body weight < 10 g) captured per mature breeding female during each 
trapping period. The number of mature breeding females captured during each period is 
also indicated.] 

Aspen Jack pine Wi 11 ow Balsam poplar Poplar Creek Black spruce Thickwood Tamarack 

Date 
a 

Rate N Rate N Rate N Rate N Rate N Rate N Rate N Rate N 

1978 1 July 0.00 2 0.33 3 a 0.33 6 a 0 0 
19 July 0.00 2 0.00 2 0.00 1 0.17 6 0.00 3 0.00 1 0.00 1 

1 August 0.00 2 0.00 3 0 0.50 6 0.50 4 1.00 1 0.00 1 0.00 4 
16 August 0.33 3 0.00 1 0.00 1 0.67 3 0.00 1 0.00 1 0.00 3 0 
27 August 0.25 4 0 0 0.50 4 0.00 1 0.00 2 0.33 3 0.00 1 
15 September 0.20 5 0.00 1 0 0.20 5 0.00 2 0 0 0 

1979 16 May 0.00 6 0.00 5 0.00 1 0.00 4 0.00 5 0.00 7 0.00 5 0.00 11 
8 June 0.00 3 0.00 4 0 0.00 3 0.00 3 0.00 4 0.00 2 0.14 7 

24 June 0.20 5 0.40 5 0 0.33 3 0.25 4 0.S3 6 0.00 2 0.00 6 
18 July 0.00 11 0.33 6 0.00 1 0.33 6 0 1. 25 4 0.00 4 0.25 4 
10 August 0.57 7 0.60 5 0.00 1 0.14 7 0.00 1 0.00 3 0.00 6 0.00 2 
31 August 0.00 4 0.33 3 0.00 1 0.20 5 0.00 2 0.00 1 0.50 2 0.67 3 
20 September 1.00 2 0,00 1 0.00 2 0.50 2 0.00 2 0 0.00 2 0 

a Dates shown are the mid-point of each tlapping period. 
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Table 47. Juvenile recruitment rates of M. pennsylvaniaus . . [Rates shown are expressed as the number 
of new immature animals (body weight < 16 g) captured per mature breeding female during 
each trapping period. The number of mature breeding females captured during each period 
i sa I so i nd i cated. ] 

Aspen Jack pine Hil low Balsam poplar Poplar Creek Black spruce Thickwood Tamarack 

Datea Rate N Rate N Rate N Rate N Rate N Rate N Rate N Rate N 

1978 I July 0 0 9.00 I 0 0 0 0 
19 July 0 0 0 0.00 2 0.00 2 0.00 5 0.00 3 

I August 0 6.0 1 4.00 2 :>.00 I 1.80 5 0.83 7 0.00 6 I. 50 2 
16 August 3.0 0 0.5 2 4.50 2 0.00 I 0.57 7 2.80 5 0.71 7 I. 75 4 
27 August 0.00 I 11.0 1 2.00 3 0.00 1 1.33 6 4.0:> I 1.57 7 1.50 6 
15 September a 0 0 0 0.29 7 1.50 2 2.25 4 0 

1979 16 May 0.00 1 0 2.00 I 0 0.11 9 0.00 4 0.00 13 0.00 3 
8 June 0 0 0 a 0.50 4 0.00 2 0.00 20 0.00 " 24 June 1.00 1 0 1.00 I 0 0.00 11 0.00 1 0.25 20 0.13 8 

18 July 0.00 2 0 0.50 4 0.00 3 0.20 5 0.25 4 0.43 14 0.17 6 
10 August 0 0 0.25 4 0.50 4 0.00 2 1.00 3 0.83 6 0.33 .6 
31 August 1.00 1 0 0.00 1 1.25 4 0.50 2 0 0.17 6 0.00 1 
20 September 0 0 1.00 1 3.00 1 0 0 0.00 1 0 

a Dates shown are the mid-point of each trapping period. 
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Table 48. Juvenile recruitment rates of P. manicuZatus. [Rates shown are expressed as the number 
of new immature animals (body weight < 14 g) captured per mature breeding female during 
each trapping period. The number of mature breeding females captured during each period 
is also indicated.] 

Aspen Jack pine Ba I sam popl ar Pop 1 ar Creek Black spruce Thickwood 

Oatea Rate N Rate N Rate N Rate N Rate N Rate N 

1978 1 July 0 0 2 0 0 0 
19 July 0 0 3.00 I a a 1.50 2 

I August a 0.00 I a 0 a 2.00 2 
16 August a a 0 a a 0.00 I 
27 August 1.00 1 a a 0 a 0 
15 September a 0 a a a 0 

1379 16 ~ay 0.00 I 0 0.00 5 0.00 3 a 0.00 2 
8 June 0.00 I 0 0.31 13 0.00 3 0.00 I 0.00 4 

24 June 0.50 2 a 1.00 13 0.67 3 a 0.00 7 
18 July 0.01) 2 0 0.78 9 0.00 2 0 0.89 9 
10 August 3.00 2 0 0.14 7 0.00 I a I. 10 5 
31 August 0.00 1 a 1.50 2 a 0 0.67 3 
20 September 0 0 0 0 0 a 

a Oates shown are the mid-point of each trapping period. 

a:£ 1&2 z:aUZ:WCZW 4tJ£U&ttMJ;;; L2 MW:& - YUWE=L ~--~~---.--.--" 
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Table 49. Instantaneous relative growth rates. [Mean instantaneous growth rates (proportionate 
increase/day) were calculated for each species and is expressed as an adjusted mean 
growth rate for a hypothetical 25 g standard animal. Sample sizes are indicated.] 

Aspen Jack pine Willow Balsam Poplar Poplar Creek Black spruce Thickwood Tamarack 

Datea Rate N Rate N Rate N Rate N Rate N Rate N Rate N Rate N 

C. gapperi 

1978 11 July 0.010 12 0.007 9 -0.007 3 0.001 51 0 0.001 9 0 0.001 10 
9 August 0.009 14 0.006 9 0.007 8 0.001 64 0.004 33 0.002 24 0.004 8 0.002 21 

10 September 0.000 38 -0.001 20 0.002 19 0.002 106 0.003 53 0.002 47 0.000 15 0.001 61 
10 October 0.000 R8 0.000 35 -0.002 42 -0.001 119 -0.003 58 -0.003 50 0.000 24 -0.002 96 
3 November -0.006 46 -0.002 20 -0.004 32 0.000 56 0.001 19 -0.001 28 -0.004 8 -0.001 47 

1979 8 June 0.004 27 0.007 10 2 0.002 10 0.003 8 0.002 21 0.000 3 0.002 31 
18 July 0.001 18 0.001 8 0.002 3 0.006 12 0 0.004 12 -0.001 7 0.002 15 
31 August 0.002 27 0.001 14 0.002 4 0.001 35 -0.001 3 0.002 12 -0.001 6 0.000 15 
13 October 0.001 30 -0.001 24 -0.002 20 0.000 36 0 0.000 12 0 -0.001 21 

M. pennsyZvaniaus 

1978 11 July 0.000 4 0.021 4 0.006 19 
b 1 0 0.006 13 0.005 17 0.004 15 

9 August 0.008 7 0.021 5 0.006 31• 2 0.005 37 0.008 44 0.001 35 0.005 52 
10 September 0.002 7 0.010 19 0.003 66 1 0.004 80 0.002 65 0.005 75 0.004 76 

'10 October . 0.005 4 -0.003 14 0.002 61 0 0.000 100 -0.003 42 -0.001 67 0.001 65 
3 November 0 -0.003 4 0.005 36 1 -0.002 47 0.001 13 -0.001 25 0.000 26 

1979 8 June 2 b 0 0.004 5 0 0 0.005 7 0.003 33 0.002 9 
18 July 1 0 0.000 6 1 0 -0.005 3 -0.001 5 0.000 7 
31 August 0 0 0.006 18 -0.001 10 0.000 10 0 -0.004 3 0.000 6 
13 October 0 0 -0.001 22 0.002 4 0.002 10 0 0 0.000 8 

cont i nued ••• 
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Table 49. Concluded. 

Aspen Jack pine Willow Balsam Poplar Poplar Creek Black spruce Thickwood Tamarack 

Datea Rate N Rate N Rate N Rate N Rate N Rat.e N Rate N Rate N 

P. manicuZatus 

1978 II July 0.005 6 0.1)07 3 
b 

0 0.000 34 0 0 0.002 20 0 
9 August 0.004 16 0.005 5 0 0.000 41 0.003 6 0.004 3 0.004 45 0 

10 September 0.001 22 0.002 3 0 0.004 33 0.003 13 -0.001 4 0.003 45 0 
10 October 0.00 .1 16 0.004 3 0 0.001 20 0.003 22 0.003 , 4 -0.001 53 0 
3 November O~OOI 9 0.000 3 0 0 0 0 0.000 3 0 

1979 8 June 0.000 6 b 
0 b 0 0.000 30 0·.002 6 

b 
0 0.000 24 0 -

18 July 0.006 7 0 0 0.004 53 0 0 0.002 21 0 
31 August 0.003 19 0 0 0 .. 001 55 0.002 3 0 0.000 33 a 
13 October 0.003 7 0 0 0.001 24 0 a 0.000 13 0 

N 
\1l 

a Mid-point of trapping dates included in the calculati'on of instantaneous relative growth rates are indicated. 
0" 

b No or too few animals captured for calculation of instantaneous relative growth rates. 
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SMALL RODENT HABITAT USE 

. Pt'"irici pa 1 COrilponentsAna lys i sof Vegetat ion on the Small 

Rodent Study Areas 

A factor (principal components) analysis was used to reduce 

the large number of habitat variables to a smaller number of indepen-

dent variables. Based on the results of the vegetation sampling 

program in 1978 and 1979, a total of 216 variables were defined; 

these included measures of the percent horizontal ground cover of 

168 plant species or species groups, estimates of the stem densities 

of 39 tree and shrub species, estimates of the cumulative vertical 

cover in the six 25 cm vertical increments, arid estimates of the 

height (above ground) of the zone of densest foliage for the three 

major plant species in each sampl ing quadrat. Many of these variables 

were non-zero in cnlya few cases on one or two study areas. 

Consequently, relationships of mouse abundance to these variables 

were unlikely to be detectable even if real. Because of this, plus 

the need to reduce the number of vari ab 1 es to a more manageable va 1 ue, 

only those variables recorded as non-zero in at least 20 samples (for 

1978 and 1979 data combined) were included in the factor analysis. 

This reduced the number of variables considered to 89. All estimates 

of stem densities were transformed using a log (x + 1) transformation 

(where x equals the untransformed estimate of stem density) prior to 

the factor analysis. 

Because no or extremely few P. manicuZatus were present 

on the Willow, Tamarack, and Black Spruce study areas, two separate 

factor analyses were performed; one included vegetation information 

from all eight study areas (to be used in further analyses with 

C. gappeT'i and M. pennsyZvanicus populations in natural areas), 

whereas the other excluded the vegetation information from the Willow, ' 

Tamarack, and Black Spruce study areas (to be used in further· analyses 

with P. maniauZatus populations in natural areas). 

