
(ftom Boonstra et el. 2001)

Small Mammal Response to Habitat Change Following Fire

in the Taiga of Southeastern Manitoba

By

Monica Reid-Wong

A Thesis
Submitted to the Faculty of Graduate Studies

in Partial Fulfillment of the Requirements
for the Degree of

MASTER OF SCIENCE

Department of Zoology
University of Manitoba

Winnipeg, MB

@ January, 2003



THE UMVERSITY OF MANITOBA

FACULTY OF GRADUATE STUDIES
{<****

COPYRIGHT PERMISSION PAGE

SMALL MAMMAL RESPONSE TO }IABITAT CHÄNGE FOLLOWING FIRE IN THE
T.A.IGA OF SOUTHEASTERN MANITOBA

BY

MONICA REID-WONG

A Thesis/Practicum submitted to the Faculty of Graduate Studies of The University

of Manitoba in partial fulfillment of the requirements of the degree

of

Master of Science

MONICA REID.WONG @ 2OO3

Permission has been granted to the Library of The University of Manitoba to lend or sell copies of this
thesis/practicum, to the National Library of Canada to microfilm this thesis and to lend or sell copies
of the film, and to University Microfilm Inc. to publish an abstract of this thesis/practicum.

The author reserves other publication rights, and neither this thesis/practicum nor extensive extracts
from it may be printed or otherwise reproduced without the author's written permission.



Abstract

Small Mammal Response to Habitat Change Following Fire
in the Taiga of Southeastern Manitoba

by

Monica Reid-Wong

The influence of fire on small mammal populations was investigated in the

taiga of southeastern Manitoba. Small mammals were sampled by annual

removal trapping in six different habitats over twenty-five years at Taiga

Biological Station OBS). Changes in temporal patterns of short-term abundance

and long-term population synchronicity were investigated for fluctuating numbers

of small mammals. The southern red-backed vole (Clethrionomys gappen),the

deer mouse (Peromyscus manículatus\, and the masked shrew (Sorex cinereus),

were the three most common small mammals captured.

Examination of population fluctuations revealed that while fire-induced

changes in food availability, cover and moisture were likely responsible for

differences in small mammal abundance, populations of individual species were

alternatively affected by unknown, large-scale, synchronizing influences. This

discovery became evident through the common occurrence of similar peak

abundance years for C. gapperi, regardless of habitat-type or distance between

sampling sites. Additionally, the examination of annual combined small mammal

biomass revealed a distinct pattern, with a repetitive maxima occurring every 3-

to 4- yrs at TBS across all six sites.



The response of small mammal communities to habitat succession was

assessed through changes in species richness, diversity and trophic structure

over time. Species richness and diversity among the small mammal communities

increased during the initial five years following fire, but declined during

subsequent years across most sites. The granivore-omnivore, P. maniculatus,

and to a lesser extent the grazer-omnivore, C. gapperi,were very responsive to

the recently burned habitat through their rapid increases in numbers on several

of the sites. The insectivore, S. cinereus, responded to conditions on severely

burned sites through a reduction in its numbers across many of the plots, for

several years following the fire.

Finally, the influence of biotic and abiotic factors on small mammal

distribution and abundane,e was examined. lndividual microhabitat variables

surrounding each trapping station were identified and quantified through percent

cover estimates to determine if they had an effect on small mammal capture

rates. While several microhabitat features appeared to be associated with a

particular small mammal species, overall macrohabitat (i.e., the entire area

encompassed by the trapping grid) characteristics were better determinants of

species presence and abundance.
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General lntroduction

The boreal forest or taiga forms a broad circumpolar belt between 470 to

700 north latitude encompassing an area of 14.7 million km2, approximately 11o/o

of the earth's land surface and about 35% of Canada's land area (Kimmins and

Wein 1986; Bonan and Shugart 1989; Bourgeau-Chavez et al. 2000). The North

American segment of this circumboreal forest is the most extensive forest

ecosystem of our continent and probably the least understood, especially in

terms of the effects from perturbations on the structural and compositional

complexity of the forest (Schmiegelow et al. 1997). A mixture of coniferous and

deciduous tree species, the borealforest covers an east-west region from

Newfoundland, across central and northern Canada, westward to the Rocky

Mountains and northwestward to Alaska (Rowe 1972', Scotter 1972). Much of this

biome is populated by inherently flammable plant material (Auclair 1983)

providing fire an evolutionary opportunity in boreal ecosystem development

(Mutch 1970; Rowe 1983).

Fire influences floristic and faunistic diversity through ecological

disturbance of the landscape (Rowe and Scotter 1973). Disturbance regimes

created by fire operate at different spatial and temporal scales and provide

heterogeneity to the environment through the production of stand patches of

different age and size, vegetation structure and floristic composition (Heinselman

1g70; Morneau and Payette 1989; Payette et al. 1989). Plant and animalspecies'

distribution are often modified by such disturbance regimes (Payette 1992) and

many changes may occur in the community ecology of small mammals during



post-f¡re vegetative success¡on (Fox 1983). Difficulty arises in any attempt to

pinpoint cause and effect relationships between the action of fire and the

response of small mammals to habitat change, in part, because of the multitude

of variables in the environment that have now been altered (Bendell 1974).

Borealforest small mammals have evolved in an environment

characterized by periodic ecosystem disturbances. Species will respond

positively or negatively to habitat change, depending upon whether changes in

the physical and biological environment are towards or away from the creature's

optima, in terms of its survival requirements (Kirkland 1990).

This thesis investigates the effects of fire on patterns of small mammal

abundance, distribution and community composition through time, following the

May 1980 forest fire at Taiga Biological Station, Wallace Lake, MB.



Thesis Background and Obiectives

Small mammals comprise a significant proportion of the faunal biomass in

forest communities (Hamilton and Cook 1940) and are an integral base of the

forest consumer food chain (Golley 1960). The small mammal community is an

important component of the forest ecosystem in its consumption of primary

production and for its contribution to secondary production as producers of

animal protein for higher trophic tevels (Pruitt 1966; Maser et al. 1978; Rose and

Birney 1985).

An advantage of research on small mammals is that their populations can

be readily sampled with standard trapping techniques and they provide many

different opportunities for measuring species responses to habitat change (Tevis

1956; Ahlgren 1966; Naylor and Bendell 1982; Martell 1984; Clough 1987). Small

mammals such as the southern red-backed vole (Clethrionomys gappen) have

been used as indicator species for old-growth (stable-aged) forests (Nordyke and

Buskirk 1gg1) and in the assessment of habitat required by anima! species

classified as sens/rye. Some of these sensitive species include the northern

flying squirrel, Glaucomys sabrinus (Payne et al. 1989), the hoary bat, Lasiurus

cinereus (Franklin et al. 1981) and amphibian species such as the giant

salamanders, Dicamptodon spp. (Blaustein et al. 1995). Therefore, small

mammals allow us to enhance our understanding of forest ecosystems through

their association with a particular habitat type and/or condition.
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The six study plots for small mammal research were originally established

in 1977 at Taiga Biological Station (TBS) to track species and populations over

time. They have been used also for studies on the effects of subnivean COz on

small mammals by Penny (1978). The morphometric data on the small mammals

presented in this thesis were collected over this period of twenty-five years by a

dedicated group of volunteers with varying degrees of trap-setting experience.

The vegetation data presented are from plant surveys conducted during three

separate time periods (1976, 1982 and 2000) of TBS history. Major emphasis

was placed on plant data cotlected during the most recent vegetation survey of

the small mammal study plots. However, the primary focus of this thesis will be

on the small mammal communities inhabiting the six study plots at TBS.

The main goals of the thesis are:

(¡.) to investigate the long-term response of small mammal populations after
fire through the changing patterns of species distribution and abundance
over twenty-five years;

to examine the influence of habitat succession following fire on small
mammal community structure across sequentially shorter intervals of time;

(¡¡.)

(i¡¡.) to identify factors within the microsite or immediate trapping area that may
affect small mammal activities and capture rates.

The information obtained in this thesis is largely the result of a

retrospective survey of small mammal trapping records collected over twenty-five

years. The analyses of the data are intended to be exploratory. Cause and effect
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relationships (as derived through controlled experimentation) cannot be shown

between habitat variables and population response. However, it may be possible

to describe factors that are important in predicting structure and diversity of small

mammal communities (Carey and Johnson 1995) and relating those

measurements of habitat properties to the distribution and abundance of the

communities at TBS.
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sEcTloN l.

Patterns in the Distribution and Abundance of Small Mammals



Section l. Abstract

Populations of small mammals were sampled annually by removal

trapping in six different habitats over a twenty-five year period (1977-2001) near

Wallace Lake, Manitoba. Atotal of 2,384 small mammals and 179 sciurids

representing 14 species were captured in 43,800 trap-nights. The three most

common species captured, in descending order of abundance, were

Clethríonomys gappen (southern red-backed vole), Sorex cinereus (masked

shrew) and Peromyscus maniculatus (deer mouse). Changes in small mammal

populations following fire were observed over time and the temporal patterns of

short-term fluctuation and long-term synchronicity were examined.

Deer mice increased in number within the first few years following the burn

to population levels above pre-fire levels; subsequent trapping sessions were

unable to duplicate these early post-fire capture levels for P. maniculatus. Red-

backed voles also increased in abundance within three months after the fire on

most sites, but they soon experienced a rapid decline in numbers until their short-

term recovery during the mid- to late- 1980's.

Similarities in the fluctuating abundance of red-backed voles were noted

across several of the sampling plots at TBS, providing some evidence to suggest '

that extrinsic agents are affecting C. gapperi populations through the

synchronous occurrence of peak abundance years. Additionally, evidence of

synchrony in small mammal biomass production was noted, with peak

accumulations every 3- to 4- yrs among the fauna at TBS.



Section l. Patterns in the Distribution and Abundance of Small Mammals

lntroduction

Population variations or cycles occur when the temporal abundances of

small mammals change. Temporal abundance is influenced by spatial patterns of

distribution. Small mammals are often distributed in clumps or patches of

aggregations - the result of response by the animals to habitat differences,

stochastic events, reproductive patterns and social behaviour (Smith 1996).

The field records at Taiga Biological Station suggest that populations of small

mammats fluctuate considerably over time and space with little evidence of

periodicity (regularity) in most species. Studies of microtine rodent (voles and

lemmings) cycles showing regular and/or extreme density fluctuations have been

welldocumented in the past (Elton 1942; Kalela 1962; Koshkina 1965; Fuller

1969). ln central and northern Fennoscandia (Hansson and Henttonen 1985;

Marcstrom et al. 1990) and in the coastaltundra of Barrow, Alaska (Batzli et al.

1980), vote populations are considered to be cyclic with a 3- to 4-year periodicity.

A number of theories have been advanced regarding rodent cycles

because "of their enigmatic appeal to ecologists since such phenomena seem to

viofate balance and equilibrium" (Sandell et al. 1991 , p 281), and because of the

controversy surrounding the origin of forces behind cycling hypotheses in small

mammals (Krebs 1996). Distinctions occur between the factors affecting

population increase in small mammals: theories that stress extrinsic agents



(weather, food supply, predators, parasites) and theories that stress intrinsic

agents (hormonal, genotypical, behavioural) (Krebs et al. 1973; Begon et al.

19e0).

The primary aim of this section is to investigate the response of small

mammal populations after fire, through the examination of species distribution

and abundance in six different habitats over twenty-five years. Specificalty, this

section will (1) compare long-term small mammal population fluctuations among

study plots to check for any apparent patterns of co-occurrence of periodicity

between species; (2) attempt to identify large-scale patterns of synchronicity

among individual species.
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Literature Review

Temporal and spatial processes;

Temporal and spatial processes that impact population demography and

determine species abundance, assemblage and distribution are still poorly

understood (Brown and Heske 1990; Steen et al. 1996; Peles et al. 1999). Most

organisms live in spatially heterogeneous environments (Diffendorfer et a|.1999)

that are distributed neither uniformly nor randomly, but instead, often form

aggregates called patches (Legendre and Fortin 1989; Bowers and Matter 1997).

Consequently, the temporal abundance of small mammals can exert a strong

influence on the community in which they live, and in turn, on the breeding

success and survival of many of the terrestrial and avian predators dependent

upon this food base (Hamilton and Cook 1940).

Small mammal distribution across the landscape is affected by their

selection of habitat. The distribution patterns of northern small mammals depend

in targe part on differential habitat use (Adler and Wilson 1987;Wywialowski

1987; Barry et al. 1990). These small-bodied, short-lived species, with high

reproductive rates and high habitat specificity, when found in small patches of

disturbed forest, often show strong, short-term density responses to fragmented

landscapes (Martell and Radvanyi 1977; Monthey and Soutiere 1985; Sullivan et

al. 1999).

Understanding the methods by which animals select habitat may be useful

in predicting changes in community structure that follow alterations of
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ecosystems (Dunning et al. 1992). lf small mammals recognize different habitats

as patches, then the size of the patch greatly influences the animal's activiÇ and

strategies of habitat use (Morris 1984). The macrohabitat (i.e., a large patch type

relative to the movements of the individual) constitutes a unit or area in which the

individual performs all of its biologicalfunctions during a typical activity cycle. The

microhabitat (i.e., a small patch size relative to the movements of the individual)

consists of physical and chemical variables that influence the allocation of time

and energy invested by the animal (Morris 1989).

Small mammal populations may need to be examined over a broad range

of scales (i.e., one to several hundred kilometres) in order to determine if a

phenomenon such as spatial synchrony occurs within their population dynamics

(Steen et al. 1996). Little consensus exists however, on the spatial scales

wherein habitat use should be monitored (Morris 1989). Characterizing an

ecological system at different temporal scales (i.e., short-term intervals of several

years or long-term periods of several decades), and at different spatial scales

(i.e., microhabitat-size vs. macrohabitat-size study areas), can affect the

interpretations of ecological patterns and processes (Menge and Olson 1990;

Brady and Slade 2001). Consequently, any study of habitat preference must

identiff the spatial and temporal scale at which the habitat influences patterns of

distribution and abundance (Morris 1989; Diffendorfer et al. 1999; Orrock et al.

2000).

Caution must be exercised in any attempts to extrapolate results from

studies conducted at one scale to predict the outcome at another scale (Bowers
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and Matter 1997). By ignoring scale, the risk of drawing incorrect conclusions

regarding species relative abundance and habitat importance, increases (Wiens

et al. 1989).

Population cycles:

The response of a single species and/or community to fluctuations in

abiotic conditions, availability of resources, and abundance of other species, may

provide information on factors affecting local distribution and abundance of each

species. lnsight into these relationships must come from long-term studies

(Brown and Heske 1990; Marcstrom et al. 1990; Meserve et al. 1999; Getz et al.

2001).

For many years, arvicoline rodents (Clethrionomys and Microfus) have

been known to fluctuate in numbers (Koshkina 1966; Fuller 1969) and exhibit

population variations or "cycles" across many amplitudes and frequencies. Batzli

et al. (1980) noted that in studies of lemming populations conducted at Barrow,

Alaska, a large fluctuation has been traditionally called a "cycle" if the amplitude

is three or more orders of magnitude compared with previous and subsequent

trapping records. Krebs and Myer (1974) described the structure of the

population cycle as a series of phases, including: increase, peak, decline, and

low numbers. ln their summary of the changes that accompany population cycles

in voles and lemmings, Krebs and Myers (1g74)suggested that an intrinsic, self-

regulatory system could exist within the small mammals, preserved by natural

selection, if it provided a genetic advantage to such populations.
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The use of "cycle" does not imply regularity (Birney et al. 1976). Many

rodent populations fluctuate erratically and seldom show regular amplitudes and

frequencies. However, the term cycle does refer to a repeatable process in time

(Krebs 1996). Non-cyclic populations of small mammals have been identified in

North America (Taitt and Krebs 1985; Wolfe 1996) and in southern

Fennoscandian forests (Hansson and Henttonen 1985; Hanski et al. 1993),

which do not exhibit dynamic oscillations in density, fluctuating only seasonally ¡n

abundance.

Krebs (1996) expressed the view that the mathematical definition of cyclic

fluctuations appearing in Fennoscandian research in the early 1980's created

Confusion, because it was now possible to have "cycliC'and "non-cyclic"

population definitions based on unrelated platforms. lnstead, Krebs (1996)

maintained a biological definition, which sought to define population cycles

through behavioural and genetic parameters involving phase-related changes in

age at sexual maturity, reproductive rates and survival-

Many competing hypotheses on the underlying mechanisms of small

mammal population cycles have been described (Ch¡tty 1960; Krebs and Myers

1g74; Hansson and Henttonen 1985; Batzli and Lesieutre 1991; Hanski et al.

1993). Boonstra et al. (2001) noted two major peaks in Clethríonomys rutilus

populations in the Kluane Lake ecosystem, which coincided with the late decline

or low phase of the snowshoe hare cycle. Four possible explanations were

proposed for this relationship, based on factors such as: competition, predation,

stochastic processes and nutrient release. Boonstra et al. (2001) surmised that
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the key variable limiting Clethrionomys in the boreal forest of North America was

their overwintering survivability, which is a function of the availability of

overwintering food (i.e., berries from dwarf shrubs) and features of the snow

cover, not predation.

Many of the hypotheses presented as significant factors in cycling can

readily fit into the four main categories proposed by Boonstra et al. (2001) to

describe the inverse relationship between vole abundance and snowshoe hare

decline. Competition, particularly interference competition has been extensively

studied in the past to determine if competitive interactions were responsible for

small mammal distribution, resource use and relative abundance (Getz 1969;

Morris and Grant 1972: Crowell and Pimm 1976; Price 197ï;Abramsky et al.

1e7e).

Galindo and Krebs (1985) criticized several of these earlier experimental

studies because of their numerous drawbacks in terms of a lack of replication

and application to the natural environment of the creatures involved. Populations

of Percmyscus maniculatus, Clethrionomys rutilus and Microtus pennsylvanicus

were investigated in southwestern Yukon, and no evidence of competitive

interactions were found to influence these species use of habitat and relative

abundance. Wolff and Dueser (1986) found also a lack of competitive behaviour

between Clethríonomys gapperí and Peromyscus maniculafus (sympatric species

at TBS) in deciduous forests of Virginia, even though these species have

extensive habitat overlap. Nonaggressiveness was due to differences in resource

use and habitat selection. Morris (1996) searched for potential competitive
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interactions among two habitat specialists (Peromyscus maniculatus and

Ctethríonomys gappen), and one generalist (Iamias amoenus), during a study of

habitat specialization in southwestern Alberta. Peromyscus was found to

specialize on the xeric habitat, Clethrionornys on the alternative mesic habitat,

while Tamias amoenus was an opportunist, with no preference for either habitat,

and existed by exploiting the underused margins of the two specialists. Habitat

specialization allowed for coexistence among these species.

The predafi'on hypothesis for rodent cycleg asserts that direct mortality

caused by predators and indirect pressures created by their continued presence

are sufficient to cause cyclic fluctuations (Krebs 1996). Virtually all predators in

the boreal forest eat Clethríonomys, but Boonstra et al. (2001) could find |ittle

evidence to support weasel (Mustela ermínea\ abundance as a limiting factor in

vole population density in the Kluane region. ln southern Fennoscandia and

central Europe, stable populations of microtines appear to be controlled by

generalist predators that are able to alternate between prey species (Hansson

and Henttonen 1985; Hansson 1987). ln central and northern Fennoscandia the

number and density of prey species decrease as latitude increases and many

specialist predators exist that share one main prey species. The lack of diversity

for alternative prey is suspected of being unable to buffer the variations in vole

abundance, therefore, the cycling of voles ensues.

Mustelid-rodent dynamics in northern Fennoscandia and western Finland

generate a 3- to 5- yr small mammal cycle produced by delayed density-

dependence of specialist predators, such as the least weasel Mustela nivalis, on
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its prey species, Microtus agrestis (Hanski et al. 1993). Lindstrom (1994) also

examined the role of predation on field vole fluctuations and indicated that foxes

in Sweden may limit Microtus agrestis populations.

Sandell et al. (1991) and Krebs (1996) have both rejected this north-south

dichotomy reported from numerous Fennoscandia microtine cycle studies.

Sandell et al. (1991, p 281) argued that the distinction between "cyclic" and "non-

cyclic" small mammalpopulations was artificial. He suggested the whole

spectrum of population behaviours (i.e., stable to chaotic) be examined, because

"the underlying mechanisms behind the population dynamics of small mammals

may be the same for all populations". Krebs (1996) indicated that Fennoscandian

studies were based on mathematical definitions for cycles, which used s-values

(standard deviation of the logarithms of population size) to calculate the size of

population cycles. ln addition, Krebs (1996) suggested that southern areas of

Fennoscandia have been subject to intense habitat fragmentation from

agriculture that may dampen or eliminate cyclic fluctuations that may have

otherwise existed in the south.

Sfochasfic events often involve climatic variables that create seasonal

variations from year to year in the abiotic and biotic parameters of the habitat-

Some of these events include: thickness and duration of snow cover, impact of

weather on plant growth and berry crop production, and variations in temperature

and precipitation levels. Lindstrom (1994) in southern Sweden found that the field

vole (Microfus agresfs) did exhibit a pattern that resembled a 3- to 4- yr cycle,

but was interrupted during winters of little snow cover. lncreased snow cover is
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assumed to make the hunting of generalist predators more difficult, while

decreased snow cover has a dampening effect on vole populations by making

them more accessible to predators (Hansson and Henttonen 1985).

West (1982) noted that the duration of snow cover in centralAlaska during

spring melt could adversely affect Clethrionomys rutilus populations, particularly

if the snow disappeared too quickly, exposing the overwintering berry supply to

foraging birds and insects. The critical period of food shortage (or time of lowest

fruit abundance) in early summer, coincided with the time of first lifter

reproduction, low survivorship and lowest annual density.

Vickery and Bider (1978) examined the effects of weather on Sorex

cinereus activity. Rainfallwas the most important factor influencing Sorex, with

total summer activity and population size being enhanced by warm, wet springs.

Vickery and Bider (1981) also discovered that rainfall had a major effect on the

activity of the three rodents: Ctethríonomys, Peromyscusand Napa eozapus in

the forests of Quebec. The rodents were most active on rainy and on warm

nights. Vickery and Rivest (1992) suggested that differentialfood availability (i.e.,

insect activity) associated with weather change was the more likely mechanism

responsible for habitat choice among small mammals.

The role of food and nutrienfs as important factors underlying microtine

demographic patterns has been extensively studied. Fluctuations in weather and

variations in temperature determine both the assimilation of reserves (nutrients)

and the timing of flowering in northern ecosystems. Plants in the tundra and taiga

require a threshold of accumulated degree-days for flowering and fruiting (Kalela
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1962). The quality and quantity of food such as Eriophorum angustifotium and

Solidago virgaurea, subjected to the vagaries of northern climate, are the basic

factors that are responsible for the cyclic nature of rodents in Lapland (Tast and

Katela 1971). Laine and Hentonnen (1983) studied microtine populations in

northern Fennoscandia to test if favourable climatic conditions (which are

partially résponsible for creating pulses in seed and vegetative production)

triggered microtine cycles. Due to the short growing season in northern latitudes,

plants require several years to accumulate sufficient reserves for growth and

reproduction. The generalflowering peak coincided with the increase phase of

rodents; however, predators (mainly small mustelids) contributed to the depth of

microtine decline.

Pucek et al. (1993) studied the population dynamics of forest rodents,

Ctethrionomys glareolus and Apodemus flavicollis, collected over 33 years in

mature hornbean and oak deciduous forests of eastern Poland. Small mammals

reached their highest numbers in autumn of the year following the mast peaks.

The heaviest seed crops of oak and beech (at intervals of 6- to 9- yrs) influenced

by warm June-July temperatures were followed by subsequent, synchronous,

outbreaks of forest rodents, from northeastern Russia to Western Europe. The

dichotomy between "cycliC' and "non-cyclic" rodent population dynamics

discussed by Sandell et al. (1991), may be a reflection of the recurrent

exchanges of energy that flow between producers (trees), to primary consumers

(rodents), rather than being restricted in its cause to exclusively small mammal

dynamics.
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Batzli and Lesieutre (1991) indicated that the availabiliÇ of high quality

food determined the relative abundance and pattern of habitat use by microtine

rodents (Microtus oeconomus and M.miurus), in northern Alaska. High quality

food spurred population growth, even when factors such as predators and

disease continued operating on the population. Boonstra et al. (2001) proposed

that the 10- yr snowshoe hare cycle resulted in a secondary cycle in northern

red-backed voles. Food required by Clethrionomys rutilus (particularly sources

obtained from herb and dwarf shrubs) is fertilized by large quantities of rabbit

pellets. Approximately two years is needed before the berry crops respond to the

influx of nutrients from pellets, with C. rutilus populations lagging behind

population peaks of hares by 2-3 years. While smaller vole peaks are noted

independent of the hare cycle, they are generally associated with stochastic

weather events that affected the size of vole food (dwarf shrub berries and fungi)

production.

