
THE ECOLOGY OF FIVE MAJOR SPECIES OF 

SMALL MAMMALS IN THE AOSERP 

STUDY AREA: 

I N REV I EW 

by 

JEFFREY E. GREErl 

LGL LI M ITED 

for 

ALBERTA OIL SANDS ENVIRONMENTAL RESEARCH PROGRAM 

Project LS 7.1.2 

August 1979 

Reviewer
OSRIN Stamp



The Hon. J.W. (Jack) Cookson 
Minister of the Environment 
222 Legislat;ive Building 
Edmonton, Alberta 

and 

The Hon. John Fraser 
Minister of the Environment 
Env ironment Canada 
Ottawa, Ontario 

Sirs: 

iii 

Enclosed is the report liThe Ecology of Five Major Species 
of Small Mammals in the AOSERP Study Area: A Review". 

This report was prepared for the Alberta Oil Sands 
Environmental Research Program, through its Land System, under the 
Canada-Al berta Agreement of February 1975 (amended September 1977). 

Respectfully, 

W. Solo zuk, Eng. 
Chairman, Steering Committee, AOSERP 
Deputy Minister, Alberta Environment 

~;1 J,JJ/ ' C'1.A __ ~ 
A.H. Macpherson, Ph.D. 
Member, Steering Committee, AOSERP 
Regional Director-General 
Environment Canada 
Western and Northern Region 



iv 

DESCRIPTIVE SUMMARY 

BACKGROUND AND PERSPECTIVE 

Interest concerning small mammals within the oil sands 

area surfaced when seedlings, planted as part of the dyke reclamation 

project, suffered substantial mortality. The mortality originally 

was attributed to extensive girdling of the seedlings by small mammals. 

An in-depth study of the problem was begun, including a 
) 

detailed examination of the revegetation procedures currently being 

employed and a comprehensive examination of the small mammal population 

in the a rea. 

This literature review was undertaken to provide a synopsis 

of species distribution, demography, food habits, and habitat utili­

zation of northern populations of five species of small mammals and to 

supplement information obtained during the concurrent baseline field 

study Project LS 7.1.2, Part II, "Baseline States of Small Mammal 

Population in the AOSERP Study Area" (AOSERP Open File Report O.F. 6). 

ASSESSMENT 

The report liThe Ecology of Five Major Species of Small 

Mammals in the AOSERP Study Area: A Review", which was prepared by 

Jeffrey E. Green of LGL Limited, has been reviewed and accepted by the 

Alberta Oil Sands Environmental Research Program. 

The report is comprehensive and includes a discussion on 

the ecology of five species of small mammals common to the Alberta 

Oi 1 Sands. 

In view of the value of the document, AOSERP Management 

recommends that the report be published and made available to other 

AOSERP researchers and the public. 

Jl~L-.:d 7 
S.B. Smith, Ph.D 
Program Di rector 
Alberta Oil Sands 
Environmental Research Program 

7 . 
B.A. Khan, Ph.D 
Research Manager 
Land System 
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ABSTRACT 

The ecology (distribution, demography, habitat preferences 

and food habits) of five of the species of small mammals common to 

the Alberta Oil Sands are described--the species considered are 

CZethrionomys gapperi, Microtus pennsyZvanicus, Peromyscus 

manicuZatus, Tamiasciurus hudsonicus and Lepus americanus. The 

synthesis of available 1 iterature was restricted to these five 

species because these small mammals: 

1. are abundant and widely distributed throughout 

.the AOSERP study area; 

2. are important prey species of many furbearers 

and raptor~; and 

3 . are potential pest species of afforestation 

programs in the AOSERP study area. 

Cyclic populations are typical for three of these 

species--C. gapperi and M. pennsyZvanicus appear to undergo regular 

cycles in abundance once every three to four years whereas L. 

americanus appear to show regular IO-year cycles of abundance. 

P. manicuZatus appear to undergo regular changes in density within 

each year but it is not clear if these species are cyclic over 

longer periods. T. hudsonicus population densities appear directly 

related to cone crop production. 

M. pennsyZvanicus is rated as a major pest species of 

young afforestation areas. C. gapperi and L. americanus may also 

become major pest species as ground, shrub and tree cover increase. 

T. hudSonicus may cause severe damage to trees, particularly 

coniferous species, once tree co'{er i.s abundant and trees are 

producing seed. P. manicuZatus damage is restricted to the 

consumption of tree and shrub seed--this is not thought to be a 

critical problem on afforestation areas in the AOSERP study areas 

in 1 ight of currently used afforestation techniques. 
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1. INTRODUCTION 

A detailed study of small mammal populations in the 

Alberta Oil Sands Environmental Research Program (AOSERP) study area 

(Figure 1) was begun in ihe fall of 1977 to obtain long-term 

information on the distribution, abundance, demography and habitat 

utilization of these populations. Interim analyses of information 

obtained to date are reported in Green (1978a, 1979). An 

understanding of the population ecology of the major small mammal 

species of the oil sands area is essential because: 

1. Small mammals are important herbivores in the 

boreal ecosystem and are one of the major preys 

of a number of predators. A thorough under­

standing of small mammal populations is there­

fore necessary to assess the impact of oil sands 

development on the ecosystems of the AOSERP 

study a rea. 

2. Some species of small mammals appear capable of 

restricting afforestation programs on reclaimed 

areas--a thorough understanding of the ecology 

of these 'pest l species in a natural situation 

is essential to the formulation of an effective 

and ecologically acceptable program of control. 

A revi ew and synthes is of 1 i terature on northern popul a­

tions of small mammals was undertaken to supplement information 

obtained during the basel ine field study. Five major small mammal 

species , will be considered in this review: Clethrionomys gapperi 

(Gapper1s red-backed vole), Microtuspennsylvanicus (meadow vole), 

Peromyscus maniculatus (deer mouse) ., Tamiasciupus hudsonicus 

(American red squirrel) and Lepus americanus (snowshoe hare). The 

distribution, demography, habitat preferences and feeding preferences 

of each of these species will be discussed. have restricted the 

literature synthesis to these species because: 
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1. The three species of mice are the most abundant small 

mammal species in the AOSERP study area (Green 1978a, 

1979; Westworth and Skinner 1978). In addition, 

M. pennsylvaniaus and C. gapperi will consume bark 

(Hamilton 1941a; Thompson 1965; Zemanek 1972; Hansson 

1973a, b) and are thus potential pest species on 

afforestation plots. 

2. T. hudsonicus is relatively abundant in some of the 

mature forest vegetation types, is a moderately 

important furbearer of traplines in the AOSERP 

study area (Todd 1976; Boyd 1977) and may damage 

trees (Rowe 1952; Adams 1955; c. Smith 1968). 

3. L. americanus are moderately abundant in the 

AOSERP study area and are presently increasing 

(L Keith, Univ. of Wisconsin, pers. comm., 24 

April 1978; Green 1979). Because snowshoe hares 

can severely damage young seedl ings {Jokela and 

Lorenz 1959) they are also a potential pest species 

on afforestation plots. 

Other small mammal species such as Sorex cinereus, Sorex 

vagrans, Sorex arcticus, Phenacomys intermedius, Synaptomys borealis, 

Zapus hudsoniaus, Eutamias minimus, Glaucomys sabrinus, and Mustela 

eY'lTlinea occur in the AOSERP study area (Green 1979). These 

species were not included in this 1 iterature synthesis because 

they are relatively rare or because their potential impact in 

terms. of damage to planted seedlings in afforestation areas is 

sma 11 • 

In this review the continental distribution, food habits, 

habitat utilization, demography and the potential for damage to 

afforestation programs are considered for each species. For most 

species the treatment of each of these topics is restricted to a 

synthesis of the available 1 iterature for northern populations of 

these species. In instances where information is scarce or lacking, 

. information on closely-related North American species is also included. 
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It should be stressed that a discussion of the food habits, 

habitat preferences and demography of small mammals must include a 

discussion of similarities and variation between populations. Food 

habits and habitat utilization are obviously affected by local 

availabflity (which is often not reported) hence a wide range of 

responses may be observed. Similarly, estimates of demographic 

parameters are influenced by the method of data collection. Other 

factors that must be considered are interspecific competition, 

food supplies (particularly in the case of reproductive parameters), 

habitat,weather and recent population changes (i.e., the phase of 

the population cycle if the species is cyclic). 

The term small mammals will be used to collectively describe 

all species of cricetids (mice and voles), sciurids (chipmunks, red 

squirrels and flying squirrels) and leporids (hares and rabbits) 

and the term small rodents to describe only mice and voles. Of the 

five species considered in this I iterature review, three are mice 

(M. pennsylvanicus, c. gapperi and P. maniculatus--the former two 

species are also voles), one is a sciurid (T. hud$onicus) and one 

is a leporid (L. americanus). The term microtines will be used to 

refer specifically to M. pennsylvanicus and C. gapperi and the 

term cricetine to refer specifically to P. maniculatus. Mammal ian 

nomenclature otherwise follows that of Banfield (1977). Plant 

nomenclature follows that of Moss (1967) and Hosie (1973). Common 

names of most plants (when provided in the cited reference) -are 

used throughout the text. Common names and scientific equivalents 

are provided in the Appendix~ 
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2. CLETHRIONOMYS GAPPERI 

2.1 DISTRIBUTION 

Gapper1s red-backed vole, C. gapperi, is a common vole 

of forest and shrub areas throughout the mainland areas of Canada 

as well as Prince Edward Island and Cape Breton (Banfield 1977) 

(Figure 2). The red-backed vole is a diurnal species and remains 

active throughout the year. Populat ,ions of C. gapperi appear to 

undergo wide fluctuations in dens it ies from year to year; Fuller 

0969,1977a) suggests that regular cyclic fluctuations in 

population numbers occur on average once every four to five years. 

2.2 FOOD HABITS 

2.2.1 Fall and Winter Diets 

During the winter, C. gapperi depend on overwinte,ring fruits, 

petioles, small twi9s, buds and bark as staple foods of the'ir diet 

(Criddle 1932; Hami 1 ton 1941a; Dyke 1971; Zemanek 1972). Criddle 

(1932) found that C. gapperi i nManitoba fed extensively on bark 

of trees and shrubs (crab app.le,Manitoba maple, green ash, 

trembl ing aspen, bur oak, chokecherry, si lverherry and hazel) and 

reported incidences where girdling by C. gappeil'iresultedin 

mortalities of Manitoba maple as high as 50%. Green vegetation 

remaining under the snow was also a staple item of the winter diet 

(Criddle 1932). Dyke (1971) showed that C. gappen in the Northwest 

Territories consumed large amounts of 1 ichens {PanrzeUa spp., 

Usnea spp. and AZectoria jubataJ i during the late fall to spring 

period. Overwintering fruits of bog cranberry,Canadian buffalo­

berry, common bearberry and common wild rose were also frequently 

used during the winter. Small quantities of bark and green material 

(leaves of trembling aspen, cranberry and feather moss) were consumed 

throughout the winter. 



Figure 2. The distribution of C. gapperi (red-backed vole) in Canada and in North America 
(inset). (Modified from Banfield [1977], Map 75.) 
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2.2.2 Spring and Summer Diets 

Dyke (1971) found C. gapperi near Heart Lake, Northwest 

Territories to be largely frugivorous during the spring and summer--

overwintered common bearberry and bog cranberry were staple items 

in the spring diet and, as wild strawberry, wild red raspberry, 

bastard toad flax and Canadian buffalo-berry became available in 

the summer, the fruits of these species were also consumed. Leaves 

of Canadian buffalo-berry, trembling apsen, common bearberry and 

feather mosses made up a large proportion of the diets in May and 

June whereas mushrooms were a major component of the diet in July 

and August. Criddle (1932), Connor (1953) and Fisher (1968) have 

also reported the use of broad-leafed plants,nuts, fruits, seeds 

and berries by this species during the spring-summer period. 

Whitaker (1962), Williams and Finney (1964) and Fisher (1968) 

found that C. gapperi consumed considerable amounts of the fungi 

Endogone spp., Hymenogaster spp., MeZanogaster spp., Lacta;nus spp., 

RussaZa spp. and Hydriotrya cubispora during the summer. Whitaker 

(1962) and Williams and Finney (1964) found fungi made up an average 

of 20.2% and 38.0% of the diet by volume, respectively. Insects 

are also consumed in small quantities throughout the summer period 

(Fi sher 1968). 

2.2.3 General Food Habits 

C. gapperi is an omnivore feeding largely on petioles of 

broad-leafed forbsand shrubs, berries, fruits and fungi. Criddle 

(1932) found that there was considerable seasonal variation in the 

diet of C. gapperi. Similarly, Dyke's (1971) 4-year study of the 

feeding habits of C. gapperi showed that the food habits of this 

species were seasonally variable and largely reflected seasonal 

and annual availability--in years of poor fruit production, mush­

rooms and I ichens became increasingly more important in the diet. 
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2.3 HABITAT UTILIZATION 

Early studies of the distributional patterns of C. gapperi 

(C~iddle 1932; Williams 1955; Gunderson 1959; Hoffman 1960) have 

shown that it is closely associated with the boreal montane forest 

biome. Within this ecotone, C. gapperi is limited primarily to 

forest s ituat ions. Connor (1'953) found that C. gapperi were abundant 

in damp locations such as cedar swamps and sphagnum bogs. Gunderson 

(1959) reported high densities of C. gapperi in white cedar forests 

with sparse herbaceous cover. Miller and Getz (1972, 1977) showed 

that C. gapperi were abundant in most forest types, particularly 

those with dense tree and herb cover. Close associations of C. 

gapperi populations with moderate to dense forest cover have also 

been reported b~ Rickard (1960), Cameron (1964), I~erson et aZ. 

(1967), Fisher (1968), Richens (1974), Lovejoy (1975) and Kucera 

and Fuller (1978). Ba~ed on these and other studies, it appears the 

distribution of C. gapperi is largely affected by three factors-­

the amount of co'ver provided by vegetation, debris and 1 itter, the 

amount of available water and interspeCific interactions. 

Local distributions of C. gapperi often reflect the 

distribution of dense vegetation cover and debris (Williams 1955; 

Gunderson 1959; Miller and Getz 1972,1973,1977; Powell 1972) 0 

Miller and Getz (1972, 1973, 1977) found that C. gapperi in the north­

eastern United States avoided fields, clearings and unforested 

areas. Correlation analyses of vegetation cover, debris, temperature 

(of air and substrate), humidity and substrate moisture with 

popul 'ation densities of C. gapperi indicated a highly significant 

correlation between the amount of debris and abundance of C. gapperi. 

Powell (1972) compared red-backed vole population densities in a mature 

forest area and a recent blowdown area immediately adjacent to this 

forest ' and found that densities in the blowdown area were three times 

that in the forested area. Lovejoy (1975) studied a population of 

C. gapperi prior to and after logging of an area. Pre-logging 

I 
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populations were most dense in moist, forested areas. Following 

logging, c. gapperi were restricted to areas of heavy slash. For 

the first two years after logging the voles avoided partially cut 

and open areas--C. gapperi reoccupied these sites only after 

substantial shrub cover had begun to develop in these open areas. 

The association between debris and the abundance of this vole have 

been attributed to protection from predators (Miller and Getz 

1972, 1973). West (1977), however, reported seasonal shifts in the 

distribution of C. gapperi in a black spruce forest and found that 

aggregations of C. gapperi during the winter were significantly 

associated with a thicker moss layer. He attributed aggregations 

in these areas to the superior insulating property of the ground 

cover (resul t i ng from the th ick moss 1 ayer) • 

Available moisture can also affect the distribution of 

C. gapperi (Butsch 1954; Hoffmann 1960; Mi ller and Getz1972, 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 relatively high daily intake of water. 

As a result, the species is often restricted to low, wet areas or 

to areas where abundant, succulent food is available (Miller and 

Getz 1972, 1973) • 

. Local distributions of C. gapperi are significantly 

affected by interspecific competition, particularly with M. 

pennsylvanicus (Morris 1969; Morris and Grant 1972; Iverson and 

Turner 1972; Turner et ~l. 1975). Early studies of small mammals 

indicated that C. gapperi and M. pennsylvanicus were rarely found in 

similar habitats but that either lspecies was able to exist in 

grassland or forest habitats in absence of the other (Cameron 1964; 

Grant 1972). Red-backed voles in forested areas generally prevent 

the occurrence of meadow voles in these areas (Cameron 1964; 

Morris 1969; Morris and Grant 1972) while the presence of meadow 

voles in grassland areas restricted red-backed voles to local 

forested areas (Grant 1969). Morris (1969) and Iverson and 

Turner (1972) showed that this habitat exclusion may break down 
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in the fall when red-backed voles are able to coexist with meadow 

voles in grassland areas. Turner et at. (1975) showed that the 

reverse may occur during the fall and winter when meadow voles 

can coexist with red-backed voles in woodland areas. The brea~ 

down of habitat exclusion in these two species and the 

re-establishment of habitat exclusion in the spring has shown 

to be related to changes in aggressive behavior associated 

with the cessation of breeding and the onset of breeding respectively 

(i.e., non-breeding animals in the late fall to early spring period 

tend to be less aggressive than breeding animals in the remainder of 

the year) (Turner and Iverson 1972; Turner et at. 1975). 