Factor analyses were run on the combined vegetation data 

from 1978 and 1979 using theBMDP4M ·computer program (Dixon and 

Brown 1979). By combining the two years of vegetation data, changes 
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in the distribution and abundance of small rodents between years can 

be more effectively evaluated. Both factor analyses were performed 

by a standard method--a principal com~onents analysis followed by 

Varimax (orthogonal) rotation of those principal components whose 

eigenvalues exceeded 1.0. Habitat factors with e.igenvaulues less 

than 1.5 following rotation of the original principal components 

were not inc 1 uded in the stepwi se mul tip 1 e r.egress i on ana 1 yses . 

because very few habitat variables characterized these factors 

(j .e., 1 to 3 variables per factor} and almost all such variables 

had already been included in other factors whose eigenvalues were 

greater than 1.5~ 

The eight-area and the five-area factor analysis both 

reduced the 89. hab i tat var i ab le.s to a set. of 17 independent factors 

whose e i genva 1 ueSWere greater than L 5 • Rotated factor load ings 

(correlation coefficients between the 89 habitat variables and the 

17 habitat factors following Varimax .rotation) for the eight~area 

and the six~area'factor analyses are shown in Tables 50 and 51, 

respect i vel y.B io.109 i cal i nterpretat ions of the 17 habitat factors 

are summa r i zed in Tab les 17 and 18. 

11.3.2 I nd ices' of Habi tat Qua IHy 

Six i nd ices of hab i tat qua 1 i ty, peakt1NAs, expected eTNs, 

habitat preferences, dispersal indices,reproductive success and 

condition, were used to compare the suitabilities of the major habitat 

typeS for small mammals. To permit visual comparisons of each habitat 

type, each of the six indices were ranked among the eight habitat types 

studied; aspen, jack pine,balsam poplar, black spruce, and tamarack 

forest, willow shrub and succ.essional areas. 

Values of both peak MNAs and expected eTNs were plotted 

as the actual values reported.· The remaini.ng four indices were 

ranked on ordinal scales. 

Dispersal indices were ranked on a'scale of I to 4. 
Value equivalentsw~re: 1= limited'dispersal; 2 = low; 3 = moderate; 

and 4 = high. Moderate and high mortality 'also were ranked as 3 and 

4, respectively. 
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Table 50. Factor loadings for the eight study lIrea factor analysis. [Only the correlations between 
the original 89 variables and the 1; factors whose ab~lute values were> 0.250 are shown. 
Only factors with VP's (total variance in vegetation structure.that was explained by the 
factor) that exceeded 1.5 were included in the SMR. The varfClble prefixes GC, VC, and ST 
refer to percent ground cover, percent vertical cover, and 'density of stems/16 m2 
respectively.] . 

Factor Fllctor Fllctor Filctor Fllctor Filctor fllctor Futor Factor Fllctor filctor Factor Fllctor Factor FActor Factor Filctor Vulll"l. I 2 3 4 5 6 7 8 , 10 II 12 13 lit 15 " 17 
ST - A. a'1.nifol.ia 0.835 
GC - A. al.nifol.ia 0.797 
ST - L. &i44 0.793 
ST -5. a~ 0.779 
VC -A. al.nifo7.ia 0.767 
GC - L. oa1rPo~ 0.708 
ST - S. au... 0.665 
GC - V. "'1IP'ti.7,7.oUa 0.655 
GC - L. boNtl1,£. 0.569 

0.4"0 GC - S. atmIlt1Imaia 0.565 
ST - R. OII:lJ~thoi.dH/ 0.830 

hu-tB7,t. 
ST - R. tNt. 0.695 
GC - C. a7.piJIQ 0.690 
ST - C • • to7.onif_ 0.6"6 

0.472 ST-R.~ 0.626 
ST - A~ spp. 0.596 0.)01 GC - R. OII:lJaDtUIthoi.dH/ 0.591 

hiJotB7.t. 
ST - R. _Zmto7.aalll8 0.Slt6 0.447 VC - BquiariwJr spp. 0.531 

0."24 GC - L. (JI'Otm'landiaum 0.839 
VC - L. (JI'Otml.andiavn 0.822 
GC - R. ahama_ 0.738 
GC - v. vitia-idaaa 0.71" 
ST - P. IIIal'iana 0.6It2 
GC - P. IIIal'iana 0.6It1 
GC - Hoss 0.549 0."80 0.287 VC - 75 to 100 CIII 0.901 
VC - 100 to 125 CIII . 0.879 
VC - 50 to 75 CIII 0.827 
VC - 12S to 150 CIII 0.816 

-0.263 VC - 2S to 50 CIII 0.662 
0.377 GC - V. caeapitollUltl 0.823 

GC - CZadimia spp. 0.775 

cont i nued ••• 
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Table 50. Continued. 

Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor factor factor 
Variable I 2 3 It 5 6 7 8 , 10 1\ 12 13 lit 15 J6 17 

VC - V. cas8pito_ 0.7"2 
ST - P. t~emuZoide8 0.7"0 
GC - P. tremuloidsa 0.61" 
VC - M. canadenes 0.735 
ST - L. Zaricina 0.360 0.699 
GC - II. canadeMs 0.681 
GC - B. gZanduZosa 0.622 0.315 0."03 
VC - B. gZanduZosa 0.582 0. 352 0.393 
ST - B. glandulosa 0.576 0."03 0.305 
GC - G. boreals 0.51t0 
GC - SaZi: spp. 0.813 
VC - SaZi: spp. 0.780 
GC - R. acauZia 0.61t6 0.260 
ST - Sali: spp. 0.61t0 
GC - H. umbs Zlatum o 71t1t 0. 257 
GC - Achillea spp. o 740 
GC - Aster spp. a 723 N 
GC - V. americana a 619 ()'\ 

GC -. R08a spp. 0.302 0.781t 0 

VC - R08a spp. 0.761 0.263 
ST - Rosa spp. 0.333 0.577 
VC - R. msZanoZasius 0.321t 0.795 
GC - R. msZanoZasius 0.785 
GC - P. fruticosa 0.285 0.703 
GC - P. virginiana 0.568 
GC - V. uZiginosum 0.333 0.535 
GC - Vibirnum spp. 0.836 
ST - Viburnulrr spp. 0.801 
VC - c. etoZonifera 0.383 0.821 
GC - C. stoZoniferg 0.377 0.819 
VC - Grass/Sedge 0.61t1 
GC - Grass/Sedge -0.273 -0.385 0.516 
VC - E. angustifoZium 0.835 
GC - E. anguetifolium 0.701t 
GC - Equisetum spp. 0.813 
GC - Equiestum spp. 0.501 0.595 0.56" 
ST - P. glauca 0.555 
GC - C. canade7l8is 0.31t3 
VC - A. uva-ursi ' 0. 11)2 
GC - A. wa-urH 0.281 
GC - P. asarifolw 0.332 
GC - N. aZba! 

offiainaZitl spp. 
VC-Oto25c:a 0.lt82 -0.2,6 0."5 

continued ••• 



Table 50. Concluded. 

Factor Factor Factor Factor Filctor Factor Factor Factor Factor Factor F"ctor Factor Factor Factor FlIctor Factor FlIctor 
Variable I 2 1 .. 5 6 7 8 9 10 II 12 13 lit IS 16 17 

GC - Deadfall 0.lt89 
ST - P. baLsamifera 0.293 0.lt83 
~ - Petaaitee spp. 0.267 0.375 0.323 
CiC - V. ""9"t08<:1 0.351t 
~ - P.maJ01' 0.457 -0.258 
GC - G. bol'eaZe 0.304 0.270 0.325 
CiC - G. t:f'iflorvrt 0.1t2o 
GC - R. pubesoens 0.381t 
VC - litter -0.288 0.360 -0.465 
GC - litter 0.1t60 0.311 -0.310 

VI' 6.570 6.217 1t.716 4.177 4.150 3.879 3.419 3.391 2.423 2.286 2.273 2.100 1.925 1.798 1.736 1.716 1.659 

N 
0' 
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Table 51. Factor loadings for the six study area factor analysis. [Only the correlations between 
the original 89 variables and the 17 factors whose absolute values were> 0.250 are shown. 
Only factors with VP's (total va·dance in vegetation structure that was explained by the 
factor) that exceeded 1.5 were incl.uded in the 5MR. The variable prefixes GC, VC, and 5T 
refer to percent ground cover, percent vertica.l cover, and density of stemsl16 m2 

respec-::ively.] 

Factor Factor Factor Factor Factor factor Factor Factor Factor factor Factor factor Factor Facto.r Factor Factor Factor 
Variable I 2 3 It 5 6 7 8 9 10 II 12 13 14 IS 16 17 

ST - L. dioica 0.826 
ST - A. alnifoUa 0.807 
GC - L. ochroleucus 0.752 
ST - S. canadensis 0.748 0.255 
GC - A. alnifoUa 0.707 
GC - V. myrtiHoidBB 0.696 0.252 
ST - S. albue 0.672 
GC - L. borealis 0.659 
VC - A. alnifolia 0.651 
ST - R. oxyaeanthoides/ 0.825 

hirtelZum 
ST - R. triste 0.681 
GC - C. alpirta 0.672 0.470 ST - C. Btolonifera 0.622 
S.T - R. americanum 0.618 
GC - R. o:t:lIacanthoidee/ 0.598 

hirte Z lllll 
ST - AlFllclB spp. 0.572 0.270 
Ge - Litter 0.571 0.383 
Ge - Deadfall 0.542 
GC ':" Cladonia/ 0.830 

Cladina spp. 
GC - V. caespitosum 0.821 
ST - P. tremuZoideB 0.757 
vc - v. caespitosum 0.705 0.380 
GC - A. uva-U1'Bi 0.338 0.675 
VC - A. uva-U1'si 0.597 
GC - P. tremuloidBB 0.588 0.276 
GC - M. canadenae 0.507 0.510 0.311 
vc - 100 to 125 em 0.890 
vc - 75 to 100 em 0.885 
vc - 125 .to 150 em 0.839 
VC - 50 to 75 em 0.828 
VC - 25 to 50 em 0.648 0.393 
GC - Aster spp. 0.739 

continued ... 
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Table 51. Continued. 