Many hypotheses have been proposed to explain cyclic phenomena in

arvicoline rodents (Getz et al. 2001), with most theories developed to reveal the

mechanism of the population crash (Bondrup-Nielsen and lms 1988). Yet, in

order to understand small mammal dynamics (i.e., the cyclicity/stability

dichotomy), populations must be studied over the long-term and under a variety

of conditions and densities (Bondrup-Nielsen and lms 1988).
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Materials and methods

Study Area:

The study area consists of six permanent one acre or 0.4ha study plots in

the vicinity of Taiga Biological Station, 51003'40"N latitude and 95020'40'W

longitude, situated north of Watlace Lake in southeastern Manitoba (Fig. 1). The

study area lies within the Northern Coniferous Section of the Boreal Forest

Region Rowe (1g72')or the Low Boreal Land Region (Woo etal. 1977). About

60,000 hectares of land surrounding Wallace Lake were burnt during the spring

of 1980 (Fig. 2), exposing much of the local bedrock. The geology is dominated

by granitic, volcanic, and metamorphic rocks of Precambrian age that have been

subjected to intense glaciation. The aftermath of glaciation produced a relief of

irregular, rocky, parallel ridges seldom exceeding 30m in height, and separated

by poorly-drained bogs, fens and narrow lakes, that follow irregular drainage

patterns towards Lake Winnipeg (Woo etal.1977). Soils of the Wallace Lake

area may consist of luvisolic, brunisolic, and organic types which developed

under the humid, cooler conditions in eastern Manitoba (Mills 1984).

The study site is climatically within the low boreal land region (Woo et al.

1977) with temperature extremes o142.50 C in winter to +36.50 C in summer

(TBS weather records). Annual mean precipitation for the area is 574.0 mm with

145.2 mm as snowfall and 428.8 mm as rainfall (Environment Canada 1990).

Snow may occur during October, lasting untilApril or May. A continuous ice

cover develops in late October-early November on most lakes and waterways,
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FlG. 1. The Wallace Lake study area including the location of Taiga
Biological Station (T.8.S.) along the Blind River (after Schaefer and Pruitt 1991).
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FlG. 2. Distribution and year of fire occurrence surrounding the Wallace'Aikens
Lakes study area (after Schaefer and Pruitt 1991).
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except in areas of fast flowing water. Breakup begins in late April or early May

(TBS Blue Book records).

The study area's six small mammal plots are all located within one

kilometre of the Blind River, a tributary of Wallace Lake (Fig. 3). Habitat names

were chosen as being representative of the most dominant tree species on each

study plot. The habitats examined included:

(1) Alder-Tamarack Bog (ATB)
(2) Aspen Upland (ASP)
(3) Blackspruce Bog (BSB)
(4) Alder-Ridge Ecotone (ECO)
(5) Jackpine Ridge (JPR)
(6) Jackpine Sandplain (JPSP)

Trapping:

The 0.4ha study plots were established with a square 10x10 grid with

peripheral axes labelled I to 10 and A to J (see Fig. 4). The small mammals were

captured according to methods used by Pruitt and Lucier (1958) and Pruitt

(1968). One hundred labelled wooden trap markers (i.e., A1, M, A3, etc.) per

ptot were placed approximately 6.5m apart at each trapping station. Two types of

snap traps (Museum Specials and Schuylers) were set in an alternating

arrangement on each plot for a combined total of 100 traps per plot. Each trap

was attached to its identified wooden marker with a cord approximately 80cm in

length; this allowed placement of the trap within the same 2m2 each year and

reduced trap loss.
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FlG. 3. Locations of the six small mammal study plots along the
Blínd River, a tributary of Wallace Lake (after Wheatley 1989).
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FlG. 4. A small mammaltrapping grid on the Blackspruce Bog plot. Dots
represent the locations of the upper canopy trees found standing two yeas
afterthe 1980 fire at Wallace Lake, Manitoba (from Martin 19S3).

o
o

o
o

êo
oæl
.. 6o 08

o
c.c Oêi*

ot"
sæ

o

oo d
o

6O oO

o

o

g'nf 
.
o

b 3;"'
oo

o- |

lon o

.oT

c
-atO

!o oÉo g
l.

oo eo oo
oo '

oo o
ôÈ

, orf

o lot

t "oo o-

ooéo'
"& o oo

rQ
,ô
ooo J

o

ìt
o ooo

o,
a

o9

co

a

o.'Ito"
c

n¿to

o iot o

a e o.ao

'o'-ts

o+
- òc
i

Àc
..!

cfø
È o iortþ

t êa o

ç-
to o

€ô8
o

t

o;'

6O
9oc

ot

o

o
It c Co

- c o!"te'
o

e

t-tfo o

% oéc

ao

.ot o o lo
o cs

QC

" 
oå I .

oc 't
Êo

câ
" l-.r

-.oc !. oel

(!
Q. .- '

!

o
o
o

o . o.2
èo

o o'f
" 

oo o 
t 

,l
oco.oc
3 8"'

o oo$

o-
Íe-

93

Oc

o.o '
o

e
9e

oc
oô

o
o

ot.t

o
o
o

P 
o.o

oot o oo

û

o coc

o øoé
Oo

.o 3

¿
o

oa 
a

ao0
cc

o..o ! oo
o

oooo o o

a
o êq

"o 
. I

9.
Q! g

' st

oô
o 

oo *oo
oc s.¿

?1

? oc o

Þ. .i

oo"o

co!-" e
o'ê ô

o-"o t"

'o < Ò1

ì"" ot*'

;' e

fo' g
o€

Aoo S."'ï.
o

o

aootSo 'o

o

a

i.r
o

er
2r.

o otoo

. f fu-go.,

ovo
ooo 

to
o atoo

j. oajo"!å

3T.13.,
otP " þ. ."..:t,

oo o 9o
oco c

^ ooo'

i'i.;;
q6oc

3t o I

c o ol
a
9r c o

oot"

. 3.o

c
o

o^ o 6
do -c

c
c.jø oo

oo 
"{rb

O O o Oa

c
o

Jo
o3

"z"o 
t' '

-q-o
o

geo

3 oo
O.

go
o

o 1""

oo oo-oo

o'I ..?.: I

i. oo

:' '¡¡ '. .
4 , .!.. r"

" 
3'o

a.gt'
so Ëc

e8
o oo o I
:o o

- ôo

ð
o&?

oon

'"".'. $j
o'oå:

o
to o.o
tt

o o$
too óooo

o.o o

ooo

coE
a

oc

oieg

c"
Þ

o

9o

)

j-"."

o

Þ

0r
Oc a

,-o 
o o¡

I oo" o3'
c

lt.-ooo . o "o T' 
o

o

"î n 'P:

$.
ooc

o oe I

os

i..'j.."
e 

ar 
-t 

¿'c
o o-J ',

f.'.: +'

O-t9. r:
I'

too 
tt4;

c c J'Þ- a

&, ol

". tt .å



26

ln 2000, new Museum Specials were substituted lor 25 of the older

Museum Specials on each plot. The trap manufacturer company (Woodstream

Corp., L¡t¡tz, Pa.), no longer produces the original Museum Specialwith its

wooden and metal treadle. The new version has a large bright yellow plastic

treadle (which is very attractive to song birds) with adjustable sensitivity.

Eventually, the older Museum Specials witl need replacement at TBS; therefore,

a slow integration of the new trap modelwas indicated. The new Museum

Specials were placed on all plots in 2000, and will be present thereafter for all

consecutive trapping seasons. Traps were baited once, with a mixture of peanut

butter, rolled oats, chopped raisins and bacon fat, and remained set for three

consecutive nights. Traps were set on the afternoon of Day 1 and checked each

morning on Day 2,3 and 4. Specimens were collected on Day 2,3 and 4 and

placed in individual brown paper bags with plot location, grid marker (trapping

station) number, trap type, date of capture, and brief characteristics of the

surrounding habitat; the traps were then reset.

At TBS, an outdoor work area was set up for specimen preparation; here

individuals could be identified and have their standard morphological

measurements taken, including: total length, tail length, length of hind foot, length

of ear from notch, body weight and reproductive condltion. Testis size was

measured in males and female reproductive tracts were examined, with the

number of embryos and/or placental scars recorded. Ectoparasites were

recorded, collected and preserved. lnformation from all small mammal

specimens was transferred into a permanent record book at TBS. Skeletons from
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the specimens were catalogued at the Manitoba Museum, with ectoparasites

being saved for further entomological analyses.

The plots were trapped each year during the following periods: August

(1982-1988; 1990-2001), September (1979) and September to October (1977,

1978,1980, 1981 and 1989). ln 1984, only the Blackspruce Bog and Jackpine

Sandplain plots were trapped. The lack of trapping data in the remaining four

plots during August 1984 accounts for the hiatus in many of the graphical

presentations. The data provided in tables and figures may differ from actualtotal

captures recorded in some cases; this is an effect of insufficient information

(particularly during the earlier years) when gender and trap type were sometimes

omitted from the records. Only whole specimens (i.e., those not badly anted or

anatomicatly incomplete) were used in analyses of body weights and lengths.

Data analysis:

Small mammal summary data (from Tables A.1a-f) were used in the

figures of annual distribution and abundance of the three most common small

mammal species from each of the six study plots. Data were presented as i)

smooth continuous curves (Figs. 5a-5f), in order to view the amplitude of change

in fluctuating numbers of individuals and for the observation of any periodicity

among the species; and ii) as bar graphs (Figures A.1a-f), which expressed small

mammal abundance as a discontinuous distribution.

Population peaks were identified using the distribution curves shown in

Figs. 5a-5f. Population peaks were defined as a year with a higher population
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than that of the previous year and of the following year; if the population is similar

in two successive years, then the second year is taken to be the "peak yeaf'

(Kalela 1962). Cole (1954) defined a peak as any sequence of three numbers

such that a < b >c. Gelzet al. (2001) selected a minimum density that constituted

a population peak (i.e.,25 voles/ha in tall grass).

Large fluctuations were extremely rare in TBS capture records; therefore,

population peaks were chosen by selecting the most prominent densities

(animals per 0.4ha) recorded by each common species (see Tables A.1a-f).

Comparisons were made individually of the three main species when peak years

were combined from all six sites; this was done in order to observe possible

patterns of large-scale synchrony within a single species as shown in Figs. 6a-

6d. Additionally, synchrony among the peak abundance years of red-backed

voles was examined and compared across different sampling sites within the

province (Table 4).

Yearly accumulations of small mammal biomass (Tables A.2a-f) from

individual study plots at TBS were examined, since biomass accretion may be

reflective of a habitat's productivity. Species biomass was combined annually

(without the inclusion of squirrels and chipmunks) to determine peak years of

production across the plots (Fig. 7). lf synchrony was discovered, then perhaps

large-scale externalfactor(s) (i.e., climatic, meteorological, predatorial and/or

broad vegetative changes) may have more influence on the populations of smalt

mammals at TBS, rather than small-scale external agents (i.e., the variety and

volume of habitat variables) found within the immediate capture area.
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Results

Small mammal trapping summaries:

During the past twenty-five years at TBS, 2,563 mammals in 43,800 trap-

nights have been captured, of which 2,384 are considered "small mammals";

those animals <100g in adult body mass or not belonging to family Sciuridae (the

squirrels and chipmunks). The small mammals represent 12 species in 11

genera (five Muridae; four Soricidae; one Talpidae; one Zapodidae). The larger

more mobile Sciuridae members of the taiga fauna are mostly >1009 in adult

body mass (with the exception of the chipmunks, which have an approximate

mean body weight of 40-509). lndividual Sciuridae occasionally appear in TBS

traps (though they are not intentional captures), but because of their size and

mobility, and lower site affiliation, have been excluded from much of the habitat

analyses. Taxonomy and nomenclature in this thesis follow Wilson and Reeder

(1993) and Wilson and Ruff (1999) with the caveat that rodent taxonomy is

constantly being refined and rearranged.

.The 
distribution of individual species along with the number of sampling-

years a species was captured on a particular plot at TBS is described in Table 1.

The Aspen Upland and Ecotone study plots have the highest total captures, with

625 and 567 individuals, respectively. They have also exhibited the greatest

mammalian diversity, with 13 different species reported from capture records in

each plot. The three most abundant and ecologically widespread species of small

mammals at all sites were Clethrionomys gapperi, Sorex cinereus and
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TABLE 1. Taiga Biological Station (TBS) mammal diversity 1977 through 2001.
(Number in brackets refers to the number of sampling-years a species was found on the plot).

Sampling-years = 24 yrs for ASP, ATB, ECO, JPR and 25 yrs for the BSB and JPSP.

Aspen Upland (ASP)

13 species
625 individuals
Blarina brevicauda (3)

Cl eth río n o mys g a ppe ri (23)
Microærex hoyi (1)

M icrotu s pen n sylvan icu s (1O)

P e ro myscu s ma n icu I atu s (21 )

P he n aco mys inte rmed iu s (3)

Sorex arcticus (1)

Sorex cinereus (21)
Synaptomys sp.(2)
Zapus hudsonius (5)
Glauæmys sabrinus (7)

Tamias minimus (1O)

Ta mia sci u rus fiudsonrcøs (3)

Alder-Tamarack Bog (ATB)

10 species
439 individuals
Blarina brcvicauda (4)

Cleth rion omys gapperi (20)
Microærex hoyi(2)
M icrotu s pen n sylvan icu s (1 4)
P e ro mysc u s ma n icu I atu s (3)

Sorex arcticus (4)

Sorex cinereus (24)
Synaptomys sp.(3)
Glauæmys sabnnus (1)

Ta mia sciu rus hudsonrbus (3)

Blackspruce Bog (BSB)
10 species
226 individuals
C leth ri o n o mys g a p pe rí (20)
Microsorex hoyi (1)
M icrotu s pen n sylvan icu s (4)

Pe ro myscu s ma n icu latu s (6)

Sorex arcticus (2)

Sorex cinereus (19)
Synaptomys sp.(1)

Ecotone (ECO)

13 species
567 individuals
Blarina brcvicauda (6)

C I eth rio n o mys g a p pe ri (24)
Condylura cristata (1)

Microærexhoyi (3)

M ic rotu s p e n n sylv a n ic u s (12)
Pero myscu s ma n icu I atu s (1 2)
Sorex arctiarc (2)

Sorex cinercus (24)
Synaptomys sp.(3)
Zapus hudsonius (2)

Glauæmys saÞnnus (3)

Tamias minimus (13)
Ta mia sciu rus frudsonrbus (6)

Jackpine Ridge
(JPR)
7 species
358 individuals
Blarina brevicauda (1)

C leth ri o n o mys g a p p e ri (23)
Pe ro myscu s ma n icu I atu s (1 4)

Sorex cinereus (11)
Glauæmys sabrinus (2)

Tamias minimus (11)
Ta mia sciu rus hudsonrbøs (1 0)

Jackpine Sandplain (JPSP)

10 species
348 individuals
Cleth ri o n o mys g a p pe ri (22)
M icrotu s pen n sylvan icu s (1 )

P e ro myscu s m a n icu I atu s (22)
P he n aco mys inte rmed iu s (1)

Sorex crnereus (9)

Synaptomys sp.(1)
Zapus hudsonius (5)
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Peromyscus maniculatus. P. maniculatus was the third most abundant species in

five out of six habitats - with the exception of the Alder-Tamarack Bog, where

Microtus pennsylvanicus (meadow vole), usurped its third place position. The

remaining small mammal species shown in Table t have accounted for less than

six percent of the total species contribution across most study plots. The Ecotone

differed in that its total contribution of small mammat species, other than the

three most common ones, was slightly over nine percent.

Therefore, the primary focus of data analysis is on the three main species,

with the exception of the Mícrotus substitutionlor Peromyscus in the Alder-

Tamarack Bog. The study plots hereafter will be referred to by their abbreviated

forms (see Table 1).

The apportionment of individual small mammal species is shown in Tables

2a-2î. Contributions by each individual species have been presented in two

ways: firstly, in smaller sequential units of time (i.e., of several years) and

secondly, as over-all species contribution (i.e., over twenty-five years). Several

notable features included the changes in percentage contribution by

Clethrionomys and Sorex throughout the years. Contributions by Clethrionomys

have declined on the ATB, while Sorex contributions have increased; concurrent

events were noted on the ASP plot (Table 2b). Sorex never fully recovered its

pre-fire levels on the JPR and JPSP (see Tables 2e and 2f). The primary, overall

contributor to the small mammal fauna on the ASP, BSB, ECO and JPR habitats

has been Clethrionornys over the past twenty-five years. Sorex is the dominant

species on the ATB, while Peromyscus fulfills this role in the JPSP.
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TABLE 2a. Percentage contribution of each Alder-Tamarack Bog small mammal species during different
time intervals and over-all contribution durinq twenV-four samplinq vears at Taiga Biological Station.

Species (77-79) (80€5) (86-901 (91-95) (96{1) 24 yeaæ

Clethrionomysgapperí 54.2 48.8 43.5 14.7 7.8 35.1

Sorex cinercus
Peromyscu s m an icul atu s
Microtu s pen nsylvan icus
Blarina brevicauda
Microsorex hoyi
Sorex arctîcus
Synaptomys sp.

33.9
1.7
5.1

1.7
0.0
1.7

45.0
1.3
1.3
1.3

41.5
0.7
6.8

0.0
14.7

68.6 66.7 50.3
0.0 0.7

13.7 8.2
1.4 0.0 2.0 1.1

0.0 0.7 0.0 2.o 0.5
0-0 2.7 1.0 3.9 1.8

1.7 2.5 0.0 1.0 0.0 0.9
0.0 2.0 0.2Glaucomyssabrinus 0.0 0.0 0.0

Tamiasciurus hudsonicus 0.O 0.O 2.7 O.O 2.O 1.2

Totals 100.0 100.0 100.0 100.0 100.0 100.0

TABLE 2b. Percentage contribution of each Aspen Upland small mammal species during different
time intervals and over-all contribution during twenty-four sampling years at Taiga Biological Station.

Species (77-79) (8&85) (8c901 (91-95) (96-01) 24 years
Clethrionomysgapperi 78.7 42.5 62.2 47.3 30.8 51.0

21.3 13.4 20.6 28.4 19.0Sorex cinereus
Percmyscus maniculatus
Microtu s pe n n sylva nicus
Blarína brevicauda
Microsorcx hoyi
Sorex arcticus
Synaptomys sp.
Phe n acomys i ntermedi us
Zapus hudsonius
Glaucomys sabrinus
Tamias minimus

Sorex cinercus
Peromyscus m aniculatu s
Microfu s pen n sylvanicus
Microsorex hoyi
Sorcx arcticus
Synaptomys sp.
Zapus hudsonius
Tamias minimus

0.0 0.8 0.5
0.0 0.0 0.5
2.1 0.0 0.0

0.0 3.4
0.0 0.0
0.0 0.0
0.6 0.0

0.8
o.2
0.2
0.5

1.1

1.1

3.4

1.1

1.3
3.1

9.7
3.1

2.7 0.9
0.0 0.4
2.7 0.4

15.0
0.0 29.1 13.4 15.5 30.7 18.6
0.0 3.r 3.0 6.2 0.0 3.2

0.0 0.0
0.0 0.0 1.2 0.0 0.5

1.0
0.5

0.0 0.0 0.0 3.7
2.1 1.6 0.5
2.1 0.8 5.0

55.6 23.2
0.0 32.3 0.0 0.0 2.7

0.0 2.3 2.7

0.0 2.3
1.4 0.0
0.0 0.0

1.2
3.1

Iamrasc¡urus h¿¡dsonrbus 0.0 0.8 0.0 0.6 1.1 0.5
Totals 100.0 100.0 100.0 100.0 100.0 100.0

TABLE 2c. Percentage confibution of each Blackspruce Bog small mammal species during different
time intervals and over-all contribution during twenty-five sampling years at Taiga Biological 9FÍigJt ,,,=.,

Species (77-79) (8G85) (86-90) (91-95) (96{1) 25 years

Clethrionomys gapperi 44.4 35.3 64.4 65.2 46.0 52.5
31.5 30.3 35.2 30.4

0.0
0.0
0.0

7.7
0.0
0.0

't.4 0.0 0.0 0.4

0.0 0.0
0.0 0.0
0.0 0.0 1.4 0.0 0.0 0.4

Iamrasciørus f¡udsonrbus 0.0 1.5 0.0 0.0 Ll 1.8
Tof;als 100.0 100.0 100.0 100.0 100.0 100.0
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TABLE 2d. Percentage contribution of each Ecotone small mammal species during different
time intervals and over-all contribution durinq twentv-four samolinq vears at Taiqa Bioloqical Station.

Species (77-79) (80€5) (86-90) (91-95) (96{1) 24 years
Clethrionomys gapperi 45.0 45.3 50.8 36.9 35.3 44.1
Sorex cinereus
Percmyscus maniculatus
M icrotu s pe n nsylvan icu s
Blarina brevicauda
Mictoærcx hoyi
Sorex arcticus
Synaptomys sp.
Zapus hudsonius
Condylun cristata 0.0
Glaucomys sabrinus 0.0
Tamias minimus 1.7

36.7
0.0
6.7
3.3
0.0
3.3

31.3
13.3

3.1

3.1

0.0

29.1
4.8

36.9 38.2 33.2
4.9 4.4 6.2

1.1 0.8 0.0 0.5
0.8 0.0 0.0 0.0 0.5

2.6 6.6 4.4 4.2
3.2 0.0 2.9 2.5

0.5 0.0

1.7 0.0 0.0 0.8 1.5 0.5
0.0 0.0 0.s 0.0 4.4 0.7

0.8 0.0 0.0 0.0 0.2
0.8
1.6

1.5
5.9

0.5
4.87.4 4.9

Tamiasciurus hudsonicus 1.7 O.O O.0 8.2 1.5 2.1
Totals 100.0 100.0 100.0 100.0 100.0 100.0

TABLE 2e. Percentage contribution of each Jackpine Ridge small mammal species during different
time intervals and their over-all contribution durino twentv-four samolino vears at Taioa Biolooical Station.

Clethrionomys gapperi
Sorex cinercus
Pe ro myscus maniculatu s
Blarina b¡evicauda
Glaucomys sabrinus
Tamias minimus
Ta m i asciu ru s h udso n icu s

60.0
37.5
0.0
0.0
0.0
0.0
2.5

29.3
7.8

s8.6
0.9
0.0
1.7
1.7

53.4
8.4

30.0
0.0
0.8
6.7
0.8

32.5
17.5
20.0

0.0
0.0

80.6
0.0
2.5
0.0
2.4

46.9
't1.5
31.8

0.3
0.6

12.5 7.3 5.0
't7.5 7.3 3.9

Totals 100.0 100.0 100.0 100.0 100.0 100.0

TABLE 2f. Percentage contribution of each Jackpine Sandplain small mammal species during different
üme ¡ntervals and their

Species (77-79) (80-85) (86-90) (91-95) (96{1) 25 years
Clethrionomysgapperi 50.0 27.4 53.5 27.9 23.1 33.6
Sorex cine¡eus
Percmyscus maniculatus
M i crotu s pe n n sylva n i c u s
Synaptomys sp.
Phenaæmys intermedius
Zapus hudsonius
Glaucomys sabrinus
Tamias minimus
Tamiasciu rus hudson icu s

40.0
0.0 63.0
0.0 0-0

10.0 0.0 0.0 0.0 0.0 0.3

1.4 1.1 10.5 3.3
17.1 39.5 52.7
1.1 0.0 0.0

0.0 0.0
1.1 3.5
6.8

r8.3
1.1

1.2
17.4
0.0

1.1

1.1

17.6

5.2
41.1
0.3

1.7
2.8

13.8

0.0 0.0
0.0 1.4
0.0 2.7

1.1 0.3

0.0 1.4
0.0 2.7 0.0 0.9

Totals r00.0 100.0 100.0 100.0 100.0 100.0



34

TABLE 3. A comparison of annual biomass totals (in grams per 0.4ha) of all small

mammal specíes combined (without sciurids) across six sites at Taiga Biological

Station. Peak biomass years were chosen by selecting the most notable change
in biomass between three consecutive years (i.e., acb>c). Plot names have been

abbreviated.

Years ATB ASP BSB ECO JPR JPSP

1977
1978
1979

1981

1982

1988
1989

1998
1999

278.6
228.6
216.6

56.2
245.9
289.3

29.9
15.8
36.2

30.0
88.3

148.9
216.1
260.5

126.2
105.5
211.7

97.4
166.4

22.8
40.2
65.7

83.5
144.5

0.0

168.8

230.5
--ry
586.9 186.4

465i0,,.,.':,'ffio$, 138:8.i
317.7 1Q7.9 ì';; ;!:"338:9

192.4
98.1

250.01;,

145.7 325.3

131.9 275.7
140.7

130.7
163.3

208.1
229.2

34.7 207.6

165.3 397.3
513.2 171.1 267.6

iì8'
427.3 15.4 37.4

140.4
307.2

347.9 133.7

183.8
181.2

94.2
293.4

37.4'.,,, .. 75.9

125.1 90.3
0.0 0.0ri'

437.1 32.2 348.2 195.8 249.O

266.3

.571

69.9

147.4

159.5 36.5
s-=
189.6

63.7 57.3 148.3

77.0
77.6

153.8

1s-OTi,ÉíïËáw##fr 42.4 67.1

45.1 220.1



TABLE 4. A comparison of Clethrionomys gapperi peak abundance years based on small mammal capture records from five
different areas in Manitoba and one in Minnesota (about 7 km south of the MB border), All animals were captured using kill-traps
except the Long Point study which used live-traps. Long Point was not trapped in 1982. While the sampling time and method
varied between sites, a general consistency in the occurrence of peak abundance years for Clethrionomys gapperi over a relatively
large area (100's of kilometres) of Manitoba can be seen.