2.4 DEMOGRAPHY 

2.4.1 Reproduction 

Female C. gapperi are polyoestrous and post-partum breeding 

appears common (Svihla 1930, cited in Banfield 1977). Fuller (1969) 

first captured post-partum female C. gapperi in the Northwest 

Territories in mid-June suggesting breeding first occurred in 

late May. The capture of visibly pregnant females before 25 

May, however, suggested that first conceptions occurred in early 

May. Near Edmonton, Alberta, Stebbins (1976) captured female 

C. gapperi with perforate vaginas and visible ovarian foIl icles 

in early May and pregnant females were captured in early June. 

In New York, Fisher (1968) found the breeding season lasted from 

May to October. Merritt and Merritt (1978) found that C. gapperi 

in a subalpine forest in Colorado commenced breeding in late March. 

Males showed reproductive activity under the snow in April but most 

females were not reproductively active until May. Breeding in­

tensity was high during snowmelt and throughout the summer. Ell iot 

(1969) and Evernden and Fuller (1972) also found the onset of 

breeding to be related to diminishing snow cover. Evernden and 
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Fuller (1972) showed that sexual maturati9n of female C. gapperi 

was stimulated by white and blue radiation - and increasing day length 

(penetration of white and blue radiation to the subnivean space is 

effectively blocked by the snow)--physiological and behavioural 

reactions of these voles to subnivean 1 ight conditions thus pre­

vents subnivean winter breeding. Male C. gapperi in the Northwest 

Territories were reproductively active by early May (Fuller 1969). 
Fuller (1969) reported that the last pregnant females in the season 

were captured in late August; male with regressing testes began 

to appear in the population in late August. Similar dates of 

cessation of breeding in populations of C. gapperi have been 

reported by Merritt and Merritt (1978)0 
Fuller (1969) found that overwintering female C. gapperi 

usually conceived a second I itter in early July and sometimes produced 

a third litter in late Julyo No females ever produced a fourth 

litter. Young females of the first 1 itters in July can produce 

one or two I itters by fall (Ful ler 1969). Criddle (1932) found that 

C. gapperi in southern Manitoba produced up to four litters per 

year. Merritt and Merritt (1978) reported an average production 

of two litters per mature female each summer. 

2.4.2 . Litter Size 

Innes (1978) found that litter size in C. gapperi was 

significantly correlated with latitude and elevation. Litter sizes 

of various populations of C. gapperi are summarized in Table 1. 

Patrie (1962) found that mean annual litter sizes of C. gapperi 

varied significantly over the seven years of his study and that 

litter ·size was inversely related to population size--thus during 

periods of low population densities large litters were produced 

whereas during periods of high population densities small 1 itters 

were produced. However, it is not clear if the correlations 

reported by Patric (1962) are legitimate because no corrections 

were made for effects of season, for effects of female condition 

(weight) or effects of female reproductive condition (parity) 

(Krebs and Myers 1974). Krebs and Myers (1974) reviewed changes 



Table I. Litter sizes of C. gapperi (based on Innes [1978]; Tables I and 2). 

No. of 
months 

Durat ion of the Latitude 
of study, year Elevation, Mean Embryos2 or 

Species Source years sampled! m litter size Range n live births 3 

C. gapperi Barbour 1951 36 58 914 3·33 3-4 6 E 

Beer et al. 1957 . 5 48 64 412 6.07 3-10 107 E 

Connor 1953 39 33 15 5.30 3-7 6 E 

Connor 1960 2 5 42 30 533 4.00 3-5 9 E 

Ell iot 1969 4 6 53 22 762 6.50 5-8 16 E + L 

Ell iot 1969 4 6 53 22 762 7.25 4-9 12 E N 

Fisher 1968 3 3 42 29 366 4.37 3-7 27 E 

Fuller 1969 3 4 60 53 229 5.70 84 E 

Iverson and Turner 1976 6 6 50 07 274 5.68 3-9 90 E 

Merritt and Merritt 1978 2 7 (Colorado) 3120 6.50 5-8 7 E + L 

Patric 1962 7 6 43 58 457 4.11 1-7 229 E 

Townsend 1935 2 2 43 15 152 4.50 2-6 20 E 

Vaughan 1969 3 7 40 21 3018 6.10 4-8 10 E 

Wrigley 1969 5 (Quebec) 4.60 3-7 20 E 

The number of months of the year in which pregnant females were sampled. 

E = 1 i tter size estimate based on counts of embryos. 

L = litter size estimated based on counts of live young. 
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in litter size with changes in population density in a number of 

microtine species and found no significant association with changes 

in 1 itter size and population fluctuations. 

2.4.3 Sex Ratios 

Fuller (1969) found that males consistently formed a 

major portion of C. gapperi populations in the Northwest Territories 

but only one of the observed ratios was significantly different 

from 1 :1. The significantly higher proportion of males than females 

in the overwintered population in 1967 suggested that females 

suffered heavier mortality over winter than males. Ell iot (1969) 

reported a sex ratio of 1.04:1 for all samples combined but generally 

males were slightly more abundant throughout the year. Fisher 

(1968) also reported a trend towards a predominance of males--males 

made up 58.0% of the voles captured. Elliot (1969) suggested that 

the predominance of males in his population reflected a wider range 

of movements by males and a higher turnover rate of males in 

the population. 

2.4.4 Densities and Population Fluctuations 

Population densities of C. gapperi do not appear to 

fluctuate widely and do not appear to reach periodic high densities 

typical of some small mammal populations (i.e., M. pennsyZvanicus) 

(Elliot 1969; Fuller 1969, 1977a; Dyke 1971; Kucera and Fuller 1978). 

Findley and Negus (1953) reported a high density of 74.1 animals/ha 

for a-population of Co gapperi in a spruce forest in Colorado. 

Quick (1964; cited in Merritt and Merritt 1978) reported densities 

of Co gapperi in spruce-fir habitats of 5.4/ha in the spring, 

increasing to 8.2/ha in summer and reaching a high of 38/ha in 

autumn. Fuller (1977a) corrected density estimates for 'edge effect' 

by dividing crude density esimates by 2.5 (the size of the effective 

trapping area/size of the trapping grid). Density estimates obtained 

by this method ranged from 12 animals/ha during the peak year (1974) 

to 6 animals/ha during other years. Density estimates for a population 
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of C. gapper~ In Colorado ranged from a high of 48.3 animals/ha 

(in December 1974) to a low of 10 animals/ha (in March 1974) 

(Merritt and Merritt 1978). 

Two periods of the year, the autumn and spring thermal 

overturns ·(associated with first snow fall and spring melt, 

respectively), appear to critically affect the survival of C. gapperi 

(Johnson 1951; Pruitt 1957; Fuller 1969; Fuller et aZ. 1969). 

Prior to snowfall in the late autumn, ambient temperatures fall 

below ground temperature and, until the accumulation of snow is 

sufficient for development of a subnivean layer and to insulate 

the substrate, small rodents are exposed to wide daily extremes 

in ambient temperature. During the spring thaw, snow rapidly loses 

its insulating capacity and meltwater may flood subnivean runways. 

Hence small rodents are again exposed to wide daily fl ·uCtuations 

in temperature. Small rodent populations have been shown to suffer 

high mortality during these two periods (Johnson 1951; Fuller 1969; 

Fuller et aZ. 1969; Vaughan 1969; Merritt and Merritt 1978). 

Few population studies of C. gappepi have been of a 

sufficient duration to determine if this species undergoes cycl ic 

fluctuations in population density. A detailed study of C. gapperi 

populations in the Northwest Territories by W.A. Fuller and associates 

from 1964 to 1975 (Ell iot 1969; Fuller 1969, 1977a; Dyke 1971) 

indicated that Co gapperi populations underwent regular increases 

and decreases in numbers and suggested that peak populations occurred 

every four to five years. 

2.5 DAMAGE POTENTIAL 

Reports of damage to young trees and shrubs in reforestation 

areas by CZethrionomys spp. are 1 imited (Gessell andOrians 1967; 

Black et aZ. 1969; Banfield 1977; Hornfeldt 1978). All these reports 

are based on circumstantial evidence but the occurrence of buds, 

twigs, petioles and bark of coniferous and deciduous tree species 
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and shrubs in the winter diet of C. gapperi (Criddle 1932; Hamilton 

1941a; Dyke 1971; Zemanek 1972) substantiates these claims. 
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3. MICROTUSPENNSYLVANICUS 

3.1 DISTRIBUTION 

The meadow vole Microtus pennsyZvanicus is found through­

out Canada from Newfoundland to British Columbia and as far north as 

the Mackenzie delta (Banfield 1977) (Figure 3). Meadow voles exhibit 

a diurnal activity pattern and remain active beneath the snow (in 

the subnivean layer) throughout the winter. Populations of M. 

pennsyZvanicus exhibit marked population fluctuations that occur at 

three to four year intervals (Krebs and Myers 1974). Banfield 

(1977) rated M. pennsyZvanicus as one of the most important small 

mammals within the boreal forest ecotone and the central plains 

region because of its role as a major prey species of furbearers and 

as a serious pest species in agricultural and forest areas. 

3.2 FOOD HABITS 

M. pennsyZvanicus is largely herbivorous, feeding pre­

dominantly on grasses, sedges and to a lesser extent on forbs through­

out the year (Bailey 1924; Hamilton 1940; Jameson 1955; Thompson 

1965; Zimmerman 1965). Seasonal differences in diet appear to be 

small. Bailey (1924) found that meadow voles commonly consumed the 

new shoots of graminoids in the spring, the inner hearts of grass 

bases in early summer, seeds of various graminoids in the fall, and 

the bases, sprouts, roots and bulbs in the winter. The summer diet 

may also be augmented by flowers, leaves, and fruits of forbs and 

low s.hrubso Thompson (1965) and Zimmerman (1965) have both con­

ducted more detailed studies of the feeding habits and preferences 

oft his vo 1 e • 

Based on feeding trails, Thompson (1965) found that white 

clover was the most preferred food of M. pennsyZvanicus in Mi.nnesota. 

Alfalfa and red clover were next in rank followed by dandelion, 



Figure 3. The distribution of M. pennsyZvaniaus (meadow vole) in Canada and in North 
America (inset). (Modified from Banfield [1977], Map 87.) 
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horsetails and a number of adventive grasses (in order of decreasing 

preference, Kentucky bluegrass, common timothy, smooth brome grass, 

short-awn fox tail, quack grass and reed canary grass) • . Native 

monocots and native boreal and bog plants were the least preferred 

foods of the 30 species offered during the preference trials. 

Zimmerman (1965) examined the stomach contents of M. 

pennsylvanicus collected in Indiana and, on the basis of percent 

volume, rated Poa compressa as the most common food species (a mean 

of 32.1%). Other important food species included Panicum capillare~ 

MUhlenbergia sobolifera~ Plantago lanceolata and Achillea mille­

folium. Comparing the frequency of occurrence of each plant species 

in the collection area to the volume consumed, Zimmerman (1965) 

concluded that meadow voles most often consume those plants which 

are most abundant, particularly if they are green and succulent. 

Insects and fungi are also consumed in small amounts 

(Bailey 1924; Zimmerman 1965) and the cambium of woody plants is 

included in the diet during some winters (Bailey 1924; Jameson 1955; 

Zimmerman 1965). The consumption of bark by meadow voles is 

supposedly highest during periods of food scarcity (Bailey 1924). 

Microtus agrestis~ the European ecological equivalent of the meadow 

vole in North America, commonly consumed bark only when food 

supplies were 1 imited (Hansson 1971; Larrson and Hansson 1977). 

Hansson (1971) showed in a laboratory experiment that no girdl ing 

occurred when preferred carbohydrates were available suggesting 

that barking of young trees is indicative of nutritional stress 

(i.e.·, a shortage of nutrients in more commonly consumed graminoid 

and herb species). 

Grant (1978) examined dispersal tendencies of M • 

. pen~sylvanicus in relation to the carrying capacity of a grassland 

area in Quebec. The weekly energy requirements of the study popula­

tion never exceeded 1% of the standing crop of grass and was usually 

0.1%. However, sodium and phosphorous were 1 imited in the food 
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supply. By feeding selectively and/or copiously (on foods rich in 

sodium and phosphorous), voles could compensate for these nutrient 

deficiencies (Grant 1978). In doing so, Grant (1978) estimated that 

voles consumed only 10% of the standing crop during the summer. 

During the winter, however, consumption of grasses sufficient to 

fulfill both the energy and nutrient requirements of the vole 

population approached 100% of the standing stock of grass. Thus, 

meadow vole populations in grassland situations may regularly 

undergo periods of nutrient stress during the mid-to late winter. 

Grant (1978) suggested that dispersal from M. pennsyZvanieus 

populations increases as the Inutrient l carrying capacity of an 

area 1s approached. 

3.3 HABITAT UTILIZATIQN 

The distribution of M. pennsyZvanieus has. been shown to 

be closely related to the type and amount of vegetative cover. 

M. pennsyZvanieus most commonly occurs 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 aZ. 1967; Wrigley 1969; Grant 1971.a; 

Hodgson 1972). Hodgson (1972) examined the local d1stribution of 

Me pennsyZvanieus in nine different habitat types in Montana. 

Densities were highest in grass-sedge meadows (6.78 voles/IOO trap'" 

nights [TN]), followed by mesic grasslands (5.25 voles/IOO TN), 

forb-dominated areas (2.00 voles/IOO TN), grass-forb dominated areas 

(1.84 voles/IOO TN)~ aspen groves (0.67 voles/IOO TN) and dry grass­

lands (0.27 voles/IOO TN). No mefdow voles were captured in sagebrush 

areas, coniferous forest or mountain parkland. However, M. penn­

syZvanieus is able to and does occupy 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). 
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Some plant species appear to affect the local d.istribution 

of the meadow vole. Hodgson (1972) reported that M. pennsyZvanicus 

favoured habitats dominated by Bromus marginatus, DactyZis gZomerata 

and Poa pratensis. Areas of abundant Medicago sativa also supported 

high densities of this vole. Hoffman (1960) found densities of 

M. pennsyZvanicus to be highest in habitats dominated by Carex spp. 

Zimmerman (1965) found a positive association between the density of 

Poa compressa and MUhZenbergia soboZifera and densities of M. 

pennsyZvanicus. M'Closkey (1975) found that the habitat favoured by 

meadow voles was composed primarily of Agropyron trachycauZum. 

The dens ity of ground cover and structure of the canopy 

also influences M. pennsyZvanicus populations. Eadie (1953) showed 

that areas of a grassland in New York with high indices of mouse 

density had almost double the amount of ground cover (by weight) 

of areas with low indices of mouse density. Birney et al. (1976) 

found that densities of Microtus sp. were directly related to the 

amounts of vegetation cover and suggested that a threshold level 

of vegetation cover was necessary before cyclic fluctuations in 

population densities could occuro Wirtz and Pearson (1960) offered 

meadow vores a choice of a simulated grassli'lnd habitat or a 

simulated Solidago-dominated habitat and found that most animals 

chose the grassland habitat. Hodgson (1972) found that 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 plant biomass greater than 700 g/m2 or with 

herb-shrub cover greater than 85% appeared to be the most favourable 

habitats. Zimmerman (1965) concluded that the optimum habitat of 

M. pennsyZvanicus .was those areas where grasses formed 50% or more 

of the vegetation and cover was fair to good. 

LoBue and Darnell (1959) showed that abrupt changes in 

amounts of cover led to rapid changes in the local distribution of . 

meadow voles. In an area consisting of a plowed field and edge 



21 

areas, M. pennsylvanicus was restricted to areas of dense cover 

during the spring but, as the crops developed in the field, they 

gradually utilized larger portions of this area. However, following 

the cutting of the field crop in the fall, M. pennsylvanicus showed 

a negative response to reduced cover and restricted their movements 

to the edge areas. 

Soil moisture and composition can, of course, affect small 

mammal distribution indirectly through influences on vegetation. 

Several studies have also indicated that local distributions of 

small mammal s can be di rectly affected by soi 1 propert ies. Mi ller 

(1969) showed that the distribution of M. pennsylvanicus in Indiana 

was associated with areas of greater amounts of soil moisture. 