Factor Factor Factor Factor Factor Factor factor Factor Factor Factor fattor Factor factor Factor Factor factor factor Va,labl. t 2 3 " 5 6 7 8 9 10 II 12 13 III 15 16 17 

Gt - B. NlllbeUatull 0.711 0.293 GC- Achillea spp. 0.700 
Gt-v. ~ 0.652 
GC - SaliJe spp. 0.512 0.347 VC - £. gJ'OBIIZandimIII 0.818 
GC-£.g_~ 0.752 
ST - £. ~ 0.705 ST - B. gZanduZ- 0.510 0.387 0.lt26 GC - lIoss 0.509 0.275 GC - Rosa spp. 0.805 
VC - ROBa spp. 0.772 ST - Rosa spp. 0.315 0.632 GC - R ••• Umo~ 0.805 
VC - R. meZQllo~ 0.286 0.800 
Gt - Vi~ spp. 0.825 N ST - V~ spp. 0.818· ~ GC - B. gtanduZDB4 0.933 \N 
VC - B. gZandulosa 0.917 VC - Gr.ss/Sedge 0.750 GC - Grass/Sedge -0.335 0.625 GC - C. ato1.cmif_ 0.354 0.797 vc - C. atoZonif_ . 0.363 0.796 VC - E. 4fI(1IIBrifoZillllf 

0.858 GC - E. 4fI(1IIBtifoZi.um -0.255 0.7"7 Gt - V. l1£tia-idacra 
0.779 GC - V. 1IZigino.tulr 0.359 0.717 GC - Equiaetull 

0.710 ~Zll4tWllllf 
Gt - aetIIIIf spp. 0.479 0.566 vc - Equiaetull spp. 0.509 0.523 GC - P. III4I"i.arIa 

0.79" VC - SaZi:I: spp. 
0.789 GC - P. 4IIlrI'ifo 1 ia 

GC - II. ilZba/ 
offiai.ftalia 

GC - S. ccznadenaia 0."59 
GC - Petaaitu spp. 0.468 0.290 
GC - G. boNIa" 0.449 0.271 
ST - P. baZaamif_ 0.409 0.45" ST - P. gZtlUCIl 0.287 

0.477 ST - P. lIlal'iana 
GC - R. aaQkZia 

0.311 ST - SaZi:I: s.pp. -0.316 0.36" -0.252 Gt - O. 1Ilit:l'DC:flJ"PWB 

cont i nued ••• 



Table 51. Concluded. 

Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor Factor ~'actor Factor Factor Factor Factor Varl'abl. I 2 3 It 5 6 7 8 , 10 II 12 13 14 15 16 17 
GC - c. C(lnadenais 0.4,51t 

0.251 GC ~ G; boreal .. 0. 421t 
0.296 GC - P. ' vir9iniana 

0.')61t 
CC - v. ,~gulo8Q 0.291 
GC - P. , fruticoaa 
VC - M. ,canadensis 0.1t01 

0.1t88 -0. 267 GC - R. chamaemorua 
, VC - 0 to 25 em, 0. 281 -0.275 0.1t62 0.253 0.1t61t GC - P. major 0.384 -0.263 , VC - l ,l tter -0.266 -0.261 0.470 -0.1t39 ' ST - R •. melanolaaiua -0. 319 0.1t99 -0.268 0.453 GC, - R. 'pubeacBnll 

0.332 
VP 7.051 6. 21t6 5.261 1t.409 3.622 3.003 2. 579 2.402 2.270 2.225 2.047 1.981 1.876 1.817 1.811 1;,765 1.637 

N 
\J' 
.c-
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Hab i tat preferences were ranked on a seal e of 1 to 5. 

Value equivalents were: 1 = major tree and shrub components avoided; 

2 = major tree or shrub components avoided; 3 = major tree and shrub 

components neutral; 4 = major tree or shrub components preferred; 

5 = major tree and shrub components preferred. 

Reproductive success included indices of breeding activity, 

pregnancy rates, and juvenile recruitment, and were ranked on a 

scale of 1 (= lowest) to B (I = highest). Each component of reproduc­

tive success was ranked among the eight study areas. The mean rank 

for the three components of reproductive success on each area was 

then calculated and was used as an overall rating of reproductive 

success. 

The nutritional condition index included Le Cren's index 

of condition and the fat index for snap.;.trapped animals in each 

major forest cover type discussed above. Each component of the 

nutritional condition index was ranked on a scale of 1(1 = poorest 

condition) to 8 (= best condition). The mean rank of the two compo­

nents was calculated and was used as an overall rating of nutritional 

condit ion. 



Table 52. SMR analysis of the abundance and distribution of 
explanation of variable names. Multiple r-square 
0.0412; df = 11,228; F-ratio = 23.46; P < 0.001. 
tak i ng the squa re root of (CTN + 1). ] -

C. gapper~ In 1978. [See Table 17 for 
= 0.5374; standard error of estimate = 
eTN of C. gapperi were transformed by 

Step at 
which Factor 

Entered Equation 

Regression 
Coefficient 

at Last Step 

S.E. of Regression 
Coefficient R2 at 

Each Step 

Increase in R2 
Attributable 

Var i ab 1 e Name 

Constant 

Balsam poplar 
understory 

Dogwood shrub b 
Successional cover 
Aspen understory 
Willow-birch shrub 
Fireweed cover 
Raspberry shrub 
Dwarf birch shrub 
Viburnum shrub 
Rose understoryb 
Tamarack understory 
Dense vertical cover 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

a Two-sided significance levels: 

-0.114 

0.034 

0.010 
0.055 

-0.0]0 
-0.010 
-0.007 

0.008 
-0.005 

0.007 
0.031 

-0.008 
0.006 

at Last Step 

0.003 

0.002 
0.012 
0.003 
0.003 
0.002 
0.003 
0.003 
0.003 
0.012 
0.003 
0.003 

0.2887 

0.3446 
0.3816 
0.4165 
0.4441 
0.4657 
0.4805 
0.4943 
0.5069 
0.5178 
0.5284 
0.5374 

to Factor 

0.2887 

0.0559 
o. 0370 
0.0349 
0.0276 
0.0216 
0.0148 
0.0139 
0.0126 
0.0108 
0.0107 
0.0090 

* 0.05 > P > 0.01, ** 0.0] ~ p > 0.001, *** 0.001 > P. 

b Variables transformed using a-Vx+4 transformation, where x = factor loading for each sample. 
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Table 53. Mean factor scores for the eight study areas in 1978. (Mean factor scores and 1 S.E. 
are indicated for each factor based on the factor scores for each of the 30 samples on 
each study area. Factor scores are from the eight-study area factor analysis.) 

Stud):: Areas 

Poplar Creek Thickwood 
Factor Jack pine Aspen Willow Balsam poplar Cutl ine Black Spruce Cutl ine Tamarack 

l. Aspen understory 2.47 ± 0.18 ~0.20±0.10 -'0.34 ± 0.03 -0.38.± 0.05 -0 .. 44 ± 0.06 -0.22 ± 0.03 ~0.67 ± 0.03 -0.37 ± 0.02 

2. Balsam poplar understory ~0.32 ± 0.09 -0.31 ± 0.03 -0.23 ± 0.06 2.88 ± 0.14 -0.38 ± 0.12 -0.46 ± 0.04 -0.92 ± 0.09 ~0.32 ± 0.06 

3. Black spruce forest -0.26 ± 0.04 -0.45 ± 0.05 -0.39 ± 0.07 ~0.34 ± 0.03 -0.43 ± 0.05 1.72 ± 0.17 -0.91 ± 0.08 0.51 ± 0.18 

4: ·Dense vertical. cover 0.01 ± 0.14 ~0.18 ± 0.20 -0.06 ± 0.20 0.39 ± 0.15 0.17 ± 0.18 0.47 ± 0.15 0.26 ± 0.32 0.24 ± 0.17 

5. Jack pine understory -0.23 ± 0.10 1.92 ± 0.12 -0.46 ± 0.06 -0.37 ± 0.06 ~0.50 ± 0.08 0.12 ± 0.10 -0.69 ± 0.10 -0.46 ± 0;04 

6. Tamarack understory -0.17 ±0.06 -0.20 ± 0.05 -0.09 ± 0.09 -0.25 ± 0.05 -0.42 ± 0.07 -0.50 ± 0.05 -0.87 ± 0.06 1.89 ± 0.26 

7. Willow-birch scrub -0.15 ± 0.09 -0.21 ± 0.08 1.61 ± 0.24 -0.31 ± 0.04 -0.32 ± 0.13 0.06 ± 0.19 -0.69 ± 0.12 -0.17 ± 0.16 

8. Successional cover -0.01 ± 0.14 -0.30 ± 0.03 -0.51 ± 0.06 -0.04 ± 0.08 1.99 ± 0..28 -0.12 ± 0.08 -0.62 ± 0.05 -0.25 ± 0.03 

9. Rose understory 0.12 ± 0.21 ~0.23 ± 0.08 -0.49 ± 0.05 0.15 ± 0.23 0.21 ± 0.29 0.17.±0.13 0.05 ± 0.15 -0.24 ± 0.04 

10. Raspberry shrub -0.07 ± 0.06 -0.16 ±0.04 0.03 ± 0.07 0.68 ± 0.35 -0.49 ±0.23· -0.11 ± 0.05 -0.09 ± 0.18 -0.15·± 0.05 

11. Dwarf birch shrub -0.14 ± 0.11 -0.17 ± 0.07 1.39 ± 0.31 -0.24:!: 0.09 -0.39 ± 0.12 -0.05 ± 0.11 -0.53 ± 0.03 -0.08 ± 0.12 

12. Viburnum shrub 0.37 :!: 0.40 -0.10 ± 0.03 0.23 ± 0.04 0.67 ± 0.23 0.06 ± 0 •. 21 -0.16 ± 0.04 -0.33 ± 0.06 -0.02 ± 0.04 

13. Dogwood shrub -0.13 ± 0.08 -0;06 ± 0.06 -0.25 ± 0.04 0.30 ± 0.46 0.52 ± 0.29 0.09 ± 0.04 -0.18 ± 0.07 -0.04 ± 0.03 

14. Grass/sedge cover -0.14 ± 0.09 -0.11 ± 0.07 0.38 ± O. II -0.34 ± 0.11 0.62 ± 0.28 -0.19 ± 0.11 -1.45 ± 0.30 -0.03 ± 0.08 

IS. Fireweed cover 0.89 ± 0.44 -0.20 ± 0.08 0.13 ± 0.08 -0.01 ± 0.09 0.11 ± 0.26 -0.10 ± 0.07 0.16 ± 0.17 -0.04 ± 0.07 

16. Equisetum cover -0.10 ± 0.07 -0.22 ± 0.09 -0.66 ± 0.05 -0.19 ± 0.15 -0.05 ± 0.17 0.30 ± 0.16 0.50 ± 0.30 0.89 ± 0.21 

17. White spruce understory -0.09 ± 0.25 0.05 ± 0.15 -0.44 ± 0.07 0.28 ± 0.13 -0.18 ± 0.11 O. II ± 0.27 -0.47 ± 0.10 0.15±0.15 

N 
0' ...... 



Table 54. SMR analysis of the abundance and distribution of c. gapperi in 1979. [See Table 17 for 
explanation of variable nameS. Multiple r-square = 0.2001; standard error of estimate = 
0.0390; df = 4,233; F-ratio = 14.57; P < 0.001. qNof C.gappePiwE!retJ"ansformed by 
taking the log of (CTN + 1)~] - . . 