Sampling area

Location

General habitat

Taiga Biological
Stafion fTBS\

Peak years of
abundance

256 km north-
east of Winnioeo

Mixed boreal
foresf

*Fort Whyte
Nafirre Canfre

ln Winnipeg

Mixed deciduous
foresl

Long Point
Pcninc¡rla fúFl

itiiii liriÍi$i,ti"öËþ

'i¡iriäiìri'irÏj¡i,.ì1ffffi

+ri,iîi:i¡iiiä¿iili,if'^åffi

+$$,iffi

$i.-l s.r,i i9,7di

¡¡¡ti¡',$:,t¡ri'ifl ¡9.r2:'-S;

1978

1982

408 km north of
Winnioeo

Mixed boreal
foreet

jackpine, open field, bog and/or mixed deciduous forest) at each location in MB. Fort Whyte represents animals captured
from mixed deciduous forest habitat only, while other locations had several different vegetation types per location.
(..WNRE) = Whiteshell Nuclear Research Establishment.

Hadashville MB
lSoruce Sidino)

years

88 km southeast
of Winnipeo

;{fffi
i{'Ë:,,i:i .,

;;'i{'l;ij Xì

TamaracU black
soruce forest

N. Minnesota
(Roseau Boo)

¡ltie-m

iTg,75

Ìd,9,8.0.

by all sítes (except Fort Whyte) represent data collected from different ha

i:.:r:'.iil,l.¡i 7.

140 km south-
east of Winnioeo

:l!il:

ii1.,989

TamaracU black
spruce forest

Pinawa MB
(--WNRE)

irû9.9,9

,,'tf¡,8j¿,

riil,9,-s

95 km northeast
of Winnioeo

.':,4: . iilgB"g,

,':,1' ,'!9P-.!¡
',."ig9g

;l ' 
iiÈ"-

Mixed boreal
forest

1970

1974

1977

:,r, 
j: 

ìi 
lir. 

:. illiìí,g€-O

ìi;'

'. '::

1 988

ilìl;.rr,, ,¡ ':1$91,
, 
t ' 1,993

1997
[::..,,1¡1 

l:i rr,r :,I,999

types e ruce,

(¡)(¡
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Specrbs'response shortly after the fire:

The small mammal study plots at TBS were affected to varying degrees by

the fire. A full description of habitat disturbance experienced by each plot is

provided in Appendix A.1. ln general, plots that were subjected to severe

damage were predominantly dry, coniferous habitats - the JPR, JPSP and BSB

plots. Clethrionomys reported increased trap captures on the ATB, BSB, ECO,

JPR and JPSP three months after the fire, compared to pre-fire trapping results.

Sorex responded with increased captures in 1980 from the previous year, in the

ATB exctusively. Sorex showed decreased capture rates following the fire, on the

ASP, BSB, JPR and JPSP plots. Only the ECO reported no change in Sorex

capture rates from pre-fire sessions. Peromyscus was absent from trapping

records on the ASP, BSB, ECO, JPR and JPSP prior to 1980 at TBS; only one

individual was captured in 1979 on the ATB. Three months after the fire, the

ASP, ECO, JPR and JPSP plots all reported elevated Peromyscus captures.

However, Peromyscus was not reported in 1980 and for several years

afterwards, on the ATB plot, and did not appear in BSB capture records until

1981.

Cyclic fluctuations and paftems in small mammal populations:

Population peaks were identified (Getz et al. 2001) based on the most

conspicuous fluctuations found within each habitat over twenty-five sampling-

years. Four key observations were derived from these long-term data sets:
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¡.) Synchronicity (i.e., the occurrence in time of similar peaks and
troughs) in the fluctuating abundance of different small mammal
species was not evident at TBS.

¡¡.) C. gapperi, the red-backed vole, did not display a 3- to 4- yr
population cycle at TBS as indicated by some arvicoline (vole and
lemming) studies.

¡¡¡.) C. gapperi did exhibit synchronous peaks in its abundance across
several of the TBS plots, as well as across the province, regardless
of habitat type (i.e., black spruce, jack pine, mixed
con iferous/decid uous forests).

iv.) Combined small mammal biomass (without sciurids) at TBS
showed evidence of periodicity (i.e., regularity) in the occurrence of
trough phases across all habitats.

Observation i, derived from Figs. 5a-5f, indicated that synchronicity in

fluctuating populations was not evident among the various species across

different habitats, except for the period immediately after the burn. During this

time, Ctethrionomys and Peromyscus both exhibited positive responses through

increased abundance. More commonly however, when Clethrionomys

experienced a peak phase, Sorex or Peromyscus lagged behind by severalyears

or expressed a similar peak period, with much smaller amplitude. For example,

the years 1986 and 1987 were peak years lor Clethríonomys, but troughs or low

periods tor Peromyscus across several of the sites at TBS.

Observation ii, from Fig. 6a, showed that small mammal communities at

TBS do display populations that fluctuate annually, but patterns showing

periodicity are not evident. A 3- to 4- year arvicoline cycle was not observed

(from visual analysis of population fluctuations) for most Clethrionomys
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FlG. 5a. Frequency distribution of the three main small mammal species found in the Alder-Tamarack Bog
during twenty-four annual trapping seasons at Taiga Biological Station. The plot was not trapped in 1984. Note
that the zero value on the Y-axis has been elevated for clarity of presentation.
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FlG. 5b. Frequency distribution of the three main small mammal species found in the Aspen Upland
during twenty-four annual trapping seasons at Taiga Biological Station. The plot was not trapped in1984.
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FlG. 5c. Frequency distribution of the three main small mammal species found in the Blackspruce Bog
during twenty-five annualtrapping seasons at Taiga Biological Station.
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FlG. 5d. Frequency distribution of the three main small mammalspecies found in the Ecotone
during twenty-four annual trapping seasons at Taiga Biological Station. The plot was not trapped in 1g84.
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FlG. 5e. Frequency distribution of the three main small mammal species found in the Jackpine Ridge
during twenty-four annual trapping seasons at Taiga Biological Station. The plot was not trapped in 1984.
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FlG. 5f. Frequency distribution of the three main small mammal species found in the Jackpine Sandplain
during twenty-five annual trapping seasons at Taiga Biological Station.
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FlG. 6a. Comparison of CÞthrionomys gappen distribution across six habitats at Taiga Biological Station. The
plots experienced various intensities of fire damage during the spring of 1980, ranging-from unãisturbed to extremely
damaged. Four of the above plots were not trapped during 19g4.
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FlG. 6b. Comparison of Sorex cinereus distribution across five habitats (the Jackpine Sandplain was omitted because of
low numbers) at Taiga Biological Station. The plots experienced various intènsities ótnre oamãg" oräng the spring oi rego,ranging from undisturbed to extremely damaged. Four of the above plots were not trapped Ouri;g tSg+.
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FlG. 6c. Comparison of Peromyscus maniculafus distribution across four habitats at Taiga Biological Station.
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populat¡ons across the different sites. One exception occurred with

Clethrionomys' distribution on the Blackspruce Bog; here some evidence of a 3-

to 4- yr cyclicity in Clethrionomys' abundance pattern may be seen (Fig. 6c).

Observation iii from Figs. 5a-5f revealed that Clethrionomys (when

compared with Sorex and Peromyscus species), expressed the greatest

similarity in the timing of its peak years across habitats at TBS. During 1980

(three months after the fire), four plots responded with an increase ih

Clethrionomys numbers. On two occasions (1986 and 1989), peak years

occurred for Clethrionomys in four out of six sites. ln 1993, five of the study plots

responded with elevated captures. Low phases among populations of

Clethrionomys have also occurred with noticeable similarity; in Fig. 6a, troughs

appeared during 1982,1988 and 1992.

The latter part of observation iii (i.e., the synchronous occurrence in

peaks of C. gappen across the province) discovered synchrony in the fluctuating

abundance of red-backed vole populations across the province (Table 4). On

separate occasions, and across different habitats, populations oI Clethrionomys

reached peakabundanceyears in 1980, 1986, 1987,1989 and 1993atTBS.

Koonz (1988) reported red-backed vote densities to be greatest in 1971, 1975,

1980 and 1987 from live-trapping surveys conducted at Long Point Peninsula,

south of Grand Rapids, Manitoba. Fort Whyte's small mammal study plot in

Winnipeg (established in 1969) displayed peak years of Clethrionomys

abundance during 1971, 1975, 1978,1982,1987,1989 and 1999. A fifteen-year

snap-trapping study (1967-72) at the Whiteshell Nuclear Research Establishment
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in Pinawa, Manitoba, described peak years for Clethrionomys abundance during

1970, 1974,1977 and 1980. Two other sampling surveys begun in 1986

indicated peak years of red-backed vole abundance during: 1986, 1991, 1993

and 1999 for Spruce Siding (near Hadashville), Manitoba, and 1988, 1991, 1993,

1997 and 1999 for the Roseau Bog site in Minnesota.

Finally, observation iv involved a summary of annual biomass totals of

the small mammals (in grams per 0.4ha), described in Table 3. Peak biomass

(standing crop) years were chosen by selecting the most notable change in

biomass between three consecutive years, based on Cole's (1954) definition of a

peak year, where a<b>c.ln Table 3, the ô.ttää'éil¡alues indicate peak biomass

years. ln 1980, all six sites experienced a high, followed by severalgroups of

years where peak biomass production occurred across the different sites. For

example, if we look at Table 3, selecting the second year of occurrence (when

years are grouped together) as a peak year, then on average, every 3- to 4- yrs

at TBS, maxima in small mammal biomass are reached on separate plots at

relatively the same time. These years include 1980; 1983-1984; 1986-87; 1990-

91; 1993-94; 1996-97; and 2000-01. Congruently, minima in small mammal

biomass were observed during 1978,1981, 1985, 1988, 1992,1995 and 1998

(Fis.7).
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Discussion

Small mammal trapping summaries:

Of the total2,384 small mammals captured over the years at TBS, almost

half of the specimens were arvicoline rodents (Clethrionomys, Microtus,

Synaptomys and Phenacomys).The second and third most abundant species in

the TBS capture summaries included Sorex cineretts, an insectivore, and

Peromyscus maniculatus, a granivore-omnivore. The arvicolines, however, are

notably the most ecologically and numerically dominant species at TBS, fulfilling

this role in very diverse habitats. Microtine (or arvicoline) rodents are typically the

numerically dominant species in grassland habitat (Rose and Birney 1985), in

mixed conifer and hardwood forest habitat (Clough 1987), and in borealforest

habitat (Martell 1984). lt is not uncommon within the boreal community to have

one or two numerically dominant small mammal species accompanied by a

greater number of sparsely populated species (Galindo and Krebs 1985; Vickery

et al. 1989; Morris 1996). The TBS small mammalfauna composition (in terms of

possessing a few dominant species accompanied by a greater number of

numerically subordinate species) is similar with rodent assemblages found in

other areas of Canada's borealforest.

The local distribution and abundance patterns of small mammals points to

habitat selection, rather than interspecific competition as a force in species

assembly (Morris 1983). M'Closkey and Fieldwick (1975) indicated that the local

distribution ol Peromyscøs and Microtus, ecologically sympatric species in
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southern Ontario (as well as at TBS), was related to the availability of preferred

microhabitats. Therefore it is probable that species distribution and abundance

patterns, having influenced the outcome of trapping results for the past twenty-

five years at TBS, are the result of distinct habitat preferences by each species.

Species rcsponse shortly afterthe fîre:

P. maniculatus

The selection of habitat likely became pronounced and most significant to

the fitness of the animals shortly after the fire. Peromyscøs exhibited strong

habitat preference after the burn by selecting disturbed habitat over others. For

example, this preference for burned areas was demonstrated by its rapid

increase in numbers on four out of six plots; the ASP, ECO, JPR and JPSP all

reported elevated Peromyscus captures three months post-fire. On the Jackpine

Ridge, which suffered extensive fire-damage, Peromyscøs made up almost 59%

of the small mammalfauna from 1980 to 1985. Percmyscus is an adaptable

species at TBS that appears well equipped to vary its reproductive and dispersal

strategies in response to local conditions.

This opportunistic species was abte to colonize and increase rapidly in

density in response to temporarily favourable conditions, such as an increase in

either the quality or quantity of its food supply (i.e., seeds and/or insects) initiated

by the actions of fire. But the downward trend in Peromyscus numbers in

subsequent years suggests that habitat conditions deteriorated for this species
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over t¡me (perhaps through the successional changes experienced by the fire-

damaged plots).

Studies concerned with the initial effects on small mammals from burning

and clear-cutting have indicated that granivorous (seed-eating) rodents

compared with graminivorous (grass and herb-eating) species respond

favourably to habitat change after disturbances (Tevis 1956; Gashwiter 1959;

Ahlgren 1966; Krefting and Ahlgren 1974; Sullivan 1980; Martell 1984). Bock and

Bock (1983) found PeromyscrJs was more abundant on the prescribed burn

areas in Ponderosa pine communities of South Dakota during the first post-fire

summer - an effect that disappeared or even reversed itself by the second year.

This effect (albeit some-what delayed) was noted on the JPSP and JPR where

Peromyscus numbers remained relatively elevated up until 1984 and 1988,

respectively, then rapidly diminished during subsequent years.

C. gapperi

Clethríonomys also exhibited increased density foltowing the fire on many

of the plots. The ATB, BSB, ECO, JPR and JPSP all experienced increased red-

backed vole captures three months after the 1980 fire, perhaps in response to

the sudden novelty and/or availability of food resources and structural features

newly present. Observations on Clethrionomys have reported both increased and

decreased responsiveness in abundance following habitat disturbance. Martell

and Radvanyi (1977) noted that red-backed voles, while common in uncut stands

of upland black spruce, increased on clear-cuts untilthey predominated in the
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small mammal commun¡ty up to the early part of the second summer after

harvest, when they rapidly declined. Kirkland (1977) also reported an initial

increase of Clethrionomys in response to clear-cutting in coniferous and

deciduous forests of West Virginia. Other studies have found that Clethrionomys

"uoidr 
or remains rare in disturbed areas for up to ten years after clear-cutting

and slash-burning (Gashwile r 1I7};Krefting and Ahlgre n 1974).

Clethrionomys reported increased captures in five of the six plots following

the 1980 fire, indicating that some variable(s) in the burned habitats became

more attractive to this species. lt seems possible that Clethrionomys, while found

in greatest abundance in mesic habitats with good overhead cover (i.e.,

conditions found in the ASP and ECO plots), was abte to adapt temporarily to

disturbances at the local scale within the different habitats, and utilize the sudden

availability of these resources. However, captures declined during the next

trapping session (one-year post-fire) on many of the plots, particularly on the

BSB where no captures were reported for three consecutive years following the

burn. The JPR also reported diminished red-backed vole captures. These

declines were most likely due to the loss of overhead canopy in both plots, and to

the lack of suitable microhabitat features needed by Clethrionomys, for its long-

term residency (Miller and Gelø 1972; Gillis and Nams 1998).

Clethrionomys' increased trapping response following fire at TBS was

concomitant with findings at Long Point Peninsula and Pinawa Research Station

(two separate small mammal surveys being conducted during the same period in

Manitoba). Both surveys reported elevated red-backed vole captures during their
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1980 trapping sessions. lt is therefore entirely possible that fire had less

influence on Clethrionomys'abundance than initially anticipated at TBS. Perhaps

elevated numbers of this species would have occurred in 1980 at TBS,

regardless of any disturbances created by fire. Rather than fire inducing

Clethrionornys populations to increase, there may have simply been more

available voles per area (as a result of a population peak at the time) to

effectively fill newly-made vacant niches on the plots.

S, cÍnereus

Sorex responded negatively towards its fire-altered habitats. Fewer

captures were reported across most plots, with four out of the six plots (i.e., the

ASP, BSB, JPR and JPSP) reporting decreased Sorex captures. The increase of

Sorex into the undamaged ATB may have been caused by a temporary

emigration response by populations in nearby stressed habitats. However,

Monthey and Soutiere (1985) reported Sorex spp. to be collectively more

common in harvested stands than either uncut softwoods or hardwoods and

suggested an increased invertebrate food availability as cause. Kirkland (1977)

and Martell and Radvanyi (1977) both reported increased captures of Sorex

cinereus in clear-cut forests compared to uncut forests. On the ECO, Sorex has

been captured in pitfalltraps located on a xeric rock ridge surface covered in

lichens, 7-8 cm in depth (personal observation). At TBS, Sorex appears to prefer

(as demonstrated by its abundance) moist habitat with abundant overhead cover;
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conditions that occur in both the lower portion of the ECO plot and throughout the

ATB plot.

Cyclic fluctuations and pattems in small mammal populations:

Observation i, that synchronicity was seldom found in the fluctuating

abundances of different small mammal species (except for the period

immediately after the burn), suggests that small mammals differ markedly in

many of their niche requirements at TBS. Species with roughly similar food habits

(e.9., Clethrionomys and Peromyscus) are more likely to respond in the same

manner to sudden changes in food supply (e.9., during the brief period after the

burn) than species with dissimilar food habits such as Sorex (Swihart and Slade

reeo).

ln general, amplitudinal displays of numbers captured were irregular

among species and plots. The length of period between peak years varied

depending on species and on habitat, and ranged between two to seven years

for Clethrionomys, Sorex, and Peromyscus, across different sites. Small mammal

distributions displayed on the linear graphs (Figs. 5a-5f) did not provide any

indication of an association between degree of habitat destruction by fire and

oscillatory response of small mammal numbers over the long-term. For example,

the BSB, JPR and JPSP were severely burnt in the 1980 fire, while the ATB not

at all. Yet, allfour plots showed widely fluctuating numbers, regardless of habitat

type. Clethrionomys began to return in higher numbers to many of the sites

beginning about five years afrer the burn, while Peromyscus experienced a
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decline during this time. Therefore, it would be unlikely to find a lengthy

synchronous population response between these two species following

disturbance because of their incongruent densities.

Fryxell et al. (1998) noted evidence of synchronized population dynamics

among small mammalspecies in Algonquin Provincial Park, Ontario. Trophic

linkages due to shared predators, common food supplies and pathogens, or

common reactions to environmental variability were suggested as possible

extrinsic agents affecting synchrony among the small mammals. These same

agents are likely to exert pressure on TBS animals, but perhaps because of their

low densities, the small mammals at TBS have not responded in a similar

synchronized manner. Getz et al. (2001) also found no evidence of synchrony in

population fluctuations between two related species, the prairie vole Mícrotus

ochrogasterand the meadow vole M. pennsylvanicus, after monitoring these two

popufations on a monthly basis lor 25 years in east-central lllinois.

Why TBS small mammals appear nonsynchronous might likely result from

the habitat change which followed fire. lt seems that extrinsic influences created

from burned habitat have differentially affected species at TBS, eliciting varying

responses from the animals in terms of trap capture success. Because these

temperate-zone species differ markedly in diet, behaviour and morphology

(Morris 1983), many of the small mammals at TBS would have different biotic

and abiotic requirements. Therefore the animals would colonize and exploit

differentially the various habitats, depending on the availability of local resources

and the degree of habitat disturbance, within each study plot. Animals respond to
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habitat change after disturbance according to their habitat preferences (Sullivan

1980), and in turn, population densities reflect the dynamics of their resources

(Mazurkiewicz and Rajska-Jurgiel I 998). Conversely, small mammal studies

have revealed that habitat quality is not necessarily associated with annual or

multiannual population cycles (Getz et al. 2001) and that high density alone

should not infer quality habitat (Van Horne 1983).

Observation ii, that small mammal communities display populations

which fluctuate annually, but lack patterns showing periodicity, suggests that

the animals are either noncyclic or at densities too low to detect any signs of

cyclical behaviour. TBS small mammal captures per 100 TN are lower than

values recorded by other Manitoba surveys (Schwartz 1985; Koonz 1987).

Bondrup-Nielsen (1987, p277) concluded from vote demographic studies near

Lesser Slave Lake, Alberta that"Clethrionomys gapperí is not a cyclic species"

... and that ..."populations of Clethrionomys gappen do not have 3- to 4- year

cycles"... as indicated by several other researchers of Clefhrionomys spp. (Fuller

1969; Hansson and Henttonen 1985). Merritt (f 981) observed that populations of

C. gapperí in North America do not appear to show a 3- to 4- year oscillation.

Fryxell et al. (1998) noted little evidence of long-term periodicity in seven out of

eight species (including C. gappen) in their 43-yr small mammal study in

Algonquin Provincial Park, Ontario.

Although TBS small mammals exhibit irregular peaks in abundance, most

years recorded as "peak years" were not exceptionally higher in numbers of
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individuals compared with other sampling years. Red-backed voles are captured

in a variety of different habitats and often at very low densities in some of these

habitats (e.9., the BSB and ATB). According to Bondrup-Nielsen and lms (1988),

filling up of population space is necessary before a population can peak and the

difficulty lies in determining the carrying capacity for breeding voles in different

habitats. At TBS, habitat carrying capacity would need to be determined for each

plot, before assuming that vacancies exist for breeding individuals. lf population

space exists, then we might conclude that TBS Ctethríonornys represent stable,

noncyclic populations. Therefore, searching for evidence of cyclicity becomes

irrelevant.

Observation iii revealed the occurrence of synchronous peaks in

Clethríonomys' abundance across severat of the TBS plots, as well as across

sampfing sites within the province, regardless of habitat type. Clethrionomys

expressed the greatest degree of large-scale synchrony across the different

macrohabitats (i.e., individual study plots) at TBS, as well as at other locations.

The sampling surveys displayed in Table 4 indicate that peak years in arvicoline

populations do not occur as random events. The number of peak years held in

common suggests that the arvicoline populations are influenced by large-scale

phenomena on a recurring basis.

While the distance of separation among the TBS small mammal plots is

only a matter of a kilometre and a fraction, it does provide evidence or support for

suggesting that factors other than local microhabitat conditions are responsible
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occurred among individuals of Sorex and Peromyscus species, across three or

more of their sites during different time periods and under completely different

habitat conditions.

Many species exhibit regional synchrony in population dynamics. Steen et

al. (1996) examined Clethrionomys glareolus population fluctuations based on a

5-yrtrapping series spaced along a256 km transect in southeastern Norway.

The authors found that at smaller spatial scales of 30-40 km, local populations

. exhibited significant synchrony in growth patterns and suggested that population

synchrony was related to intrinsic population scaling properties such as dispersal

capacity. lt has also been suggested that predators might influence the scale of

population synchrony because of the predato/s capacity for rapid, long-distance

movements and ability to track local prey populations (De Roos et al. 1991).

Krebs and Myers (1974) suggested fluctuations that occur in synchrony over

large geographical areas may result from large areas having similar cover

(usually a result of similar weather patterns), and dispersal of individuals would

then lead to an equilibrium in density among surrounding populations.

Other factors involving weather have been implicated in the occurrence of

large-scale synchrony of small mammal populations. These include the

occurrence of El Niño years in the desert region of southwestern USA which is

characterized by unusually heavy winter precipitation. lncreased moisture levels

lead to greater food productivity which consequently stimulates increases in

many rodent populations. This climatic effect creates a five-year repeatable
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pattern of population peaks in biomass that track El Niño years (Brown and

Heske 1990).

The temporal synchrony of populations in different habitat conditions at

TBS is challenging to explain. Myrberget (1973) indicated that the connection

between ecosystem productivity and influences on these ecosystems from

extrinsic factors such as weather (Kalela 1962) or "cosmic" factors involving

meteorological events (Pruitt 1968), may synchronize cycles of small rodents.

lntrinsic agents, however, should not be ignored.

Birney et al. (1976) offered the reminder that it is the relationship between

the internal (genetic, physiological and behavioural) and the external (cover,

predators and interactions among individuals) environment of the animat, which

is important to the biology of microtine fluctuations; this could be said of non-

microtine species as well.

Observation iv found evidence of periodicity (or regularity) in the

accumulations of small mammal biomass at TBS. This parameter, of animal

weight per unit area, was defined by Allee et al. in Pruitt (1968) and is also

referred to as the standing crop biomass. Annualstanding crop biomass is the

result of the predominantly herbivorous small mammal species conversion of

vegetation into animal protein for use by higher trophic levels. Standing crop

biomass therefore provides some indication of ecosystem productivity.

A general synchrony in the occurrence of small mammal biomass peak

years was discovered among study plots at TBS- Approximately every 3- to 4-
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yrs, the small mammalfauna at TBS exhibits elevated biomass accumulations

across the different plots. This synchrony suggests that perhaps large-scale

extrinsic agents are affecting the fauna, but a direct cause and effect relationship

cannot be shown. lt only expresses the possibility of such forces being at work

on the small mammals at TBS.

Pruitt (1968) found synchrony among the accumulated biomass of small

mammals taken in sample plots located over a large geographic area (1200 by

560 km), across widely-scattered regions of Alaska. Pruitt (1972) also reported

synchronous biomass fluctuations between small mammal populations on

Newfoundland plots and southern Labrador which are separated by the Strait of

Belle lsle; 15 km at its narrowest point. Productivity of the boreal ecosystem was

expressed in a recurrent manner; with maxima biomass production noted every 3

or 5 years.