AUmann and Emlen (1965) suggested that peak densities of microtine 

rodents were correlated with the relative abundance of sodium in 

the soil--as sodium levels increased, higher peak densities were 

attained. Krebs etal. (1971), however, found no signiHcant 

relatronships between percent organic matter,calcium, magnesium, 

phosphorous or sodium levels of soils and peak densities or mean 

densitIes of M. pennsylvanicus. However, 38% of the variation in 

peak dens i ties of M. pennsylvanicus cou 1 d be exp I a i ned by d iffe rences 

in soil pH and potassium levels. Krebs et ale (1971) suggested 

that soil nutrients per se were not significant to voles but that 

nutritional differences in plants, resulting from differences in 

the soil, could influence population densities. 

Interspecific competition with other small rodent species 

may affect local distribut ions of M. pennsylvanicus. In Quebec, 

Grant (1970, 1971a) showed that isolated groups of M. pennsylvanicus 

in enclosures preferred grassland habitat to woodland areas--movement 

into woodland areas occurred only when densities of meadow voles in 

the grassland exceeded densities of 168-198 voles/ha. Morris and 

Grant (1972), however, showed that C. gapperoi in aspen groves in 

Saskatchewan excluded M. pennsylvanicus from woodland areas. It 

would appear that M. pennsylvanicus normally occupies grassland 
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areas (by choice) but density-dependent dispersal may occur into 

woodland habitats. Occupation of woodland areas would then be 

possible only when C. gapperi are absent or in low numbers. In 

southern areas of its range, Findley (1954) and Miller (l969) 
suggested that compet it ion wi th Microtus ochrogaster and Microtus 

montanus restricted M. pennsyZvanicus to the hydrosere community. 

A more recent study by Krebs (1977), however, suggested that 

M. pennsyZvanicus and M. ochrogaster coexist in Indiana grassland 

with I ittle interspecific competition. 

3.4 DEMOGRAPHY 

3.4. I Reproduction 

The breeding season normally commences in late March to 

early April and terminates in September or October (Coventry 1937; 

Gunderson 1950; Getz 1960; Beer and Macleod 1961; Krebs et al. 1969; 

Wrigley 1969; Iverson and Turner 1976). Getz (1960) suggested that the 

onset of breeding in spring was related to the appearance of new 

green food. The length of the breeding may vary depending on the 

weather conditions, availability of food and phase of the population 

cycle. For example, Cole and Batzl i (1978) provided high qual ity 

food to a population of M. ochrogaster and found that breeding 

intensity (e.g., length of breeding season, percentage of males and 

females in breeding condition, pregnancy rates) increased. Winter 

breeding by this species has been reported in Indiana (Corthum 1967; 

Krebs ~t aZ. 1969; Tamarin 1977), in Manitoba (Iverson and 

Turner 1976) and in Minnesota (Beer and Macleod 1961). Banfield (1977) 

suggested that winter breeding may occur if good qual ity food was 

abundant and if snow conditions were good (i.e., a well-developed 

subnivean layer). Krebs et aZ. (1969) and Tamarin (1977) reported 

winter breeding (or an extended summer breeding period) only during 

the population increase--reproductive effort decreased just prior to 
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. 
the population peak and continued to decrease during the peak period 

and the population declineo Tamarin (1977) found that only older 

animals tended to breed when winter breeding occurred. 

Females are polyestrous and post-partum mating is common 

(Hoffman 1958; Hasler 1975). Gestation is 21 days with embryos 

becoming visible by the sixth day after conception (Hamilton 1941b; 

Hoffman 1958). Young born in the first or second I itter of each 

year are capable of reproducing--females may breed for the first 

time at an age of 25 days, males may breed at an age of 35-45 days 

(Hamilton 194Ib). Young females may produce two litters in their 

first summer (Iverson and Turner 1976). 

3.4.2 Li tter Size 

Unlike c. gapperi~ M. pennsylvanicus does not show a 

significant relationship between litter size and latitude (Innes 

1978). Litter sizes of various populations of M. pennsylvanicus 

are summarized in Table 2. Litter size in microtines, however, 

does appear to be related to body weight, age of females, season 

and food supplies. Larger females (hence older females) have been 

shown to produce large 1 itters (Beer et al. 1957; Ke II er and Krebs 

1970; Iverson and Turner 1976; Anderson and Boonstra 1979 [for 

Microtus townsendi]) 0 Litter sizes also tend to be larger in the 

spring and decrease in size throughout the summer, with winter 

I itters (if they occur) being the smallest (Kott and Robinson 1963; 

Keller and Krebs 1970; Iverson and Turner 1976; Anderson and 

Boonstra 1979). This may be a real seasonal effect or may simply 

reflect the recruitment of young females i~to the breeding population 

as the summer progresses. (Because young females produce smaller 

I itters, their inclusion in mean litter sizes for late summer would 

tend to lower the mean for that period.) Cole and Batzli (1978) 

found that the litter sizes of a M. ochrogaster population provided 

with supplemental food tended to be larger than I itter sizes in 



Table 2. litter sizes of M. pennsylvanicus (based on Innes [1978]; Tables I and 2). 

No. of 
months 

Duration of the latitude 
of study year Elevation, Mean Embryos2 or 

Species Source in years sampled l m litter size Range n live births 3 

M. pennsylvanicus Beer and ' Macleod 1961 3 12 45 40 290 5.70 I - I I >100 E 

Christian and Davis 1966 4 7 40 01 213 4.25 51 E 

Connor 1960 2 6 42 30 168 5.31 2-10 13 E 

Corthum 1967 I I 39 28 183 4.46 1-9 153 E 

Corthum 1967 39 28 183 4.18 51 l 

Coventry 1937 47 02 305 4.35 3-7 23 E 

Coventry ,1937 7 43 45 152 5.83 3-9 18 E 

Criddle 1956- 23 10 49 43 351 5.03 1-9 246 E N 
.t:-

Goin 1943 2 2 41 34 373 5.73 1-8 19 E 

Hami I ton 1937a 17 42 29 229 6.30 24 l 

Hami lton 1937b 4 12 42 29 229 5.07 1- I I >100 E 

Harris 1953 3 4 38 23 15 3.65 19 E 

Iverson and Turner 1976 6 10 50 07 274 3.82 I - I I 312 E 

Keller and Krebs 1970 3 12 39 10 265 4.54 152 E 

Kott and Robinson 1963 5 5 43 45 152 4.90 1-8 124 l 

Kott and Robinson 1963 5 4 43 45 152 5.60 1-8 37 E 

Smith and Foster 1957 5 4 58 45 15 6.90 4-12 17 E 

Townsend 1935 (cited in 
Innes [1978]) 3 3 43 15 168 5.07 2-9 41 E 

Wrigley 1969 5 (Quebec) 5.80 4-9 II E 

The number of months of the year in which pregnant females were sampled. 

E = litter size estimate based on counts of embryos. 
3 l = 1 itter size estimate based on counts of live young. 
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the control populationo Hoffman (1958) reported that litter sizes 

of Microtus californicus and M. montanus were inversely related to 

population density and suggested this was a means of damping 

population fluctuations. Krebs and Myers (1974), however, reviewed 

a number of studies of 1 itter size in microtine rodents and found 

no conclusive evidence to substantiate Hoffman's (1958) claim. 

3.4.3 Sex Ratio 

Males are typically more abundant than females in popula­

tions of Mo pennsylvanicus (Blair 1940; Beer et al. 1958; Getz 

1960; Myers and Krebs 1971a, b; Krebs and Myers 1974) but in almost 

all cases differences from equality are not significant. Some studies 

have found seasonal trends in changes of sex ratios. Getz (1960) 

found that sex ratios were usually near 1:1 but the proportion of 

males (in marsh habitat) increased in March of each year. Iverson 

and Turner (1976) reported a predominance of females from July to 

September (0.40-0.49 males) whereas males predominated from October 

to June (0.51-0.59 males). Tendencies for sex ratios to favour 

males are usually attributed to higher ranges of movement of 

males (Blair 1940; Beer et al. 1958; Getz 1960; Myers and Krebs 

1971b)o Myers and Krebs (1971b) also showed that over a long period 

of time resident populations tended to show a slight but not 

significant deficiency of males whereas dispersing populations showed 

a slight but not significant excess of males. They also considered 

the effects of secondary sex ratio, differential survival, 

differential trappability and differential growth on sex ratios of 

M. pennsylvanicus populations in , Indiana. Male voles survived less 

well than females but because of higher growth rates and greater 

ranges of movement were more likely to be captured as adults (Myers 

and Krebs 1971b). 
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3.4.4 Densities and Population Fluctuations 

Populations of M. pennsylvanicus undergo wide fluctuations 

in number and periodic outbreaks or plagues of this and related 

species have been known for thousands of years (Elton 1942; Krebs 

and Myers 1974). Based on a review of long-term population studies 

of microtine rodents, Krebs and Myers (1974) concluded that most 

microtines undergo cyclic fluctuations in population size and that 

these cycles occur regularly over a period of three to four years. 

Population cycles occurred once every three years in a meadow vole 

population studied by Bole (1939, cited in Tamarin 1977). Krebs 

et al. (1969) found that M. pennsylvanicUs populations in Indiana 

underwent two-year population cycles but attributed this short 

cyclic behaviour to influences of nearby agricultural areas. 

Tamarin (1977) reported three to four y~ar density cycles in 

M. pennsylvanicus populations in Massachusetts. 

Densities of meadow vole populations during population 

lows and highs show considerable variabil ity. Bole (1939, cited 

in Tamarin 1977) reported peak densities of 583 voles/ha. Maximum 

densities of 26-74 voles/ha were reported by Blair (1948)0 Getz 

(1960) reported densities of 6-18 voles/ha in old field habitat 

and 18-63 voles/ha in marsh habitat in Michigan during a 2-year 

study. Another study of meadow vole populations in Michigan 

reported an increase from a low of 6 voles/ha to a high of 140 

voles/ha (Golley 1961). Over a three year period in Indiana, 

populations of M. pennsylvanicus on three control areas showed 

peak population densities varying from 53-163 voles/ha and decl ined 

to lows of 3-19 voles/ha (Krebs et al. 1969; Myers and Krebs 1971a). 

Notably, meadow vole populations in 0.8 ha fenced grids ' (Krebs et al. 

1969) where dispersal was prevented reached densities of 388 voles/ha. 

Tamarin (1977) reported peak densities of 160-181 voles/ha and low 

densities of 2-23 voles/ha in two M. pennsylvanicus populations in 

Massachusetts. 
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Detailed studies of cyclic fluctuations of M. pennsyl­

vanicus populations have indicated that a characteristic set of 

changes in reproduction and mortality are associated with the cycle 

(Krebs 1970; Schaffer and Tamarin 1973; Krebs and Myers 1974; 

Tamarin 1977). Krebs and Myers (1974) summarized these changes as 

fo 11 ows: 

1. Reproductive rates are highest in the increase 

phase resulting from a longer breeding season 

including winter breeding and a .lower age at 

sexual maturity . In the peak and decline 

phases, reproductive rates are reduced. Litter 

si2e, pregnancy rates and sex ratios do not 

appear to change systematically with the cycle. 

2 . Mortality rates in all sexes and age groups 

are lowest in the increase phase f remain low 

during the peak but sharply increase in the 

decline phase. Juvenile mortal ity is very 

high during the decline. 

3. Prenatal mortality varies over the cycle but 

is not a major causatiVe factor of the decline. 

4. D i spersa 1 is mos t frequent from i ncreas i ng 

populations but is uncommon from declining 

populations. 

5. Adult animals in peak popula t ions are typically 

larger. 

6. Changes in allel ic frequency at marker loci occur 

in association wit~ density fluctuations. 
! : 

7. Aggressive behaviour of males and females 

increases with increased density. 

Krebs (1970) proposed that population changes in control 

populations were influenced primarily by four variables--reproductive 

rates, juvenile survival (number of young recruiting to the trappable 

population per lactating female), male survival, and female survival 
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(survival included both mortality andemigration)o Using multiple 

regression analyses, Krebs (1970) found that reproductive rates, 

early juvenile survival and female survival were significantly 

correlated with population growth. Voles in increasing populations 

tended to survive well and reproduce rapidly whereas those in peak 

populations tended to show poor reproductive success and low juvenile 

survival (Keller and Krebs 1970) 0 During the decl ine, female 

survival, reproductive rates and juvenile survival continued to 

decrease. Population cycles of M. pennsylvanicus thus appear to 

involve complex interactions between several factors and affect 

all age groups. 

3.5 DAMAGE POTENTIAL 

Vo I es of the genus Microtus are cons ide red to be one of 

the major small rodent pest species in North America and Europe. 

Bailey (1924) reported severe damage by M. pennsylvanicus to 

agricultural crops and to young trees in years of peak population 

densities. Banfield (1977) cites an example of a moderate 

population of meadow voles consuming as much as one ton of hay per 

year from one hundred acres of a I fa !fa. Hansson (1971, 1975) and 

Larsson (1975) reported extensive damage by voles to young trees in 

afforestation areas in Sweden. Similar types of damage have been 

noted in tree farms in the eastern United States (Littlefield 

et aZ. 1946; Jokela and Lorenz 1959; Sartz 1970), in Oregon 

(Black et aZ. 1969), in Manitoba (Cayford and Haig 1961; Buckner 

1970); and in Ontario (Von Althen 1971; Radvanyi 1974, 1976). 

The consumpt ion of the Icamb,i um I ayer of the bark and the 

resulting girdling or barking of trees by M. pennsyZvanicus have been 

shown to or are believed to have I imited afforestation programs in 

North America (Jokela and Lorenz 1952; Cayford and Haig 1961; 

Buckner 1970; Radvanyi 1976, 1978). As discussed earl ier, bark 

consumption by microtines is believed to be indicative of nutritional 

stress--when food of adequate nutritional and energy content is 

available, bark consumption is greatly reduced (Hansson 1971). 
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4. PEROMYSCUS MANICULATUS 

4.1 DISTRIBUTION 

Peromyscus manicuZatus, the deer mouse, is one of the 

most widely distributed small rodent species in North America 

(Figure 4)--it ranges from the Atlantic to Pacific coasts and 

from the Mexican plateau north to the vicinity of the treellne 

of Canada. Notably, P. manicuZatus is absent in Newfoundland. 

P. manicuZatus is a highly plastic species (Baker 1968; Blair 

1968) and occupies many ecological niches throughout its range. 

Banfield (1977) describes 32 subspecies in Canada, many of which 

differ in size, length of appendages and colour. Baker (1968) 

classified the North American species according to two 

morphological types: short eared, short-tailed and short·,,;.footed 

groups common to open habitats; and long-eared, long-tailed and 

long-footed groups occupying woodlands and brushlands. Deer 

mice are nocturnal and, like most North American cricetid species, 

remain active all winter. Unlike voles, however, they are often 

active above the snow and do not build extensive systems of 

subnivean tunnels. Banfield (1977) considered the deer mouse to 

be an important prey species of owls, weasels and foxes as well as 

an important predator of insect species deterimental to regenerating 

and mature forests. 

4.2 FOOD HABI TS 

Fall and Winter Diets 

During the fall and winter, seeds and fruit of trees and 

shrubs are the most important food items of populations in forested 

areas (Jameson 1952; Will iams 1959; Baker 1968; Gashwiler 1969; 

Drickhamer 1970; Dyke 1971; Everett et aZ. 1978) while seeds of 

grasses, herbs and in some cases commercial grain species are the 

most important food items of populations in more open, unfor~sted 

areas (Hamilton 1941a; Brown 1964; Frischknecht 1965; Whitaker 1966). 



Figure 4. The distribution of P. maniauZatuB (deer mouse) in Canada and in North America 
(inset). {Modified from Banfield [1977], Map 70.) 

\.AI 
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In forested areas, seed of coniferous species such as white spruce 

(Radvanyi 1970a) and Douglas Fi r (Gashwi ler 1969; SuI I ivan 1978a, b) 

have been found to be common foods in the late fall to early 

spring period--Will iams ' (1959) reported that 38%-79% of the diet 

of deer mice in Wyoming and Colorado consisted of the integument of 

coniferous seed. In the Northwest Territories, Dyke (1971) found 

that fruits of Canadian buffalo-berry, wild strawberry, wild red 

raspberry and bastard toad flax comprised most of the late fall 

diet. Arthropods and overwintering fruits of bog cranberry, 

common bearberry and wild rose were also eaten to a lesser degree. 

Jameson (1952) found that deer mice would also browse on needles of 

various conifers during periods of deep snow (which results in poor 

food availability). 

4.2.2 Spring and Suriuiler Diets 

In spring, newly sprouting seeds, leaves and overwintered 

fruits became more common in the diet. By late spring, however, 

insects became increasingly more important in the diet (Jameson 

1952; Williams 1959; Brown 1964; Gashwiler 1969; Dyke 1971). In 

the four years of his study, Dyke (J971) found that arthropods made 

up at least 90% of the diet in late May to July of each year. 