Step at Regression . S.E.()f Regression Increase in c R2 
which Factor Coeff i c i ent Coeff icient R2 at Attributable 

Var iab1 e Name Entered Equation at Last Step at . Las tStep Each Step to Factor pa 

Constant 0.042 

Balsam poplar -0.012 0.002 0.0717 0.0717 *-*;':* 
unde'rstory 

Aspen l:lnderstory 2 -0.012 0.003 0.1273 0.0556 '1:"1:'* 

Successlonal cover 3 -0.010 0.003 0.1732 0.0458 *** 
Viburnum shrub 4 -0.007 0.003 0~2001 '0.0269 ;~1: 

a Two-sided significance levels: * 0.05 ~ P > 0.0], ,~* 0.01 ~ P > 0.001, ,~** 0.001 > P. 

N 
0'\ 
00 



Table 55. Mean factor scores for the eight study areas in 1979. (Mean factor scores and 1 S.L 
are indicated for each factor based on the factor scores for each of the 30 samples 
on each study area. Factor scores are from the eight-study area factor analysis.) 

Study Ar.eas 

:. Poplar Creek Thic:kwood 
Factor Jack pine Aspen Willow Ba I sam po.p la r Cutline III ack Spruce Cutline Tamarack 

1. Aspen understory 2.15 ± 0.22 -0.29 ± 0.10 -0.24 ± 0.03 -0.08 ± 0.05 -0.30 ± 0 . 05 -0.27 ± 0.04 -0.57 ± 0.05 -0.25 ± 0.03 

2. Balsam poplar understory -0.28 ± 0.08 - 0.10 ± 0.05 -0.24 ± 0.09 2.58 ± 0.17 -0.26 ± 0.09 -0.24 ± 0.03 -0.34 ± O. II -0.05 ± 0 • .07 

3. Black spruce forest -0.23 ± 0.05 -0.36 ± 0.09 -0.4~ ± 0.08 -0.24 ± 0.04 -0.42 ± 0.04 2.15 :': 0.16 -0.47 ± 0.0.4 0.60 ± 0.23 

4. Dense vertical cover -0.31±0.12 -0.25 ± 0.15 0.68 ± 0.17 0.35 ± 0.14 ~0.27 ± 0.16 -0.031:0.14 -0.97 ± 0.09 -0.48 ± 0.12 

5. Jack pine understory -0.36 ± 0.10 2.44 ± 0.21 -0.36 ± 0.06 -0.19 ± ,0.05 -0 . 30 ± 0.07 .• 0.15 to. 13 -0.28 ± 0.08 -0.45 ± 0.04 

6. Tamarack understory -0.04 ± 0.07 0.16 ± 0.08 -0.03 ± 0.10 -0.21 ± 0.05 : -0.42 ± 0.06 -0.44± 0.10 -0.61 ± 0.03 2.18 1: 0.24 

7. Willow-birch scrub -0.37 ± 0.09 -0.29 ± 0.09 1.71 ± 0.22 -0.33 ± 0.04 -0. 10± 0.15 -0.24 ± 0.19 -0.37 ± 0.07 0.17 ± 0.15 

8. Successional cover -0.41 ± 0.07 -0.22 ± 0.03 -0.26 ± 0.12 -0.34 ± 0. 07 1.95 ± 0.26 -0.20 ± 0.05 -0.54 ± 0.09 -0.12 ± 0.04 

9. Rose understory 0.65 ± 0 . 26 -0.28 ± 0.08 -0.33 ± 0.08 0.10 ± 0.27 -0.03 ± 0.22 -0.08 ± 0.11 0 . 40 ± 0.25 -0.17 ± 0.06 

10. Raspberry shrub -0.21 ± 0.07 -0.21 ± 0.05 -0.34 ± 0.10 0.54 ± 0.40 0.12 .1: 0.21 0.00 ± 0.04 0.64 ± 0.22 .-0.17± 0.06 

11 . Dwarf birch shrub 0.18 ± 0.12 -0.04 ± 0.10 1. 10 ± 0 . 39 -0.14 ± 0.08 -0.20 ± 0.13 0.13 ± 0.13 -0. II ± 0.09 -0.72 ± 0.13 

12. Viburnum shrub 0.18 ± 0.39 "'0.04 ± 0.04 -0.24 ± 0.06 0.04 ±' b.27 -0. 17 ± O. I I 0.00 ± 0.05 -0.34 ± 0.06 -0.17 ± 0.04 

13. Dogwood shrub -0.03 ± 0.09-0 . 18 ± 0.05 ().OO ± 0.05 0.43 ± 0.42 "'0.21 ± 0.10 -0 . 11 ± 0.05 -0. 11 ± 0.08 ~o.06 ± 0.04 

14. Grass/sedge cover 0.21 ± O. J1 -0.09 ± 0.07 0.15 ± 0.17 0.01 ± 0.14 0.91 ± 0.31 -0.02 ± 0.09 0.28 ± 0.13 -0.19 ± 0.09 

15. Fireweed cover -0 .• 41 ± 0.16 -0.02 ± 0.10 .-0.20 ± 0 . . 08 -0 . 47 ± 0.08 -0.39 ± 0.14 · -0.21 ± 0.08 0.84 ± 0.27 -0.09± 0. 06 

16. Equisetwn cover -0.20 ± 0.08 "'0.36 ± 0.10 -0.20 ± 0.08 -0.02 ± 0.16 -0.08 ± 0.18 -0.54 :: 0.08 I. 10 ± 0.33 -0.18 ± 0.08 

17. White spruce understory 1.33 ± 0.31 0.03 ± 0.16 -0.26 ± 0.10 -0.31 ± 0 . 15 -0. 14 ± O. I 0 0.19 ± 0.21 -0.12 ± 0.10 -0.12 ± 0.13 

N 
0' 
\.0 
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Table 56. Forced s..~R analysis of the abundance and distribution of C. gapperi in 1979. (All predictor 
variables found to be significant in 1978 were included in this reanalysis of the 1979 data. 
See Table 11 for explanation of variable names. Multiple r-square ~ 0.2518; standard error 
of the esti_te = 0.0398; df = 12,227; F-ratio = 6.37; p ~ 0.001.) . 

Step at Regress ion S.E. of Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributable 

Variable ~ Entered Equat ion at Last Step at Last Step Each Step to Factor pa 
~ ,. . ~ . - - - - - . . . . 

Constant 0.0"2 

Balsa. poplar 
understory 1 0.012 0.003 0.0826 0.0826 *** 

DogMood shrub 2 0.008 0.003 0.0919 0.0092 NS 
Success iona J cover 3 0.009 0.003 0.1318 0.0399 *** 
Aspen understory " -0.009 0.003 0.1697 0.0379 *** 
Vi lION birch shrub 5 -0.008 0.003 0.1909 0.0212 *** 
Fi reweed cover 6 0.001 0.003 0.1909 0.0000 HS 
Raspberry shrub 7 0.006 0.003 0.2093 0.0184 *** 
Dwarf birch shrub 8 -0.008- 0.003 0.2353 0.0260 .. *** 
Y~shrub 9 -0.002 0.003 0.2363 0.0010 NS 
Rose understory 10 0.00" 0.003 0.2454 ,. 0.0091 ** 
Ta.arack understory 11 0.002 0.003 0.2463 ' 0.0009 NS 
Dense vert i ca I cover 12 0.00It 0.003 0.2518 0.0055 NS 

a Two-sided significance levels: * 0.05 ~ P > 0.01, **0.01 ~ P :>0.001, *** 0.001> p. 

N ...... 
0 



Table 57. SMR analysis of the abundance and distribution ofM. pennsyZvaniaus in 1978. (See Table 17 
for explanation of variable names. Multiple- r-square = 0.5507; standard error of estimate = 
0.0407; df = 8,231; F-ratio = 35.40; P ~ 0.00].) 

Step at Regression S.E. of Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributable 

Var iabl e Name Entered Equation at Last Step at Last Step E~ch'Step to Factor pa 

Consta'nt 0.065 

Successional cover 0.023 0.003 0.1365 0.1365 "*** 
Balsam poplar I 

0.2759 · o'~ 1395 *** 2 -0.023 10.003 
understory 

Jack pine 3 -0.023 0.003 0.3980 0.1221 *** understory 

Aspen understory 4 -0.016 0.003 0.4613 0.0633 *** 
EqUisetum cover 5 0.011 0.003 0.4916 0.0303 *** 
Grass/sedge cpver 6 0.009 0'.003 0 .. 5J 94 0.0278 *** 
White spruce 7 .-0.009 0.003 0.5398 0.0204 ** understory 

Black spruce 8 0.007 -0.003 0.5507 0.0109 * forest 

a Two-sided signifance levels: * 0.05> P > .0.01, ** 0.01 > P > 0.001, *** 0.001 >,P. 

N 
"'-J 



Table 58. SIll analysis of the abundance arid distribution of M. pen:n$yZvanieus in 1979. - (See Table 17 
for explanation of variable names. Multiple r':""square = 0.2691; standaFd error of estimate = 
0.0379; df = 7,232; F-ratio = 11.30; P ~!).OOL) 

Step at Regression S.E. of R~gression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributabl e 

Variable Name Entered Equation at Last Step at Last Step Each Step to Factor pa 

Constant 0.034 

Success i ona 1 cover 1 0.016 0.003 0.1025 0.102? 1~** 
) 

Grass/sedge cover 2 0.011 0.003 0.1583 0.0558 *** 
Equisetum cover 3 -0.008 0.003 0.1]86 0.0203 1"'* 
Tamarack 4 -0.007 0.002 0.2016 0.0230 ** understory 

Jack pine 5 -0.005 0.002 0.2222 0.0206 * understory 

Balsam pop1ar 6 n 006 0.002 0.2394 0.0172 * _ 9 _" 

understory 

Dogwood shrub 7 0.006 0.003 0.2542 0.0148 .*. 
Viburnum cover 8 0.006 0.003 0.2691 0.0149 * 

a Two-sided significance 1evels: * - 0.05 ~ P > 0.0], ** 0.01 > P > 0.001, *** 0.001 > P. 

N 

'" N " 



Table 59. Forced SMR analysis of the abundance and distribution of M. pennsyZvanicus in 1979. 
(All predictor variables found to be significant in 1978 were included in this re­
analysis of the 1979 data. See Table 17 for explanation of variable names. Multiple 
r-square = 0.0872; standard error of the regression = 0.343; df = 8,231; F-ratio = 2.76; 
0.005 > P > 0.001.) 

Variable Name 

Step at 
which Factor 

Entered Equa t ion 

Regress i on 
Coefti c i ent 

at Last Step 

S. E . ,.of • ,R,egress ion 
Coefficient 
at Last Step 

R2 at 
Each Step 

Increase in R2 
Attributable 

to Factor pa 

Cons,tant 0.029 

Succession~l cover -0.006 0.002 0.,0210 0.0210 ** 
Balsam poplar 

understory 2 -0.005 0.002 0.0463 0.0253 ** 
Jack pine 
, und,erstory 3 0.000 0.002 0.0463 0.0000 NS 

" 

Aspen understory 4 0.001 0.002 0.0471 0.0008 NS 

Equiset;Wn cover 5 -0.006 0.002 0.0821 0.0350 1,** 
Grass/sedge cover 6 -0.002 0.003 0.0853 0.0032 NS 

White spruce 
understory 7 a.OOl 0.002 0.0872 0.0019 NS 

Black spruce 8 0.000 0.002 0.0872 0.0000 NS 

a Two-sided significance levels: * 0.05 > P >0.01, ** 0.01 ~ P > 0.001, *** 0.001 ~ P. 