Although Ctethrionomys might be the main support behind biomass

synchrony at TBS, evidence of any periodicity (or regularity) in the cyclical

behaviour of the small mammal fauna did not become fully apparent untit they

were examined as a unit (i.e., having annual biomass of all small mammals

combined). lndividual species (i.e., using only single species abundance data as

shown in Figs. 6a-6f) tended to obscure synchronous, cyclicaltrends in the

capture records.

Small mammal biomass may therefore represent the cyclic nature of

ecosystem productivity present within the TBS area, and beyond. Perhaps this

cyclical behaviour is induced by extrinsic factors such as pulses in vegetative
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productivity, changes in predatorþrey relationships, climatic/meteorological

variations and/or a combination of the above. All these factors however, may be

capable of inducing synchronous patterns of change in the small mammals,

overriding any particular habitat variability within the plots.
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Summary

The population dynamics of the small mammals revealed a variety of

fluctuating patterns among the different species at TBS. lndividual small mammal

species across the six study sites responded to temporal change in the same

environments in very different ways. Because coexisting species differ in

taxonomic relatedness, body size, food habits and life history, it is not

unexpected to find different patterns of fluctuations in the same environment and

period of time.

The synchronicity in population fluctuations of single species such as

Clethrionomys atTBS is indicative of large-scale processes at work. The same

periodicity occurred in Clethrionomys populations regardless of habitat type

and/or quality. Therefore, two spatial scales (if not more) appear to be operating

on the small mammalfauna at TBS. Local areas (with desirable habitat variables)

appear to concentrate a particular species for the short term following

disturbance, while regional trends (not as readily identifiable and unaffected by

habitat change), lead to synchronicity of individual species over the long term.

Evidence of this large-scale synchrony in Clethrionomys populations is partially

supported from studies (Koonz 1988) at Long Point, on the west side of Lake

Winnipeg, approximately 300 km from Talga Biological Station, as well as by the

other provincial surveys.

An important discovery made through the examination of the small

mammalfauna at TBS was that populations must be examined at several
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different scales and ecological units. For example, capture records of a single

species from one particular habitat cannot fully uncover patterns in ecosystem

productivity. However, small mammals examined as a unit over several habitats

reflect the cyclical nature of the boreal foodchain base. Periodicity (regularity) in

the fluctuating numbers of small mammals at TBS was not evident; periodicity

became evident when the biomass of the combined populations was examined.

Synchronicity in arvicoline population peaks was not fully appreciated until

capture records were examined across several plots at TBS, as well as across

the province.

Therefore, our interpretation of small mammal events can change,

depending on the scale and unit (i.e., either as individual species or an

ecologically relevant combination of species) of measurement employed in the

analysis of populations and habitats. ln general, small mammal abundance has

been on a decline at TBS for the past six or seven years. For most plots, the

heyday of recorded small mammal captures occurred during the five to ten year

period following the 1980 fire. Some startling exceptions occurred. Peromyscus

varied from being virtually absent from most sites in pre-fire times to

demonstrating substantial increases in number shortly after the fire.

During the mid- to late 1980's, all six study sites contributed to small

mammal population increases at TBS; the causative factors of which remain

largely unknown. Perhaps predator (mustelid) cycles were experiencing a low

phase, or stochastic (climatic) variables in the abiotic environment became

significant, and/or the vegetation composition and structure had sufficiently
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changed to cause an upswing in prey cycles. During this particular period, it is

assumed that many of the fire-killed standing dead trees were recruited by the

forest floor, which may have allowed some species to utilize advantageously this

new resource through the attributes (shelter, protection, runways) it provided.

The patterns of small mammal response are not a direct response to fire,

but rather a reaction to their fire-altered habitats. Responses to habitat change in

the small mammalfauna may either appear rapidly or slowly depending upon the

adaptability of each species to its altered environment. Consequently, the

dynamics of the small mammal response to habitat change is beqt understood

over the long term, in the fluctuating population numbers, by the accretion or loss

of individuals, and through changes in species diversity and trophic structure.



67

References

Abramsky,Z.,DyeÍ, M. 1., and Harrison, P. D. 1979. Competition among small
mammals in experimentally perturbed areas of the shortgrass prairie. Ecology,
60:530-536.

Adler, G. H., and Wilson, M. L. 1987. Demography of a habitat generalist, the
white-footed mouse, in a heterogeneous environment. Ecology, 68: 1785-
1796.

Ahlgren, C. E. 1966. Small mammals and reforestation following prescribed
burning. J. For. 64:614-618.

Anderson, P. K. 1989. Disperal in rodents: A resident fitness hypothesis.
Special Publications of the American Society of Mammalogists 9, Lawerence,
Kansas.

Auclair, A. N. D. 1983. The role of fire in lichen-dominated tundra and forest-
tundra. tn The Role of Fire in Northern Circumpolar Ecosystems. Edited by R.
W. Wein and D. A. Maclean. John Wiley & Sons Ltd., New York. pp. 235-255.

Barry, R. E., Heft, A. A., and Baummer, T. E. 1990- Spatial relationships of
syntopic white-footed mice, Peromyscus leucopus, deer mice, P. maniculatus,
and red-backed voles, Clethrionomys gapperi. Can. Field-Nat. 104: 387-393.

Batzli, G. O., and Lesieutre, C. 1991. The influence of high quality food on habitat
use by arctic microtine rodents. Oikos, 60: 299-306.

Batzli, G. O., White, R. G., Maclean, S. F., Jr., Pitelka, F. 4., and B. D. Collier.
1980. The herbivore-based trophic system. ln AnArctic Ecosystem. The
CoastalTundra at Barrow, Alaska. US / IBP Synthesis Series 12. Edited by J.
Brown, P. C. Miller, L. L. Tieszen, F. L. Bunnell. Dowden, Hutchinson & Ross,
lnc. Stroudsburg, Pennsylvania. pp. 335-410.

Begon, M., Harper, J. L., and Townsend, C. R. 1990. Ecology. lndividuals,
Populations, and Communities, second edition, Blackwell Scientific
Publications, Massachusetts.

Bendall, J. F. 1974. Effects of fire on birds and mammals. ln Fire and
ecosystems. Edited byT. T. Kozlowski and C. E. Ahlgren. Academic Press,
lnc., New York. pp. 73-138.

Birney, E. C., Grant, W. E., and Baird, D. D. 1976- lmportance of vegetative
cover to cycles of Microtus populations. Ecology, 57: 1043-1051.



68

Blaustein, A. R., Beatty, J. J., Olson, D. H., and Storm, R. M. 1995. The biology
of amphibians and reptiles in old-growth forests in the Pacific northwest.
United States Department of Agriculture, Forest Service, Pacific Northwest
Research Station, General Technical Report PNW-GTR-337.

Bock, C. E., and Bock, J. H. 1983. Responses of birds and deer mice to
prescribed burning in ponderosa pine. J. W¡ldl. Manage. 47:836-840.

Bonan, G. 8., and H. H., Shugart. 1989. Environmentalfactors and ecological
processes in borealforests. Annu. Rev. Ecol. Syst. 20: 1-28.

Bondrup-Nielsen, S. 1987. Demography of Clethrionomys gappen in different
habitats. Can. J. Zool. 65: 277 -283.

Bondrup-Nielsen, S., and lms, R. A. 1988. Predicting stable and cyclic
population s of Cleth rionomys. Oikos, 52:. 17 8-185.

Boonstra, R., Krebs, C. J., Gilbert, S., and Schweiger, S.2001. Voles and mice-
/n Ecosystem Dynamics of the Boreal Forest. Edited by C. J. Krebs, S. Boutin,
and R. Boonstra. Oxford University Press lnc., New York. pp.216-239.

Bourgeau-Chavez, L. L., Martin, E.4., Stocks, B. J., and Kasischke, E. S. 2000
Distribution of forest ecosystems and the role of fire in the North American
boreal region. In Ftre, Climate change, and Carbon cycling in the Boreal
Forest. Ecological Studies 138. Edited byE. S. Kasischke and B. J. Stocks.
Springer-Verlag, lnc., New York. pp. 1 11-131.

Bowers, M. A., and Matter, S. F. 1997. Landscape ecology of mammals:
relationships between density and patch size. J. Mammal. 78: 999-1013.

Brady, M. J., and Slade, N. A. 2001. Diversity of a grassland rodent community at
varying temporal scales: the role of ecologically dominant species. J. Mammal.
82:974-983.

Brown, J. H., and Heske, E. J. 1990. Temporal changes in a Chihuahuan desert
rodent community. Oikos, 59: 290-302.

Buckner, C. H. 1957. Population studies on small mammals of southeastern
Manitoba. J. Mammal. 38: 87-97.

Carey, A. 8., and Johnson, M. J. 1995. Small mammals in managed, naturally
young, and old-growth forests. Ecol. Appl. 5: 336-352.

Ch¡tty, D. 1960. Population processes in the vole and their relevance to general
theory. Can. J. Zool.38:99-113.



Clough, G. C. 1987. Relations of small mammals to forest management in
northern Maine. Can. Field-Nat. 101:4048.

Cole, L. C. 1954. Some features of random population cycles. J. W¡ldl. Manage.
18:2-24.

Crowell, K. L., and Pimm, S. L. 1976. Competition and niche shifts of mice
introduced onto small islands. Oikos, 27:251-258.

De Roos, A. M., McCauley, D., and Wilson, W. G. 1991. Mobility versus density-
limited predator-prey dynamics on different spatial scales. Proc. R. Soc. Lond.,
Ser. B. 246:117-122.

Diffendorfer, J. E., Gaines, M. S- and Holt, R. D. 1999. Patterns and impacts of
movements at different scales in small mammals. ln Landscape Ecology of
Small Mammals. Edíted byG. W. Barrett, and J. D. Peles. Springer-Verlag,
lnc., New York. pp. 63-88.

Duncan, J. R. 1987. Movement strategies, mortality, and behavior of radio-
marked Great Gray owls in southeastern Manitoba and northern Minnesota. /n
Biology and Conservation of Northern Forest Owls. Symposium Proceedings,
February 3-7,1987, Winnipeg, MB. Edited byR. W. Nero, R. J. Clark, R. J.
Knapton, and R. H. Hamre. United States Forest Service, GeneralTechnical
Report RM-142. pp. 101-107.

Dunning, J. 8., Danielson, 8.J., and Pulliam, H. R. 1992. Ecological processes
that affect populations in complex landscapes. Oikos, 65:169-175.

Elton, C.1942. Voles, Mice, and Lemmings. Problems in population dynamics.
Clarendon Press, Oxford.

Environment Canada 1990. Ganadian Weather Services. Climate Data for
Bissett, MB. http ://www.msc.ec.gc.calclimate/climate_normals_1 990/

Fox, J. F. 1983. Post-fire succession of small-mammal and bird communities. fn
The Role of Fire in Northern Circumpolar Ecosystems. Edited by R. W.
Wein and D. A. Maclean. John Wiley & Sons Ltd., New York. pp. 155-180.

Franklin, J. F., Cromack, K. Jr., Denison, W., McKeê,4., Maser, C., Sedell, J.,
Swanson, F., and Juday, G. 1981. Ecological characteristics of old-grov,rth
Douglas-fir forests. United States Department of Agriculture, Forest Service,
Pacific Northwest Research Station, General Technical Report PNW-í10.

Fryxwell, J. M., Falls, J. 8., Falls, A., and Brooks, R. J. 1998. Long-term
dynamics of small-mammal populations in Ontario. Ecology, 79: 213-225.



70

Fuller, W. A. 1969. Changes in numbers of three species of small rodent near
Great Slave Lake, N.W.T. Canada, 1964-1967, and their significance for
general population theory. Ann. Zool. Fenn. 6: 113-144.

Galindo, C., and Krebs, C. J. 1985. Habitat use and abundance of deer mice:
interactions with meadow voles and red-backed voles. Can. J. Zool.63: 1870-
1879.

Gashwiler, J. S. 1959. Small mammal study in west-central Oregon. J. Mammal.
40: 128-139.

Gashwiler, J. S. 1970. Plant and mammal changes on a clearcut in west-central
Oregon. Ecology, 5l: 1018-1026.

Getz, L. L. 1969. Laboratory studies of interaction between the White-footed
Mouse and Redback Vole. Can. Field-Nat. 83: 14'l-146.

Getz, L. L., Hofmann, J. E., McGuire, 8., and Dolan lll, T.W. 2001. Twenty-five
years of population fluctuations of Microtus ochrogaster and M.
pennsylvanicus in three habitats in east-cental lllinois. J. Mammal. 82: 22-34.

Gillis, E. 4., and Nams, V. O. 1998. How red-backed voles find habitat patches.
Can. J. Zool. 76: 791 -794.

Golley, F. B. 1960. Energy dynamics of a food chain of an old-field community.
Ecol. Monogr. 30: 187-206.

Hamilton, W. J., Jr., and Cook, D. B. 1940. Small mammals and the forest. J.
For. 38: 468473.

Hanski, 1., Turchin, P., Korpimaki, E., and Henttonen, H. 1993. Population
oscillations of boreal rodents: regulation by mustelid predators leads to chaos.
Nature, 364:232-235.

Hansson, L. 1987. An interpretation of rodent dynamics as due to trophic
interactions. Oikos, 50: 308-318.

Hansson, L., and Henüonen, H. 1985. Gradients in density variations of small
rodents: the importance of latitude and snow cover. Oecologia (Berl.), 67: 394-
402.

Heinselman, M. L. 1970. Landscape evolution, peatland types, and the
environment in the Lake Agassiz Peatland NaturalArea, Minnesota. Ecol.
Monogr. 4O:235-261.

Kalela, O. 1962. On the fluctuations in the numbers of arctic and boreal small



71

rodents as a problem of production biology. Ann. Acad. Sci. Fenn. A lV 66: 1-
38.

Kimmins, J. P., and Wein, R. W. 1986. lntroduction. ln Forest Ecosystems in the
Alaskan Taiga. A Synthesis of Structure and Function. Ecological Studies 57.
Edited byK. Van Cleve, F. S. Chapin lll, P. W. Flanagan, L. A. Viereck, and C.

T. Dymess. Springer-Verlag, lnc., New York. pp. 3-8.

Kirkland, G. L., Jr. 1977. Responses of smatt mammals to the clearcutting of
northern Appalachian forests. J. Mammal. 58: 600-609.

Kirkland, G. L., Jr. 1990. Patterns of initial small mammal community change
after clearcutting of temperate North American forests. Oikos, 59: 313-320.

Koonz, W. H. 1988. Red-backed vole and snowshoe hare populations in relation
to four borealforest community types on Long Point Peninsula, Manitoba,
197 1 -1987. Manitoba Natural Resources, Wildlife Biological Services,
Technical Report No. 88-04. pp. 1-30.

Koshkina, T. V. 1965. Population density and its importance in regulating the
abundance of the red vole. Bull. Mosc. Soc. Nat. Sect. LXX: 5-19.

Koshkina, T. V. 1966. On the periodical changes in numbers of voles: An
example from the Kola peninsula. Bull. Mosc. Soc. Nat. Sect. LXXI: 14-26.

Krebs, C. J. 1996. Population cycles revisited. J. Mammal.77:8-24.

Krebs, C. J., and Myers, J. H. 1974. Population cycles in small mammals. Adv.
Ecol. Res.8: 267-399.

Krebs, C. J., Gaines, M. S., Keller, B. L., Myers, J. H., and Tamarin, R. H. 1973.
Population cycles in small rodents. Science, 179:3541.

Krefting, L. W., and Ahlgren, C. E. 1974. Small mammals and vegetation
changes after fire in a mixed conifer-hardwood forest. Ecology, 55: 1391-1398.

Laine, K., and Henttonen, H. 1983. The role of plant production in microtine
cycles in northern Fennoscandia. Oikos, 40;407418.

Legendre, P., and Fortin, M. 1989. Spatial pattern and ecological analysis.
Vegetatio, 80: 107-138.

Lindstrom, E. R. 1994. Vole cycles, snow depth and fox predation. Oikos, 70:
156-160.

Marcstrom, V., Hoglund, N., and Krebs, C. J. 1990. Periodic fluctuations in small



mammals at Boda, Sweden from 1961 to 1988. J. Anim. Ecol. 59:753-761.

Martell, A. M. 1984. Changes in small mammal communities after fire in
northcentral Ontario. Can. Field-Nat. 98: 223-226.

Martell, A. M., and Radvanyi, A. 1977. Changes in small mammal populations
after clearcutting of northern Ontario black spruce forest. Can. Field-Nat. 9l:
4146.

Martin, H. V. P. 1983. lmpact of fire in the taiga of southeastern Manitoba on
wildlife, vegetation, and value to resource users. A Practicum for Master of
Natural Resources Management. University of Manitoba, Winnipeg, MB.

Maser, C., Trappe, J. M., and Nussbaum, R. A. 1978. Fungal-small mammal
interrelationships with the emphasis on Oregon coniferous forests. Ecology,
59:799-809.

Mazurkiewicz, M., and Rajska-Jurgiel, E. 1998. Spatial behaviourand population
dynamics of woodland rodents. Acta Theriol. 43:137-161.

M'Closkey, R. T., and Fieldwick, B. lgTS.Ecological separation of sympatric
rodents (Peromyscus and Microtus). J. Mammal. 56: 1 19-129.

Menge, B. 4., and Olson, A. M. 1990. Role of scale and environmental factors in
regulation of community structure. Trends in Ecology and Evolution, 5: 52-57.

Merritt, J. F. 1981 . Clethríonomys gapperi. Mammalian Species 146. pp. 1-9.

Meserve, P. L., Milstead, W. 8., Gutierrez, J. R., and Jaksic, F. M. 1999. The
interplay of biotic and abiotic factors in a semiarid Chilean mammal
assembfeage: results of a long-term experiment. Oikos, 85:364-372.

Mifler, D. H., and Getz, L. L. 1972. Factors influencing the local distribution of the
red back vole, Clethríonomys gapperí, in New England. Univ. Conn. Occa.
Pap. Biol. Sci. Ser. ll: 115-138.

Mills, G. F. 1984. Soils in Manitoba. /n Natural Heritage of Manitoba. Legacy of
the lce Age. Edited by J. T. Teller. Manitoba Museum of Man and Nature,
Winnipeg, MB. pp. 67-91.

Monthey, R. W., and Soutiere, E. C. 1985. Responses of small mammals to
forest harvesting in northern Maine. Can. Field-Nat. 99: 13-18.

Morneau, C., and Payette, S. 1989. Postfire lichen - spruce woodland recovery at
the limit of the boreal forest in northern Quebec. Gan. J. Bot. 67:2770-2782.



73

Morris, D. W. 1983. Field tests of competitive interference for space among
temperate-zone rodents. Can. J. Zool.6l: 1517-1523.

Morris, D. W. 1984. Patterns and scale of habitat use in two temperate-zone,
small mammalfaunas. Can. J. ZooL62: 1540-1547.

Morris, D. W. 1989. The effect of spatial scale on patterns of habitat use: red-
backed voles as an empirical model of local abundance for northern
mammals. ln Patterns in the Structure of Mammalian Communities. Edited by
D. W. Morris, Z. Abramsky, B. J. Fox, and M. R. Willig. Texas Tech University
Press, Lubbock, Texas. pp.23-32.

Morris, D. W. 1996. Coexistence of specialist and generalist rodents via habitat
selection. Ecology, 77: 2352-2364.

Morris, R. D., and Grant, P. R. 1972. Experimental studies of competitive
interaction in a two species system. lV. Microtus and Clethrionomys species in
a single enclosure. J. Anim. Ecol. 41:.275-290.

Mutch, R. W. 1970. Wildland fires and ecosystems - a hypothesis. Ecology, 5l:
1046-1 051.

Myrberget, S. 1973. Geographical synchronism of cycles of small rodents in
Norway. Oikos, 24: 220-224.

Naylor, B. J., and Bendall, J. F. 1983. lnfluence of habitat diversity on the
abundance and diversity of small mammals in jack pine forests in Ontario. ln
Resources and Dynamics of the Boreal Zone. Proceedings of a conference
hefd at Thunder Bay, Ontario, August, 1982. Edited byR. W. Wein, R- R.
Riewe, and l. R. Methven. Acuns, Ottawa. pp. 295-307.

Nordyke,'K. A., and Buskirk, S. W. 1991. Southern red-backed vole,
Clethrionomys gappen, populations in relation to stand succession and old-
grourth character in the central Rocky Mountains. Can. Field-Nat. 105: 330-
334.

Orrock, J. L., Pagels, J. F., McShea, W. J., and Harper, E. K. 2000. Predicting
presence and abundance of a small mammal species: the effect of scale and
resolution. Eqol. Appl. l0: 1356-1366.

Payette, S. 1992. Fire as a controlling process in the North American boreal
forest. /n A Systems Analysis of the Global Boreal Forest. Edited byH. H.

Shugart, R. Leemans, and G. B. Bonan. Cambridge University Press,
New York. pp. 144-169.

Payette, S., Morneau, C., Sirois, L., and Desponts, M. 1989. Recentfire history



of the northern Quebec biomes. Ecology, 70: 656-673.

Payne, J. L., Young, D. R., and Pagels, J. F. 1989. Plant community
characteristics associated with the endangered northern flying squirrel,
Glaucomys sabrinus, in the southern Appalachians. Am. Midl. Nat. 121:285-
292.

Peles, J. D., Bowne, D. R., and Barrett, G. W. 1999. lnfluence of landscape
structure on movement patterns of small mammals. /n Landscape Ecology of
Small Mammals. Edited by G. W. Barrett, and J. D. Feles. Springer-Verlag
lnc., New York. pp.41-62.

Penny, C. E. 1978- Subnivean accumulation of COz and its effects on winter
distribution of small mammals. M.Sc. thesis, University of Manitoba, Winnipeg,
MB.

Price, M. V. 1978. The role of microhabitat in structuring desert rodent
communities. Ecology, 59: 910-921.

Pruitt, W. O. Jr. 1966. Ecology of terrestrial mammals. /n Environment of the
Cape Thompson Region, Alaska. Edited þy N. J. Wilimovsky, and J. N. Wolfe.
United States Atomic Energy Commission. Division of Technical lnformation.
pp. 519-564.

Pruitt, W. O. Jr. 1968. Synchronous biomass fluctuations of some northern
mammals. Mammalia, 32: 172-191.

Pruitt, W. O. Jr.1972. Synchronous fluctuations in small mammal biomass on
both sides of a major zoogeographic barrier. Aquilo Ser. Zool. 13: 4044.

Pruitt, W. O. Jr., and Lucier, C. V. 1958. On the relative efficiency of two kinds of
traps. J. Mammal.39: 157.

Pucek, 2., Jedrzqewski, W., Jedrzejewski, 8., and Pucek, M. 1993. Rodent
population dynamics in a primeval deciduous forest (Bialowieza National Park)
in relation to weather, seed crop, and predation. Acta Theriol. 38: 199-
232.

Rose, R. K., and Birney, E. C. 1985. Community ecology. /n Biology of New
World Microtus. Edited byR. Tamarin. Special Publications of American
Society of Mammalogists 8: 310-339.

Rowe, J. S. 1972. Forest regions of Canada. Can. For. Serv. Publ. No. 1300.

Rowe, J. S. 1983. Concepts of fire effects on plant individuals and species. /n
The Role of Fire in Northern Circumpolar Ecosystems. Edited byR. W. Wein



75

and D. A. Maclean. John Wiley & Sons Ltd., New York. pp. 135-153-

Rowe, J. S., and Scotter, G. W. 1973. Fire in the borealforest. Quat. Res. 3: 444-
464.

Sandell, M., Astrom, M., Atlegrim, O., Danell, K., Edenius, L., Hjalten, J.,
Lundberg, P., Palo, T., Pettersson, R., and Sjoberg, G. 1991. "Cyclic" and
"non-cyclic" small mammal populations: an artificialdichotomy. Oikos, 6l: 281-
284.

Schaefer, J. A., and Pruitt, W. O. Jr. 1991. Fire and woodland caribou in
southeastern Manitoba. Wildl. Monogr. 116: 1-39.

Schmiegelow, F. K. A., Machtans, C.S., and Hannon, S. J. 1997. Are boreal
birds resilient to forest fragmentation? An experimental study of short-term
community responses. Ecology, 78: 1914-1932.

Schwartz, B. 1985. A guide to snap-trapp¡ng studies of small mammals at the
Whiteshell Nuclear Research Establishment. Environmental Research Branch,
Whiteshell Nuclear Establishment, Pinawa, Manitoba, WNRE-689. pp. 147.

Scotter, G. W. 1972. Fire as an ecological factor in boreal forest ecosystems of
Canada. ln Fire in the Environment. Symposium Proceedings held in Denver,
Colorado, May 1-5, 1972. United States Department of Agriculture, Forest
Service FS-276. pp. 15-24.

Smith, R. L. 1996. Ecology and Field Biology. Harper0ollins, New York.

Steen, H., lms, R.4., and Sonerud, G. A. 1996. Spatial and temporal patterns of
small-rodent population dynamics at a regional scale. Ecology, 77:2365-2372.

Suffivan, T. P. 1980. Comparative demography oÍ Peromyscus maniculatusand
Microtus oregonipopulations after logging and burning of coastalforest
habitats. Can. J. Zool. 58: 2252-2259.

Sullivan, T. P., Lautinschlager, R. A.,and Wagner, R. G. 1999. Clearcutting and
burning of northern spruce-fir forests: implications for small mammal
communities. J. Appl. Ecol. 36: 327-344.