Wi lliams (1959) and Brown (1964) found insects composed 8-28% and 

34% of the summer diet by volume, respectively. Whitaker (1966) 

reported that 15.4% of the diet , of P. maniculatus in New York 

was composed of lepidopterous larvae. Berries, fruits and seeds 

of grasses, shrubs and trees are used as they become available and 

gradually comprise more of the diet in the late summer and early 

fall (Hamilton 1941a; Jameson 1952; Brown 1964; Frischknecht 1964; 

Whitaker 1966; Gashwiler 1969; Dyke 1971). Leaves may also be 

consumed in the fa II (Jameson 1952). Fung i when abundant may form 

a large part of the diet--Williams and Finney (1964) found that 

8-92% of the diet of P. maniculatus in Wyoming and Colorado was 

made up of the fungi Endogone. Limited use of fungi by P. maniculatus 

has been reported by Jameson (1952), Dowding (1955) , Bakerspigel 

(1958), Whitaker (1962) and Dyke (1971). 
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4.2.3 General Food Habits 

The food habits of P. maniculatus can best be described 

as opportunistic and omnivorous (Jameson 1952, 1955). Generally 

seeds and arthropods are the most important items in the diet. 

Long-term studies of the feeding habits of this species by Jameson 

(1952), Williams (1959) and Dyke (1971) have clearly indicated 

that there are regular seasonal shifts in the types of foods eaten 

and that variations in the quality and quantity of food in different 

habitats greatly affect the composition of the diet. For example, 

Dyke (971) found that P. maniculatus populations depended on over­

wintering fruits during the winter but, in years of fruit crop 

failures, readily utilized insects. Local food shortages were 

overcome by more extensive foraging excursions. 

4.3 HABITAT UTILIZATION 

P. maniculatus is a widely distributed species and shows 

few restrictions in habitat use (Williams 1955; Rickard 1960; 
Baker 1968)0 Based on an extensive survey of small mammals in 18 
habitat types in the southwestern Yukon, Krebs and Wingate (1976) 
calculated standardized niche breadth estimates for eight species 

of cricetid rodents and found that P. maniculatus had the largest 

niche breadth. The species is chiefly an inhabitant of woodlands 

and brushlands but it does occur in open areas such as grasslands 

or early successional areas. In the latter habitats it is usually 

second in abundance to Microtus sp. (Baker 1968) 0 

Relatively high densities of P. maniculatus in forested 

areas have been reported by Hoffman (960), Iverson et al. (1967), 

Sheppe (1967), Baker (1968), Wrigley (1969), Dyke (1971), Grant 

(1971b), Richens (1974), Lovejoy (1975), and Krebs and Wingate 

(1976). In Washington State and Idaho, Hoffman (1960) reported 

the highest densities of P. maniculatus in cedar-dominated stands 

with various understories and in Ponderosa pine forests with 

Agropyron-dominated ground cover. In Quebec, Wrigley (1969) 
captured most deer mice in mature, damp, mixed deciduous-coniferous 
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forests although moderate densities were noted in second growth 

hardwoods and coniferous forests. Richens (1974) similarly noted 

a preference for mixed-woods by deer mice in Maine. Hardwoods 

were also preferred whereas softwood forests and open areas were 

not. Krebs and Wingate (1976) found that P. manicuZatus was most 

common in closed spruce forests with buffalo-berry understory 

followed by beach ridge areas, closed spruce forests, aspen woods, 

closed spruce-aspen forests and balsam poplar forests with 

buffalo-berry understory. Moderate to low numbers of P. manicuZatus 

were also captured in grass-fireweed meadows, spruce-birch forests, 

Dryas drummondi flats, closed spruce forests with moss or willow 

understory, and willow scrub. 

In much of the north-central United States, P. manicuZatus 

is also a common resident of prairie habitats (Hays 1958; LoBue and 

Darnell 1959; Wecker 1963; Brown 1964; Iverson et aZ. 1967; Beck 

and Vogl 1972). Wecker (1963) studied the habitat preferences of 

this ecotype by introducing animals into field exclosures that 

contained approximately equal proportions of grassland and forest 

habitat. Animals that had been raised in a laboratory colony for 

several generations and animals from natural field situations both 

showed a preference for grassland habitat. Early experience thus 

did not appear to affect habitat preferences. Wecker (1963) 

suggested that habitat preferences of some P. manicuZa-tus ecotypes 

are hereditary--early experience can reinforce these preferences 

but is not a necessary prerequisite. 

A number of studies have suggested that disturbed areas 

such as post-burn or post-logging successional areas are more 

readily utilized by P. manicuZatus than forest sites (Williams 1955; 

Tevis 1956a, b; Gashwiler 1959, 1970; Ahlgren 1966; Lawrence 1966; 

Hooven 1969, 1973; Sims and Buckner 1973; Krefting and Ahlgren 

1974; Hooven and Black 1976; Martell and Radvanyi 1976). Recently, 

however, several detailed studies of small mammal populations in 

disturbed sites and natural forest habitats have indicated there 
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are very few differences in the numbers of mice in these areas 

(Petticrew and Sadl ier 1974; Lovejoy 1975; Sull ivan 1978a). 

Sullivan (1978a) points out that most of the authors that indicated 

that densities of deer mouse populations on disturbed sites are 

higher than in adjacent forested areas have based their conclusions 

on relatively short trapping programs in the fall. Because 

recruitment to disturbed areas has been found to be highest in 

the fall (Petticrew and Sadl ier 1974; SuI 1 ivan 1978a), short 

fall trapping programs provide biased estimates of population 

densities in these areas. Petticrew and Sadl ier (1974) and 

Sullivan (1978a) studied several populations of P. manicuZatus in 

disturbed and forested sites for 3-4 year periods and showed that, 

although recruitment to disturbed areas is high, overwinter mortal ity 

and rates of emigration from these disturbed areas are also much 

higher than forested areas. Thus by spring, population densities 

on forested and disturbed areas are actually quite similar--however, 

the turnover of animals on disturbed areas is more rapid. On the 

basis of this rapid turnover of animals, Sull ivan (1978a) suggests 

that disturbed sites are actually less preferable to forested 

areas--food supplies and cover would be 1 imited and animals would 

be more vulnerable to predation. 

It has been suggested that food availability influences 

habitat preferences and use of P. maniculatus. Fairbairn (1978) 

suggested that seasonal changes in habitat suitability may be 

associated with a changing pattern of food availability. She found 

that major seed and fruit producing plants tended to be concentrated 

in low, moist areas during the summer in coastal forests of 

southwestern British Columbia. Thus preferred foods and cover 

were localized in distinct areas. However, these areas became 

saturated with water and flooded quickly during the winter 

rainy season. Thus the best food suppl ies and nest sites would be 

in better drained areas of the forest during the late fall and 

winter. Dyke (1971) similarly found that food availability and 
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cover were important factors in the local distribution of P. 

manicuZatus in the Northwest Territories. 

Interspecific competition (as previously discussed for 

C. gapperi and M. pennsyZvanicus) has also been shown to be an 

important determinant of habitat use by P. manicuZatus. Grant 

(1971b) i nt roduced P. manicuZatus and M. pennsyZvanicus to 

exclosures containing grassland and woodland habitat. By itself, 

P. manicuZatus was initially trapped only in the woodland area but, 

as recruitment occurred, animals began to inhablt the grassland 

areas. However, in the presence of M. pennsyZvanicus, Po manicuZatus 

rarely entered the grassland area. Based on these and several 

successive introductions, Grant (1971b) concluded that Po 

manicuZatus normally chose woodland habitats but, when deer mouse 

densities reached 'saturation ' levels, intra~pecific competition 

forced animals out into the grassland. However, in the presence 

of high density populations of M. pennsyZvanicus, P. manicuZatus 

were totally excluded from grassland habitats. Thus the presence 

of P. manicuZatus populations in grassland areas reflect density­

dependent effects of intraspecific and interspecific interactions. 

Studies of sympatricP. manicuZatus and Microtus oregoni populations 

in British Columbia also suggested that interspecific interactions 

affect the local abundance of P. manicuZatus (Petticrew and Sadl ier 

1974; Taitt 1978). 

404 DEMOGRAPHY 

4.4.1 Reproduction 

Female P. manicuZatus are seasonally polyestrous. The 

vulva is normally sealed during the winter anestrous period 

but becomes perforate with the onset of breeding in spring 

(Banfield 1977). Like many small rodent species, P.manicuZatu8 

shows highly variable breeding seasons. Male and female P. 

manicuZatu8 typically become reproductively active in March to 
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April of each year (Jameson 1953; Beer et al. 1957; Dunmire 1960; 

Sheppe 1963; Vaughan 1969; Wrigley 1969; Sadl ier et al. 1973; 

Sadlier 1974; Fairbairn 1977a, b; Sull ivan 1977). Jameson (1953) 

reported slightly earl ier onsets of breeding in some years in 

California whereas Fuller (1969) first reported breeding activity 

in P. maniculatus in the Northwest Territories in early May. 

Vaughan (1969) found that P. maniculatus in alpine areas of 

Colorado did not become reproductively active until just after 

snowmelt. Sullivan (1977) noted large differences in the onset 

of breeding in populations of P. maniculatus on two islands and 

the mainland in British Columbia and attributed these to differences 

in food availability and aggressive (territorial) behaviour in 

each popUlation. 

Males generally cease breeding in late July to August 

and females cease breeding in mid-August to September (Jameson 

1953; Beer et al. 1957; Dunmire 1960;Sheppe 1963; Vaughan 1969; 

Wrigley 1969; Sadl ier et al. 1973; Sadl ier 1974; Fairbairn 1977a, 

b; Sul1 ivan 1977)0 Again some variation was noted within local ities 

and between widely separated geographic locations (Jameson 1953; 

Sheppe 1963; Sadl ier 1965, 1974; Canham 1969; Fairbairn 1977a). 

Limited winter breeding in deer mice has been reported by Brown 

(1945), Jameson (1953) and Dunmire (1960)0 

Dunmire (1960) examined altitudinal effects on the 

reproductive activity of P. maniculatus in Cal ifornia. Populations 

at lower altitudes were characterized by two main breeding 

seasons in the spring and fall; mice at mid-altitudes bred 

throughout the spring and summer, and mice in the highest study 

area bred only in the late summer and early fallo 

Gestation in P. maniculatus is approximately 23 days 

(Svihla 1932, cited in Beer et al. 1957; Layne 1968). Post-partum 

mating is common although implantation may be delayed during lactation 

(Jameson 1953). Promiscuity is common in wild P. maniculatus-­

Birdsall and Nash (1973) found conclusive evidence that II of 107 
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1 itters tested had more than one male parent. Young females of the 

first litter of the season may breed and produce on~ and possibly 

two 1 itters in their first summer (Jameson 1953; Fuller 1969; 

Vaughan 1969; Wrigley 1969; Iverson and Turner 1976). 

Annual variations in the length of the breeding period 

appear to be associated with food ayailabil ity and weather. 

Sadl ier et aZ~ (1973) suggested that female P. manicuZatuswere 

unable to obtain sufficient food during the winter to maintain 

themselves and breed as well and as a result remained reproductively 

inactive during times of energy stress. The onset of breeding 

in spring was found to be related to environmental cues--both 

day length and increasing temperatures were important (Sadl ier et aZ. 

1973). Food abundance, however, strongly affected the influence 

of temperature and day length on the onset of breeding. Thus if 

temperatures were above normal but food was still 1 imited, reproduc-. 

tion was delayed. Experimental increases in food supplies of 

Peromyscus spp. have clearly shown that reproductive ac~ivity is 

related to food suppl ies. Provision of supplementary food suppl ies 

in the winter or early spring resulted in sharp increases in 

reproductive activity and early maturation of young animals (Fordham 

1971; Hansen and Batzl i 1978; Taitt 1978). Taitt (1978) found that 

the addition of supplemental food enabled mice to breed earl ier and 

for longer periods despite poor weather. This suggests that energy 

limitation is a major influence in reproductive actJvity and that 

female P. maniculatus restrict reproduction to the most favourable 

seasons when food is more abundant. 

Fairbairn (1977a) found that some female P. manicuZatus 

consistently attempted to breed before conditions were suitable. 

Over the two and half years of her study, some females always 

attempted to breed in late winter to early spring. Of these 

early breeding females, only 25% survived to the first six weeks 

of the breeding pe~iod whereas 69% of the non-breeding females 
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survived this period. The strategic disadvantage of poor survival 

(from an evolutionary point of view) was thought to be offset by 

the occasional high productivity (number of offspring produced per 

breeding season) of early breeders when their early breeding 

efforts were successful (Fairbairn 1977b). 

Litter Size 

Litter sizes of P. maniculatus are variable but are 

usually within the range of four to six young per 1 itter (Table 3). 

Litter sizes in P. maniculatus have been shown to vary with the 

age of the female, with the season of the year, length of growing 

season and altitude. Jameson (1953) found that younger female 

P. maniculatus shed fewer ova than overwintered females (a mean 

of 3.8 vs 5.4, respectively). Rolan and Gier (1967) found that 

litter size increased from an average of 3.0 in young females 

to 5.3 in older females. However, 1 itter sizes of very old females 

were smaller than females in the previous age class. Beer et al. 

(1957} and Iverson and TUrner (1976) have noted similar trends. 

The latter study also reported higher fetal mortal ity rates in 

young mothers than in overwintered females. 

Jameson (1953) noted that 1 itters at the height of the 

breeding period (May) tended to be larger than 1 itters born early 

in the season. Fuller (1969), however, found that in years with 

late springs and delayed breeding 1 itters tended to be smaller. 

Spencer and Steinhoff (1968) reviewed geographic variations 

in 1 itter sizes of small rodents and found that P. maniculatus 

populations with shorter growing seasons (i.e., high latitudes or 

altitudes) tended to have large 1 itter sizes. Dunmire (1960) 

similarly found a positive correlation between altitude and 1 itter 

size in P. maniculatus in eastern California. 
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Table 3. litter sizes of P. maniau"latus. 

location of Mean Litter 
Species Source Study Area Size Range N Method l 

P. maniau"latus Beer et aL 1957 Minn. 2 5.86 3-12 251 C 
5.45 3- 8 251 PS 
5.32 2- 9 251 E 

Beer et aL 1957 Minn. 3 5.77 1-10 217 C 
5.25 2- 9 217 PS 
5.08 2- 9 217 E 

Birdsall and Nash 1973 Alberta 4.99 3- 7 100 l 

Brown 1945 Nebraska 3.114 2- 5 17 E 

Coventry 1937 Ontario 5.38 E 

Dunmire 1960 California 4 4.63 8 E 
4.01 19 E 
3.64 II E 
4.00 2 E 

Fuller 1969 Northwest Territories 5 5.57-5.58 233 PS 
5.33-6.10 109 E 

Howard 1949 Michigan 4. 28 25 l 

Iverson and Turner 1976 Manitoba 6 5. B 3- 9 22 PS 
5.8 1-10 26 E 

Man i toba 7 6.6 1-10 33 PS 
4.3 1- 7 7 E 

Jameson 1953 Ca Ii forn i a 4.6 96 E 

Price 1967 Michigan 3.8 2- 6 26 l 

Rolan and Gier 1967 Kansas 4.38 405 PS 
4.29 1- 7 405 E 

Sadl ier 1974 British Columbia 4. 52 57 PS 
4.52 57 E 

Scheffer 1924 Washington 5. I 0 48 E 

Sheppe 1963 British Columbia 5.50 2- 9 53 l 

Vaughan 1969 Colorado 5.9 2-10 34 PS 
5.6 2- 9 III E 

Wrigley 1969 Quebec 5.3 4- 7 18 PS 
5.6 3- 7 17 E 

IC=counts of corpora lutea; PS=counts of placental scars; E=counts of embryos; l=counts of young at 
birth. 

2means for P. m. graaili s . 

lmeans for P. m. aairdii. 

4means for animals from study areas at 3780 m, 2990 m, 2165 m and 1370 m, respectively. 

Srange of mean values for the three years of study shown. 

6means for adult animals only. 

' means for young-of - the-year females only. 
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4.4.3 Sex Rat io 

Males tend to be slightly more abundant than females 

in most populations of P. manicuZatus (Terman and Sassaman 1967; 

Terman 1968). Verts (1957) found that sex ratios of both juvenile 

and adult age classes favoured males. Sheppe (1963) noted a 

tendency for young males to outnumber young females but in adult 

age classes the ratio was close to equal ity. In older age classes 

females predominated, suggesting adult females 1 ive longer than 

males. Terman and Sassaman (1967) reviewed sex ratios of P. 

manicuZatuB populations obtained in the North American Census of 

Small Mammals (NACSM)--a mean sex ratio of 55.8% males was obtained 

which was significantly different f~om equal ity (P<O.OOI)o Fuller 

(1969) found sex ratios of P. manicuZatuB favoured males but at 

no time in the 4-year study did ratios vary significantly from 

equality. Redfield (1976) and Sull ivan (1977) found that sex 

ratios of P. manicuZatus on the Gulf Islands of British Columbia 

usually favoured males, but differences were not significant. 