N ..... 
w 



Table 60. SMR analysis of the abundance and distribution of P. maniauZatuB in 1978. (See Table 18 
for explanation of variable names. Multiple r-square = 0.4840; standard error or estimate = 
0.0415; df = 7,140; F-rati.o = 18.76; P "~ 0~001.) 

Step at R~gression S.E.of'Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attr i butab 1e 

Variable Name Entered Equati on at Last Step at Last Step ,Each Step to Factor pa 

Con~tant 0.058 

Sa 1 sam pop 1 a r 0.031 0.,004 0.1681 0.1681 *** 
understory 

Jack pine 2 -0.016 0.004 0.2509 0.0828 ............ 
~'1"", '" 

understory 

Successional cover 3 -0.015 0.003 0.3290 0.0781 *** 
,Aspen understory 4 -0.012 0.003 0.3845 0.0554 *** 
Equisetum cover 5 0.011 0.,004 0.4275 0.0430 ** 
Grass/sedge cover 6 -0.009 0.003 0.4584 0.0309 ** 
Dense vertical 7 0.008 0.003, 0.4840 0.0255 * cover 

a Two-sided significance levels: * 0.05 ~ p > 0.01, ** 0.01 ~ P > 0.001, *** 0.001 > P. 

N 

'" .I:-



i 

Table 61. Mean factor scores for study areas included in the five-study area factor analysis in 
1978. (Mean factor scores and I S.E.are indicated for each factor based on the factor 
scores for each of the 30 samples on each area. -The Willow, Black spruce, and Tamarack 
study areas were not included in the analysis because of the extremely low numbers of 
animals captured in these areas.) 

Factor 

1. Aspen under~tcry 
2 . Ba 1 sam pop 1 a r 

understory 
3. Jack pine understory 
4. Dense vertical cover 
5. Successional cover 
6.' Tamarack forest 
7. Rose understory 
8. Raspberry shrub 
9. VibUPnwn shrub 
10. Dwarf birch shrub 
11. Grass/sedge cover 
12. Dogwood shrub 
13. Fireweed cover 
14. Black spruce ground 

cover 
15. Equisetum cover 
16. Black spruce - white 

spruce transition 
17. Older successional 

Study Areas 

Poplar Creek 
Jack pine Aspen Balsam poplar cutl ine 

Thickwood 
cutl ine 

1.87 ± 0.12 
-0.28 :!- 0.08 

-0.14±0.10 
0.07±0.14 

-0.03 ± 0.14 
0.05 ± 0.07 

-0.04 ± 0.17 
-0.05 ± 0.08 
0.27 ± 0.29 
0.05 ± 0.14 

-0.05 ± 0.08 
-0.21 ± 0.08 
0.76 ± 0.35 

-0.30 ± 0.11 

-0.35± 0.06 
-0.38 ± 0.04 

1 .42 ± O. 10 
-0.12 ± 0.20 
~0.35 ± 0.04 
0.33 ± 0.23 

-0.30 ± 0.08 
-0.18 ± 0.04 
-0.02 ± 0.03 
-0.09 ± 0.05 
-0.08± 0.07 
-0.06 ± 0.07 
-0.26 ± 0.07 
-0.44 ± 0.06 

-0.34 ± 0.05 
1.37±0.ll 

-0.J2± 0.06 
0.42 ± 0.15 

-0.21 ± 0.08 
-0.14 ± 0.04 
-0.01 ± 0.20 

0.55 ± 0.28 
0.58 ± 0.18 
0.00 ± 0.03 

-0.23 ± 0.09 
0.14 ± 0.36 

-0.05,·± 0.06 
0.01 ± 0.03 

-0.21 ± 0.09 -0.31 ± 0.12 -0.20 ± 0.14 
-0.23 ± 0.16 0.22 ± 0.11 0.02 ± 0.06 

0.03 ± 0.10 -0.01 ± 0.05 0.42 ±0.12 

;"0.46 ± 0.05 
-0.42 ± 0.09 

-0.53 ± 0.08 
0.24 ± 0.18 
1.38 ± 0.26 

-0.13 ± 0.04 
-0.05 ± 0.22 
-0.41 ± 0.18 
0.03 ± O. 17 

-0.16 ± 0.03 
0.54 ± 0.26 
0,29 ± 0.23 
0.04 ± 0.22 

-0.04 ± 0.05 

-0.72 ± 0.03 
-1.02 ± 0.09 

-0.78 ± 0.08 
0.41 ± 0.32 

-0.70 ± 0.05 
-0.26 ± 0.03 
-0. 14 ± O. 14 
-0.22 ± 0.16 
-0.41 ± 0.07 
-0.16 ± 0.03 
-1.04 ± 0.22 
;"0.19±0.08 

0.07 ± O. 15 
-0.22 ± 0.04 

-0.27 ± 0.16 0.40 ± 0.26 
-0~12 ± 0.06 -0.17 ± 0.05 

0.06 ± 0.35 -0.14 ± 0.07 

N 
....... 
V1 
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Table 62. SMR analysis of the abundance and distribution of P. manicul.atus in 1979. (See Table 18 
for explanation of variable names. Multiple r-square = 0.4816; standard error of estimate = 
0.0564; df = 7,139; F-ratio - 18.44; P < 0.001.) 

Step at Regress ion S.E. of Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributable 

Variable Name Entered Equation at Last Step at Last Step Each Step to Factor pa 

Constant 0.067 

Jack pine 0.035 0.004 0.2995 0.2995 **."/: 
understory 

Aspen understory 2 0.016 0.005 0.3734 0.0740 "1:1: .. ,: 

Ba 1 sam pop 1 a r 3 -0.018 0.005 0.4078 0.0344 "/:-;'\-1, 

understory 

Raspberry shrub 4 -0. all 0.005 0.4266 0.0188 * 
Grass/sedge cover 5 -0.013 0.005 0.44lf9 0.0184 * 
Successional cover 6 -0.013 0.005 0.4665 0.0215 * 
Equisetum cover 7 -0.009 0.004 0.4816 0.0151 * 
a Two-sided significance levels: * 0.05 > P > 0.01, ** 0.01 ~ P > 0.001, *** 0.001 > P. 

N 
-....J 
a-



Table 63. Mean factor scores for study areas- included in the five-study area factor analysis in 
1979. (Mean factor scores and I S.E. are indicated for each factor based on the factor 
scores for each of the 30 samples on each ar~a'. The Wi llow, Black spruce, and Tamarack 
study areas were not included in the analysis because of the extremely low numbers of 
animals captured in these areas.) 

Factor 

I. Aspen understory 
2. Ba I sam pop 1 ar 

understory 
3. Jack pine understory 
4. Dense vertical cover 
5. Successional cover 
6. Tamarack forest 
7. Rose understory 
8. Raspberry shrub 
9. VibUPnUJn shrub 
10. Dwarf birch shrub 
11. Grass/sedge cover 
12. Dogwood shrub 
13. Fireweed cover 
14. Black spruce ground 

cover 
15. Equi8et~ cover 
16. Black spruce - white 

spruce transition 
17. Older successional 

Jack pine 

1.71 ± 0.17 
-0.32 ± 0.08 

-0.26 ± 0.08 
-0.23 ± O. 12 
-0.41 ± 0.07 
-0.12 ± 0.09 

0.71 ± 0.22 
-0.24 ± 0.10 
0.20 ± 0.32 

-0.03 ± 0.07 
0.02 ± 0.10 
0.05 ± 0.08 

-0.39± 0.13 
0,55 ± 0.23 

,0.01 ± 0.12 
0.60 ± 0.36 

-0.14±0.10 

Aspen 

-0.39± 0.07 
-0.13 ± 0.05 

1.87 ± 0.21 
-0. 11 ± O. 12 
-0. 16 ± 0.04 

0.47 ± 0.50 
-0.30 ± 0.08 
-0.20 ± 0.07 
-0.10 ± 0.05 
0.59 ± 0.54 

-0.11 ± 0.07 
-0.17 ± 0.08 
-0.05 ± 0.09 
0.88 ± 0.46 

-.0.28 ± O. 12 
-0.14 ± 0.37 

-0.23 ± 0,08 

Study Areas 

Poplar Creek 
Balsam poplar cutline 

-0.27 ± 0.04 
1.97 ± 0.14 

-0.34 ± 0.05 
0.39 ± 0.14 

-0.26 ± 0.05 
0.01 ± 0.05 
0.07 ± 0.20 
0.30 ± 0.31 

-0.05 ± 0.22 
-0. 12 ± 0.04 
-0.14 ± O. 12 
0.32 ± 0.32 

-0.36 ± 0.06 
-0.11 ±0.03 

0.07 ± 0.15 
-0.04 ± 0.06 

.. 0.34 ± 0.13 

-0.41 ± 0.04 
-0.34 ± 0.07 

-0.43 ± 0.06 
-0.17±0.16 
1.39±0.24 

-0.10 ± 0.05 
-0.11 ± 0.18 
-0.05 ± 0.17 
-0.19 ± O. 10 
-0.05 ± 0.03 
0.84 ± 0.30 

-0.12 ± 0.09 
-0.37 ± 0.12 
-0.09 ± 0.04 

-0.04 ± 0.17 
-0.05 ± 0.06 

0.38 ± 0.36 

Th i ckwood 
cutline 

-0.64 ± 0.04 
-0.47 ± 0.09 

-0.50 ± 0.07 
-0.88 ± 0.08 
-0.65 ± 0.07 
-0.11 ± 0.05 

0.17 ± 0.22 
0.50±0.17 

-0.29 ± 0.06 
-0.03 ± 0.03 
0.26 ± 0.10 

-0.06 ± 0.09 
0.61 ± 0.23 

-0.24± 0.03 

0.83 ± 0.30 
-0.09 ± 0.06 

-0.03 ± 0.10 

N ......, 
......, 
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Table 64. Forced SMR analysis of the abundance and distribution of P. manicuZatus in 1979. (All 
predictor variables found to be significant in 1978 were included in this reanalysis of 
the 1979 data. See Table 18 for explanation of variable names. Multiple r-square = 
0.5252; standard error of the regression = 0.0546; df = 7,142~ f-ratio = 22.44; P < 0.001.) 