Swihart, R. K., and Slade, N. A. 1990. Long-term dynamics of an early
successional small mammal community. Am. Midl. Nat. 123:372-382.

Taitt, M. J., and Krebs, C. J. 1985. Population dynamies and cycles. /n Biology of
New World Microtus. Edited by R. Tamarin. Special Publication of American
Society of Mammalogists 8: 567-620.



76

Tast, J., and Kalela, O.1971. Comparisons between rodent cycles and plant
production in Finnish Lapland. Ann. Acad. Sci. Fenn. Ser A lV, Biol 186: 1-14.

Tevis, L., Jr. 1956. Effect of a slash burn on forest mice. J. W¡ldl. Manage. 20:
405-409.

Van Home, B. 1983. Density as a misleading indicator of habitat quality. J. W¡ldl.
Manage. 47: 893-901.

Vickery, W. L., and Bider, J. R. 1978. The effect of weather on Sorex cinereus
activity. Can. J. Zool. 56: 291-297 .

Vickery, W. L., and Bider, J. R. 1981 . The influence of weather on rodent activity.
J. Mammal.62: 140-145.

Vickery, W. L., and Rivest, D. 1992. The influence of weather on habitat use by
smafl mammals. Ecography, l5: 205-211.

Vickery, W. L., lverson, S. L., Mihok, S., and Schwartz, B. 1989. Environmental
variation and habitat separation among small mammals. Can. J.Zool.67: 8-
13.

West, S. D. 1982. Dynamics of colonization and abundance in central Alaskan
populations of the northern red-backed vole, Clethrionomys rutilus. J.

Mammal. 63:128-143.

Wheatley, M. 1989. Ecology of Beaver (Casfor canadensis) in the taiga of
southeastern Manitoba. M.Sc. thesis, University of Manitoba, Winnipeg, MB.

Wiens, J. A. 1989. Spatial scaling in ecology. Functional Ecology, 3: 385-397.

Wilson, D. E., and Reeder, D. M., editors. 1993. Mammal species of the world,
second edition. Smithsonian lnstitution Press, Washington, D. C., USA.

Wilson, D. E., and Ruff, S., editors. 1999. The Smithsonian Book of North
American Mammals. Smithsonian lnstitution Press, Washington, D. C.

USA.

Wolff, J. O. 1996. Population fluctuations of mast-eating rodents are correlated
with acorn production. J. Mammal.77:850-856.

Wolff, J. O., and Dueser, R. D. 1986. Noncompetitive coexistence between
Peromyscus species and Clethrionomys gapperi. Can. Field-Nat. 100: 186
191.

Woo, V., Mills, G. F., Velhuis, H., and Forrester, D. B. 1977. A guide to



77

biophysical land classification in Hecla-Carrol Lake, 62P-52M Manitoba.
Northern Resource lnformation Program, Canada-Manitoba Soil Technical
Report 77:1-32.

Wywialowsk¡, A. P. 1987. Habitat structure and predators: choices and
consequences for rodent habitat specialists and generalists. Oecologia,T2:
39-45.



78

SECTION I¡.

Small Mammal Community Response to Habitat Ghange
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Section ll. Abstract

The effects of secondary succession following forest fire on the structure

of plant communities and the population attributes of small mammal communities

were investigated in six different habitats surrounding Taiga Biological Station

(TBS) in southeastern Manitoba. Changes in small mammal community structure

were assessed using several methods.

Peak periods of relative abundance and biomass for Peromyscus

maniculatus, the deer mouse, occurred during 1980-85 (within five years of the

1980 fire). Clethrionomys gapperi, the red-backed vole, experienced peak

periods of relative abundance and biomass during 1986-90, the 5- to 10- yr post-

fire period. The rank abundance curve of the small mammal fauna assumed a

logarithmic shape which is indicative of habitats that have a small number of

abundant species, with a larger number of species of intermediate, and of few

individuafs. Changes in trophic contribution revealed that P. maniculatus, the

granivore-omnivore, rapidly exploited the recently burned habitat. C. gapperí, the

grazer-omniyore, experienced brief initial increases shortly after the fire, but

overall required a more lengthy recovery period. Species richness and diversity

of the small mammal community increased for a short period of time (several

years) across most sites following the 1980 burn.

The rates of vegetation recovery within the small mammal habitats at TBS

were found to be site specific and dependent on the degree of fire damage.
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Section ll. Small Mammal Gommunity Response to Habitat Ghange

lntroduction

Fire creates abrupt changes in the borealforest landscape resulting in

cover composed of burned logs and stumps, charred bedrock and exposed

surfaces, and islands and clumps of unburned vegetation. Forest removal can

have a pronounced effect, at least temporarily on small mammal populations.

However, the fluctuating severity and intensity of each burn ensures that not all

small mammal populations are eliminated by fire. The long-term relationships

and interactions among the various components of the borealenvironment,

including floral and faunal compositions, abiotic and edaphic factors, have

created an ecosystem which is not irreconcitably disrupted by fire. Removal of

one species of small mammal during a particulgr recovery stage does not

damage the borealecosystem complex (Hooven 1969).

Through the process of secondary succession, conditions alter small

mammal habitat by affecting the availability of resources within the environment.

Small mammals respond to resource limitations in different habitats with

variations in their own community compositions over time. As boreal ecosystems

progress through successionaltime, changes in the vegetation community after

habitat destruction may cause corresponding changes in the small mammal

community during different stages of recovery.
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Small mammal community structure can be assessed using several

methods of evaluation. At TBS these included following the changes in species

richness, diversity and trophic composition through time. Section ll. willtherefore

examine: (1) the changes in small mammal numbers (including relative

abundance and biomass) over grouped intervals of time of between five to six

years in length, in order to observe small-scale temporal trends in the response

of the populations to environmental perturbation; (2) the influence of habitat

succession on small mammal community structure by describing changes in

species diversity and trophic composition across the six sites.
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Literature Review

Suruivability of small mammals following destruction of habitat:

Beck and Vogl (1972) expressed caution in the acceptance of alleged

mortality and increased vulnerability risks of small mammals to starvation,

exposure, and predation through reductions in food resources and vegetation

cover following fire. The outcome or "fate" of the individual small mammal during

and after fire depends on many factors: during the fire, the creature's attachment

to site, its mobility, and ability to find refuge with a survivable microclimate of

suitable temperature and humidity (Bendell 1974). After the fire, survivorship

depends on the ecomorphological traits of the animal that enable an increase in

the abundance of those species that can exploit the new open habitat (Henriques

et al. 2000), as wetl as the availability of fundamental niches sufficient to

encompass the altered conditions (Kirkland 1990).

Some responses of small mammals to habitat change:

Forest fires, either natural or anthropogenic and clear-cut logging are the

major large-scale disturbances of the boreal forest (Simon et al. 1998). Many of

the effects of these ecosystem disturbances on small mammal productivity,

diversity, and mortality are still little known (Beck and Vogl 1972; Monthey and

Soutiere 1985; Masters et al. 1998). Differential responses of small mammals to

these perturbations are the result of numerous factors that fall into two main

categories: (1) factors that revolve around the disturbance and (2) factors that
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focus on the small mammals themselves. The former group includes the amount

of destruction involved in forest removal and subsequent changes that follow in

soil exposure, litter structure and moisture content; the geographic locality and

pre-disturbance forest characteristics; and the proximity to other habitats which

can serve as immigration sources. Variables surrounding small mammal

populations include density, reproduction and behaviour, as well as the time of

year and method of collection that may account for the wide variations in results

reported on the impact of these various disturbances on small mammal

communities (Clough 1987; Parker 1989).

Fire cannot be generalized simply as "fire". The behaviour of wildfire is

dictated by strong gradients in moisture-dependent variables and by topographic

features of slope and aspect (Clark 1990), and by the distribution of biotic and

physical parameters that affect the moisture content of fuel loads within the

stands (Wein and Maclean 1983). However, removal of the vegetation and

ground cover either through fire or clear-cutting (especially in conjunction with

scarification) leads to large oscillations in soil moisture and air temperature.

Fox (1983) reviewed the literature on changes in the community ecology

of small mammals during post-fire succession of the boreal forest and noted a

broad trend of increased numbers and biomass for the herbaceous stage,

followed by lower values recorded in the shrub and sapling stages than in the

mature forests. Examination of individual cases of post-fire response in small

mammal populations is often contrary. Some studies have indicated a decrease

in the abundance of certain species immediately after fire (Cook 1959; Spires
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and Bendell 1983; Kirkland et al. 1996; Henriques et al. 2000) while others have

shown the opposite trend towards increased abundance of a species following

fire (Tevis 1956; Tester 1965; Sims and Buckner 1973; Krefting and Ahlgren

1974; Bock and Bock 1983; Masters et al. lgg8).

One of the most challenging tasks facing ecologists is to interpret the

pattern of distribution and abundance of species in an ecosystem (M'Closkey

1975). The patterns of post-fire response of a species to habitat modifications by

fire are site specific. Therefore, wide generalities about small mammal response

to altered habitats either through fire and/or logging are not practical because of

the variation that occurs in the disturbance regime itself, the anomalies within the

habitat and the ecological character of the species involved.

lnfluences of habitat succession on small mammalcommunities:

The successional or recovery process following disturbance occurs both in

the vegetation and in the small mammals that make up the ecological community

within a particular habitat. Post-fire changes in small mammal communities are

therefore generally associated with changes in vegetation structure and

composition (Ahlgren 1966; Beck and Vogl 1972). Small mammals reflect these

changes in habitat structure through changes in their distribution pattern and

population density.

A trend of post-fire recovery in small mammal communities exists in the

literature for the north-central coniferous forests of North America. Early

successional stages of the forest are dominated by seed-eaters (granivores)
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such as Peromyscus and Tamias spp. (Krefting and Ahlgren 1974; Spires and

Bendell 1983; Martell and Macaulay 1981). Peromyscus maniculafus is a

universal North American invader of logged or burned areas (Fox 1983), foraging

for seeds exposed by fire in the forest floor (Iester 1965) and from seeds

propagated by early successional plants (Ahlgren 1966).

The effects of successional stage on Clethrionomys gapperi populations

were investigated by Nordyke and Buskirk (1991) in coniferous forests of

southeastern Wyoming. The red-backed voles found in the late-successional or

(oldgrowth) spruce-fir forests were more abundant and in the best body

condition, followed by voles in early-successional lodgepole pine, with lowest

abundance recorded from the mid-successional stage of mature spruce-fir

habitat. The highest body weights occurred in adult males in the old-growth

stands with the lowest weights found among males in early-successional

lodgepole stands. The researchers suggested that early successional sites may

serve as dispersal sinks for subordinate Clethrionomys during peak populations.

Carey and Johnson (1995) sampled small mammal communities in the

coniferous forests of Oregon and southern Washington. They found that while

the small mammal community composition was similar in both the younger

naturally-regenerated forests and clear-cut regenerated managed forests (to

those communities in old-growth), the old-growth habitats supported one and a

half times more individuals and biomass than managed forests. Pearson (1994)

examined populations of Clethrionomys gapperi and Peromyscus maniculafus in

four successional stages of cedar-hemlock forests in Glacier National Park and
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found that abundance of Clethríonomys gapperi and Peromyscus maniculatus

increased with increasing stand age.

A generalized pattern of replacement in small mammal communities exists

with C/efhrionomys dominating mature coniferous forests in northern ecosystems

and through habitat alteration, either from logging and/or fire, is replaced by

opportunistic invaders such as Peromyscus. However, from the various studies

presented, it is evident that secondary successional patterns in small mammal

populations can be highly individualistic and site specific. Regional differences in

geography, climate, and vegetation lead to site-specific variations in the structure

of small mammal populations recovering in disturbed areas (Fox 1983).



87

Materials and methods

Trappíng:

The method of small mammal trapping was described in section l.

Although the trapping design was identical on all plots, the totaltrapping effort

varied slightly among the plots. Each plot at TBS contributed 300 trap-nights per

year (i.e., 100 traps were set for three consecutive nights on each plot). ln total

43,800 trap-nights ON) were set over twenty-five years, with 7500 TN each

being contributed by the BSB and JPSP plots, respectively. The ATB, ASP, ECO

and JPR plots contributed 72OO TN apiece in twenty-four years of trapping

surveys.

Data analysis:

The analyses of trap results were done by habitat and by species.

Response of the small mammal communities to fire within the six habitats was

evaluated by employing different measures of small mammal abundance and

comm u nity structu re. These measu res included :

1) relative abundance and relative biomass

2) species-abundancæ modelling

3) trophic composition and contribution

4) species diversity and similarity

5) species richness and evenness
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Statistical analysis methods were chosen in order to express and measure

the changes that have occurred in small mammal community structure through

successional time.

' 1.\ Relative abundance and biomass - Populations were measured using

two types of units: catch per unit effort (i.e., numbers captured per 100 trap-

nights of effort) and biomass (i.e., body mass in grams per 100 trap-nights).

Relative abundance and biomass values were then grouped into smaller units of

time (several years) to represent periods of "mini" successional change: (pre'

fire'¡; (eaily post-fire); (middle post-fire) and (late post-fire\. Grouped units of time

(five to six years in length), were chosen to reflect a sufficient time period in

which noticeable vegetative changes might have occurred within the habitats, as

wellas among the mammalian communities living within these habitats. By

grouping the data, overalltrends were made apparent that would have otherwise

been obscured in a long-term data set.

The above units are not intended to reflect actual lengths of time (i.e.,

years) of post-fire successional periods The five different time periods employed

in this thesis (i.e., pre-fire, post-fire, etc.) were chosen simply to reflect smaller

units of time that might indicate more accurately the time frame in which small

mammals were most affected by changes in their habitat following fire, rather

than using fewer periods of unequal lengths, to characterize habitat changes that

occur after fire (i.e., 0-1 year is newly burned; 1-5 years is moss-herb; and 3-30

years is tall shrub-sapling) (see Dyrness et al. 1986).
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The pre-fire period (1977-79) at TBS is the shortest, simply from the lack

of time collecting data before the 1980 fire struck. The next successional phase

is an eady post-fire period (1980-85), followed by an extended middle phase

which covers two units of time: an early-míddle post-fire period (1986-90), and a

late-middle post-fire period (1991-95). The latest successional phase is referred

to as the /afe post-fire period (1996-01).

The purpose of using relative values over absolute is that it allows for

comparisons to be made between units that reflect unequal sampling effort, as

indicated in the above. Relative values of abundance and biomass for the

different units of time were based on the actual number of years within each unit.

For example, a total of 64 Ctethrionomys were captured between (1986-90) on

the Alder-Tamarack Bog. The total number of trap-nights during that period was

1500 TN. Relative abundance is expressed as the number of individuals

captured in 100 TN which would be 4.27 in this example (see Table B.1a).

2.) Species-abundance modelling - The overall pattern of species

abundance provides a useful method of characterizing the community and allows

ecological statements to be made about the response of communities to

environmental change (Kempton 1979). Abundance data from the small mammal

summaries (l-ables A.1a-f) were presented in rank order/abundance plots (Krebs

1989) with the log abundance (number of individuals) of each species plotted

against the rank (species sequence). The purpose of using population models is
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to describe the species-abundance relationship in a community through its

attributes - which consist of species richness and equitability or evenness.

Diversity is usually examined through four main distribution models with

each model having a characteristic shape on a rank/abundance plot (Krebs

1989). Starting with the geometric series (which represents a condition in which

only one or a few species are dominant), through the log series and log normal,

to the broken stick (which represents the greatest degree of evenness or equality

in species abundances); it is possible to follow the various patterns of species

distribution (Magurran 1988). Species distribution patterns might be a more

sensitive indicator of recent habitat disturbance than species richness (Kempton

197e).

Ecological studies search for repeatable and recognizable patterns in the

behaviour of natural systems. Therefore, fitting a statistical distribution to

empirical data leads to both economy of description (by allowing a large mass of

data to be summarized by naming the distribution that fits it) and to the discovery

of consistencies or uniformities in the forms of species-abundance distribution

(Pielou 1975).

3.) Trophic composition and contribution - The effects of successional

change on small mammal community structure can be measured by changes in

trophic composition over time. Small mammal communities were analyzed

through the various trophic levels found in each habitat. Species were first

divided into two major groups - the shrews or insectivores (i.e., Sorex and
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Blarina) and the rodents, which were then subdivided into grazer-omnivores (i.e.,

Clethrionomys, Microtus, Phenacomys and Synaptomys) and granivore-

omnivores (i.e., Peromyscus and Zapus) categories. The sciurids (squirrels and

chipmunks) were treated separately from the other small mammals and

recognized as granivore-omnivores (i.e., Tamias minimus, Tamiasciurus

hudsonicus and Glaucomys sabrinus). All species were utilized in order to

represent each trophic level completely.

4.) Species diversity and community similarity indices - lf communities do

not fit into one particular distribution model and the purpose is to compare them,

then diversity indices provide an alternative approach to measuring species

diversity (Magurran 1988). Diversity measures can be divided into three main

categories: (1) species n'chness or simply the number of species in a defined

sampling unit; (2) species-abundance models (as described earlier); and (3)

nonparametric measures of heterogeneity based on the proportional abundances

of species that take both evenness and species richness into account, but make

no assumptions about the shape of the underlying species-abundance model

(Magurran 1988).

The purpose of measuring species diversity is to relate this measure to

other properties in the community such as productivity or stability, or to

environmental conditions to which the community has been exposed (Pielou

1975; Legendre and Legendre 1983). The species diversity results of TBS small
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mammaf and vegetation data were obtained using the "Species diversity and

richness" computer program designed by Henderson & Seaby (1997).

The most widely used measures of species diversity are based on

information theory (Peet 1I74;Magurran 1988; Krebs 1989). The main objective

of information theory is the measurement of order (or disorder) contained within

the system (Krebs 1989). The uncertainty associated with predicting species

ídentity can be measured by the Shannon-Wiener function H' or now commonly

referred to as the Shannon lndex. The larger the value of H', the greater the

uncertainty; function H' increases with the number of species in the community.

The Shannon lndex is theoretically valid only when the sample whose diversity is

to be measured comes from a supposedly infinite population (or at least one not

perturbed by sampling) (Pielou 1975).

The Shannon lndex is often referred to in this thesis because although it is

recognized that species number influences this index; it gives more weight to the

rare species (Krebs 1989). ln studies of habitat change (as experienced by most

of the TBS small mammal habitats following the fire) it is important to focus on

the rare species (Sekgororoane and Dilworth 1995).

where H' = lnformation content of a sample

and H'= - ) p¡ lognp¡

and p¡ (i = 1,..., s) is the proportion of the total sample belonging to the
fth species
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Many studies have used the Shannon function H' as a measure of species

diversity and it is stillwidely used today (Sekgororoane and Dilworth 1995;

Hansen and Hounihan 1996; Kirkland et al. 1996; Silva et al. 2000; Brady and

Slade 2001). However, the information theory approach has been criticized for its

biases in the past (Hurlbert 1971; May 1975; Kempton and Taylor 1976;

Routledge 1980) and is said to be strongly influenced by species number

(Southwood and Henderson 2001). The most effective source of error in this

diversity measure occurs if there is failure to include all species from the

community in the sample (Peet 1974). No index, according to Magurran (1988)

has received approval of even the majority of researchers in the field.

ln general, indices that are weighted towards species richness (e.g.,

Shannon measures) are more useful for detecting differences between sites (one

of the main reasons for employing the Shannon index was to separate TBS

habitats using a descriptive statistic) than indices that emphasize the

dominance/evenness (e.9., Simpson index) component of diversity (Magurran

1988). Species richness indices, though better at discriminating between

samples, are more affected by sample size than dominance/evenness measures.

Consequently, it is useful to determine before hand whether an index will

be most sensitive to changes in the rare or the common species (Peet 1974). A

diversity index to be effective should be able to distinguish between communities

in not too widely different environments, and not over-emphasize the commonest

or rarest species (Kempton and Taylor 1976).
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The species similarity index or Jaccard coefficient used in this thesis

provides a simple measure of the extent to which two habitats have species in

common based on the presence-absence relationship between the number of

species in each habitat and the total number of species (Krebs 1989).

Jaccard index of e,ommunity similar¡ty - C

51+$2+Q

where C = number of species common to both habitats

Sr = number of species in habitat 1

Sz = rìumber of species in habitat 2

5.) Specrbs nbhness (S) and evenness (J) - Community structure can

also be measured through species richness and evenness. Species richness (S)

is simply the number of species captured at each habitat. Equitability or

evenness indices are based on the evenness with which importance is

distributed among the species (Peet 1974). The evenness (J') of the

apportionment of individuals among species in a habitat was measured

according to Pielou (1975). lt is a ratio of the measured diversity (obtained from

the Shannon index) to the maximum value that it can attain.

where J'= H

Logn S
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J' is also known as equitab¡l¡ty (J') and states that diversity is at a maximum

when all species within a community are equally abundant (Southwood and

Henderson 2001).

An evenness measure based on the Shannon lndex (as used in this

thesis) will give more weight to the eouitability of the rarer species than an index

based on the Simpson measure (Peet 1g74).This is important, as only a few

species at TBS contribute most, towards the small mammal communities.
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Results

1.) Relative abundance and biomass summaries of the small mammals:

Relative abundance results of the small mammals for separate periods

and habitats are shown in Tables B.1a-f and presented over time in Figs. 1a-1f.

During the period 1986-90, Ctethrionomys attained its highest retative abundance

on all six plots regardless of habitat type. Sorex was the most variable species in

terms of its time periods of greatest relative abundance, with the ATB, ASP and

JPSP plots reaching Sorex highs in 1991-95; the BSB and ECO in 1986-90; and

the JPR in 1977-79. Peromyscus'highest relative abundance period on the ASP,

BSB, ECO, JPR and JPSP occurred during 1980-85, and on the ATB in 1977-79.

A summary of the overall (total) relative abundance of small mammals

(both with and without sciurids) is compared across six habitats over grouped

intervafs of time (Figs- 2a-2b). All six plots attained their highest relative

abundance during the period 1986-90, the 5- to 10- yr period following the 1980

fire (when sciurids were included). However, without the sciurids, only four out of

six plots reached their highest relative abundance during 1986-90.

A summary of the total biomass of all smatl mammals coltected during

annual sampling surveys across six sites is presented in Tables B.2a-b.

Beginning with the largest accumulation (g) by habitat and ending with the

smallest over time are the ASP, ECO, JPR, JPSP, ATB and BSB (l-able B.2a).

These values do not necessarily correspond with the total number of individuals
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captured from each plot, due to small accretions in biomass from Sorex spp.,

which fell on average between 2.5 - 4.59 per individual.

Relative biomass values were also based on the number of captures per

100 TN and grouped into similar periods, as were the relative abundance data.

lndividual plots are presented in Tables B.3a-b to B.8a-b, with relative biomass

separated into grouped intervals of time. Five out of six plots exhibited their

highest levels of relative biomass (both with and without sciurids) during the

period 1986-90; these included the ATB, ASP, BSB, ECO and JPSP plots.

lnitially, the sciurids (squirrels and chipmunks) were purposefully

separated from biomass and abundance tables because single sciurids might

weigh from 100 to 2009 more than an individual murid or soricid. They were

therefore thought to have a significant impact on the interpretation of results,

especially on plots with abundant sciurid captures (Fig. 3). While it was

discovered that the sum totals of biomass, and numbers of individuals, were

influenced by the addition of sciurids (Tables B.2a-b), the occurrence of peak

periods in relative abundance and biomass remained basically the same,

regardless if the sciurids were included or not.

ln summary the relative abundance of Clethrionomys reached its peak

level across aff six habitats during the same 1986-90 time period. Peromyscus

reached its peak relative abundance on all six plots during 1980-85. Overall

relative abundance and biomass of the small mammals in all six habitats (with all

species included) attained their highest levels during 1986-90.
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2.) Species-abundance models:

The rank abundance curve produced from small mammal (log) abundance

data plotted against species in rank order approximated a relatively straight line.

This shape is a reflection of a logarithmic distribution (Fig. 4) which identifies the

community as having a small number of abundant species, w¡th a larger number

of species represented by intermediate, and by few individuals (Krebs 1989).

This relationship is true for most plots, with C/efhrionomys, Sorex and

Peromyscus being the major contributors towards the small mammalfauna at

TBS. Whittaker plots of species abundance data are shown in Fig. 5 for each

habitat. Each plot approximates a logarithmic distribution pattern to varying

degrees. The ECO and ASP plots have captured the most number of uncommon

species at TBS (see Table 1 in Section l).

3.) Trophic composition and contribution:

The composition of small mammal communities by habitat and by trophic

structure through time is represented in Tables 1a-1f. Since sampling began in

1977, the Alder-Tamarack Bog has shown a steady rise in the contribution of its

insectivores towards overall trophic structure, from approximately 37o/o in

1977-79,to75o/o during the 1996-01 period. Concomitantly, there has been a

decrease in trophic input by the grazer-omnivores (i.e., Clethrionomys, Mic¡otus,

Phenacomys and Synaptomys), from 61.0% in 1977-79, down to22o/o during this

latest 1996-01 period. lndividuals belonging to the granivore-omnivore category

have had little input towards trophic structure on this particular plot.
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The Aspen Upland also expressed a similartrend among its shrews, with

the insectivore trophic level on the rise since 1991 and a corresponding decrease

in the grazer-omnivore trophic level since 1986. The granivore-omnivore

category including Peromyscus and Zapus fell during 1986-95, but is now back to

1980-85 contribution levels of approximately 30% towards overalltrophic

structure on the ASP.