Although few populations of Po manicuZatus show sex ratios 

significantly different from 1 :1, Terman and Sassaman (1967) found 

that the proportion of males (0.54) in 1 itters born in the 

laboratory significantly exceeded the number of females. Terman 

(1968) suggested that small differences in secondary sex ratios 

accentuated by the increased trappability of males (resulting from 

increased movements and larger home ranges) result in the observed 

slight predominance of males in the field situations. 

It is not clear if changes in sex ratios and population 

trends are related. Based on an analysis of NACSM data for 130 

trapping periods, over a two year period, Terman and Sassaman (1967) 

found that the proportion of males in a population and population 

density were negatively correlated. Fuller (1969), however, 

found the opposite trend in his study populations--as the population 

density increased so did the proportion of males. 
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4.4.4 Densities and Population Fluctuations 

Although populations of P. manicuZatus exhibit some features 

of cyclic fluctuations in density, they do not appear to undergo the 

regular changes in population density common to microtine rodents 

(Fuller 1969) but instead undergo an annual cycle in numbers. 

Typically, the number of mice reach a peak at the end of the breeding 

season followed by a slow decl ine throughout the non-breeding period 

(Petticrew and Sadlier 1974; Fairbairn 1977a). In more temperate 

areas, stress associated with cold fall periods with 1 ittle snow 

cover, long, cold winters, and spring meltoffappears to increase 

winter mortality (Fuller 1969). With the onset of breeding in 

spring, the population may decl ine further depending on the density 

of the overwintered-breeding population (Sadl ier 1965; Fairbairn 

1977a)o Densities of the spring breeding population are typically 

very low. The density of mice then increases gradually until the 

cessation of breeding when recruitment of juveniles to the population 

increased rapidly (Verts 1957; Petticrew and Sadl ier 1974; 

Fairbairn 1977a, 1978; Sullivan 1978a). Spring breeding densities 

and fall (non-breeding) densities are thus important in the yearly 

fluctuations of population density. 

Fuller (1969) found tha~ while late spring densities 

(3-9 mice/ha) were similar in the four years of his study, fall 

densities varied from 4 mice/ha in 1964 to 42 mice/ha in 1966. 

Petticrew and Sadl ier (1974) reported mean densities for breeding 

and non-breeding seasons of between 15.7-34.9 mice/ha and 7.8-33.8 

mice/ha, respectively for Po manciuZatus populations on their 

three control grids over the three years of their study. Sull ivan 

(1977) reported mean annual densities of 18.7 mice/ha on the mainland, 

22.0 mice/ha on Samuel Island and 43.5 mice/ha on Saturna Island 

in British Columbia. Spring densities of two study populations of 

P. manicuZatus near Vancouver, British Columbia varied between 

7-24 mice/ha; summer densities varied between 12-24 mice/ha and 

fall densities varied between 18-41 mice/ha (Fairbairn 1978). 
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Most long-term population studies of P. manieuZatus have 

been conducted in the coastal forests of southwestern British Columbia. 

Low density breeding populations in the early spring and higher 

density non-breeding populations appear to be typical of these 

populations. Sadlier (1965) suggested and Healey (1967) later 

confirmed that juveniles survive poorly and do not recruit to the 

population because they are competing with aggressive breeding 

adults (particularly adult males). Increased recruitment and 

improved juvenile survival in the fall was directly correlated with 

a decline in the aggressiveness of adult males (associated with 

the cessation of breeding activity) and resulted in a rapid 

increase in the population size. These results have been supported 

by more recent studies of population regulation in this species 

(Fai~bairn 1978; Taitt 1978). 

Fuller (1969) conducted a study of P. manicuZatus 

populations in the Northwest Territories from 1964 to 1966. Similar 

to coastal populations of P. manieuZatus~ spring densities were 

quite low. Rapid increases in population size occurred in August of 

each year except 1964 (the popUlation density was consistently low 

in 1964). This generally coincided with cessation of breeding in 

males supporting Sadlier's (1965) and Healey's (1967) hypothesis 

that male aggression (during the breeding period) 1 imited juvenile 

recruitment. However, most adult (overwintering) animals survived 

only to late July or August. Thus, if adult aggression does prevent 

juvenile recruitment, the death of adult animals would also allow 

increased juvenile recruitment. Fall densities were high in all 

years, but declined to low numbers by the next spring. 

factors related to the spring decl ine or reorganization 

(Fairbairn 1977a) are not as well defined as those related to 

the fall increase. Low breeding densities in the spring appear 

to be the result of overwinter mortality and a density-dependent 

decline in the early spring--large declines are associated with 
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high overwintering densities whereas I ittle or no decl ine in 

spring numbers is associated with low overwintering densities 

(Petticrew and Sadl ier 1974). 

Fordham (1971) provided supplemental food to a 

population of deer mice in the early spring and found that the 

number of females almost doubled while the number of males remained 

the same. This suggested that the numbers of males and females 

in the spring breeding population were determined differently. 

Petticrewand Sadl ier (1974) suggested that the number of breeding 

adult males was determined by agonisitic interactions. Aggressive 

interactions between adult males were common during this period 

and I ikely accounted for the reduced adult male survival. However, 

females that survived or immigrated were tolerated and the number 

of breeding females slowly increased. Recently Fairbairn (1977a) 

showed that males disappearing from the spring breeding populations 

were most often I ight-weight, subordinate animals suggesting that 

socially-motivated (i.e., aggressive behaviour) dispersal was the 

cause of the spring decline of adult males. The disappearance of 

females, however, appeared to be due to mortal ity of early-breeding 

females rather than to socially-motivated dispersal. 

Fairbairn (1978) suggested that resource availabil ity may 

affect social pressure (i.e., spacing behaviour) and that this in 

turn would determine spring breeding densities of adult males. 

Based on a series of experiments in which supplemental food suppl ies 

were made available or withdrawn at various seasons of the years, 

Taitt (1978) suggested that adult males defend a territory in the 

spring which wi II provide suffici 'ent food for them to gain weight 

and reproduce. She found that the size of male home ranges during 

the spring reorganization decreased when abundant supplemental food 

was providedo 

Food supplies during the spring reorganization thus appear 

to playa critical role in determining the density of breeding 
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adu1t ma1es. As discussed ear1 ier with respect to reproduction, 

food supp1ies a1so part1y determine the onset of breeding in a 

popu1ation (in association with day 1ength and temperature). 

Surviva1 of fema1es a1so appears to be affected by food supp1 ies-­

fema1e surviva1 of ear1y breeding fema1es was better in years with 

ear1y springs (Fairbairn 1977b) and supposed1y better food resources. 

4.5 DAMAGE POTENTIAL 

P. maniculatus is an important sma11 rodent species 

because of its importance as a major prey of some furbearers 

and raptors and its va1ue as a predator on some species of 

forest-damagfng insects. It is a1so important as a potentia1 

pest species because it is one of the major consumers of coniferous 

seed. Po maniculatusis considered to be one of the major causes 

of fai1ures to re-estab1ish forest cover by artifica1 seeding 

(Howard 1950; Jameson 1952; Nord 1965; B1ack 1969; Gashwi1er 1969; 

Radwan 1970; Radvanyi 1973; Everett et ale 1978; Su11 ivan 1978a, 

b, c). P. maniculatus . is not known to dest roy or damage trees or 

shrubs by consumption of bark (i.e., gird1ing) or by browsing. 

Because reforestation of c1eared areas by direct seeding 

techniques offers an economica1 a1ternative to more cost1y, 

seed1ing p1anting programs, numerous methods have been tried to 

protect seed from birds and rodents. To date, mechanica1 devices, 

chemica1 repe11ent seed coatings and poison baits have been most 

common1y used. Mechanical devices such as screens or fencing are 

obvious1y not suitab1e for 1arge-sca1e reforestation programso 

Various repe11ents have been shown to be of 1 imited va1ue in 

reducing seed consumption and have often had the additiona1 

disadvantage of 10wering the viability of the seed (Casebeer 1954; 

Kverno 1954; Spencer 1954; Radwan 1969, 1970; Radvanyi 1970b; 

Lindsey et al. 1974; Passof et al. 1974). Broadcast spraying of 

some poisons or ·the use .of poisoned baits has proved effective in 
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el iminating resident animals, but long-term control of rodent 

populations was not possible because of the rapid reinvasion of 

these areas by new animals (Gashwiler 1969; Radwan 1969; Morris 

1970, 1972; Radvanyi 1974). Poisons also are hazardous to non­

target species and their eventual fate in the environment is as yet 

unknown--thus care must be taken in their application o Evans (1974) 

and Sullivan (1978b) have discussed recent trends away from chemical 

control towards non-chemical methods of control. Methods of bio­

logical control appear to offer some means of long-term control of 

small mammal pest problems in reforestation programs (Green 1978b; 

Sullivan 1978b). 

Evans (1974) suggested that the use of 'sacrifice' 

foods (the broadcasting of preferred seeds or food in conjunction 

with broadcasting of tree seed) may provide a means of lessening 

small rodent predation on tree seed. Everett et aZ. (1978) 

conducted a series of seed preference tests to determine which 

seeds might be best used as sacrifice foods. Sull ivan (1978a, b) 

tested the use of sacrifice foods under field conditions as a 

means of control 1 ing small rodent seed predation o He used a 

mixture of conifer seed (Douglas fir seed) and alternative foods 

(sunflower seed and oat groats) which was evenly broadcast over 

the treatment area. Survival of Douglas fir seeds in the presence 

of these alternative foods was much greater than when Douglas fir 

was applied without sacrifice foods. Sullivan (1978a, b) 

suggested that seeding with mixes of conifer seed and alternative 

food should be carried out in early spring because (a) other seed 

predators such as birds or chipmunks are absent or inactive in 

clearcut areas from late October to early April, and (b) P. 

manicuZatus populations are also at their lowest densities in the 

early spring. Initial results suggest that the use of this technique 

should greatly increase the success of seeding as an afforestation 

technique (Sullivan 1978a). 
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5. TAMIASCIURUS HUDSONICUS 

5.1 DISTRIBUTION 

T. hudsonicus is a common inhabitant of the entire 

coniferous forest region and much of the deciduous forest region 

of Canada (Figure 5). The species has been the focus of detailed 

population studies in Alaska (Brink 1964; M. Smith 1968; Krasnowski 

1969; Streubel 1968; Modafferi 1972; Nodler 1973; Searing 1975), 

in Alberta (Wood 1967; Kemp and Keith 1970; Zirul 1970; Rusch and 

Reeder 1978), in British Columbia (Co Smith 1968,1970; Millar 

1970a, b) and in the eastern United States (layne 1954; Reige 

1976). 

5.2 FOOD HABITS 

A ~ide range of food types are used by red squirrels 

throughout their range but the diet of northern populations is 

apparently more 1 imited than that of populations at lower latitudes 

(M. Smith 1968). However, the importance of conifer seed to northern 

and southern populations of the red squirrel has been documented 

by intensive studies of their feeding ecology (C. Smith 1968; 

Mo Smith 1968; Nod1er 1973; Rusch and Reeder 1978). 

The more diverse diet of southern populations probably 

reflects a more diverse availability of food. A study of T. 

hudsonicus in New Brunswick and Ontar io (Klugh 1927) showed that 

the major food was coniferous seed with white spruce and red spruce 

being the more preferred species. Buds of various deciduous tree 

species (sugar maple, soft maple, elm~ beech, ironwood, yellow 

birch, hybrid willow and trembl ing aspen) and spruces were also 

commonly consumed in the spring. Bark, primarily of deciduous 

species, was eaten in small amounts at all times of the year, 

even when green food was abundant. Fruits and berries made up 

a small proportion of the summer diet. Mushrooms were often eaten 



Figure 5. The distribution of T. hudsonicus (American red squirrel) in Canada and in 
North America (inset). (Modified from Banfield [1977], Map 60.) 
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in the late summer and early fall and were often stored for winter 

consumption. More recent studies of the diet of eastern North 

American populations of To hudsonicus (Layne 1954; Reige 1976) 

have described similar seasonal trends although the plant species 

consumed may differ slightly depending on the habitat and avail­

ability. Conifer seed and tree buds were again heavily utilized 

at all times of the year and the bark of some deciduous species 

was consumed in small amounts throughout the year. 

Red squirrels in Colorado (Hatt 1943) consumed a variety 

of foods but seeds of'lodg~pofeand I imber pine, Engelmann and 

blue spruce, Douglas and alpine fir and staminate flowers of the 

lodgepole pine comprised virtually the entire food supply during 

the early summero Consumption of the bark of lodgepole pines was 

also noted. 

C. Smith (1968, 1970) studied the energy budgets of red 

squirrels in southern British Columbia. These T. hudsonicus 

commonly consumed seeds of conifers (seeds of Pacific silver fir, 

Douglas fir, Engelmann spruce and hemlock were preferred in that 

order), seeds of some deciduous trees and shrubs (vine and dwarf 

maples, cottonwood, wild rose, bearberry), pollen of some conifer 

species, various fruits and berries (western red raspberry, 

blueberry), some herbs, mushrooms (Chroogmphus rutilus, Suillus 

spp.)~ false truffles (Rhizopogon sPPo), rusts (Peridermium harknessi) 

and some animal matter. Millar (1970a) reported a similar variety 

of items in the diet of T. hudsonicus on Vancouver Island. 

Rusch and Reeder (1978) considered the dietary composition 

of red squirrels in Alberta during a long-term population 

study. Continuous daily observations of single squirrels in March 

and early April in a jack pine study area indicated that pine buds 

and cones were their staple foods while fungi, rosehips and 

common bearberry were only of minor importance. White spruce, 

black spruce and jack pine seed were heavily util ized by squirrels 
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in coniferous stands while hazelnuts were a major food of squirrels 

in deciduo~s stands with dense hazelnut undergrowth. Preference 

studies suggested that black spruce seeds were more frequently 

consumed than white spruce seeds. 

M.Smith (1968) suggested that the variety in the diet 

of the red squirrel in interior Alaska was 1 imited largely by 

the homogeneou~ character of the white and black spruce fofests 

it inhabits. Spruce seed constitutes the major portion of the 

diet throughout most of the year (Dice 1921; Murie 1927; Brink 

1964; M. Smith 1968; Streubel 1968; Nodler 1973) but other items 

become more important in years of poor cohe product ion (M. Sm i th 

1968). Fdr example, M. Smith (1968) found that when the avail-

ab iIi ty of spruce seed decreased, fung i and spruce buds made up 

larger portions (by volume) of the diet. Green plant material, 

insects and fleshy fruits also became important (when available)v 

StudIes of the spruce seed prefererices of Alaskan squirrels (Brink 

and Dean 1966;. M.Smith 1968) have shown that white spruce seed is 

highly preferred over black spruce seed. Although white spruce 

seed contains 9% more calories per gram than black spruce seed, 

Brink {1964) felt this difference was too small to account for 

this preference and instead "attributed it to a comparative lack 

of essential nutrients in black spruce seed. Brink and Dean (1966) 
suggested that competition for territories within white spruce 

habitat was intense with less successful squirrels being forced 

into marginal black spruce habitat. Nodler (1973) found that black 

spruce seed was most heavily utilized in years when white spruce 

cone product iOn fai led. 

Food storing by red squirrels is more common in the 

northern port i on of its range than in the southern 1 at i tudes 

(Dice 1921; Murie 1927; Layne 1954; C. Smith 1968; Mv Smith 1968) . 
In n6rthern populations, cones and buds are cut and stored in 

caches for use during the winter. Because cones are util ized 

on or near the cache, the result is an accumulation of bracts and 
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stalks of shredded cones known as middens. Middens are the center 

of most squirrel activity (M. Smith 1968; Streul;>el 1968; Searing 

1975) and may be used continuously for long periods of time by a 

series 'of differ~nt squirrels, providing both an area for shelter 

and cone storage during the winter (Clarke 1939; Soper 1942; 

Pruitt and Lucier 1958; Wagg 1963). Middens are defended by the 

occupant and no more than one squirrel will occupy a midden at 

a time (Gordon 1936; C. Smith 1968). Fle~hy foods such as 

mushrooms are often stored in the branches of trees surrounding 

the midden (Co Smith 1968; M. Smith 1968; Streubel 1968.). 