Variable Name 

Constant 

Balsam poplar 
understory 

Jack pine 
understory 

Successional cover 
Aspen understory 
Equisetum cover 
Grass/sedge cover 
Dense vertical 

cover 

Step at 
which Fattor 

Entered Equation 

2 
3 
4 
5 
6 

7 

Regression 
Coefficient 

at Last Step 

0.067 

0.049 

-0.014 
0.018 
0.049 

-0.006 
0.019 

0.006 

S.E. of Regression 
Coeffi ci ent 
at Last Step 

0.005 

0.004 
0.005 
0.005 
0.004 
0.005 

0.006 

R2 at 
Each Step 

0.0218 

0.0867 
0.1056 
0.4573 
0.4647 
0.5221 

0.5252 

Increase in R2 
Attributable 

to Factor 

0.0218 

0.0648 
0.0189 
0.3517 
0.0074 
0.0573 

0.0032 

a Two-sided significance levels: * 0.05 ~ p > 0.01, ** 0.01 ~ P > 0.001, *** 0.001 ~ P. 

pa 

NS 

*** 
1\ 

*** 
NS 

;"1:* 

NS 

N 
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00 



11.4 

11.4.1 

279 

SNOWSHOE HARES 

'Print i pal ' COrilponentsAna 1 ys i $ of Vegetat ion on the Snowshoe 

Hare StudY .Areas 

A factor (ptincipal components) analysis was used to reduce 

a large number of habitat variables to a smaller number of independent 

variables. Based on the results of the vegetation sa~pling program 

in 1979, a total of 43 different habitafvariables [one estimate of 

the cumulative density of the forest canopy. estimates of the percent 

coverage of 17 ground cover species (or species groups), and , the 

relative abundance of 25 species of ,trees and shrubs] . were recorded 

in the four study areas during the vegetation sampllng program in 

1979. Relationships between species or species groups occurring in 

less than 10 samples (on all four grids combined) and habitat struc­

ture were unl ikely fo be detectable, even if real, and consequently 

were not included in further analyses. This reduced the number of 

variables considered to 28. For input 'to the factor analysis, the 

three most dominant tree and shrub species, respectively, in each 

sample were ranked on a scale bf 1 to 9, based on the abundance of 

a species in the sampling plot and the number of other tree and shrub 

species present. Ground cover species were ranked according to the 

Braun .. Blanquet cover scale (Kershaw 1966). 

A factor analysis was performed on the vegetation data 

using the BMDP4M computer program (Dixon and Brown 1979) using a 

standard method--a principal components analysis followed by Varimax 

(orthogona 1) rotat i on of those pti nc i:.pa 1 components wi th e i genva 1 ues 

exceeding 1.0. The factor analysis of vegetation on the four snow­

shoe hare study areas transformed the 28 habitat variables into a 

series of nine uncorrelated factors. Rotated factor loadings are 

summarized in Table 68. ' Interpretations of each of the nine factors 

are summarized in Table 25. 



Table 65. Breeding activity of matut:e snowshoe hares. (Numbers of mature snowshoe hares and the 
proportion in breeding condition are indicated for each trapping period during the summer 
periods of 1978 and 1979.) 

Jack pine Aspen Balsam poplar B1ack .spruce 

Males Females Males Females Males Females .Ma 1 es .Females 

Date a Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N Prop. N 

1978 . 

1 July 0.00 1 0 a 0.00 1 0.00 3 0.00 3 0.20 10 0.25 4 
19 July a a a 0 0.25 4 0.00 1 · 0.22 9 0.27 11 

1 August 0.50 2 0.50 2 0.50 2 0 0.75 4 0.00 3 0.20 10 0.23 13 
16 August 0.50 2 0.00 1 0.33 3 a 0.33 6 0.67 3 0. 33 9 o. 13 15 
27 August 0.33 3 0.50 2 0·.25 8 0.50 2 0.20 5 0.00 3 o. 18 17 0.00 15 
15 September 0.00 4 0.33 3 0.00 6 0.00 1 0 . 00 4 0.00 5 0.08 12 0.00 15 

·1979 

16 May 0.25 4 0.86 7 0.33 3 0.83 6 0.50 8 0.50 4 0.43 14 0.64 14 
8 June 0.50 2 1.00 3 0.67 3 0.20 5 0.80 5 0.83 6 0.60 15 1.00 10 

24 June 1.00 3 0.50 2 1.00 2 0.00 2 0.40 5 0.33 6 0.36 14 0.71 7 
18 July 0.43 7 0.50 4 0 0.33 3 o. 13 8 0.36 11 0.55 11 0.43 14 
10 August 0.33 3 0.57 7 0.67 3 0.00 3 O. 13 8 0.43 7 0.27 1 1 0.10 10 
31 August 0.33 3 1.00 1 0.00 6 0.00 7 0.20 5 0.00 3 O. 13 15 0.25 8 
20 September 0.25 4 0 . 67 3 0.20 5 0.00 8 0.00 10 0.60 5 0.00 15 0.67 9 

a Dates shown are the mid-point of each trapping period. 

N 
00 
0 
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Tab Ie 66. Juven i1 e recru i tm.ent rates of L. ameriaanu8. (Rates shown 
are expressed as'the number of n~w juvenile snowshoe hares 
captured per breeding adult female during each summer 
trapping period. N'umbers of adult females are also 
indicated.) 

Jack pine Aspen . Balsam.poplar Black spruce 

Date a Rate N Rate N Rate N Rate N 

1978 I July 1.00 I 0 1.67 '3 1.30 10 
19 July 0 0 0.00 4 0.88 9 

I August 0.00 2 0.00 2 0.25 4 0.50 10 
16 August 0.00 2 0.67 3 0.00 6 0.56 9 
27 August 0.33 3 0.50 8 0.60 5 0.41 17 
15 September 0.00 4 0.00 6 0.00 4 0.17 12 

1979 16 May 0.00 4 0.00. 3 0.00. 8 0.00 14 
8 June 0.00 2 1.33 3 0.40 5 0.20 15 

24 June 0.33 3 0.50, 2 1.20 5 0.57 14 
18 July 0·71 7 0 1.00 8 0.63 11 
10 August 1.00 3 ·1.00 3 0.88 8 0.82 11 
31 August 0.33 3 1.67 6 0.40 . 5 0.60 15 
20 September 0.00 4 0.20 5 0 0.00 15 

a Dates shown are the mid-point of each trapping period. 
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Table 67. Mean body weights of snowshoe hares. (Hean body waight" I S.E. 
of the mean and sample sizes of juvenile, sub-adult, and adult 
adult snowshoe hares during each trapping period are indicated.) 

Jack pine Aspen Ba 1 sam pop lar Black spruce 

Age Class Datea Wt. 1 S .E. N Wt. S.E. N Wt. S.E. N Wt. I S .E. N 

Juveni les 1978 I July 195 1 785 I 772 15 5 683 43 i 2 
19 July 0 0 963 13 2 665 76 13 
1 August 0 0 525 I 710 46 12 

16 August 0 398 88 2 0 593 86 8 
27 August 530 1 562 n 6 813 104 3 694 67 12 
15 September 0 845 28 4 855 1 655 54 9 
25 September 880 1 880 14 4 765 125 2 773 40 9 
15 October 0 0 939 14 5 913 25 7 
27 October 0 0 938 6 4 930 18 5 
9 November 0 0 980 I 923 37 4 

1979 3 March 0 0 0 0 
16 May 0 0 .,. 0 0 
8 Jl,me 975 I 255 12 4 315 55 2 456 344 3 

24 June 501 137 5 447 52 3 481 13 7 253 18 9 
18 July 658 64 5 865 35 2 699 70 10 413 44 10 
10 August 750 200 2 $67 44 3 684 79 7 525 51 12 
31 August 0 439 67 10 898 23 2 709 65 14 
20 September 945 1 608 17 6 800 I 875 78 3 
13 October 0 835 65 2 0 940 I 
9 November 0 0 0 0 

31 November 0 0 0 0 

1980 26 January 0 0 0 0 

Sub-adults 1978 I July 0 0 1000 I 1000 1 
19 July 0 0 0 1075 35 4 
1. August 1050 I 1088 63 2 1075 27 4 1099 33 7 

16 August 0 0 1260 70 3 1155 41 11 
27 August 1405 1 1350 80 2 1283 50 4 1167 29 15 
15 September 1440 1 1298 208 2 1270 86 5 1276 33 15 
25 September 1630 I 1268 66 5 1310 52 5 1360 30 18 
15 October 0 1223 54 6 1312 36 9 1361 32 17 
27 October 0 1173 43 6 1307 29 8 1335 33 20 
9 Novembe r 0 0 1270 49 5 1365 33 15 

1979 3 March 0 1363 12 3 1233 24 9 1339 32 9 
16 May 0 1108 71 3 0 1238 103 4 
8 June 0 1210 1 1405 1 1187 115 3 

24 June 0 0 0 1315 I 
18 July 0 0 1293 85 4 1320 80 2 
10 August 0 0 1224 69 5 1340 1 
31 August 0 1245 145 2 1281 53 4 1050 1 
20 September 1108 63 2 1307 98 3 1381 74 8 1224 40 II 
13 October 1195 I 0 1413 120 3 1263 35 17 
9 November 1180 49 5 1250 I 1435 29 19 1283 38 8 

31 November 1197 47 3 1277 39 3 1438 26 12 1310 28 13 

1980 26 January 0 1228 29 6 1482 50 5 1317 50 7 

continued ••• 
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Table 67. Concluded. 

Jack pine Aspen Balsam poplar Black spruce 

Age Class Datea Wt. S.E. N Wt. S.E. N Wt. S.E. N Wt. S. E. N 

Adults 1978 1 July 0 0 0 1000 I 
19 July 0 0 1708 109 3 1558 252 3 
1 August 1350 156 3 0 1588 38 2 1413 32 4 

16 August 1353 111 3 1535 1 1412 28 6 1513 115 5 
27 August 1430 58 3 1533 23 2 1550 1 1536 69 5 
15 September 1425 33 6 1490 I 1327 13 3 1483 30 3 
25 September 1408 57 7 0 1353 13 4 1515 48 4 
15 October 1481 57 7 0 1415 63 4 1457 44 3 
27 October 1370 170 2 0 1390 150 2 1455 25 2 
9 November 1456 44 3 0 1440 100 2 0 

1979 3 March 1490 1 0 1381 21 9 1359 65 4 
16 May 1375 59 11 1379 41 6 1435 52 12 1260 26 24 
8 June 1376 70 5 1525 168 3 1507 88 7 1322 36 19 

24 June 1566 166 4 1790 1 1588 186 4 1448 54 II 
18 July 1535 93 6 1400 1 1496 49 5 1334 74 13 
10 August 1390 79 5 1537 48 3 1630 117 3 1406 22 8 
31 August 1578 213 2 1600 1 1450 100 2 1463 89 8 
20 September 1550 44 5 1665 18 4 1520 49 6 1516 36 10 
13 October 1608 81 6 0 1518 44 4 1536 42 11 
9 November 1582 50 8 0 1604 32 9 1491 35 9 

31 November 1516 129 5 1680 1 1624 40 9 1452 37 10 

1980 26 January 1534 85 9 1541 68 4 1469 38 11 1440 34 10 

a Dates shown are the mid-points of each trapping period. 



Table 68. Factor loadings for the four study _ ~re. _factor analysis. __ [Only the correlations between 
the original variables and the 9 factors whose absolute va-lUes were> 0.250 are shown. 
Only factors with VP's (total variance in vegetation structure that ;as explained by the 
factor) that exceeded 1.5 were included in the SMR. The variable prefixes PR and GC refer 
to dominance in the forest canopy and ground cover respectively.] 