The Blackspruce Bog has shown wide fluctuations in its insectivore trophic

level throughout the years, varying îrom25o/o to 55%. The grazer-omnivore

community experienced an increased level of input during the years 1986-95 on

the BSB, making a large contribution (66%) towards overall community trophic

structure during this decade.

The Ecotone has shown minor fluctuations in its insectivore trophic level

throughout the years, with slight variations in overall contribution towards

community trophic structure. The grazer-omnivore community of Clethrionomys,

Microtus, Phenacomys and Synaptomys has experienced an overall decline on

the ECO since trapping began in 1977. The peak granivore-omnivore trophic

contribution occurred during 1980-85, with only minor input by this trophic

category over the years.

The Jackpine Ridge insectivore trophic level has yet to recover its robust

1977-79 period. During 1991-95, the inputfrom this particulartrophic level

doubled from the previous decade, but in the past six years there has been no

contribution by the shrews towards overall community trophic structure. The

grazer-omnivore community on the JPR has provided the greatest input by a
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trophic category during 1 996-01 . Both granivore-omnivore categories,

Peromyscus and Zapus, and the sciurids, have experienced a generaldecline in

the past six years (1996-01) on the JPR.

The Jackpine Sandplain has also never recovered the insectivore trophic

levels held during 1977-79. The grazer-omnivore category (Clethrionomys,

Microtus, Phenacomys and Synap tomys) and g ranivore-omnivore category

(Tamias spp. and Glaucomys) rose substantially during the 1986-95 period, while

the small mammal granivore-omnivore category (Peromyscus and Zapus) fell

during the same time period on the JPSP.

4.) Species diversity and similarity.

Community structure was additionally assessed through species diversity

and similarity indices calculated for each of the various small mammal

communities. A summary of mammal community characteristics in each habitat

is shown in Tables B.2a-b. The Shannon lndex is presented in two ways

depending on whether sciurids have been included or excluded. Without sciurids,

Table B.2a describes the sequential order from greatest to least diversity

(combined over 25 sampling-years) as follows: ECO, ASP, BSB, ATB, JPSP and

JPR. lf sciurids are included (Table B.2b), then the order has changed: ECO,

ASP, JPSP, JPR, BSB and ATB. Overall (i.e., diversity measured over 25

sampling-years), the most diverse habitat has been the EGO.

The JPSP produced the greatest number of sciurid captures over time (61

individuals), as shown in Table 8.2b. The BSB and ATB plots have captured the
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fewest sciurids (5 and 6 individuals, respectively). This increased abundance and

species richness affects diversity measurements calculated over the long-term.

The inclusion of sciurids can provide an additional three species per plot,

therefore species diversity data have been presented without sciurids and with

sciurids, and separated into shorter time periods, to reveal any influence habitat

succession may have had on small mammaldiversity (see Tables 8.3-.8).

The community characteristics of individual habitats are described in

Tables 8.9 and 8.10. tt was noted that in all plots the highest diversity vatues

were the same for each period of years, per plot, whether sciurids had been

included or excluded. ln the ATB and JPSP (l-able 8.9) without sciurids, the

species diversity dropped during the five-year period following 1980. All other

plots responded with an increase in diversity. Observing the same data, but with

sciurids (Table 8.10), all plots reported an increase in species diversity, except

the ATB. The ATB was the only plot not to be directly affected by fire damage.

A Jaccard community similarity index (Tables 2 and 3) of the TBS small

mammalfauna and habitat vegetation were used to compare community

structure between sites. The BSB and JPR had the most dissimitar smalt

mammal communities, having a Jaccard coefficient of only 0.4167 or 42o/o

similarity - which is the ratio of common species to all species found in these two

sites. The ECO and ASP were the most similar in terms of number of species

and individuals within each habitat, with a Jaccard coefficient of 0.8571 or 86%

similarity. These two plots reported 12 species in common while the JPR and

BSB had only five species in common (Table 2).
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5.) Specrbs nbhness and evenness:

Species richness (as measured by the number of species in a defined

sampling unit) increased in five out of six plots (Fig. 6) during the period 1980-85.

except for the ATB, and remained elevated on all plots during the subsequent

1986-90 period. These results held whether sciurids were included or not (l-ables

8.9 and 8.10). A general overall decline in species richness (Fig. 6) was

experienced by most habitats during (199f -95), 10- to 15- yrs post-fire. But since

the 1996-01 period, both the ATB and BSB plots have experienced notable

increases in species richness through the inclusion of sciurid species (Table

P.tOl. Less apparent increases in species richness were noted (Table 8.9) when

sciurids were omitted.

Evenness values overall appear to be little influenced by the inclusion of

sciurids (Tables 8.9 and B.1O). The highest values occurred during similar time

periods whether sciurids had been included or not. The only exception was in the

ECO, where the highest levels of evenness took place during 1991-95 with

sciurids, and during 1996-01 without sciurids. The greatest evenness or

equitability of distribution of the individuals among the different species is quite

variable among the habitats. For example, the BSB and JPSP reached their peak

equitability during 1977-79; the ATB during 1986-90; the ECO and JPR during

1991-1 995; and the ASP peak equitability in 1995-01 .
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TABLE l. Composition of small mammal communities by trophic category through
time in six habitats at Taiga Biological Station. Percentages of numbers and of biomass
at each trophic level within the study plots are indicated (with number of animals in
parentheses). All species of shrews are insectivorous. The rodents are separated as
grazers{mnivores (Cleth rionomys, Microtus, Ph e nacomys and Syn a ptomys) and
as granivore-omnivores (Peromyscus and Zapus). Sciurids are in the granivore-
omnivore category.

(a) Alder-Tamarack Bog
Trophic Level (77 -79) (80 - 85) (86 - e0) (e1 - e5) (e6 - 0r)
lnsectivore
Number
Biomass

Grazer4mnivore
Number
Biomass

Granivore-Omnivore
Number
Biomass

Sciurids
Number
Biomass

37.3 (221

14.2

6r.0 (36)
83.8

1.7 (1)
2.1

46.3 (37)
15.4

52.6 (42)
84.6

r.3 (1)
1.2

46.3 (68)
12.9

50.3 (74)
52.7

0.7 (1)
0.8

2.7 (4)
33.7

6e.6 (71)
28.7

30.4 (3r)
71.3

74.6 (37)
20.6

21.5 (111
39.4

4.o (2)
38.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

0.0
0.0

(b) Aspen Upland
Trophic Level (77 -7e) (80 - 85) (86 - e0) (e1 - e5) (e6 - 01)
lnsectivore
Number
Biomass

Grazer-Omnivore
Number
Biomass

Granivore-Omnivore
Number
Biomass

Sciurids
Number
Biomass

17.0 (8)
5.7

78.7 (37)
72.9

22.1(28)
4.8

45.6 (58)
49.0

2s.1(37)
24.9

2.4 (3)
21.3

14.4 (29)
2.7

66.7 (r34)
72.0

13.4 (27)
11.3

5.5 (1)
14.O

20.5 (33)
3.9

55.2 (8e)
55.5

1e.2 (3r)
17.6

4.3 (3)
23.O

3r.8 (28)
8.8

30.7 (27',)

28.9

31.8 (27)
26.0

4.5 (3)
36.2

0.0
0.0

4.2(2)
21.3
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TABLE 1. Gomposition of small mammal communities by trophic ætegory continued.

(c) Blackspruce Bog
Trophic Level (77 -7e) (80 - 85) (86-e0) (er -e5) (e6-01)
lnsectivore
Number
Biomass

Grazer-Omnivore
Number
Biomass

Granivore.Omnivore
Number
Biomass

Sciurids
Number
Biomass

55.6 (5)
21.5

44.4 (4)
78.5

24.6 (16)
6.4

41.5 (271

60.8

32.3 (21\
32.7

1.5 (1)

NA

32.s (241 31.8 (14) 37.8 (14)
7.9 7.6 9.1

65.8 (48) 65.e (2e) 48.6 (1e)
88.0 æ.7 48.4

0.0
0.0

0.0
0.0

0.0
0.0

1.4 (1)
4.1

2.3 (1)
27.7

5.4 (2)
10.7

8.r (3)
31.7

0.0
0.0

(d) Ecotone
Trophic Level (77 -7s) (80 - 85) (86 - eo) (el - e5) (e6 - 0r)
lnsectivore
Number
Biomass

Grazer-Omnivore
Number
Biomass

Granivore€mnivore
Number
Biomass

Sciudds
Number
Biomass

35.2 (45) 33.4 (63)
12.O 11.7

37.7 (46) 41.1(28)
4.8 11.0

43.3 (26)
15.6

3.4 (2)
30.6

4e.2 (63)
63.3

13.3 (r7)
14.2

2.4 (2)
4.6

53.4 (1O2)
61.0

5.3 (10)
4.9

7.e (r5)
22.4

M.3(541
28.8

4.e (6)
2.4

13.1 (r6)
64.0

41.2 (31)
39.8

8.8 (6)
5.7

8.e (6)
43.5

53.4 (32)
53.9

0.0
0.0
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TABLE 1. Composition of small mammal communities by trophic category continued.

(e) Jackpine Ridge
Trophic Level (77 - 79) (80 - 85) (86 - 90) (91 - 95) (96 - 01)

lnsectivore
Number
Biomass

Grazer-Omnivore
Number
Biomass

Granivore-Omnivore
Number
Biomass

Sciurids
Number
Biomass

37:5 (15)
7.5

60.0 (24)
61.3

2.s (1)
31.3

8.7 (10)
2.3

2e.3 (34)
31.4

58.6 (44)
45.5

3.4 (4)
20.9

8.3 (10)
1.6

53.3 (64)
53.2

30.0 (36)
21.8

8.3 (10)
23.4

17.5 (7)
1.1

20.0 (8)

5.1

30 (12)
81.3

0.0
0.0

2.4 (1)
2.1

17.0 (7)
55.6

32.5 (13) 80.5 (33)
12.6 42.2

0.0
0.0

(f) Jackpine Sandplain
Trophic Level (77 -7e) (80 - 85) (86 - e0) (e1 - e5) (e6 - 01)

lnsectivore
Number
Biomass

Grazer-Omnivore
Number
Biomass

Granivore-Omnivore
Number
Biomass

Sciurids
Number
Biomass

40.0 (4)
12.4

60.0 (6)
87.6

1.4 (11

o.2

27.4 (20)
24.9

64.4 (47)
39.3

6.8 (5)
35.7

1.1 (1)
0.1

54.5 (48)
38.7

18.1 (16)
8.1

26.1(23)
53.1

27.e (24)
28.O

43.0 (37)
3r.8

18.6 (16)
38.5

24.2 (22)
24.2

53.8 (4e)
37.1

18.7 (17)
38.1

10.5 (e) 3.3 (3)

1.7 0.6

0.0
0.0

0.0
0.0



TABLE 2a. Jaccard community simílarity index for six small mammal habitats at Taiga Biological Station. The Jaccard
index is based on the presence-absence relationship between the number of species common to a pair of communities and
the total number of species in each of the two communities, adjusted for the common species. The similariÇ coefficients
equal 1 in cases of complete similariV and 0 if the sites are dissimilar and have no species in common (Magurran 1988).

Habitat
Aspen Upland
Alder-Tamarack Bog
Jackpine Ridge
Blackspruce Bog
Ecotone
Jackpine Sandplain

TABLE 2b. Number of small mammal species involved in the Jaccard similarity index. The numbers following the diagonal
represent total numbers of species found at each location. Off-diagonal values represent the number of common species
between habitats.

Alder-Tamarack

Habitat
Aspen Upland
Alder-Tamarack Bog
Jackpine Ridge
Blackspruce Bog
Ecotone
Jackpine Sandplain

Jackpine Blackspruce

Alder-Tamarack Jackpine

Jackpine

Blackspruce Jackpine

À



TABLE 3a. Jaccard community similarity index for six vegetation habitats at Taiga Biological Station. The Jaccard index
is based on the presence-absence relationship between the number of species common to a pair of communities and the
total number of species in each of the two communities, adjusted for the common species. The similarity coefficients equal
1 in cases of complete similarity and 0 if the sites are dissimilar and have no species inggfnmon (Magurran 1gggt.

Habitat
Alder-Tamarack Bog
Aspen Upland
Blackspruce Bog
Ecotone
Jackpine Ridge
Jackpine Sandplain

Alder-Tamarack Aspen

TABLE 3b. Number of plant species involved in the Jaccard similarity index. The numbers following the diagonal represent
total numbers of species found at each location. Off-diagonal values represent the number of common species between
habitats.

Habitat
Alder-Tamarack Bog
Aspen Upland
Blackspruce Bog
Ecotone
Jackpine Ridge
Jackpine Sandplain

Blackspruce

Alder-Tamarack

Jackpine

Blackspruce

Jackpine

Jackpine Jackpine

(rì
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Discussion

l.) Relative abundance and biomass:

a) Trends in relative abundance and biomass - Although Peromyscus

increased on five of the plots during the early post-fire stage (1980-85), it did not

maintain its elevated numbers much past this period. Clearly, Peromyscus

responded favourably and successfully during a short time to the opportunities

made newty available through the burned environments. Plots that experienced

minor to moderate fire damage (i.e., ASP and ECO) showed increased

Peromyscus numbers as did the more severely burned habitats (i.e., JPR, BSB

and JPSP). As habitats recovered, conditions on the plots deteriorated for this

species, except on the JPSP, where the relative abundance of Peromyscus has

not substantially changed over time. Clethrionornys poputations across many of

the habitats at TBS showed increased relative abundance during the 5- to 10- yr

period afrer the fire. Where differences appeared among the species was in the

timing of their response in reaction to habitat change.

It is apparent that individual small mammal species have different

response times towards habitat change and may respond either rapidly (e.9.,

Peromyscus), or with somewhat of a delay (e.9., Clethríonomys), to the altered

conditions in their environment. What is particularly notable, however, is that

even minimal habitat change was sufficient to stimulate Peromyscus populations

into exploiting the newly available space of a diverse range of habitat types.
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b) Dietary items of small mammals affecting local abundances - ln

Appendix A.1, a description of the vegetative changes that have occurred within

the small mammal habitats over the past twenty-five years has been provided.

Overall, the small mammalfauna responded favourably to the early successional

stages of vegetation change at TBS; Peromyscus thrived during this period.

Tevis (1956) suggested that curiosity may be an important factor for increased

deer mice on recentty burned habitat, but that the chief reason was due to the

vacuum created by the removal of the resident population. ln this scenario,

release from competition over space would allow individuals the freedom to

increase. At TBS, the availability of food resources rather than competition for

space would seem more likely as an extrinsic population factor that affects

Peromyscus population dynamics, as well as other sympatric species.

Fire may have caused a release of nutrients into the habitats which

subsequently enhanced the fertility, and therefore the productivity of newly

sprouting vegetation on the affected plots. Fire has been noted to release pulses

of nutrients that are reflected in increased mineral contents of new vegetation

(Ahlgren 1960; Bendell 1974).

Three months after the May 1980 fire, many of the fire-killed trees on the

BSB were found lying across the bog surface knocked over by strong winds. The

bog substrate at this time consisted of brown, steam-killed sphagnum,

interspersed with patches of charcoal-covered ground, depressions (water bowls)

of collected rainfall, and clumps of Ledum and other ericeaceous shrubs that had

managed to regenerate following the intense burn (K. Johnson, pers. comm.).
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Recently fallen trees that had not been completely consumed by the flames may

have provided an abundant food source in the form of seed cones (which had

previously been off limits to many of the small mammals), across several of the

fire-damaged sites.

On the JPR, Martin (1983) reported the presence of many temporary post-

fire colonizing plant species as well as species that re-established themselves

following fire. Scattered jack pine seedlings were noted to be growing in the

crevices of the burned rock surfaces on the ridge, while some of the mature,

wind-thrown, fire-killed, Pinus banksiana trees were observed lying on the ground

at this time (K. Johnson, pers. comm.).

On the JPSP, over half of the upper canopy layer consisting of mature

Pinus banksiana was destroyed by the fire. The ground cover of lichens was

mostly burned down to the sand substrate, with the organic/mineral ash layer

washed away by rainfall (K. Johnson, pers. comm.). Martin (1983) two years

post-fire reported the presence of a thin herbaceous layer along with the

presence of Pinus banksiana seeds and seedlings. Many of these plant species

that made an appearance for several years following the fire might have

contributed dietary and nesting items for the small mammals at TBS.

Northern red-backed voles (Clethrionomys rutilus) have been known to

consume a wide variety of items that include seeds of Arctostaphylos spp.,

Vaccinium spp., Geocaulon lividum, and spruce; leaves of several shrubs such

as Shepherdia and Vaccinium; horsetails and leaves of herbs Equisetum

pratense, Geocaulon, and Comus; lichens Alectoría, Usnea, Cladonia spp.,
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Parmetia spp., Peltígera spp.; fungi Laccinum, Russu/a, Clavaría, Hygrocybe,

and Hydnellum and some mosses (Boonstra et al. 2001). Most of these plant

species occur at TBS, distributed in varying proportions both spatially and

temporally across the plots. Martin (1983) noted many arboreal lichens on

branches on the ground that had fallen from mature surrounding iack pine trees.

However, these did not appear to be of sufficient enticement for Clethrionomysto

reappear substantially until 1984 on the JPSP.

Vickery (f 979) studied food preferences of populations of Clethrionomys

in the mixed deciduous forests of Quebec and found that fruit, while comprising

only 2}o/oto 30o/o of its annual diet, is the preferred food type when it is locally

available. Ctethríonomys preferred the fleshy fruit of Fragaria virginiana and

Prunus virgíniana more often than other available fruits. He noted that few tree

seeds were taken during the tests of food preference and suggested that the

timing of their availability is important for the inclusion of tree seeds into

Clethrionomys' diet.

While Peromyscus is very successful at exploiting recent burns, Martell

and Macaulay (1981) observed that deer mice do not actively search for seeds of

bfack spruce (Picea maríana), or jack pine (Pinus banksiana). ln contrast to these

findings, Ahlgren (1966) reported that deer mice consumed quantities oÍ Pinus

banksiana seeds on recent burns. Martell and Macaulay (1981) observed that the

diet of Peromyscus is quite diverse and plastic, enabling these creatures to utilize

a number of food resources available on disturbed and successional sites. Food

habits of Peromyscus were determined by food availability, showing a distinct
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seasonal pattern (i.e., seeds were most important in early May and in the fall;

arthropods were most important from May to July, while berries became

important from July to early September).

Peromyscus most likely encountered and incorporated a fair number of

Pinus banksiana seeds within its diet on the JPR and JPSP shortly after the fire

simply because of the sheer abundance and adventitious oæurrence (i.e., late

May) of these potential food items.

Martell (1981) noted that Clethrionomys also exhibited seasonal patterns

in its food consumption. ln northern Ontario, Cladina spp. and Cladonia spp.

dominated its diet in early May, with fresh herbaceous matter eaten primarily in

mid-May to mid-July. Berries were taken in late July while fungi (mushrooms)

were one of the main food items in late summer and early fall. Conifer seeds

made a minimalcontributionto Clethrionomys diet. On clear-cuts and in uncut

coniferous stands, lichens and fungi made up most (80-89%) of their diet. He

found that when Clethríonomys persisted on unscarified clear-cuttings, this was

related to the presence of the mostly dead moss layer and low shrub layer which

provided cover, helped maintain humidity, and supplied food. Therefore,

according to Martell (1981), habitats that have unfavourable conditions for

supporting fungi and lichen growth, such as on recent clear-cuts or burns,

witness a rapid decline in Clethríonomys numbers.

Relative abundances of Clethrionomys (with the exception of the notable

short-lived increase in numbers immediately after the fire) did not respond as

rapidly or as favourably to burning, as did Peromyscus. There was a 5- to 10- yr
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delay in response to habitat change by Clethrionomys. However, red-backed vole

fluctuations at TBS may not be so strongly influenced by the products of habitat

change (as was seen with Peromyscus), but suggest instead, unknown large-

scale forces are affecting this species'population response.

The association of Clethrionomys with moist habitats (Gunderson 1959;

Miller and Getz 1973;1g77)and cover (Lovejoy 1975; Morris 1983) indicate that

for the most part, during the initial five-year period after the fire, Clethríonomys

avoided the severety burned xeric habitats. Either this avoidance was due to the

loss or depletion in suitable food items (i.e., lichens and fungi) and/or to the lack

of sufficient herbaceous layers that could provide adequate cover and moisture

levels. Rapid increases in numbers of Ctethrionomyswere observed in August

1980 on the ATB, BSB, ECO and JPR (compared with previous years). The

attraction of this species to either the products from fire-stimulated plant growth

(i.e., berries, seeds, herbaceous matter) or to changes in habitat structural

features (i.e., fallen trees and exposed root stumps) may be one of the

explanations for this response. However, this does not sufficiently explain the

similar increase in Clethrionomys on the ATB. Perhaps the plants at TBS have

cyclical periods (independent of the effects from fire) that the small mammals

respond to as well.

While the overall relative abundances of all small mammals at TBS

increased during the 1986-90 period, either a simultaneous occurrence of

improved habitat conditions across the plots occurred or some external large-

scale environmentalfactor stimulated the TBS fauna to respond with increased
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abundance, over the same five year period. ln general, not untilfive years after

the fire would sufficient time have passed to enable habitat conditions to become

more suitabte or less restrictive towards ClethrionotT?ys, as well as the other less

common small mammal species.

c) Recovery of vegetation and its effect on small mammal abundance -

The first stage of revegetation, the seedling-herb stage, usually lasts from one to

four years (Viereck 1983), or two to eight years (Fox 1983), depending on the

site and fire conditions. Seedlings usually become established during this stage

in coniferous ecosystems. The herbaceous plant cover may increase rapidly

during this seedling-herb stage from 0% to as much as 40 or 50% (Viereck

1983). Early arrivers on freshly burned dry sites (Rowe 1983) tend to belong to a

group of wind-disseminated propagules that consist ol Ceratodon purpureus,

Polytrichum spp., Betula papyrífera, Safx bebbiana, Epilobium angustifolium and

Populus tremuloides on the Precambrian Shield (familiar species that have been

reported on the JPR and many other plots at TBS after the burn).

The small mammals at TBS utilized many if not most of the above plant

species as they became locally available during the different stages of

succession. The plots at TBS today are entering a long mid-successional phase

dominated by sapling growth in many areas which may account for the decline in

small mammal captures during the past six or seven years. As the saplings

increase in height, changes in light intensity will take place which will

undoubtedly have some effect on the lower herbaceous level, padicularly in
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regard to its density and composition. Viereck (1983) noted that the tree canopy

begins to dominate from twenty-five to thirty years following fire, with changes in

the lower layers occurring more slowly. At TBS, tree canopies across many of

the sites will require decades of continued growth to acquire properties similar to

pre-fire conditions (i.e., in terms of their height and shade).

Bendell (1g74)in his review of post-fire communities found little change

occurred in the density of small mammals in response to fire. He observed that

small mammal communities displayed considerable stability of their population

numbers, and therefore, suggested many birds and mammals controltheir own

populations independently (through intrinsic means) of the changing

environment. This may perhaps explain synchronous changes among

Clethrionomys atTBS, but individual species definitely responded numerically to

the different periods of "mini-succession".

The most prolific period occurred during the seedlrng-herb stage for

Peromyscus, with the abundance of shortlived propagules, the increased

robustness of sedge and graminoid seed-head growth, and the availability of

surplus coniferous seeds - all of which stimulated an increase response in

Peromyscus population dynamics. For Clethrionomys, its most prolific period

occurred during the lafe seedling-heft/early shrub stages, which required the

initial early successional period to advance sufficiently for the herbaceous layer

to have time for greater re-establishment. This species indicated its requirement

for a longer adjustment time to the altered habitat conditions through its reduction

in numbers following the 1980 trapping session. This behaviour may be
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attributableto Clethríonomys'lack of flexibility in its niche requirements,

compared to Peromyscus'plasticity of adaptation following change.

2.) Species abundance models:

Communities often contain several similar species with similar

requirements which differ widely in retative abundance. Therefore, investigating

models that might account for species abundance relationships helps to describe

the diversity of a community, and provides the basic pattern of niche utilization in

the community (Pielou 1975; Southwood and Henderson 2001).

The log series model represents the basic environmental structure of the

habitats at TBS and presents the range of populations it can support. A common

feature among borealforest rodent communities is the relatively large number of

sparsely distributed species (Martell and Radvanyi 1977; Martell 1983a; Morris

1996; Kirkland et al. 1998). The small mammal communities surrounding TBS

appear to be composed of a few numerically dominant species that include

Clethrionomys, Peromyscus and Sorcx (with the exception of Microtus in the

ATB), and that have accounted for most of the captures during the past twenty-

five sampling-years. However, the numerically subordinate species (i.e., those

consisting of few individuals) out number the dominant species in diversity and

may have contributed upwards of seven to eight additional species of low

frequency, per plot.