Food has been cited as one of the ultimate regulating 

factors of red squirrel populations both through its effects on 

reproduction (Wood 1967; Millar 1970a, b; Searing 1975) and 

on population densities through changes , in the size ~f territories 

(Brink and 'Dean 1966; C. Smith 1968; M. Smith, 1968; Rusch and 

Reeder 1978). Fecundity may fluctuate with the type and amount 

of food avililable. Both Co Smith (1968) and Millar (1970a) , showed 

that, when large~ amounts of high quality food were available 

(i.e., lodgepole pine), high reproductive rates resulted but, when 

preferred foods were scarce and poor qual ity foods (i.e., Douglas 

fir) were consumed, reproduction rates decreased . C. Smith (1968) 

found that territory size was adjusted to the food supply and 

suggested that territorial behaviour allowed each individual to 

optimize conditions for harvesting, storing and defending a 

seasonal food supply so that it was ' available throu~hout the 

year. More recent studies by Streube! (1968), Nodler (1973), 

Searing (1975) and Rusch and Re~der (1978) have supported these 

conclusions. 

5.3 HAB IT AT UT I L I ZA TI ON 

The distribution of red squirrels often appears to be 

closely related to that 6f coniferous forests and hence the 

availability of cones (Hatt 1929; Layne 1954; Reige 1976)--this 
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has been related to the role of conifer seed as a staple food item, 

important to overwinter survival. 

In Alaska, squirrels are predominantly found in white 

and black spruce forests. White spruce forests are the preferred 

habitat and animals failing to obtain territories in areas of 

white spruce forest are probably forced to establ i sh themselves 

in less preferred black spruce habitat (Brink and Dean 1966) . 

In northern Alberta, red squirrels again prefer white 

spruce habitat. Wood (1967) found that densities of red squirrels 

in white spruce habitat were always high whereas populations in 

jack pine forests only increased in years in which large cone 

crops developed. Based on food habits, Kemp and Keith (1970) 

ranked white spruce as prime habitat, followed by black spruce 

and aspen-dominated deciduous stands. A recent study of squirrel 

populations near Rochester, Alberta (Rusch and Reeder 1978) showed 

that squirrels were most abundant in spruce (Picea mariana and P. 

alba) stands, less abundant in jack pine forests and least 

abundant in aspen woods. 

Eastern populations of red squirrel appear to heavily 

ut iIi ze a number of hab i tat types. Hatt (1929) found that the red 

squ i rrel was most often associated wi th white pine in New York 

while Layne (1954) rated beech-maple-hemlock and mixed hardwoods­

scattered conifer forests as good squirrel habitat in this area. 

ReJge (1976) found squirrel densities in Wisconsin were highest 

in balsam fir-white cedar forests or white spruce-black s~ruce 

forests followed by white pine-red pine forests an.d maple-oak 

woods. 

Despite wide variation in habitat use by red squirrels, 

white spruce or mixed white spruce-black spruce forests appear 

to consistently support the highest squirrel densities (Table 4). 
Because white spruce and black spruce forests are common throughout 

the southern and northwestern portions of the AOSERP study (based 

on a systematic survey of furbearer habitat, Searing [1979] 



Table 4. Spring densities of adult red squirrels in various habitats and areas 1 • (Adult squirrels were considered as animals greater 
than 4 months of age.) 

Habitat 

Spruce 
(Piaea sp.) 

Mixed conifers 

Hardwoods 
and 
conifers 

Pine 
(Pinus sp.) 

Hardwoods 

Province/State 

New Brunswi ck 
New York 

,Massachusetts 
Alaska 
Alaska 
Alaska 
Saskatchewan 
Alberta · 

Massachusetts 
Montana 
British .Columbia 
Wiscons in 

Ontario 
~lassachuset ts 
Ohio 
New York 
New York 
Al berta 

Manitoba 
Ontario 
Massachusetts 
British Columbia 
Wisconsin 
Alberta 

Ontario 
New York 
Michigan 
New York 
Alberta 

Modified from Rusch and Reeder (1978: Table 13). 

Klugh (1927) 
Hatt (1929) 
Hatt (1929) 
Brink (1964) 
M. Smi th (1968) 
Streube I (1968) 

Reference 

Davis (1969, cited in Rusch and Reeder 1978) 
Rusch and Reeder (1978) 

Hatt (1929) 
Halvorson (1965, cited in Rusch and Reeder 1978) 
C. Sm i th (1968) 
Reige (1976) 

KI ugh (1927) 
Hatt (1929) 
Baumgartner (1938) 
Fitzwater (1941, cited in Rusch and Reeder 1978) 
Layne (1954) 
Wood (1967) 

Seton (1909, cited in Rusch arid Reeder 1978) 
KI ugh (1927) 
Hatt (1929) 
C. Smith (1968) 
Re i ge (1976) 
Rusch and Reeder (1978) 

KI ugh (192]) 
Williams (1936) 
Li nduska (1950, cited in Rusch and Reeder 1978) 
Layne (1954) 
Rusch and Reeder (1978) 

ha/adult 
squirrel 

0.4 
0.4 
0.4 
0.5 

2 . 1 - 5.3 2 
", 2 

0.9 
0.4 
0.4 

0.6 
0.5 - 1.2 

0.4 
1.1 - 1.52 

0:04 2 

0.8 
1.2 
0.7 

0.2, 0.4, 0.6 
1.0 

1.2 
8.1 

1.2 - 1.8 
0.9 

2.1 - 2.5 2 

1.0 

8.1 
0.8 - 1.6 2 

0.6 - L 3 
1.5 

4.0 - 8.1 

Squirrels censused in the fall; probably providing overestimates of adult densities and underestimates of hectares per adult squirrel. 

\.J1 
N 
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reported that 8.5% and 57.2% of the AOSERP study area were composed 

of white spruce forests and black spruce~tamarack associations) 

it would appear that the study area would have a moderate carrying 

capacity for red squi rre1 s. 

5.4 DEMOGRAPHY 

5.4. 1 Reproduction 

Periods of reproductive activity, the onset of breeding 

and the number of breeding periods each year vary between popu1a-

tions--geographic location, weather and food resources appear 

responsible for some variation in reproduction~ 

The breeding season (as defined by the presence of males 

with scrotal testes and females in estrous) varied from February 

to March in Alaska (Krasnowski 1969; Modafferi 1972), from 

January to early May in Alberta (Wood 1967; Zi rul 1970) and 

January to May in southern British Columbia (C. Smith 1968; Millar 

1970b}o In more southerly populations two breeding peaks may 

occur, one in the early spring (February-March) and one in the 

summer (June-July) (Layne 1954; Reige 1976) 0 In most reproductively 

active populations, almost all adults are capable of breeding b.ut 

the proportion of the sub-adult age class that breeds varies 

considerably bet~een years (within a population) and between 

populations (Wood 1967; Co Smith 1968; Krasnowski 1969; Millar 

1970b; Modafferi 1972; Dolbeer 1973). 

The onset of the breeding period has been shown to be 

affected by the abundance of food resources (Brink and Dean 1966; 

Co Smith 1968; Krasnowski 1969; Mi 11ar 1970b) and envi ronmental 

factor·s (i.e., a late spring) (Hatt 1929; Ziru1 1970; Modafferi 

1972; Dolbeer 1973). Shortages of food and high densities can 

severely curtail breeding activity (Searing 1975). Searing (1975) 

observed only two attempted copulations and no young were produced 

dur i ng a year of ext reme food shortages. 
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The'gestatiol1 period of T~ hudsonibus is approximately 

40.days (Hamilton l~n9r. · Dates of first parturition ina 

population vary consider'ably (in respons'e to varying dates for 

onset of breeding activity). In all northern populations, females 

produce only one I itter per year (Soper 1972; Wood 1967; 

Krasnowski 1969; Modafferi 1972; Rusch and Reeder 1978) whereas 

populations in more southerly latitudes often produce two litters 

per year (Layne 1954; Reige 1976). In British Columbia, Millar 

(1970b) f~'und females produced two I ittersa year if the onset of 

breeqing was ~arly 'enough. In 1966, females first bred in 

February and some females prodGcedt00 I itters that year. In 

1967, however, females did not breed until May and breeding 

females produced ~nly one litter. 

Litter Size 

Litter sizes have been estimated for· T. hudsoni~s 

based on counts 6f corpora I utea, pI acenta I scar counts, em~ryos 

and number of young. Hatt (1929) reported that a I itter size of 

six was commo'n in New Y6rko Layne (1954) reported mean litter 

sizes (~ased on placental scar counts, embryos andnumbe~ of 

young) in the spring of 4.0 and in the summer of 5 ~ 3 for T. 

hudsonicus in New York. Two subspecies bf red squirrel in 

southern British Columbia had I itter sizes (based on counts of 

corporal utea) of J.6 · (T. hudsonicus stY'eatoY'iJ and 4 . 1-5. I 

(T. hudsonicus Zanuginosus) (MillarI970a) o Litter siz,es 

of red squirrels in Alberta ranged from 3.1-4.3 young!1 itter 

(Kemp and Keith 1970; based 'o'n placental scar counts) and from 

3.1-4.6 young/I itter (Rusch and Reeder 1978; based on embryo 

and placental scar counts) , In Alaska, Krasnm·Jski (1969) found 

that - the mean I itter size of ? hudscniC'us based on counts of 

co~pora lutea, placental scars and embryos were 5.6, 3.9, and 4.2, 

respectively. Modafferi (1972) reported mean I itter sizes of 

4.4 and 3.4 for T. hudsonicus ' in the same area of Alaska, based 

on corpora lutea and combined placental scar-embryo counts, 

respectively. 
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The observed variance in 1 itter size may reflect the 

abundance and qual ity of food suppl ies. Following a winter of good 

lodgepole pine seed availability (the preferred food for red 

squirrels in that particular area of British Columbia), Millar 

(1970a) found that females produced large 1 itters (a mean of 

5.1 young/litter). The following winter, squirrels depended 

more on Douglas fir seed and I itter sizes were small.er (a mean 

of 4.1 young/1itter) (Millar 1970a)o Data collected by C. Smith 

(1968) support this hypothesis although the inter-year 

differences were small. Millar (1970a) pointed out that a correla­

tion between large 1 itter sizes and late breeding (Layne 1954; 

C. Smith 1968; ~illar 1970a) also supports this hypothesis. 

5.4.3 Sex Ratio 

Juvenile sex ratios usually approximated a 1:1 ratio 

(Zirul 1970; Rusch and Reeder) but Krasnowski (1969) reported an 

immature sex ratio of 0.64 (proportion of males) which was 

significantly different from 0.50. However, it appears common 

for adult age classes to significantly favour males (Krasnowski 

1969; Searing 1975; Rusch and Reeder 1978). Exceptions include a 

study by Kemp and Keith (1970) which reported sex ratios closely 

approximating a ratio of I male:l female and a study by Zirul (1970) 

which reported an increasing predominance of females in one year 

and older age classes (the oldest age class was 100% females). 

Although males were more common in red squirrel populations in the 

early faJ] (as a result of high female mortality), Rusch and Reeder 

(1978) found that equality of sex ratios was restored during the 

breeding season when males experienced high mortal ity. 

5.4.4 Densities and Population Fluctuations 

Variation in the densities of red squirrel populations 

in northern and southern areas has already been indirectly 

discussed in relation to habitat utilization (Table 4). The 
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highest densities ·of T. hudsonia-usin both northern and southern 

areas are in most cases in spruce forests. Densitie~ of 0.4 

ha/adult squirrel appear to represent high population densities. 

Terr~torral behaviour appears to be the mechanism bi 

which densities are regulated. Studies by C. Smith (1968), Kemp 

and Keith (1970) and Rusch and Reeder (1978) have shown that 

territorial behaviour can regulate densities at levels determined 

by food abundance. In years of poor mast crops, production of 

young decrease? (Kemp and Keith 1970; Rusch and Reeder 1978) and 

loss of non-territorial or young animals increased because of the 

enlarged territory slze of resident animals resulting in a 

decrease in population density (Kemp and Keith 1970).' 

eycl ic population fluctuations simi lar to those observed 

in microtine rodents do not appear to occur in To hudsonicus 

populations. Kemp ·.Clnd .Keith (1970) suggested that cycles did occur 

and analysed fur · returns for Alberta, Saskafchewan and Manitoba 

for the period 1946-62 to determine the ~ynchrony and periodicity 

of red squirrel fluctuations. Peak populations were defined as 

any year in which fur returns were highe~ ~han in the years 

immediately preceding and following. Using this definition, the 

mean interval between population peaks was 2.6, 2.8 and 209 

years, respectively, in Alberta, Saskatchewan and Manitoba. This 

cyclic behaviour was related to regula~ fl~ctuations in mast crops 

which in turn were suspected to be related to weather tonditions. 

However, long-term population studies of red squirrel populations 

in Alaska (Smith 1968; Streubel 1968; Krasnowski 1969; Nodler 

1973; Searing 1975) and in Alberta (Rusch and Reeder 1978) suggest 
, 

no cycl ic changes inpopulatfon densities. Large changes in 

population density do appear to be partly related to changes in 

food supply and, should cone failure failurs occur at regular 

intervals, a cycl ic-I ike behaviour may occur. 
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5.5 DAMAGE 

Red squirrels have been reported to damage mature trees 

and in some cases young seedlings by cl ipping of terminal and 
I 

lateral buds, by removal of cones and by barking. Hosley (1928) 

found that Scotch pine, Norway spruce and European larch in 

older plantations were all severely damaged by red squirrels and 

that levels of damage tended to be higher during winters of heavy 

snow cover. An average of 93.2% of Scotch pines and 68.0% of 

Norway spruce suffered damage in a winter with heavy snow cover 

whereas 55.6% and 2}.0%, respectively, were damaged during a winter 

with 1 ight snow cover. Hosley (1928) reported that damage usually 

involved extensive cl ipping of the terminal and lateral buds of 

Scotch pines, the terminal buds of Norway spruce, the lateral 

branches of European larch and the terminal buds of white spruce. 

All 5pecies, except Scotch pine, were able to recover from these 

levels of damage. Hosley (1928) attributed high damage years 

primarily to failure of natural cone crops and poor availability 

of food as a result of heavy snow cover. Hart (1936) also 

reported high levels of damage by red squirrels during winters of 

heavy snow--77.2% of Norway spruce, 53.5% of white spruce and 

29.0% of red spruce were damaged by cl ipping of terminal buds. 

Adams (1~55) found that cl ipping of cones of Ponderosa pines 

often resulted in the removal of small portions of the lateral 

branches containing immature cones and terminal buds. Balch 

(1942) noted that red squirrels most often cl ipped conifers in 

late winter and spring and suggested that buds served as a supple­

ment to the diet. 

Barking of trees by red squirrels has been reported by 

Hatt (1929), Moore (1940), Rowe (1952), Adams (1955) and Lutz (1956). 

Barking most commonly involved girdl ing of young trees 6-7 cm in 

diameter or girdl ing of the tops of mature trees. In the former 

case, most young trees that were girdled survived poorly (Lutz 

1956) while, in the latter case, the upper portions of the lmature 
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treeswere killed. Lutz (1956) concluded that damage by red 

squirrels was highest following peak years when food suppl ies 

may be llmLted and, as a result, foods of lower nutritional 

value are consumed. 

No information on methods of control 1 ing red squirrel 

damage was available. It appears red squirrel damage is most 

often confined to mature trees hence the rikel ihood of severely 

deformtng young . trees or st~nting tree growth is small. Fisch 

.and Dimock (1978) found that cl ipping of plantation stock, 

~articularly in younger stands, was usually confined to areas 

closely ~djacent to older stands. Use of cleared buffer strips 

between plantation areas and undisturbed mature fo'res'ts may thus 

be one method of control 1 ing squirrel damage. 
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6. LEPUS AMERICANUS 

6.1 DISTRIBUTION 

The snowshoe hare, L. americanu8, is a common inhabitant 

of the forested regions of Canada from the Atlantic to Pacific coast 

(Banfield 1977) (Figure 6). Agricultural development along the 

southern fringe of the boreal forest has el iminated some snowshoe 

hare habitat but small populations still occur in woodland pockets 

in thes.eareas (Windberg and Keith 1978). Snowshoe hares exhibit 

cycl ic fluctuations in abundance becoming very numerouS about every 

ten years (Keith 1963). Howell (1923) suggested that leporids in 

northern areas undergo large population fluctuations while those of 

the western United States maintain more stable population densities. 

More recent studies of snowshoe hare populations in Alaska (Trapp 

1962; Wolff 1978), in Alberta (see Keith and Windberg 1978 for a 

review), in British Columbia (Chitty and Elton 1937; Chitty 1950) 

and in Colorado (Dolbeer a~d Clark 1975) have supported this concept. 