Factor 

Variable 2 3 4 5 6 7 8 9 

PR - AZnus spp. 0.791 0.335 
PR - P. balsamifera 0.740 0.287 
Density of eanopy 0.728 
PR - C. stolonifera 0.728 0.300 
GC - Equisetu~ spp. 0.684 
PR - Vi~ spp. 0.558 
PR - P. tre~~Zoides 0.736 
GC - A. uva-ursi 0.734 
PR - A. alnifolia 0.712 
PR - P. mariana -0.339 -0 . 583 -0.417 
GC - Moss -0.337 -0.507 -0.423 -0.311 
PR - P. gZauca 0.758 0.358 
GC - C. canadensis 0.673 
Absence of ground cover 0.872 
Absence of tree cover 0.871 
Absence of shrub cover 0.261 0.767 
GC ' - CZadonia/CZadina spp. -0.267 0.694 0.290 
PR - B. gZandulosa 0.743 
GC - V. caesvitosum 0.829 
GC - M. pan~Zata 0.734 
PR - B. papyrifera 0.923 
PR - L. Zaricina -0.360 -0.275 -0.286 -0.300 0.253 
GC - V. vitis-idaea -0.280 -0.260 0.289 -0.471 
GC - V. uZiginosum 0.446 -0.420 
PR - Salix spp. -0.379 -0.485 -0.257 -0.449 
GC - L. groenZandiaum -0.258 -0.410 0.379 
PR - S. canadensis 0.362 0.456 -0.254 
PR - Rosa spp. 0.254 0.380 0.272 

VP 4.120 3.241 1.937 1.824 1.821 1.366 1.292 1. 259 1.129 

N 
()) 
..I:"' 



Table 69. SMR analysis of the abundance and dIstributIon of L. ameriaanus during the spring and summer 
of 1978. (See Table 25 for explanation of varIable names. Multiple r-square = 0.3359; 
standa~d error of estimate = 0.0271; df = 5,310; F-ratio = 31.36; P < 0.001.) 

Step at Regression S.E. of Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributable 

Variable Name Entered Equa t ion at Last Step at Last Step Each Step to Factor pa 

Constant 0.028 

+Aspen/-Black spruce -0.005 0.002 0.1661 0.1661 ;"*1: 

forest 

+White spruce/-Black 2 -0.013 0.002 0.2463 0.0801 *,"* 
spruce forest 

Jack pine understory 3 -0.009 0.002 0.2945 0.0483 *** 
Shrub birch-white 4 -0.007 0.002 0.3174 0.228 -!~*'i': 

spruce transition 

Balsam poplar forest 5 -Q.005 0.002 0.3359 0.0186 ;,\-/:* 

a Two-sided significance levels: * 0.05 ~ P > 0.01, ** 0.01 ~ P > 0.001, *** 0.001 > P. 

N 
00 
V1 



Tab le 70. Mean factor scores for · the four snowshoe ha"re study areas. (Mean factor scores and 
1 S.E. are indicated for each factor based on the factor scores for each of the 30 
samples on each plot . ) 

Study Areas 

Factor Jack pine Aspen Ba 1 sam Poplar Black spruce 

1. Balsam poplar forest -0.48 ± 0.03 -0.30 ± 0.04 1.53 ± 0.09 -0.68 ± 0.05 

2. +Aspen/-Black spruce forest 0.20 ± 0.11 0.96 ± 0.10 -0.16 ± 0.03 -1.01 ± 0.03 

3. +White spruce/-Black spruce forest 0.24 ± 0.10 0.69 ± 0.13 -0.22 ± 0.07 -0.72 ± 0.05 

4. Open Habitat -0.12 ± 0.06 -0.05 ± 0.02 0.52 ± 0.21 -0.32 ± 0.02 

5. Jack pine understory 0.60 ± O. 15 -0.36 ± 0.04 -0.05 ± 0.03 -0.19±0.14 

6. Shrub birch-white spruce transition 0.57 ± 0.15 -0.30 ± 0.08 -0 . 01 ± 0.04 -0.26 ± 0.12 

7. v. aaespitoswn 0.54 ± 0.16 -0.27 ± 0.10 -0.04 ± 0.03 -0.23 ± 0.09 

8. Bluebell Cover 0.07 ± 0.07 -0.27 ± 0.06 0.45 ± 0.17 -0.23 ± 0.10 

9. Paper Birch 0.01 ± 0.04 -0.04 ± 0.13 0.13 ± 0.23 -0.09 ± 0.04 

N 
00 
a-



Table 71. SMR analysis of the abundance and distribution of L. amepicanu8 during the spring and summer 
of 1979. (See Table 25 for explanation of variable names. Multiple r-square = 0.2811; 
standard error of estimate = 0.0341; df = 3,312; F-ratio = 40.66; P ~ 0.001.) 

Step at Regression S.E. of Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributable 

Variable Name Entered Equation at Last Step at Last Step Each Step to Factor pa 

Constant 0.038 

+Aspen/-Black spruce -0.018 0.002 0.2032 0.2032 1c i': * 
forest 

+White spruce/-Black 2 -0.009 0.002 0.2523 0.0492 ,,;""1,-;{ 

spruce forest 

Jack pine understory 3 -0.007 0.002 0.2811 0.0287 i"*i{ 

a Two-sided significance levels: * 0.05 ~ p > 0.01, ** 0.01 ~ P > 0.001, *** 0.001 ~ P. 

"'=&& 3W!!i1iii&tWM.;;:s::g;pg;;&¥ i'!!iii£iM UIiM!!iillI#,...~-----
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Table 72. SMR analysis of'the abundance and distribution of L. ameriaanu8 during the winter of 1978-
1979. (See Table 25 for explanation of variable names. Multiple r-square = 0.1491; ;standard 
error of estimate = 0.0287; df= 5,310; f-ratio = 10.86; p 5 0.001.) 

Step at Regression S.E. of Regression Increase in R2 
which Factor Coefficient Coefficient R2 at Attributable 

Variable Name Entered Equat ion at Last Step at Last Step Each $tep to Factor pa 

Constant 0.014 

+Aspen/-Black spruce -0.005 0.002 0.0602 0.0602 *** 
forest 

Jack pine understory 2 -0.008 0.002 0.0875 0.0273 *~'t* 

Balsam poplar forest 3 -0.005 0.002 0.1125 0.0250 *** 
+White spruce/-Black 4 -0.005 0.002 0.1365 0.0240 *** 

spruce forest 

Shrub birch-white 5 -0.003 0.002 0.1491 0.0126 *** 
spruce transition 

a Two-sided significance levels: * 0.05 ~ P > 0.01, ** 0.01 ~ P > 0.001, *** 0.001 ~ P. 

N 
00 
00 



Table 73. SMR analysis of the abundance and distribution of L. amel'iaanUB during the winter of 1979-
1980. (See Table 25 for explanation of variable names. Multiple r-square = 0.1009; 
standard error of estimate =0.0015~ df = 2,313; F-ratio = 17.57; p ~ 0.001.) 

Step at Regression S.E. of Regression Increase in R2 
which Factor Coeffici ent Coefficient R2 at Attributable Var i ab 1. e Name Entered EquatIon at Last Step ;at Las t Step Each Step to Factor pa 

Constant 0.001 

+Aspen/-Black spruce -0.001 -0.296 0.000 0.0873 0.0873 *** forest 

Jack pine understory -0.001 -0.117 0.-00 0.1009 0.0136 *.** 

a Two-sided significance levels: * 0.05 ~ p > 0.01, ** 0.01 > p > 0.001, *** 0.001> P. 

N 
00 
\D 

~~- ._.------- ~ 



'2. 

1. 
2. AF 4.1. 1 

3. HE 1. 1.1 
4. VE 2.2 

5. HY 3.' 

~. 
7. AF 3.1.1 

8. AF1.2.' 

9. ME 3.3 

10. HE 2.1 

11. AF 2.2.1 

12. ME 1.7 

13. ME 2.3.1 

14. 
15. ME 3.4 

16. ME '.6 

17. AF 2. 1.1 

18. HY 1.1 

19. ME 4.1 

20. HY 3.1. 1 

21. 
22. 

23. AF 1. 1.2 

24. ME 1.5.2 

25. ME 3.5.1 

290 

LIST O.F AOSERp·RESEARCH. REPORTS 

AOSERP First Annual Report, 1975 
Walleye and Goldeye Fisheries Investigations in the 
Peace-Athabasca Del ta--1975 
Structure of a Traditional Baseline Data System 
A Prel iminary Vegetation Survey of the Alberta Oil 
Sands Envi ronmenta 1 Research Program Study Area 
The Eva 1 uat ion of Mastewaters from an 0 i 1 Sand 
Extraction Plant 
Hous ing for the North--The Stackwall System 
A Synopsis of the Physical and Biological Limnology 
and Fisheries Programs within the Alberta Oil Sands 
Area 
The Impact of Saline Waters upon Freshwater Biota 
(A Literature Review and Bibl iography) 
Prel iminary Investigations into the Magnitude of Fog 
Occurrence and Associated Problems in the Oil Sands 
Area 
Development of a Research Design Related to 
Archaeological Studies ·in the Athabasca Oil Sands 
Area 
life Cycles of Some Common Aquatic Insects of the 
Athabasca River, Alberta 
Very High Resolution Meteorological Satel.1 ite Study 
of Oil Sands Weather: "A Feasibility Study" 
Plume Dispersion Measurements from an Oil Sands 
Extraction Plant, March 1976 

A Climatology of Low Level Air Trajectories in the 
Alberta Oil Sands Area 
The Feasibility ofa Weather Radar near Fort McMurray, 
Alberta 
A Survey of Basel ine Levels of Contaminants in Aquatic 
Biota of the AOSERP Study Area 
Interim Compilation of Stream Gauging Data to December 
1976 for the Alberta Oil Sands Environmental Research 
Program 
Calculations of Annual Averaged Sulphur Dioxide 
Concentrations at Ground Level in the AOSERP Study 
Area 
Characterization of Organic Constituents in Waters 
and Wastewaters of the Athabasca Oil Sands Mining Area 
AOSERP Second Annual Report, 1976-77 
Alberta Oil Sands Environmental Research Program Interim 
Report to 1978 covering the period April 1975 to 
November 1978 
Acute Lethality of Mine Depressurization Water on 
Trout Perch and Rainbow Trout 
Air System Winter Field Study in the AOSERP Study 
Area, February 1977. 
Review of Pollutant Transformation Processes Relevant 
to the Alberta Oil Sands Area 