Vickery et al. (1989) studied habitat use and population density of small

mammals fn Pinawa, Manitoba and found that Peromyscus and Clethrionomys
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spec¡es had remained numerically dominant over the 14-yr study, with Microtus,

Zapus and Sorex recorded much less frequently. All other small mammalspecies

were listed as being "permanently rare" within this community. Martell (1983a)

examined small mammal communities living in upland black spruce and mixed

wood stands in north-central Ontario and found that the three most dominant

species were Ctethrionomys gapperi, Peromyscus maniculatus, and Sorex

cine¡eus. Analysis of a 43-yr live-trapping study from Algonquin Provincial Park

revealed Peromyscus maniculatus to be consistently more abundant than any

other species, followed by Tamias stríatus and Clethrionomys gapperi(Fryxell et

al. 1998).

Therefore the compostion and abundance patterns of the small mammal

species at TBS (i.e., the relatively few numerically dominant species with a

greater proportion of less common or rare species), appears to be similar to

faunal conditions found in other parts of the Canadian boreal forest.

3.) Trophic composition and contribution

On the ATB plot, Clethrionomys maintained its position of numerical

dominance for ten years following the 1980 fire, but soon afterwards became

numerically subordinate to Sorex. The ATB did not experience compositional or

structural changes within its vegetation following the fire as had the other plots;

therefore the switch in species dominance was not a reflection of vegetational

succession, but rather of other population-controlling mechanisms at work. The

ASP plot also reported increased trophic contributions by the insectivores (since
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the early 90's), with a corresponding decrease (since the late 70's) of its grazer-

omnivores. Some factor(s) were clearly affecting both populations simultaneously

in two different habitats. But what was most perplexing was the ECO plot which,

adjacent for almost half of its length to the ATB, did not exhibit similar increases

in its insectivore contribution as those reported in both the ATB and ASP plots.

The ECO insectivore category has remained fairly stable throughout the plot's

24-yr history, with a slow decline in the grazer-omnivore input throughout the

years.

The ASP and ECO have always been the preferred habitats for the

grazer-omnivore, Clethrionomys. lt would seem, then, that the habitat variables

(because of their variety and availabil¡ty) within these two plots should be less

responsible for the decline in the grazer-omnivore category. lnstead, a large-

scale population mechanism appears to be affecting this trophic category in three

of the habitats (with smaller decreases in the BSB and JPSP since 1986). The

JPR has substantially increased its grazer-omnivore input since 1996, and it

appears that the insectivores have responded to this increase by their complete

disappearance from traps over the past six years, on the JPR.

The JPR today is a mostly xeric habitat supporting rare pockets of

moisture that may be aftractive to Sorex species. This particular habitat,

however, is becoming increasingly suitableto Clethríonomys, perhaps because

of its moderate recolonization of lichen and fungi species which are slowly

returning to the fire-damaged rock surfaces.
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Because the ATB and ASP are separated through distance, elevation and

plant species composition, the factors responsible for the increased Sorex

contribution on both plots are more challenging to identify. Perhaps dietary items

of Sorex spp., which can include insects and cocoons of the larch sawfly

(Buckner 1964), or other invertebrates such as sowbugs, snails and spiders

(Hamilton 1941\, experienced simultaneous increases in abundance on the ASP

and ATB. The ECO habitat is quite similar to the ASP plot in many ways. No

apparent habitat variable provided a plausible explanation as to the reason for

the ECO not experiencing a similar increase in Sorex as well. The most likely

explanation was that there was simply no ecological room (i.e., fundamental

niche space) for this trophic category to expand into (i.e., the grazer-omnivore

category has only declined slightly over the years).

4.) Species diversity and similarity:

During the early habitat recovery stages of 1980-85, small mammal

communities at TBS responded with an increase in diversity in five out of six

plots following the 1980 fire. Kirkland (1977), Clough (1987) and Parker (1989)

reported increases in species diversity following clear-cutting. Martell (1983b)

reported that following logging in northcentral Ontario, species diversity and

evenness of the small mammals increased or remained stable in the first 1-3

years following tree removal, decreased on older 3-16 year cuts, and then

increased over time until values were similar to uncut stands. Martell (1983b)

recognized site-specific differences in plant and animal species following habitat
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disturbance as the main determinant of patterns of change in diversity and

evenness of the small mammals. Differences in post-recovery habitat conditions

across the sites were also found to influence strongly TBS species diversity and

evenness.

While diversity and species richness increased among most of the small

mammal communities following the fire, the effects were temporary. During the

subsequent time period of 1986-90, species diversity either stabilized or dropped

and it was not until 10- to 15- yrs post-fire, did species diversity reach its pinnacle

on most of the plots. Clearly, the small mammals needed a recovery period after

habitat disturbance of sufficient length before they could significantly re-establish

themselves within the different habitats. The main anomaly (to this sequence)

occurred on the JPR where diversity has dropped during these past six years to

pre-fire fevels. While Ctethrionomys has increased in abundance on the JPR,

species diversity has correspondingly declined within this particular plot.

Peak time periods of diversity were identicalwhether sciurids were

included or omitted, as were periods of peak species richness. Where the

inclusion of sciurids was thought to influence or affect the outcome of results

most was on the plots that reported higher captures (i.e., >40) of squirrels and

chipmunks, compared to plots that recorded fewer (i.e., <10) captures. For

example, the ECO and JPSP (l-ables 8.9 and 8.10) were plots that should have

been most affected by the inclusion of sciurids in reporting peak years of relative

abundance and biomass, because these two plots when compared to others,

have captured the most sciurids. However, it was observed that the numerical
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differences between peak years of relative abundance and biomass with or

without sciurids were negligible.

Clough (1987) studied the effects of forest management practices on

smatl mammals in northern Maine and noted that while relative abundance and

relative biomass were greater in mature conifer habitats, species diversity,

richness, and evenness, were lower in mature conifer habitat compared with

either the early successional stage habitats of conifer forests, or mature mixed

hardwood/conifer habitats. Most diversity values from the pre-fire period at TBS

were lower than any subsequent period. This would corroborate with Clough

(1987) in that mature habitats had less species diversity. However, the pre-fire

period at TBS represents the shortest sampling period and it is difficult to make

strong comparisons and generalizations regarding this particular period of

vegetation succession.

Clough (1987) attributed moderate to high relative abundances and

species richness and diversity of small mammals to sites possessing well-

developed ground and shrub layers of vegetation and litter. Sites depauparate in

these factors adversely affected the small mammal populations more than the

removal of the tree canopy. Removal of the tree canopy cover by fire appeared to

have little impact on TBS diversity during the first few years of recovery, as this

was found to be the time of greatest small mammal diversity at TBS.

Brady and Slade (2001) examined a long-term small mammal data set

with the ecologically and numerically dominant species, Microtus ochrogaster.

Monthly live-trapping sessions over a ten-year period were carried out in old-field
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habitat in Kansas. Ghanges in vole abundance had little or no influence on the

relative abundance of other community members, as well as no noticeable

influence on diversity of the non-vole community. Brady and Slade (2001) found

their results especially noteworthy because they were contrary to other studies

which have reported significant impact by arvicolines on the abundance and

diversity of other rodent species (Redfield et al. 1977; Swihart and Slade 1990).

The results of Brady and Slade (2001) are relevant in that a single species,

Clethrionomys, âlso predominates across most TBS habitats.

To what extent small mammal community structure and species diversity

are impactedby Clethrionomys' presence at TBS, is currently unknown.

Clethrionomys is ecotogically and numerically the most dominant species at TBS,

yet, plots where it occurs in greatest abundance also produce the most diverse

number of species. Because the small mammalfauna is highly adaptable to the

different environments of the boreal forest, and is able to survive under diverse

conditions, it appears unlikely that their niche requirements would overlap to any

major extent. lt is when dominant species exclude or affect the abundance of

other species that community structure and diversity are affected (Heske et al.

1ee4).

Jaccard coefficents were calculated for each habitat using data collected

over the complete twenty-five sampling years. Over that time, the ASP and ECO

plots have reported the highest similarity values between habitats in terms of

their plant and animal species. The ASP and ECO plots have also produced the

largest biomass of small mammals recorded over all years. These two plots
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possess a w¡de mixture of deciduous, coniferous and herbaceous species,

irregular topography and moisture levels. Both plots would be considered to be

very heterogeneous in their aîray of habitat variables available to their small

mammal communities.

The most dissimilar plots in terms of plant and animal species

compositions are the BSB and the JPR. W¡th only five small mammal species

captured in common over twenty-four sampling years, little movement between

these habitats is indicated. The BSB and JPR are spatially very close

(approximately 500 m apart), yet the habitats are very much physically and

compositionally divergent. The physical barriers imposed by the elevation, the

xeric environment, and the lack of herbaceous variability on the JPR, may prove

too restrictive for many species, except for the most opportunistic and flexible.

5.) Species richness and evenness:

Species richness (or the number of species captured in each habitat over

a defined unit of size and time) increased on five of the six plots, except on the

ATB during the initial 5- yr post-fire period. While the initial after-effects of fire did

produce an increase in species number (above pre-fire levels), it is evident that a

characteristic feature across these six sites has been their irregular or nonstable

levels of species richness over the years. Small mammal species were neither

permanently removed nor permanentty demoted to a subordinate numerical

status by the other species through this habitat disturbance. Although

Clethrionomys showed a reduction from trap-capture records for several years
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following the burn, the return of this species to its position of numerical

dominance on the badly damaged plots is eventual, as the habitats recover.

Fox (1983) noted in his studies of the different successional stages of the

boreal forest that species richness remained very similar throughout time, with

the same set of species being present in most successional stages. What did

change, he observed, were the relative abundances and the identity of the

dominant species over time.

At TBS there is a strong association between habitat heterogeneity and

species richness (in terms of the number of different small mammals a habitat

can support). A study by Naylor and Bendell (1983) on the influence of habitat

diversity on the abundance and diversity of small mammals in north-central

Ontario, found that mixed forests were both floristically and physiognomically

more complex than pure pine stands, and contained a greater diversity of small

mammals. Both the density and diversity of small mammals were lowest in the

most homogeneous boreal forests they examined.

Similar findings were discovered with the TBS small mammal data. The

ASP and ECO plots are both mixed-forest types being the most floristically and

physiognomically complex study plots and possessing the greatest diversity and

abundance of small mammals. ln contrast, the BSB, JPR and JPSP are relatively

homogenous monocultures made up of fewer species of similar plants, having

both lower animal diversity and density. lncreases in both species richness and

diversity were found to lower evenness values.
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Overall, the evenness values were found to be highly variable across the

sites. These results were not unexpected in that the small mammalfauna at TBS

reflects a logarithmic series distribution pattern that does not support species of

similar density within a community. High evenness values were mostly

uncommon. When they did occur, this was mostly a reflection of fewer species

captured during a particular time period and greater numbers of one particular

species within a plot. Brady and Slade (2001) reported that changes in evenness

might be a result of changes in the most numerically dominant species (i.e.,

when a species is very abundant it lowers the evenness measure of the

community). While the number of species can affect evenness values, it is the

degree of apportionment of the individuals among the different species that

determines the equitability of a small mammal community.

Although the fire-altered habitats at TBS stimulated several predictable

responses from their small mammal communities, the variation in the intensity of

the burn, the anomalies within the habitat, and the ecological character of the

species involved made it evident that small mammal response to habitat change

is highly site specific. Under these conditions of spatial and temporal variability in

the quality of the habitats, natural selection favours exploration and dispersal

behaviours in small mammals (Stenseth and Lidicker 1992) living in

heterogeneous environments. Therefore, the investigation of the role of

partitioning microhabitat variables in determining rodent habitat associations

(among the different study plots) was thought to provide insight into small

mammal community ecology.
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Summary

Taiga ecosystems have a natural tendency toward periodic perturbation at

intervals of 50- to 200- yrs that recycle the ecosystem and maintain periodic

waves of peak diversity (Loucks 1970). Peak diversity and species richness

occurred within five of the six plots during the initial five years following the 1980

fire. A general decline in both species richness and diversity of the small

mammalfauna was experienced by most plots 10- to 15-yrs post-fire.

ln summary, at TBS certain small mammals are associated with particular

periods of ecological succession more than others. Peromyscus exploited

advantageously the habitats disturbed by fire during the initial phase of

successional recovery (in the very early part of the 1980's). Clethríonomys

required five to six years after the fire (mid- to tate- 1980's) before its numbers

substantially increased (abundances which have not been duplicated since). Fire

provided opportunities for changes in species diversity and trophic contribution

within the small mammalcommunities. However, changes or shifts in species

dominance were temporary in nature and strongly influenced by the processes of

habitat succession at TBS.

The faunal composition of small mammals at TBS did not change

significantly in terms of the elimination of a species from a plot (especially in

severely burned habitats) since sampling began in the late 1970's. t observed

shifts in small mammal species dominance with a slow return to what are

assumed to be (due to the lack of long-term pre-fire information), a return to pre-
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fire faunal conditions. Because the small mammals at TBS are inhabitants of a

fire-dependent landscape (being relatively new neighbours within the past 9,000

years), having evolved together in an unpredictable landscape, it is unlikely to

expect long-term equilibrium or stability in the relationships among these small

mammal communities.
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SECT¡ON III.

Factors lnfluencing the Local Distribution of Small Mammals
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Section lll. Abstract

The influence of biotic and abiotic features in small mammal habitat was

examined in the boreal forest of southeastern Manitoba to determine if certain

factors affected species distribution and abundance. lndividual microhabitat

variables, including vegetation and structural characteristics of the microsite (a

4m2 area surrounding each trap) were found to be less reliable indicators of

species presence than overall macrohabitat (e.9., blackspruce bog, mixed

coniferous/deciduous forest, jackpine sandplain) characteristics of the small

mammal environment.

The method of small mammal sampling can introduce bias into the

collection and interpretation of data. Museum Special traps captured most of the

small mammal fauna near Taiga Biological Station while Schuyler traps proved

more variable in terms of their weight capture response. Highly productive small

mammal plots (i.e., the number of individuals captured and degree of habitat

heterogeneity), had more multiple species captures at trap stations than plots

reporting fewer small mammal captures, with less vegetative heterogeneity.

Male animals of the different species were captured more frequently than

females. Although fewer Clethrionomys gappen (red-backed voles) were

captured on fire-recovering Pinus banksiana plots, a higher proportion of these

individuals were reproductive females. Actual red-backed vole captures were

larger on mixed coniferous/deciduous plots, but consisted of fewer reproductive

females.
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lntroduction

The primary aim of this third and final section is to examine the biological,

physical and experimentalfactors within the microsite (a 4m2 areasurrounding

each trap marker) that may affect small mammal activity and/or susceptibility to

capture, and thus ultimately influence the characterization of the small mammal

community living within a particular habitat. The purpose of evaluating these

three factors at the smatter spatial scale of the microsite is to look for repeatable

patterns of occurrence in the vegetation, in the physical structures (i.e., logs,

snags, root stumps and rocks), and in the selection and location of trapping

equipment, to determine the relative importance of these features in species

distribution and capture. lf capture frequency is indicative of habitat preference

(Gunderson 1959), then sites with higher capture rates should inctude variables

that correlate with greater species abundance. The study of repeated patterns in

species distribution is an important component of ecology that allows for the

development of predictive syntheses on the utilization of space by animal species

(Morris 1979).

The topics to be examined in Section lll will include: (l) biotic factors -
those including plant and animal information recorded from each capture site

such as species identity, percent plant cover and morphological characteristics of

the small mammals; (2) structuralfactors - those involving physical habitat

features such as the number and circumference of the fallen trees, percent cover

of coarse woody debris, rocks, sand and water; (3) experimental factors - those
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that may affect the collection of results at each trapping station (i.e., selection

and placement of traps by the researcher, trap sensitivity and selectivity) within

the sampling grid.

By evaluating the relative importance of habitat variables and structures in

a small mammal's environment, it may be possible to demonstrate that there are

differences among the microhabitat of species; however it cannot be assumed

that these are the causal agents of separation (Morris 1979').
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Literature Review

Microhabitat features influencing small mammal activity:

Microhabitat use is a reflection of many factors: predation risks, energetic

costs associated with food acquisition, meeting microclimatic requirements (i.e.,

finding sites of suitable temperature and humidity) and social pressures based on

the status of the individual (Yahner 1986). Dueser and Shugart (1978) described

microhabitat differences among the small mammal species in upland forests of

eastern Tennessee to determine if structural differences occurred among the

microhabitats of sympatric forest small mammals. Three of the four small

mammal species exploited microhabitats that differed significantly in structure.

Peromyscus leucopus occurred at sites with low density of trees and high density

of shrub-understory vegetation; Tamias striatus occurred at sites with high

density of trees and low density of shrub vegetation; while Ochrotomys nuttalli

was found primarily at sites with evergreen canopy and dense woody and

herbaceous foliage.

Vickery (1979) studied the activity patterns of three rodent species in

mixed deciduous-coniferous forests of Quebec. Rodents may be active in the

same habitat but partition their habitat by several methods: being active at

different times of night, having some specific food differences, and possessing

seasonalvariability in their population sizes. Wpruialowsk¡ (1987) indicated both

habitat structure and risk of predation as important factors in influencing rodent

community composition in different habitats. Clethríonomys is a habitat specialist
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whose abundance seems closely correlated with habitat structure. ln areas

where Clethrionomys and Peromyscus both occur, predation may be a major

factor in microhabitat partitioning and prey coexistence between the species,

since Clethrionomys favoured areas of greater densities of both vertical and

horizontal ceiling cover, and is noted to be the preferred mammalian prey of

Mustela spp. Wywialowski 1987).

Price (1978) measured microhabitat use through capture frequency

records based on the assumption that capture frequency and foraging effort are

strongly correlated in desert rodents. She cautioned however, that trapping

results are not a precise measure of foraging activity because the animals may

have been captured in transit while travelling through a poorer patch, in order to

reach a more appropriate one. Wywialowski and Smith (1988) suggested that

dispersers and subordinate animals are more likely found in suboptimal habitats.

The female-dominated social organization of Clethríonomys (Kalela 1957; Mihok

1979) may provide insight into microsite selection; those locations which have

captured mature, adult females in greatest abundance, should be the optimal

sites for this species (Bondrup-Nielson 1986).

Habitats change temporally; therefore, depending on the time of year and

successional stage of the community, the strength of association between the

density of small mammals and a particular habitat variable may improve or

weaken in importance (Lambert and Adler 2000).
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The influence of coarse woody debris near capture stfes.'

Dead and down woody material including branches, logs and fallen trees

are considered essential habitat components that may influence the distribution

and abundance of small mammals (Maser and Trappe 1984; Hayes and Cross

1987;Planz and Kirkland 1992; Loeb 1998; Butts and McComb 2000). Coarse

woody debris (CWD) provides cover, nesting sites, travel routes and food (in the

form of invertebrates and fungi) that invade the decaying logs and snags (Maser

and Trappe 1984).

Barry and Francq (1980) investigated the major physicalfeatures of

Peromyscus leucopus habitat that is used by the mouse in short-range

orientation and navigation, with variable results. ln one of two woodlots studied,

highly significant correlations between capture rate success and the number of

logs at a trap station were found, as well as between capture rate success and

total diameter of the logs at a trapping station. Mice were captured more

frequently than expected by chance at stations with logs (in one particular

woodlot only). Within the second woodlot, there was no association between

mice and logs. The mice actually avoided stations where logs were abundant in

the second woodlot.

Planz and Kirkland (1992), using fluorescent tracking powder, noted that

Peromyscus leucopus preferred to travel along downed logs and branches,

rather than directly on the ground covered in leaf litter. The reduction in auditory

cues available to predators was suggested as a possible explanation for log use.

Barnum et al. (1992) also employed the use of fluorescent tracking powder in the
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forests of Minnesota and Maryland and found that Peromyscus leucopus tended

to travel along larger-diameter logs, because it was postulated that this method

of activity required less energy and time spent on balancing by the animal, and

provided the quietest pathway of travel.

Amaranthus et al. (1994) examined the relationship between hypogeous

fungi (truffles), coarse woody debris, and small mammal (Clethrionomys

califomicus) dependence on truffles for food. The highest truffle production was

associated with CWD of mature Douglas-fir forests compared to CWD found in

tree plantations. Within the plantations, both the substrate and logs were more

susceptible to high temperatures that inhibited sporocarp production. Tallmon

and Mills (1994) investigated patterns of space use by Clethrionomys califomicus

in southwestern Oregon and noted that voles used logs more significantly than

expected by chance, and that the voles were found more often with logs in

advanced stages of decay. The California red-backed vole's association around

decaying logs in the dry summer season was thought to be related to the

availability of caches of hypogeous sporocarps of mycorrhizal fungi.

Factors affecting trappability of small mammals:

ln the study of population demography, samples taken from small

mammal populations should be relatively unbiased (Martell 1979). Biases can be

introduced by the choice of sampling method, the location and size of the study

area (which'are often chosen for the convenience and capability of the

investigator), and by numerous variables that may involve weather, temperature,
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season, resources and equipment - all of which can impose limitations on field

studies.

The effects of weather on Sorex cinereus activity was examined by

Vickery and Bider (1978). Sorex cinereus was observed to be significantly more

active on nights when rain fell between dusk and dawn than on nights when no

rain fell, or only daytime rain occurred. Rainfall was the most important factor

affecting Sorex activity, and therefore the researchers cautioned, Sorex should

not be assurned to be equally trappable on every night. Vickery and Bider (1981)

also examined the influence of weather on the summer activity of several other

small mammal species in the mixed coniferous-deciduous forests of Quebec. All

three rodent species: Clethrionomys, Peromyscus and Napaeozapus were

mostly nocturnal (over 95% of their activities occurred during nightfall) and mostly

active when rain fell and when temperatures were high. This increase in small

mammal activity on rainy nights was not due so much to changes in food

availability, but rather to the reduction in acoustic cues available to predators of

these small mammals

Weather was found to influence deer mice activity patterns and to a lesser

extent, red.backed vole activity rates as well. Vickery and Rivest (1992) reported

that deer mice shift their use of habitat according to weather. On clear nights,

Peromyscus maniculatus distributed its activities evenly over three different

habitats; on cloudy, dry nights there was much more activity in mixed forest

habitat than elsewhere; while on rainy nights, coniferous habitat received the

most activity per station. Clethríonomys was found to be less affected by cloud
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cover or rainfall in its habitat use and was consistently more active in coniferous

habitat, regardless of weather. However, rainfall leads to increased totalactivity

in red-backed voles. Kirkland et al. (1998) also examined the impact precipitation

had on trapping results and found an increase in abundance and diversity of the

small mammal community reported on nights when it rained. Pruitt (1959) noted

that the degree of moonlight and position of the moon (with respect to the

horizon) were important factors regulating nocturnal activity of small mammals.

The number of activity periods increased with increased darkness.

Although potential biases are acknowledged in the various methods used

for small mammal sampling, trapping still provides a practical method of

determining presence and abundance of many animals. Long-term data sets

might help to elicit any differential responses in capture rates of the small

mammals due to weather and/or tunar influences (Williams and Braun 1983).

Additionally, the type of trapping equipment has been identified as a factor

having potential impact on small mammal captures.

Many researchers have shown that certain trap-types can be more

effective than others in capturing particular species of small mammals. Pruitt and

Lucier (1958) noted that while Clethrionomys rutilus, Microtus miurus and M.

oeconomus appeared equally susceptible to trap capture by either Museum

Special or Schuyler traps, M. oeconomus was captured exclusively by Schuyler

traps during a summer trapping program in Alaska. Pitfalls were found to be

more efficient than snap (kill) traps at capturing shrews (Briese and Smith 1974;

Williams and Braun 1983; Mengak and Guynn 1987). However, Williams and



152

Braun (1983) noted that while pitfalltraps captured greater numbers and diversity

of small mammals, they were poorer for capturing deer mice and other species

that had well-developed scansorial or bipedal locomotion.

Smith et al. (1971) reported that spring tension on the kill bar and

sensitivity of the trigger mechanism differed among kill traps and suggested

using two trap-types per station. West (1985) also reported a difference in the

performance between two models of killtraps: old Museum Specials with a

smaller wood and metal treadle and new Museum Specials with a larger plastic

treadle. Both spring strength and treadle release pressure differed between the

models, with old traps possessing a stronger spring and slightly higher release

pressure, while new traps were found to release more consistently than the wood

and metaltreadles. The old modeltraps captured significantly greater numbers of

larger mammals such as Tamías townsendiiand reported fewer sprung traps in

the field. New model traps captured over three times as many Sorex trowbridgii

because of the treadle sensitivity towards tower weight animals.

It should be recognized that traps do not necessarily capture a random

sample of small mammals (lnnes and Bendell 1988); therefore a combination of

trapping methods should yield the most complete data on small mammal

community compositions (Briese and Smith 1974).

I nfluence of interspecific encou nters:

Boonstra et al. (1982) studied the response of Microtus pennsylvanrbus to

Longworth live traps that had either: previously captured a Blarina (a potential
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predator ol Microtus); had been empty prior to their capture; or had captured

other species. Microtus had a 15% higher probability of entering a trap that had

not previously captured a Blarina than one that had. Microtus most readily

entered traps that had previously captured a Microtus, and showed a significant

avoidance of traps that had captured no animals. But interestingly, Microtus did

not avoid Blarina-visited traps more than it avoided Mus, Peromyscus or Zapus-

visited traps.,Fulk (1972) also reported that Mic¡ofus tended to avoid places

frequented by Blarína.