6.2 FOOD HABITS 

6.2.1 Fall and Winter Diets 

In late fall and winter, the diet is composed almost 

entirely of hardwood browse and the bark and needles of coniferous 

trees. The winter diet of hares in central Alaska consists largely 

of small twigs and buds of white and black spruce, willow, birch, 

alders, Labrador tea, blueberries, raspberry and rose (Trapp 1962; 

OIFarrell 1965; Wolff 1978). Wolff (1978) found that woody browse 

made up 82% of the diet in mid-winter and 56% of the diet in April. 

The winter diet of L. americanu8 in Newfoundland (Dodds 1960) was 

quite similar to this, but high-bush cranberry was reported as a more 

highly preferred food. In eastern Canada (MacLul ich 1937; Bider 

1961; de Vos 1964), snowshoe hares appear to prefer pines, trembl ing 

aspen, alder, hazel, willows and balsam poplars as winter foods. 

Telfer (1972) also reported preferences for beech, white and black 

spruce, hobblebush, hazel, mountain maple and alder in New Brunswick. 



Figure 6. The distribution of L. americanus (snowshoe hare) in Canada and in North 
America (inset). (Modified from Banfield [1977], Map 38.) 
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6.2.2 Spring and Summer Diets 

In general, the diversity of the summer diet appears to 

be greater than that of the winter diet (Wolff 1978). In late 

spring, summer, and early fall, snowshoe hares feed on a variety 

of leaves, herbs, and green plant material (Bider 1961; Trapp 1962; 

Wolff 1978). Wolff (1978) found that blueberry, low-bush cranberry, 

fireweed, and horsetails made up 47% of the spring diet of hares in 

Alaska, while leaves of birch, willow, rose and other deciduous 

shrubs made up 76% of the summer diet. Adams (1959) provided no 

quantitative estimates for food consumption but 1 isted Douglas fir, 

hollygrape, balsam-root, arnica, junegrass and white splrea as major 

summer foods of snowshoe hares in Montana. 

6.2.3 General Food Habits 

The food habits of L. americanus are largely herbivorous 

(Adams 1959; Trapp 1962; Dodds 1960; de Vos 1964; Hansen and Flinders 

1969, cited in Wolff 1978; Telfer 1972; Wolff 1978). Hardwood 

browse, conifer needles and bark are staple winter foods--leaves 

green plant material, herbs and some hardwood browse are staple 

summer foods. 

Telfer (1972) and Wolff (1978) suggested that the density 

and frequency of occurrence of a plant species in a given habitat 

are important in the determination of the composition of a hare's 

diet . Nutritive value and palatibility may also be important factors. 

Holter et at. (1974) and Lindlof et at. (1974) have shown that sev­

eral species of plants may be required in the daily diet of leporids 

to provide minimum energy, protein and nutrient requirements. Hares 

may thus change food preferences within a season to correct for 

nutrient deficiencies. Population densities may also affect food 

habits. Windberg and Keith (1976) establ ished high density expe~i­

mental populations by transplanting hares onto two islands during 

the summer and found that woody browse as well as all available 

herbaceous growth was heavily util ized by late June. Keith (1974) 

and Windberg and Keith (1978) have suggested that the decl ine in the 
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availability of woody browse associated with increasing densities of 

snowshoe hare~ initiates the decline of snowshoe hare populations 

and is partly responsfble for the cyclic fluctuations in populations 

of snowshoe hares. 

, . 

6.3 HABITAT UTILIZATION 

Snowshoe hares appea~ to prefer black spruce forest, 

spruce-fir forests, mixed spruce-fir-lodgepole forests and post­

fire successional areas dominated by aspen regrowth (Bider 1961; 

Keith 1972; Dol beer and Clark 1975). Keith (1963) considered 

changes in overall habitat use throughout a cycle and concluded 

that snowshoe hares are largely restricted to islands or foci of 

favourable habitat during low years but disperse into less favour­

able habitat as densities increase. Keith and\./lndberg (1978) 
showed that, during a population low (1966-67), snowshoe hares near 

Rochester, Alberta used areas of aspen upland with well-developed 

underst6~y. However, by the population peak (1970-71), hares were 

fou~d in all habitats except those in which cover was very sparse. 

During the population decl ine, hares disappeared from the more 

open habitat types as well as from many of the areas with good cover. 

Destruction cif forest tover by fire can also restrict local distri­

bution although hares will reoccupy badly burned areas once revege­

tation has begun (Keith and Surrendi 1971). 
Keith (1972) concluded that o~timal cover for snowshoe 

hares in northern Alberta 'was in areas of aspen regrowth following 

fires. The hazel, willow, and alder understory that is common in 

these areas offered both good cover and good winter food suppl ies. 

Mature conifer forests or mixed wood areas generally had low densi­

ties of snowshoe hares. Resident populations in these areas occurred 

chiefly ' in shrub-dominated ireas or young conife~ous cover along bog 

edges, water courses or natural openings. In eastern Canada, snow­

shoe hares uti I ized subcl imax bog, habitat, mesophytic coniferous 

forest and hygrophytic mature conifer-alder stands ~acLul ich 1937; 
.. , . 

Wood and Munroe 1977)'. Areas of mixed northern hardwood regeneration 
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were used as browsing areas while the mixed coniferous and hardwood 

association was used as both food and cover. Snowshoe hares in 

Colorado used spruce-fir or mixed spruce-fir-lodgepole pine forests 

much more extensively than aspen woods (Dolbeer and Clark 1975). 

This was attributed to a preference for the dense understory of the 

con i ferous forests. However, j uverli 1 e snowshoe ha res appea red to 

use open habitat areas shortly after weaning (July and August). 

Dol beer and Clark (1975) attributed this to the exclusion of 

juvenile hates from areas of good habitat by resident adults during 

the breeding period when adults are more territorial than in the 

fall and winter. 

6.4 DEMOGRAPHY 

6.4. 1 Reproduction 

L. amepiaanu8 is a seasonal breeder producing from 3-4 

litters each year. Males show a distinct annual cycle of reproduc­

tive activity. From late winter (February) to late summer (August), 

most adult males are reproductively active but from early fall to 

late winter no males are in breeding condition (Rowan and Keith 

1956; Bookhout 1965; Keith 1972). Females also show an annual cycle 

of reproductive activity but the onset of breeding is about 6 weeks 

later than in males (Bookhout 1965). First litters are usually 

conceived in late March to early April (Adams 1959; Newson 1964; 

Bookhout 1965; Dodds 1965; Keith et aZ. 1966; Dolbeer and Clark 

1975; Wood and Munroe 1977) although, in Alaska, first conceptions 

may not occur until mid-April (Trapp 1962). The gestation period 

in snowshoe hares is 35-37 days (Sevaraid 1945; Keith et aZ. 1966). 
Immediate post-partum mating results in well-defined 1 itter groups 

with a mean interval between groups of approximately 35 days (Keith 

et aZ. 1966; Wood and Munroe 1977; Keith and Windberg 1978). 

The annual number of litters per year per adult female is 

generally highest in central areas of the range and lower in the 

northern and southern extremes of the range (Keith et aZ. 1966) (Table 5). 

Within an area, spring weather conditions (through effects ori the 
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onset of breeding and date of first conception) appear important 

in determining the number of litters each year (Dolbeer and Clark 

1975). Populations in Alberta commonly have 3-4 litters per year 

per female (Keith et al. 1966; Keith 1972). Populations in Utah 

and Colorado commonly produce 2 1 itters per year and, in Utha, some 

females produced three 1 itters per year (Dolbeer and Clark 1975). 

In Minnesota (Green and Evans 1940c), Maine (Severaid 1945) and 

Montana (Adams 1959), the average number of 1 itters produced per 

female per year was 2.33, 2.89 and 2.90, respectively. The last 

litter is usually conceived by early August (Keith et al. 1966). 

6.4.2 Litter Size 

Within populations, the size of first 1 itters (per breed­

ing female) tend to be significantly smaller than the sizes of sub­

sequent 1 i tters (Table 5). Li tter size maya 1 so vary between years 

in a popu1ation suggesting changes over a population cycle. Keith 

(1963)~ however, found no significant correlations between year to 

year variations in litter size and cyclic population trends. Meslow 

and Keith (1971) found annual changes in litter size to be correla­

ted with temperature and snow depth. Litter sizes were larger 

following winters w1th cold temperatures and deep snow. 

Rowan and Keith (1956) and Keith (1963) suggested that 

snowshoe hare litter sizes increase from the south to north of their 

range. Keith et al. (1966) found a highly significant correlation 

(r=0.80; p<O.OI) between 1 itter size and latitude (when an aber­

rant value from Manitoba was ignored). The results of population 
studies by Trapp (1962) and Wood and Munroe (1977) appear to agree 

with this finding but values reported by Dolbeer and Clark (1975) 

for populations in Colorado and Utah are high. Dolbeer and Clark 

(1975) discussed this inconsistency and attributed the high mean 

1 itter sizes of their study populations to altitudinal effects (their 

study areas were at altitudes of 3100-3145 m in Colorado and 2230-

2490 m in Utah), hence their study population is probably equivalent 

to populations in more northerly areas . 
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6.4.3 Sex Rat i 0 

Sex ratios of both juvenile and adult snowshoe hares 

generally approximate a ratio of I male:1 female. In utero sex 

ratios and ratios at birth indicate that the proportions of males 

and females produced each year are similar (Dodds 1965; Meslow and 

Keith 1968; Wood and Monroe 1977). Juvenile sex ratios (at 2-4 

months of age) approximate a ratio of 1 male:1 female (Trapp 1962; 

Newson and de Vos 1964; Dodds 1965; Meslow and keith 1968; \-Jood and 

Monroe 1977). However, Rowan and Keith (1956) reported significant 

deficiencies of juvenile males in snowshoe hare populations near 

Anzac, Alberta in the early 1950 l s during a population high. Adult 

sex ratios do not generally differ significantly from equality 

(Aldous 1937; Webb 1937; Adams 1959; Dodds 1960; Trapp 1962; Newson 

and de Vos 1964; Mes 1 ow and Ke ith 1968; Wood and Mun roe 1977). The 

one exception was again in the snowshoe hare populations. near Anzac, 

Alberta where only 30.3'% of a peak population were male (Rowan c;md ' 

Keith 1956). The preponderance of females in the population gradu­

ally diminished during the decl ine. 

6.4.4 Densities and Population Fluctuations 

Densities of snowshoe hare populations show considerable 

variation between the number of hares/ha during population lows and 

population highs. In eastern Canada, MacLul ich (1937) reported 

densities of 0.004 hares/ha (l/sq. mil during a population low and 

densities as high as 13.13 hare/ha during a population high. From 

1932-39 in the northeastern United States, Green and Evans (1940a) 

reported lows of 0.04 snowshoe hares/ha and highs of 1.93 hares/ha. 

The minimum densities of snowshoe hare popul~tions during short term 

studies in Colorado and Utah were 0.73 hares/ha and 0.46 hares/ha, 

respectively (Dol beer and Clark 1975)~ A population study of snow­

shoe hares conducted by L.B. Keith and associates in the vicinity of 

Rochester, Alberta from 1961 to 1976 is themost detailed study of 

long-term population changes of snowshoe hares. Within the main 

study area, comprised largely of post-fire Successional aspen woods 

. ' 



Table 5. Average I itter size, number of litters per adult female per year and average number of young produced per adult female 
per year for L. ameriaanus. (Modified from Keith et al. [1966], Table I.) 

Average I'i tter size 
L i tters/ Av. 

Fi rst litters Later litters adu It fema I es young/ 
per year adult 

Corpora Corpora females 
- Region lutea Embryos I utea Embryos Av. Max. year 

Dol beer and Clark (1975) Colorado 3.43 3. 00 5.03 4.75 
" 

Utah 3.47 3.56 6.49 5.91 

Bookhout (1965 ) Mi ch igan 2.83 ± ? 2.42 4 . 6.5 , 
(48) 

Aldous (IJ93]) Minnesota 2.04 ± 0.15 2,]9 ±0.04 4 
(28) (194) 

Green and Evans (1940a) Minnesota 2.40 ± 0.11 3.17 ± 0.15 2. 35 3 6.8 
(45) (36) 

Newson (1964) Ontario 2.38 ± 0.05 3.48 ± 0.04 4 6.3 
. (225) (433) 

Adams (1959) Montana 2.94 3 8.2 

MacLu Ii ch {I 93]) Ontario 2.25 ± 0.22 3. 39 ± 0.24 
( 12) ( 13) 

Dodds (1965) Newfoundland 2.77 ± 7 4.23 ± ? 3.20 4 12.2 
(5) (164) 

Wood and Munroe ( 197]) Nova Scot ia 2.27 2.27-3.26 
New Brunswick 2.56 3.40-4.00 

Mac,Lul ich (193]) Man i toba 4.18 ± 0.21 
(23) 

Keith et al. ( 1966) ,III be r ta 3.20 ± 0.15 2.71 ± 0.13 4:-94 ± 0.16 4.49 ± 0.15 3.15 4 12.8 
(41 ), (45) (70) (8]) 

per 

Rowan and Ke i th (1956) Alberta 2.88 ± 0;26 4.06 ± 0.14 2.75 5? 10.5 . 
(9) (63) 

Phi.1 i p (1939) Al aska 3.72 ± 0.23 4.33 ± 0.13 1.79' 3 7.2 ' 
(29) (88) 

Trapp (1962) Alaska 4.6 

a-
a-
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and black spruce forests, snowshoe hare populations fluctuated 

between lows of 1.3-2.6 hares/ha (April 1966) to highs of 5.88-

11.77 hares/ha (Windberg and Keith 1978). One study area with a 

history of recurrent fires of varying intensity (and hence a wide 

variation in habitat types) increased from a low ofO. 17-0.33 hares/ 

ha to a high of 11.45-22.91 hares/ha. Keith (1963) analyzed 

indices of population change from six provinces and the Northwest 

Territories and found that major peaks occurred on average once 

every 8.9 years (range of 8-11 years). Ampl itudes of these popula­

tion cycles involved 15- to 100- fold changes in density (Keith 1963). 

The long-term periodicity of these cycles has discouraged detailed 

demographic studies--exceptions to this include the seven-year 

study by Green and Evans (1940a, b, c) in Minnesota and the 15-year 

study by L.B. Keith and associates (see Keith and Windberg [1978] for 

a summary analysis of the studies comprising the IS-year study of 

these populations). 

Green and Evans (1940a, b, c) were the first to obtain 

long-term quantitative information on snowshoe hare demography. 

They concluded that, although reproductive rates remained similar 

throughout the period from a population high to a population low, a 

sharp reduction in juvenile survival was associated with a decl ine 

in the population. Adult survival showed little change during the 

initial decl ine. However, during the fifth to sixth year after the 

decline, both adult and juvenile survival rose. 

On the basis of a IS-year study which spanned two periods 

of decline and a single period of increase, Keith and Windberg (1978) 

found a number of conditions to be predictably associated with the 

hare cycle in northern Alberta: 

1. Overwinter survival of juveniles decl ined rapidly 

in the peak year and continued to decl ine for four 

to five years. Although variable, the overwinter 

survival rate of juveniles during the period of 

population increase was three to four times higher 

than during years of decl ine. 
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2. Adult survival in late winter, one year after the 

population peak, decl ined and continued to decline 

throughout the population low. 

3. Average overwinter weight loss increas~d immediately 

before the peak summer and fall; overwinter weight 

losses gradually decl ined prior to the cycl ic low. 

4. Mean growth rates of young hares in summer were 

inversely correlated with mean adult weight ' 

losses during the previous winter to spring. 

5. The number of young born per adu 1 t femal e dec 1 i ned 

j in the peak summer, and throughout the first 2-3 

years of the decl ine but recovered just prior to 

the cycl ic low. Changes in natal ity resulted from 

thanges in ovulation rates, third andfo~rth 1 itter 

pregnancy rates and length of breeding season which 

in turn were inversely correlated with mean weight 

losses during previous winters. 

Keith and Windberg (1978) concluded that two distinct sequences of 

events (involving the above conditions) significantly affected the 

cyclic behavior of the population. The first beg~n ab6ut three years 

after the peak winter resulting in a lower rate or decline. This 

sequence included lower winter-spring .wei.ght loss,increased reproduc­

tion, increased juvenile growth rates and increased overwinter sur­

vival of juveniles. The second sequence included high wint'er-spring 

weight loss, decreased reproduction, decreased juvenile growth rates 

and decreased juvenile survival over ,,,,inter. This sequence of 

events preceded the peak winter and tended to slow the rate of in­

crease. These two sequences are consistent with predictions from a 

conceptual model of cycl ic fluctuations in snowshoe hare populations 

presented by Ke i th (1974). 