26. AF 4.5.1 

27. ME 1. 5. 1 

28. VE 2. 1 

29. ME 2.2 

30. ME 2. 1 
31. VE 2.3 

32. 
33. TF 1.2 

34. HY 2.4 

35. AF 4.9.1 
36. AF 4.8.1 

37. HE 2.2.2 
38. VE 7.1.1 
39. ME 1.0 

40. ws 3.3 

41. AF 3.5. 1 
42. TF 1.1.4 

43. TF 6. 1 

44. VE 3. 1 

45. VE 3.3 

46. VE 3.4 

47. TF 1. 1. 1 

48. HG 1.1 

49. WS 1. 3. 3 

50. ME 3.6 
51. HY 1.3 

52. ME 2.3.2 

291 

I nterim Report on an Intens i ve Study of the Fish 
Fauna of the Muskeg River Watershed of Northeastern 
Alberta 
Meteorology and Air Quality Wiliter Field Study in 
the AOSERP Study Area, March '1976 
Interim ,Report on a Soils Inventory in the Athabasca 
Oil Sands Area 
An Inventory System for Atmospheri c Emi ss ions in the 
AOSERP Study Area 
Ambient Air Quality.in the AOSERP Study Area, 1977 
Ecological Habitat Mapping of the AOSERP Study Area: 
Phase I . 
AOSERP Thi rdAnnual Report, 1977";'78 
Relationships Between Habitats, Forages,and Carrying 
Capacity of Moose Range i,n northern Alberta. Part I: 
Moose Preferences forHab i tat Strata and Forages. 
Heavy Metals in Bottom Sediments of the Mainstem 
Athabasca Ri ver System in the AOSERP . Study Area 
The Effec,ts of Sedimentation on the Aquatic Biota 
Fall Fisheries Investigations in the Athabasca and 
Clearwater <RiversUpstream of Fort McMurray: Volume 
Commun i ty Studi es: ,F()rt McMurray, Anzac, FortMacKay 
Techniques for the Control of Sma,l1 Mammals: A Review 
The Climatology of the Alberta Oil Sands Environmental 
Research Program Study Area 
Mixing Characteristics of the Athabasca River below 
Fort McMurray - Winter Conditions 
Acute and Chron i c Toxi ci ty of Vanadi urn to Fi sh 
AnalySis of Fur Production Records for Registered 
Trapl ines in the AOSERP Study Area, 1970-75 
A Socioeconomic Evaluation of the Recreational Fish 
and Wildlife Resources In Alberta~ with Particular 
Reference to the AOSERP Study Area. Volume I: Summary 
and Conclusions . 
Interim Report on Symptomology and Threshold Levels of 
Ai r Pollutant Injury to Vegetation~ 1975 to 1978 
Interim Report on Physiology and Mechanisms of Air-Borne 
Pollutant Injury to Vegetation, 1975 to 1978 
I nteri m Report on Eco logi ca 1 Benchmarki ng and B iomon i tori ng 
for Detec:tion of Air-Borne Pollutant Effects on Vegetation 
and Soils, 1975 to 1978. 
A Visibility Bias Model for Aerial Surveys for Moose on 
the AOSERP Study Are~ 
Interim Report on a Hydrogeological Investigation of 
the Muskeg River Basin, Alberta 
The Ecology of Macrob~nthic Invertebrate Communities 
in Hartley Creek, Northeastern Alberta 
Li te rature Revi ew on Po 11 ut ion Depos it i on Processes 
Interim Compilation of 1976 Suspended Sediment Date 
in the AOSERP Study Area 
Plume Dispersion Measurements from an Oil Sands 
Extraction Plan, June 1977 



)r 

53. HY 3.1.2 

54. ws 2.3 

55. HY 2.6 
56. AF 3.2.1 

57. LS2.3.1 

58. AF 2.0.2 

59. TF 3.1 
60. WS 1. 1 • 1 
61. AF 4.5.2 

62. TF 5.1 
63. ME 3.8.3 
64. LS 21.6.1 

65. LS 21.6.2 

66. AS 4.3.2 

67. WS 1.3.2 

68. AS 1. 5.3 
AS 3.5.2 

69. HS 40.1 

70. LS28.1.2 

71. HY 2.2 

72. LS 7.1. 2 

73. LS 23.2 

74. AS 4.5 
75. ws 1.3.4 

76. AF 4.5.1 

77. HS 20.1 

78. LS 22.1.1 

292 

Baseline States of Organic Constituents in the 
Athabasca River System Upstream of Fort McMurray 
A Preliminary Study of Chemical and Microbial 
Characteristics of the Athabasca River in the 
Athabasca Oil Sands Area of Northeastern Alberta 
Microbial Populations in the Athabasca River 
The Acute Tox ic i ty of Sa 1 i ne Groundwa ter and of 
Vanadium to Fish and Aquatic Invertebrates 
Ecological Habitat Mapping of the AOSERP Study Area 
(Supplement): Phase I 
Interim Report on Ecological Studies on the Lower 
Trophic Levels of Muskeg Rivers Within the Alberta 
o i1 Sands Env i ron men ta 1 Research Program Study Area 
Semi-Aquatic Mammals: Annotated Bibl iography 
Synthesis of Surface Water Hydrology 
An Intensive Study of the Fish Fauna of the Steepbank 
River. Watershed of Northeastern Al berta 
Amph i bians and Rept iles in the AOSERP Study Area 
Analysis of AOSERP Plume Sigma Data 
A Revi ew and Assessment of ·the Basel i ne Data Rel evant 
to the Impacts of on SaiidsDevelopment on Large 
.Mammals in the AOSERP Study Area 
A Review ana Assessment of the Basel ine Data Relevant 
to the Impacts of Oil Sands Development on Black Bears 
in the AOSERP Study Area 
An Assessment of the Models LlRAQ and ADPIC for 
Application to the Athabasca Oil Sands Area 
Aquatic Biological Investigations of the Muskeg River 
Watershed 
Air System Summer Field Study in the AOSERP Study Area, 
June 1977 
Native Employment Patterns in Alberta's Athabasca Oil 
Sands Region 
An Interim Report on the Insectivor·;)us Animals in the 
AOSERP Study Area 
Lake Acidification Potential in the Alberta Oil Sands 
Environmental Research Program Study Area 
The Ecology of Five Major Species of Small Mammals in 
the AOSERP Study Area: A Review 
nistribution, Abundance and Habitat Associations of 
Beavers, Muskrats, Mink and River Otters in the AOSERP 
Study Area, Northeastern Alberta 
Air Quality Modelling and User Needs 
Interim Report on a Comparative Study of Benthic Algal 
Primary Productivity in the AOSERP Study Area 
An Intensive Study of the Fish Fauna of the 
Muskeg River Watershed of Northeastern Alberta 
Overview of Local Economic Development in the 
Athabasca Oil Sands Region Since 1961. 
Habitat Relationships and Management of Terrestrial 
Birds in Northeastern Alberta 



79. AF 3.6.1 

80. HSIO.2 & 
HS 10. 1 

81. LS22.1.2 

82. LS 22'.2 

83. LS 22.2 

84. WS 1.6. 1 

85. HY 2.5 

86. AS 3.7 
8]. WS2.2 

88. AF2.0.1 

89. AF 4.3.2 

90. AS 3.2 

91. LS 5.2 

92. WS 1. 6.2 

93. WS 1 .3. 1 

94. ws 1 .4. 1 

95. AS 4.2.6 • 

96. HS 20.3 
97. LS 3.4.1 

98. LS 3.4.2 

99. LS 10. 1 

100. LS 10.2 

101. LS 2 r. 1 .3 
102. LS 21. 1 .4 

------. . -.- .. -----------------'I!!!'Q~ 

293 

The MUltiple Toxicity of Vanadium, Nickel, and 
Phenol to Fish. 
History of the Athabasca Oil Sands Region, 1980 to 
1960's. Volumes 1 and 1 I. 
Species Distribution and Habitat Relationships of 
Waterfowl in .Northeastern Alberta. 
Breeding Dis:triJ>ut 'i<;m and, Behaviour of the White 
Pelican in the Athabasca Oil Sands Area. 
The Distribu,tJon, Foraging~el1aviour, and All ied 
Activities of theWb,ite Pelic§ln jn the Athabasca 
Oil Sands Area" 
1 nvest igat ions of the , Spd ng SpCiwr:ling Fi sh Popul at ions 
in the Athabasca and Clear~ater Rivers Upstream from 
Fort McMurray; Volume I. . . 
An intensive SurfaceW?lter, Quality Study of the Muskeg 
River Watershed. Volume t: Water Chemistry. 
An Observational Study of Fog in the AOSERP Study Area. 
Hydrogeological Investigation of Muskeg River Basin, 
Alberta 
Ecological Studies of the Aquatic Invertebrates of the 
Alberta Oil Sands Environmental Research Program Study 
Area of Northeas te rn Alberta 
Fishery Resources of the Athabasca River Downstream of 
Fort McMurray, Alberta. Volume 1 
A Wintertime Investigation of the Deposition of Pollutants 
around an Isolated Power Plant in Northern Alberta 
Characterization of Stored Peat in the Alberta Oil 
Sands Area 
Fisheri~s and Habitat Investigations of Tributary Streams 
in the Southern Portion of the AOSERP Study Area. 
Volume I: Summary and Conclusions 
Fisheries and Aquatic Habitat Investigations in the 
MacKay River Watershed of Northeastern Alberta 
A Fisheries and Water Quality Survey of Ten Lakes in 
the Richardson Tower Area, Northeastern Alberta. 
Volume I: Methodology, Summary, and Ditscussion. 
Evaluation of the Effects of Convection on Plume Behaviour 
in the AOSERP Study Area ' 
Service Delivery, in the Athabasca Oil Sands Region Since 1961 
Differences in the Composition of Soils Under Open and 
Canopy Condit.Jons at Two Sites Close-in to the Great 
Canad!an Oil Sands Operation, Fort McMurray, Alberta 
BaselIne Condition 6f Jack Pine Biomonitoring Plots in 
the Athabasca eil Sands Area; 1976 and 1977 
Synecology and Autecology of Boreal Forest Vegetation in 
the AOSERP Study Area 
Baseline Inventory of Aquatic Macrophyte Species Distri­
bution in the AOSERP Study Area 
Woodland Caribou Population Dynamics in Northeastern Alberta 
Wolf Population Dynamics and Prey Relationships in North­
eastern Alberta 



These reports are not ava.i1able on request. For further information about • availability and location of depositories, please contact: 

Research Management Division 
Alberta Environment 

15th Floor, Oxbridge Place 
9820 - 106 Street 
Edmonton, Alberta 

T5K2J6 
(403) 427-3943 



This material is provided under educational reproduction permissions 
included in Alberta Environment and Sustainable Resource 
Development's Copyright and Disclosure Statement, see terms at 
http://www.environment.alberta.ca/copyright.html. This Statement 
requires the following identification: 
 
"The source of the materials is Alberta Environment and Sustainable 
Resource Development http://www.environment.gov.ab.ca/. The use 
of these materials by the end user is done without any affiliation with 
or endorsement by the Government of Alberta. Reliance upon the end 
user's use of these materials is at the risk of the end user. 

http://www.environment.alberta.ca/copyright.html
http://www.environment.gov.ab.ca/

	AOSERP LS 7.1.2 1980.pdf
	DOC001
	DOC001.2
	DOC001.3
	DOC001.4
	Licence