Keith (1974) suggested that interactions between hares and 

their winter food supply and between hares and ' predators were involved 

in the cyclic fluctuations. Increased numbers of snowshoe hare 



69 

gradually over-utilize the winter food supply (woody browse) result­

ing in quantitative and qualitative decl ines in browse. Keith (1974) 

suggests that these changes initiate the decline. Delayed increases 

in the population size of predators (resulting from high snowshoe 

hare populations one to two years earl ier) lead to increased predation 

on the snowshoe hare population and so extend the period of decl ine. 

Nutritional problems are reflected in increased overwinter weight 

losses, reduced reproduction and reduced juvenile growth. After the 

major decl ine, juvenile survival and later adult survival decl ines 

in response to increased predation. Improving food supplies during 

this period result in increased reproductive rates and growth rates 

and decreased overwinter weight losses. Until predator population$ 

decl ine, however, the effects of high reproduction and recruitment 

are not apparent. Keith (1974) suggests that by this time the browse 

has recovered from the previous over-utilization. 

6.5 DAMAGE POTENTIAL 

Snowshoe hares have been known to cause severe damage to 

young trees in natural situations and in plantations by girdl ing or 

barking and by cl ipping. MacLul ich (1937) reported snowshoe hare 

girdling of poplars up to 7 cm (2.5 in) in diameter up ~o an average 

height of 0.6 m (2 ft) above the snowl ine. Willows, alders, white 

birch, juneberry and jack pine were also girdled. Besser and Welch 

(1959) found that snowshoe hares caused considerable damage to 

Douglas fir seedl ings in Colorado and Washington. Trapp (1962) 

reported barking of willows, alders, poplars, white spruce, and 

black spruce by hares in Alaska. Snowshoe hares were rated as the 

second most damaging pest species on plantations in Oregon and 

Washington (Black et al. 1969). Keith (1972) similarly reported 

clipping and girdl ing of plantation stock by snowshoe hares in the 

Peace River district of Alberta. Barking appears to most fre­

quently occur in the late winter-early spring (Aldous and Aldous 

1944; Trapp 1962). Cl ipping of the terminal and lateral twigs and 

buds is also common and can deform the plant and retard growth 
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(Aldous and' Aldous 1944; Black et al. 1969); Blacket aZ. (1969), 

for example, found that young trees damaged by snbwshow hares ob­

tained ~n average height of only 59.4 cm (23.4 in) by three years 

of ag~whereas undamaged seedl ings (caged) obtained an average 

height of 84.1 cm l33.l in). It would appear that snowsh6e hare 

populations, particularly peak populations, are capable of causing 

sufficient damage so as to be an important limiting factor in 

afforestation programs (Trapp 1962; Keith 1972) . 

Aldous and Aldous (1944) recommended that impacts of snow­

shoe hare damage could be limited by planting less preferred but 

fast growing species (b~sed on levels of damage, snowshoe hares 

appeared to prefer [in order of decreasing preferences] jack pin~, 

red pine, white pi~e, a~d white spruce), by planting during popula-

~ion lows, by planting inop~n areas and maintaining these areas 

free of cover and by the use of repellents. Supplemental food 

supplies (i.e., aspen cuttings) did not appear to be effective. 

Ke i th (1972) recommended the use of older stock (3 years or older) 

as well as the use of less" palatible speCies and planting during 

lows. Besser and Welch (1959) found the three 'repellents ' they 

tested . (ZAC, TMTD, and TNB-A) to be eff~ctive in controlling har~ 

. damage to Douglas firs in Colorado arid Washington State ~ " 
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7. CONCLUS IONS 

Cycl ic population fluctuations are exhibited by three of 

the five species considered--M. pennsyZvanicus and C. gapperi 

populations exhibit regular population fluctuations every 3-4 

years whereas L. americanus populations undergo regular 8-11 year 

cycles of abundance. P. manicuZatus exhibit regular annual changes 

in abundance but it is not clear if this species exhibits cycl ic 

population fluctuations over longer periods. T. hudsonicus popula­

tion densities appear to be directly influenced by the qual ity and 

quantity of mast produced by preferred coniferous tree species. 

Changes in cone crop production thus influence long-term density 

changes in this species. 

At present, the population dynamics of small mammal species 

in the AOSERP study areas are only partly understood. Most species 

of small mammals can undergo very large changes in population densi­

ties (between populations lows and peak population periods) in 

relatively short periods. Because of their importance as herbivores 

and as prey of various raptors and furbearers, it is important that 

we at least determine cycl ic trends in these populations if we are 

to make meaningful predictions on the environmental impact of oil 

sands development in the AOSERP study area. An understanding of the 

population ecology of small mammals in natural areas will also pro­

vide information important to the eventual formulation of effective 

reforestation programs in reclamation areas. 

M. pennsyZvanicus is potentially one of the most serious 

small rodent pest species of recent afforestation areas. Severe 

barking (consumption of the cambium layer of the bark) of young trees 

by this species has been reported in many reforestation programs in 

North America. C. gapperi also has a high damage potential but 

because this species prefers mature forest or thick shrub habitats, 

its distribution in newly reclaimed areas will be limited--however, 

as grass, herb and shrub cover increase in afforestation areas, the 

species could become a serious pest species. L. americanus is also 
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known to severely browse and bark trees, particularly during periods 

of high population density. Like C. gapperi, L. americanus prefer 

areas of dense cover. As a result, the damage potential for this 

species will be 1 imited in younger afforestation areas but, as tree 

and shrub cover increase, damage by L. americanus may increase. 

The damage potential of this species, however, could increase sharply 

during years of peak population densities. P. manicuZatus is known 

to be a major pest species (seed predator) only in areas reforested 

by direct seeding techniques--the damage potential for P. manicuZatus 

is thus extremely low on afforestation areas in the AOSERP study area 

in light of the currently used afforestation techniques (seedl ing 

planting program). 
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9. APPENDIX 

9.1 SCIENTIFIC NAMES AND COMMON NAMES OF PLANTS 

Common names of most plants (when provided in the 

cited reference) were used throughout the text to enhance 

readabi I ity. Common names (as given in the cited reference) 

and scientific equivalents are provided in this Appendix. 

Scientific Name 

Abies 

Abies amabi lis 

Abies baZsamea 

Abies lasiocarpa 

Acer spp. 

Acer glabrum 

Acer circinatum 

Acer spicatum 

Achillea mille!olium 

Agropyron rep ens 

Agropyron trachycaulum 

Alnus spp. 

Alopecurus aequalis 

Arctostaphylos uva-ursi 

Arnica spp. 

Artemisia spp. 

Avena spp. 

BaZsamorhiza sagittata 

Betula spp. 

Betula alleghaniensis 

Bromus spp. 

Bromus marginatus 

Common Name 

fi r 

Pacific silver 

ba I sam fir 

alpine fir 

maple 

dwarf maple 

vine maple 

mountain maple 

common ya r row 

quack grass 

fir 

slender wheat grass 

alder 

short-awn fox tail 

common bearberry 

arn i ca 

sagebrush 

oats 

Iba I sam- root 

birch 

yel low bi rch 

brome grass 

smooth brome grass (brome grass) 



Scientific Name 

Carex spp. 

Corylus spp. 

Commandra pallida 

Dactylis glomerata 

Dryasd:tiortmondi 

Elaeagnus spp. 

Epilobium spp. 

Equisetum spp. 

Fagus grandifolia 

Fragaria virginiana 

Fraxinus spp. 

Fraxinus lanceolata 

Hordeum spp. 

Koeleria cristata 

Larix decidua 

Larix laricina 

Linum sppo 

Liriodendron tulipfera 

Maclura pemifera 

Malus spp. 

Medicago spp. 

Medicago sativa 

MeUlotus alba 

MUhlenbergia sobolifera 

Ostrya spp. 

Panicum capillare 

Phalaris arundinacea 

Phleum pratense 

Picea abies 

Picea g lauca :; 

Picea mariana 
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Common Name 

sedge 

hazelnut (hazel) 

ba~tard toad flax 

orchard grass 

yellow dryad 

s i I verberry 

fireweed 

horseta i Is 

beech 

wi ld strawberry 

ash 

green ash 

barl ey 

junegrass 

European larch 

I larch 

flax 

ye J low pop I a r 

osage-orange 

crab apple 

alfalfa 

medick 

whi t e clover 

muhly grass 

ironwood 

wi tch grass 

reed canary grass 

common timothy 

. Norway spruce 

white spruce 

black spruce 



Scientific Name 

Picea pungens 

Pinus spp. 

Pinus banksiana 

Pinus contorta 

Pinus engelmanii 

Pinus flexiZis 

Pinus nigra 

Pinus ponderosa 

Pinus reS'1-nosa 

Pinus strobus 

Pinus sylvestris 

Plantago lanceolata 

Plantanus occidentaZis 

Poa spp. 

Poa compressa 

Poa pratensis 

Populus deltoides 

Populus tremuloides 

Prunus virginiana 

Pseudotsuga menziesii 

Quercus macrocarpa 

Quercus rubra 

Rosa woodsii 

Rubus strigosus 

Rubus urisinus 

Salix spp. 

Shepherdia canadensis 

Sphagnum 

Spiraea lucida 

Taraxacum spp. 

Thuja occidentalis 
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Common Name 

blue spruce 

pine 

jack pine 

lodgepole pine 

Engelmann spruce 

I imber pine 

austrian pine 

ponderosa pine 

red pine 

white pine 

Scotch pine 

English plaintain or rib grass 

American sycamore 

bluegrass 

Canada blue grass 

Kentucky blue grass 

cottonwood 

t remb ling aspen 

chokecherry 
"' 

Douglas fir 

bur oak 

northern oak 

wi Id rose 

raspberry 

blackberries 

wi llow 

Canadian buffalo-berry 

moss 

white spirea 

dande I ion 

white cedar 



Scientific Name 

Thuja pZicata 

TrifoZium pratense 

Triticum aestivum 

Tsuja spp. 

Ulmus sppo 

Viburnum aZnifoZium 

Viburnum triZobum 

Vaccinium spp. 

Vaccinium vitis-idaea 
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Common Name 

western red cedar 

red clover 

common wheat 

hemlock 

elm 

hobblebush 

high-bush cranberry 

blueberry 

bog cranberry (cow-berry) 
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10. AOSE RP RESEARCH REPORTS 

1-
2. AF 4. 1 . 1 

3. HE 1. 1 • 1 
4. VE 2.2 

5. HY 3.1 

6. 
7. AF 3.1.1 

8. AF 1.2. 1 

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 1.6 

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 

AOSERP First Annual Report, 1975 
Walleye and Goldeye Fisheries Investigations in the 
Peace-Athabasca Delta--1975 
Structure of a Traditional Baseline Data System 
A Preliminary Vegetation Survey of the Alberta Oil 
Sands Environmental Research Program Study Area 
The Evaluation of Wastewaters from an Oil Sand 
Extraction Plant 
Housing for the North--The Stackwall System 
A Synopsis of the Physical and Biological Limnology 
and Fisheries Programs whithin the Alberta Oil Sands 
Area 
The Impact of Saline Waters upon Freshwater Biota 
(A Literature Review and Bibliography) 
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 Satell ite Study 
of Oi 1 Sands Weather: "A Feasibi 1 ity 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 Feasibil ity of a Weather Radar near Fort McMurray, 
Alberta 
A Survey of Baseline 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 

I 

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 
ReDort 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. lFl.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 
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Interim Report on an Intensive Study of the Fish 
Fauna of the Muskeg River Watershed of Northeastern 
Alberta 
Meteorology and Air Quality Winter Field Study in 
the AOSERP Study Area, March 1976 
Interim Report ana Soils Inventory in th~ Athabasca 
Oil Sands Area 
An Inventory System for Atmospheric Emissions in the 

' ,AOSERP Study Area ' 
Ambient Ai;r Quality in the AOSERP Study Area, 1977 
Ecological Habitat Mapping of the AOSERP Study Area: 
Phase I 
AOS"E'RP Third Annual Report, 1977-78 
Relationships Between Habitats, Forages, and Carrying 
Capacity of Moose Range in northern Alberta. Part I: 
Moose Preferences for Habitat Strata and Forages. 
Heavy Metals in Bottom Sediments of the Mainstem 
Athab~sca River System in the AOSERP Study Area 
The Effects ofSedimenfation on the Aquatic Biota 
Fall Fisheries Investigations in the Athaba5ca and 

,Clearwat~r Rivers Upstream of Fort McMurray: Volume 
Community Studies: Fort McMurray, Anzac, Fort MacKay 
T~chniques for the Control of Small Mammals: A Review 
The ; Climatologyof the Alberta Oil Sands Environmental 
Research Program Study Area 
Mixing Characteristics of the Athabasca River below 
Fort McMurray - Winter Conditions 
Acute and Chronic Toxicity of Vanadium to Fish 
Analysis of Fur Production Records for Registered 
Traplines in the AOSERP Study Area, 1970-75 
A Socioeconomic Evaluation of the Recreational Fish 
~nd Wildlife Resources in Alberta, with Particular 
Reference to the AOSERP Study Area. Volume I: Summary 
and Conclusions 
Interim Report on Symptorrology and Threshold Levels of 
Air Pollutant Injury to Vegetation, 1975 to' 1978 
Interim Report on Physiology and Mechanisms of Air-Borne 
Pollutant Injury to -Vegetation, 1975 to 1978 
Interim Report on Ecological Benchmarking and Biomonitoring 
for Detect ion of Ai r-Borne Pol1'utant Effects on Vegetat ion 
and S6ils , 1975 to 1978. , 
A Visibility Bias Model for Aerial Surveys . for Moose on 
the AOSERP Study Area 
Interim Report on a Hydrogeological Investigation of 
the Muskeg River Basin, Alberta 
The Ecology of Macrobenthic Invertebrate Communities 
in Hartley Creek, Northeastern Alberta 
Literature Review on Pollution Deposition Processes 
Interim Compilation of 1976 Suspended Sediment Date 
in the AOSERP Study Area 
Plume Dispersion Measurements from an Oil Sands 
Extracti'on Plan,June 1977 



53. HY 3. 1 .2 

54. ws 2.3 -

55. HY 2.6 
56. AF 3.2.1 

57. LS 2.3.1 

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. LS21.6.1 

65. LS21.6.2 

66. AS 4 . 3.2 

67. WS 1.3.2 

68. AS 1 .5.3 
AS 3.5.2 

69. HS 40. 1 

70. LS 28.1.2 

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. I 

77. HS 20. I 

78. LS 22. 1. I 
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Basel ine States of Organic Constituents in the 
Athabasca River System Upstream of Fort McMurray 
A Prel iminary 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 Toxicity of Saline Groundwater 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 
Oil Sands Environmental Research Program Study Area 
Semi-Aquatic Mammals: Annotated Bibliography 
Synthesis of Surface Water Hydrology 
An I~tensive Study of the Flsh Fauna of the Steepbank 
River Watershed of Northeastern Alberta 
Amphibians and Reptiles in the AOSERP Study Area 
Analysis of AOSERP Plume Sigma Data 
A Review of the Basel ine Data Relevant to the Impacts 
of Oil Sands Development on Large Mammals in the 
AOSERP Study Area 
A Review 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 LIRAQ and ADPIC for 
Application to the Athabasca Oil Sands Area 
Aquatic Biological Investigations of the Muskeg River 
Wa tershed 
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 Insectivorous 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 
Distribution, Abundance and Habitat Associations of 
Beavers, Muskrats, Mink and River Otters in the AOSERP 
Study Area, Northeastern Alberta 
Air Qual ity Modell ing 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. LS 22.3.1 

81. LS22.1.2 

82. LS 22.2 

83~ LS 22.2 

84. WS 1 . 6. 1 

8S. HY 2.S 

86. AS 3.7 
87. \.JS 2.2 

,I 
The Multiple Toxicity of Vanadium, Nickel, and 
Phenol to Fish. 
Biology and Managemen'tof Peregrin Falcons 
(Palco peregrinus anatum) in Northeastern Alberta. 
Species Distribution and Habitat Relationships of 
Wa terfowl in Northeas tern Alberta. 
Breeding Distribution and Behaviour of the White 
Pelican in the AthabascaOil Sands Area. 
The Distribution, Foraging Behaviour, and All ied 
Activities of the White Pel ican in the Athabasca 
Oil Sands Area. 
Investigations of the Spring Spawning Fish Populations 
in the Athabasca and Clearwater Rivers Upstream from 
Fort McMurray; Volume I. 
An intensive Surface Water Qual ity Study of the Muskeg 
River Watershed. Volume I: Water Chemistry. 
An Observational Study of Fog in the AOSERP Study Area. 
Hydrogeological Investigation of Muskeg River Basin, 
Alberta 

These reports a.r::e not ava i l~bl e upon request. For further i nforma t ion 
about availabil ity and location of depositories, please contact: 

Alberta Oil Sands Environmental Research Program 
lSth Floor, Oxbridge Place 
9820 - 106 Street 
Edmontqn, Alberta 
TSK 2J,6 ' 
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