Dueser and Shugart (f 978) found that most captures of their small

mammals were at trap sites at which no other species was encountered and no

more than two species were observed at any trap site. However, Peromyscus

leucopus and Tamias sfnafus showed significant association (meaning these two

species were trapped more frequently at the same stations than expected).

Hallett et al. (1983) noted that while frequency of capture of a species at a trap

station might be due to habitat conditions, it might also be attributable to the

presence or absence of other species in the vicinity of the traps.

Expe ri mental enor (sources of pote nti al bi as) :

Traps on the boundary of a trapping grid may have more captures than

those inside the grid, particularly grids within homogeneous environments (Hallett

et al. 1983). This "perimeter bias" produced by animals that move into the vacant

areas of the grid (due to removal of the residents) was reduced by excluding

these captures from analyses (Sekgororoane and Dilworth 1995). Perimeter bias
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can also be reduced by restricting the length of the trapping period to three trap-

nights, before major immigration (W. Pruitt, pers. comm.)

Other researchers provide two traps per station to reduce the possibility of

competition and to reduce trap saturation by one particular species, which can

lead to biased population estimates of other resident species (Batzli and Jung

1981; Brady and Slade 2001). Jorgensen and Demarais (1999) observed that

physical disturbance associated with maintenance of the trap lines may have a

greater impact on open, sandy areas compared to areas covered by detritus. The

rodents may be attracted to different disturbances in the substrata, caused by

researchers, when the traps are set.
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Materials and methods

Vegetation data:

a) Vegetation surueys - A comparison of the vegetation survey results

across six habitats at TBS is described in Tables C.1a-f. Three different plant

surveys have been conducted during the years 1976, 1982 and 2000-01 within

each of the study plots, in association with small mammal research.

Comparisons of the most abundant plant species were made in order to

determine the overall vegetative changes that have occurred during the past

twenty-five years. The purpose of comparing the vegetation data during separate

periods of time was to determine the magnitude of change that may have

occurred within the various habitats following the fire. lf plant species

composition did not significantly change (i.e., plants that were dominant before

the fire were also dominant several years after fire as well as twenty years

following the fire), then plant information collected most recently could be

extrapolated into the past, allowing for associations between small mammal

capture sites and plant species to be made.

b) Vegetation sampling methods - Plant communities in the six study plots

were examined using the quadrat sampling method with a 4m2quadrat placed

systematically around each small mammaltrap marker. Vegetation data (percent

coverage by each species) were estimated from 100 quadrats per plot and

recorded on field data sheets (Table C.2). A quadrat size of 4m2 was chosen in
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order to include structural components of the microsite that may have influenced

small mammal activity patterns. All small mammaltrapping stations were

sampled firstly because of the differences in the range of captures recorded at

each site, and secondly, to identify microsite variables (i.e., plant species and/or

structuralfeatures) that might have been associated with a particular small

mammal species and its rate of capture.

A collection of pressed plant specimens from many of the identified

species was made and will be availabte as a reference collection for future work.

Severalfloras and books were used in the identification of the herbaceous plants,

shrubs, and trees (Scoggan 1957; Looman and Best 1979; Soper and

Heimburger 1982; Johnson et al. 1995). Fungi were identified using keys by

Bossenmaier (1997) and Baron (1999). Lichens and mosses were identified

using keys by Thomson (1984) and lreland and Bellolio-Trucco (1987).

lnformation on coarse woody debris (CWD), which included fallen trees,

logs, snags and branches, was also collected from each site. From the literature

it was recognized that certain sized logs and their decay state might be

associated with the occurrences of individual species of small mammals. By

identifying these habitat relationships it may be possible to predict individual

species response to the amount and type of CWD available in their habitats.

Therefore, the circumference and structural class (after Bull et al. 1997) of each

tog was recorded, as well as the percent cover these variables occupied within

each trapping station quadrat. Log information (from Tables C.3a-d) was then

used in Figs. 1a-1b to reveal any associations that might have existed between
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the mean number of logs per quadrat and number of captures ol Clethrionomys

and Sorex individuals.

The median value obtained from all measured CWD in each habitat was

used in the classification of logs. The median was chosen because it represents

the 50th percentile (or the centre) of the distribution of CWD; with skewed

distributions the median is a better measure of centre than the mean (Moore

1995). For example, the median value of CWD on the ASP plot was 28.3 cm and

on the ECO plot, 34.5 cm. All CWD above the individual median value for each

plot was classified as a "log". This criterion was selected because the plots

produced trees of different girths depending on habitat conditions. Therefore to

avoid bias by restricting the classification of logs to one size, the individual

medians of CWD from separate habitats were used to categorize their fallen

trees as logs.

ln the literature, log classifications vary depending upon tree species,

climate, precipitation, length of growing season and soil condition. Coarse woody

debris considered as "logs" can vary in size and type/source (i.e., logs may

include any CWD >1Ocm in diameter, including branches, snags and stumps)

and sizes are chosen at the researche/s discretion. Some examples of CWD log

size classifications were: logs >5cm and <5cm in diameter (Barnum et al. 1992);

logs >10cm in diameter (Tallmon and Mills 1994; Butts and McComb 2000); logs

> 1Ocm in diameter (McCay 2000).

The mean number of logs per quadrat for each capture category was

determined by counting the total number of logs found in 0, I ,2,3,4, 5 or > 6
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capture sites on the ASP and ECO plots (Figs.2 and 3), respectively. Capture

categories were combined at the high end because the sample size (i.e., the

number of quadrats) from single capture categories was too low. The total

number of quadrats that reported a particular capture rate then subsequently

divided the sums of these logs. For exampte, in the Aspen Upland there were 17

logs found within the 18 quadrats surrounding stations that reported only one

Clethrionomys capture. The mean number of logs per quadrat would then be

0.94 logs for ASP sites that reported one Clethríonomys capture (Fig. 1a).

c) Comparison of habitat variables with rates of capture - The vegetation

data were examined using two separate scales of resolution: a low resolution of

grouped habitat variables with combined capture rates, followed by a high

resolution of individual habitat variables with separate rates of capture. ln Tables

1a-11, mean percent cover values of combined habitat variables (i.e., those of

similar species and strata grouped together) were described across three

different capture categories (i.e., poor, moderate and good), regardless of small

mammal identity. Grouped cover values over extended capture categories

provided a'!low resolution approach" in the search for possible broad trends (i.e.,

areas of notable increase or decrease) in vegetation and/or structuralfeatures

that corresponded with a particular range of capture (i.e., 0-2, 3-5, > 6). The

purpose of combining numerous plant species into smaller ecologically

descriptive units was to identify environmental characteristics (i.e., dry, moist,

shady, open, sheltered and/or exposed) that most of the small mammal spècies
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selected or associated with, and to identify broad patterns of habitat use in each

of the plots.

Additionally, mean percent cover values of indívidual habitat variables for

separate rates of capture and species were compared (Tables C.5a-l). The

purpose being to discover if sites with higher capture rates noticeably differed in

a specific habitat variable(s) from sites with fewer captures, for each species; a

"high resolution approach". ldeally, sites with increased rates of small mammal

captures possessed preferred habitat variables that would allow for associations

to be made identifying important microhabitat features necessary to the well-

being of the individual.

Mammal data:

a) Comparison of small mammalresponses to trapping - Severalfeatures

of small mammal morphology were examined including gender, weight and

species identity, to determine if these variables had an effect on susceptibility to

capture and/or were biased towards a particular trap-type. ln Tables C.6a-f, a

summary of the distribution of common small mammal captures over twenty-five

years was provided for the different trap-types. The distribution of mean body

mass (g) of the males and females captured in two different trap-types over time

is described in Tables C.7a-f.

Comparisons were made and tested between: (i) median body mass (g) of

the different small mammal species and trap response, to determine if body

weight was a significant factor in capture response between trap-types; (ii)
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median body mass (g) of the small mammals and gender, to discover if weight of

the males and females differed significantly at capture; (iii) gender of the small

mammals and trap-type, to observe if the sex of the animal affected its

susceptibility to capture by a particular trap type. Additionally, the reproductive

status of female Clethrionomys from each habitat was compared over twenty-five

years to observe the total proportions of reproductive versus nonreproductive

females Oable C.8).

Tests of the above comparisons were performed using the Wilcoxon Rank

Sum test at the 5% significance level, using (JMP lN Softrruare). This

nonparametric test provided a method to analyze and test data that do not

depend on distributional assumptions (i.e., normality assumptions). The Wilcoxon

rank sum test tests the equality of the medians of two independent groups by

ranking the responses and analyzing the ranks instead of the original data. The

null hypothesis is that the two independent random samples are drawn from

populations having the same parent distribution and medians. The sample size

for each sample does not have to be the same. The p-value of the Wilcoxon test

is based on a chi-square distribution approximation to the true sampling

distribution of :the Wilcoxon rank sum statistic.

b) Measurements of interspecific association - Measurements of

association were made using occurrence (based on presence/absence data) of

capture-combinations of the three most common small mammals found on each

plot. Smith (1996) recognized that some species may occur together more
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frequently than by chance alone due to symbiotic relationships, foodchain

dependency or similarities in adaptation and response to environmental

conditions. The purpose of measuring association is to provide a method of

recognizing species interactions. Positive associations may indicate a natural

grouping of species and/or species that require similar conditions while negative

associations may indicate antagonistic interactions such as interspecific

competition (Southwood 1966; Smith 1996). Association coefficients are based

on presence-absence data because this type of information allows one to

measure the extent to which two species requirements are similar, whereas

abundance data can be strongly influenced by both association and competition

(Hurlbert 1969).

The frequency of capture-combinations found at each trapping station

(100 recordings per plot) is presented in Tables C.9a-f. Capture-combinations

were derived from long-term trapping records collected at each trap station. For

example, in Table C.9a, only 17 trap stations in total captured the three main

species in isolation during the twenty-four sampling years on the ATB. At 46 trap

stations, combinations of Clethríonomys and Sorex have occurred, while only five

trap stations :havê reported capturing Clethríonomys exclusively.

The presence-absence data from Tables C.9a-f were arranged from each

habitat in the form of a2x 2 contingency table (Southwood 1966; Smith 1996).
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where:

a = samples containing both species A and B
b = samples containing only species B
c = samples containing only species A
d = samples containing neither species

Three types of contingency tables were presented. The first type, shown in

Tables C.10a, C.12a, C.14a, C.16a, C.18a, C.2Oa, contained trapping

observations recorded from the six study plots over twenty-five years (see Tables

C.9a-f) presented in the form of a2x2x2 contingency table, representing eight

possible capture-combinations.

The second type of contingency table (fables C.1Ob-d, C.12b-d, C.14b-d,

C.16b-d, C.18b-d and G.20b-d) involved the presence and/or absence of only

two species. Here, the third species was marginalized (i.e., meaning its captures

had been summed over in order to obtain the results for two species,

exclusively). For example, in Table C.10b, Sorex and Clethríonomys were

examined and found present in 63 (i.e., 17+46) out of 100 trapping stations on

the ATB and absence from only 2(i.e., 1+1) stations during twenty-five years of

aq
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sampl¡ng, (when Microtus captures were ignored). ln Table C.10c of the ATB, ¡f

Ctethrionornys was marginalized, Microtus and Sorex were found to occur in 23

(i.e., 17+6) trapping stations and absent from 6 (i.e., 5+1) stations.

The third type of contingency table is called a conditional table because it

specifically depends on the presence or absence of a third species. ln Tables

C.11a-f, C.13a-f, C.15a-f, C.17a-f , C.19a-f and C.21a-f, one particular species is

selected and represented as either being present or absent. Occurrences of two

sympatric species are then presented under the conditions of presence or

absence of the chosen species. Forexample, in Tables C.11a-b of theATB,

under the conditions of Clethrionornys presence and absence, Microtus is more

likely to be absent from Sorex trapping stations if Cbthrionomys is present,

rather than when Clethrionomys is absent (i.e., 46 stations vs.22\ from these

stations.

Using data within the contingency tables, a coefficient of association C

was calculated (see formulae in Southwood 1966; Smith 1996). The value of C

has the same range as the correlation coefficient (r), where +1 = complete

positive associatiorì, - I = complete negative association, and 0 = no association.

To determine whether the coefficient of association is significant, a chi-square

test (12) is applied to identify whether the discrepanòies between the observed

values of the contingency table and the expected values based on chance

association are sufficiently large.
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where chi-square equals:

y3=L@2
expected

and where the expected values for each cell can be determined by:

¿ = (a+b) (a+c)/n
6 = (a+b) (b+d)/n
ç = ¡c+d) (a+c)/n
6 = (c+d) (b+d)/n.

The p-value or significance level of the chi-square statistic was then

calculated (using the R program from the StatisticalAdvisory Service), to

determine which interspecific associations are significant at P< 0.05 among the

small mammal species.
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Results

Vegetation data:

A comparíson of plant surueys - The results from the three separate

vegetation surveys (1976, 1982, 2000-01) revealed that the major plant

categories (i.e., ground cover, ferns and allies, low shrubs, tall shrubs, trees,

herbaceous cover and grasses/sedges) had not significantly changed in species

composition over the years (Tables C.1a-f). Most changes have occurred in the

ground cover and tree stratum of severely burned plots such as the BSB, JPR,

and JPSP - all of which reported thick lichen and/or moss pre-fire ground cover in

association with mature canopy coverage. A description of pre-fire habitat

conditions and post-fire colonizing plant species is provided for each plot in

Appendix 4.1. Low shrubs, tall shrubs, herbaceous cover and grasses/sedges

appeared to have the most resilience to fire damage and changed the least in

composition during the different survey periods.

Low resolution habitat variables - A comparison of the three capture

categories (i,ê;, poor, moderate and good) including all small mammalspecies

(except sciurids) is shown in Tables 1a-1f .lndividual plant species (described in

Table C.2) were grouped into 19 habitat categories based on physiognomy and

vegetation height to determine low resolution or macrohabitat features that might

influence the rates of capture of the small mammals. Overall, very few habitat
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variables or structuralfeatures were notably different (in comparison to the

grouped mean values) across all six sites (Tables 1a-1f).

Some of the main key features from each habitat, beginning with the ATB

study plot were that good capture sites (those with > 6 small mammal captures

over time) had slightly more deciduous shrubs (>1m tall) and less conifer tree

coverage than poorer sites (those with < 2 captures over time). On the ASP plot,

poor capture sites had less dead wood (logs) and less deciduous shrubs (<1m

tall) than the grouped mean values from that habitat. Additionally on the ASP,

poorer sites had more gramineae cover than the grouped mean. The BSB was

very homogeneous in that the mean percent cover values of the different habitat

variables were relatively evenly distributed across all capture categories. The

ECO plot reported poorer capture sites with having slightly less hydric moss

cover and less deciduous shrub layers. Poorer sites on the ECO also had more

coniferous tree cover compared with the grouped mean. The JPR was also quite

homogeneous in its mean percent cover values, with one exception: there were

more lichens present in good capture sites. Finally, the JPSP had more

deciduous shrubs (<1m tall) at good capture sites with slightly less litter/organic

debris, compared to grouped mean values.

ln summary, the plots which reported the highest number (n) of active trap

stations (i.e., > 6 captures) also produced the greatest numbers of small mammal

captures over twenty-five years (as seen in the ASP and ECO). Plots that

produced fewer small mammal captures had a larger number (n) of less active



TABLE 1. Mean percent cover values of 19 habitat varibles recorded from vegetation quadrats across síx sites at Taiga Biological Station. Mean cover values
are grouped into three capture categories of small mammals (poor, moderate and good) including the grouped mean cover values for all captures comblned.
Standard devlations of thegroqpld !!!gans are comprised from 100 values per habitat variable (n = number of quadrats within a particular caoture câteoorv).
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trapping stations (i.e., 0-2 captures per marker) as found in the BSB, JPR and

JPSP.

High resolution habitat variables - lndividual microhabitat features (i.e.,

those within the 4m2 quadrat surrounding each trap marker) with which small

mammals were associated, were identified through the different levels of capture.

The strength of these associations was based on capture rates reported at each

trapping station (l-ables C.5a-l).

Beginning with the ATB, Clethríonomys and Sorex capture rates ranged

from 0 to > 4 individuals reported at each trapping station. On the ATB plot, sites

with increased Ctethrionomys captures had slightly more litter/organic debris,

Ledum groenlandicum shrub layer and Larix laricina overhead canopy. Sites with

increased Sorex captures had only two variables showing notable trends - a

decreasing amount of Ledum groenlandicum and an increasing Picea mariana

cover compared to poorer capture sites.

On the ASP plot, Clethrionomys and Sorex capture rates ranged from 0 to

> 6 and 0 to > 3 individuals, respectively. The ASP sites of increased

Ctethrionomys captures were noted to have slightly more litter/organic debris,

dead wood (logs) and the grass Calamagrostis canadensis - with a decreasing

amount of the grass Danthonia spictata. Greater Sorex capture sites had less

bare rock and crustose lichens, but increasing amounts oÍ Sphagnum, Alnus

rugosa and moist Carex spp.
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The BSB capture rates ranged from 0 to > 3 individuals reported at each

trapping station. The BSB reported sites with greater Clethrionomys captures as

possessing slightly more dead wood (logs) and Ledum groenlandicum. Sorex

capture sites showed no particular trends among its habitat variables. The ECO

capture rates ranged from 0 to > 5 individuals for both Clethrionomys and Sorex

species. Sites of greater Clethrionomys capture had less standing water and

moist Carex spp. compared to its poorer sites. Better capture sites also had more

dead wood (logs) and Populus tremuloides cover. Sorex capture sites on the

ECO showed the reverse trend of many of the Clethrionomys habitat-capture

associations. Better Sorex sites had more standing water, Sphagnum, Ledum

groenlandicum and Betula glandulosa, with decreasing amounts of Pinus

banksiana cover.

The JPR supported relatively few individual plant species, especially

among the herbaceous and shrub layers. Clethrionomys capture sites did not

express any particular trends in habitat variables with capture rate. Percmyscus

replaced Sorex on the JPR as the second species associated with the various

habitat variables. Only one particular feature stood above the rest; sites of better

Peromyscus captures had more exposed rock.

On the JPSP, Clethrionomys and Peromyscus capture rates ranged from

0 to > 4 individuals reported at each trapping station. Sites of greater

Clethrionomys captures had slightly more Ledum groenlandicum, Comus

canadensis and overhead Pinus banksiana coverage. Peromyscus capture sites
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had very few variables that were notably different among the range of captures.

Better sites had slightly more fruticose soil lichens and Arctostaphylos uva-u¡si.

Associations of small mammals with coarse woody debris - The

association between the amount of coarse woody debris (mean number of logs

per quadrat) and the rate of Clethrionomys and Sorex captures is presented in

Figs. 1a-1b. Two of the six study plots (the ASP and ECO) were examined

because they possessed the most even distribution of quadrats among the

different rates of capture and contained logs under various stages of decay

(personal observation), that represented many different size-classes. The data

were tested using Spearman rank correlation coefficients (using JMP lN)

because of the small sample sizes and the lack of assumptions about the form of

the frequency distribution. The underlying null hypothesis is that there is no

correlation between the variables (i.e., the mean number of logs vs. capture

rate). lndividual Clethrionomys of the ASP and the ECO d¡d not display any

significant correlations between logs and capture rate (r" = 0.5714 and r" =

0.3929), respectively. For Sorex, there were stronger correlations between the

number of logs per quadrat and the rates of capture. The Spearman rank

correlation coefficients were (r" = 0.6325 and rs = -1.0òOl for the ASP and ECO,

respectively.

The ASP and ECO plots contained a mixture of Pinus banksiana and

Populus tremuloides logs mostly consisting of structural classes one and two,

respectively, as shown in Figs. C.1a-b. The mean log circumference (cm) was
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FlG. 1a. The association between the amount of coarse woody debris and number
of Clethrionomys gapperí found within each capture site category. Number of logs and
quadrats in each capture category are shown in Tables C.3a-d.
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FlG. 1b. The association between the amount of coarse woody debris and
number of Sorex cinereusfound within each capture site category. Associations
between capture rates and number of logs on the Ecotone represents an artifact
of habitat conditions rather than avoidance by Sorex of the logs.
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FlG. 2. Total number of animals captured over 25 years and the number of logs (>28.5cm in circumference) per station located on the Aspen Upland plot.
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also measured from each capture s¡te with no notable differences observed

among either the mean circumference values using the median logs only (Tables

C.3a-d), or mean circumference values using all coarse woody debris combined

(Tables C.4a-d), with different rates of capture.

Mammal data:

Characteristics of the trapped small mammals - ln Tables C.6a-f, a

summary of the most common small mammal captures is described by trap-type

and gender across six habitats over twenty-five sampling years at TBS.

Beginning with the ATB, Clethrionomys reported more animals captured by

Museum Special (MS) traps than by Schuylers (SCH) traps (i.e.,620/o vs. 19%) oÏ

the total sampled population; with 19o/o of its captures from unrecorded trap-

types. Of the total Clethrionomys captured on the ATB, 37o/o were females, 53%

were males, and 10% were of indeterminate or unknown sex. Sorex on the ATB

has been captured more often by MS traps than by SCH traps (53%vs. 43%),

respectively. More male Sorex (4oo/o), than female Sorex (30%), have been

captured, including a large percentage of unknown sexes (30%) over the years.

The ASP recorded more Clethrionomys captures by MS traps (72o/o'¡,than

SCH traps (24o/o),with 8% from unknown trap-types. An almost equal ratio of

males to females has been presented in the traps: male animals contributed 460/o

to trapped populations, females 44o/o, and unknown sexes 10o/o. Sorcx on the

ASP has also been captured more often by MS traps than by SCH traps (56% vs.

42o/o), respectively. The proportion of sexes in the trapped population over time

consisted of females 37o/o, males 27o/o, and unknown sexes 360/o. Peromyscus'
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response towards the different traps was also examined on the ASP. Again,

more deer mice were captured by MS traps (59%), than SCH traps (34%), with

2o/oÍrom New Museum Special (NMS) traps, and 5o/o from unknown trap-types.

The trapped population consisted of females (4oo/o), males (53%), and unknown

sexes (7o/o), over twenty-four sampling years.

The BSB captured more of its C/effi rionomyswith MS traps (71o/o), and

fewer with SCH traps (27%), including 2Yo lrom unrecorded trap-types. More

male red-backed voles (58%), than female (38%), have been recorded; with 4%

contributed by unknown sexes. Sorcx has reported more captures by MS traps

(58%), than by SCH traps (42o/o), on the BSB. The trapped population consisted

of females (48o/o);males (26o/o);and a large proportion of unknown sexes (260/o),

over twenty-five sampling years.

The ECO plot reported more Clethrionomys captures from MS traps

(670/o), and fewer from SCH traps (25o/o'), including 8% from unrecorded trap-

types. Sorex on the ECO has also been captured more often by MS traps than by

SCH traps (51Vo vs. 46%), respectively. The proportion of sexes in the trapped

population over time consisted of females (23o/o), males (44o/o), and many

individuals of unknown sex (33%). Peromyscus' response towards the different

traps was examined on the ECO. MS traps (71o/o) captured more deer mice than

SCH traps (20Vo). The trapped population consisted of females (43o/o); males

(49o/o); and unknown sexes (8%), over twenty-four sampling years.

The JPR captured most of its C/effirionomys with MS traps (66%), while

SCH traps contributed (31%), including 2o/oÍrom NMS traps and 1o/oÍrom
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unrecorded trap-types. More female red-backed voles (49o/o), than male (44o/o\,

have been recorded; withTo/o of unknown sex. Sorex reported more captures by

MS traps (58%), than by SCH traps (37o/o), on the JPR. The trapped population

consisted of females (29o/o), males (27o/o), and by a much larger proportion of

unknown sexes (44o/o), over twenty-four sampling years. MS traps (670/o\

captured Peromysc{/s more often than SCH traps (27o/o);with 6% captured by

unrecorded traps. More female deer mice (55%), than male miæ (44o/o), were

reported in the traps; with 1% of unknown sex.

Clethrionornys on the JPSP has also been captured more often by MS

traps than by SCH traps (74o/o vs.22o/o), respectively. The NMS traps have

captured 3o/o ofthe trapped population, with only 1% reported from unrecorded

trap-types. The proportion of sexes in the trapped population over time consisted

of females (52o/o),males ( lo/o),and unknown sexes (3o/o).SCH traps (50%)

have captured more Sorex on the JPSP, than by MS (39%); with 2% unknown

trap types recorded. The population consisted of 22o/o females, 28o/o males, and

50% from unknown sexes, over twenty-five sampling years. Peromyscus has had

more captures by MS traps (670/o), than by SCH traps (24o/o); with 3% from NMS

traps and 6% from unknown trap-types. More male deer mice (49%), than female

mice (45%), were reported in the traps; with 6% of unknown sex.

Summary of specrbs and gender responses to trapping - The majority

(meaning over 50%) of the trapped small mammal populations of the three most
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common spec¡es were captured using Museum Specialtraps. Only the JPSP plot

had 50% of its Sorex captures made by Schuyler traps.

ln general, males of the three main species were more frequently captured

than females across all six sites. lnput by male animals ranged from

approximately 5o/oto2}o/o above female contributions towards the total captured

poputations. For Ctethrionomys, greater numbers of males were found on the

ATB, ASP, BSB and ECO plots, white more females were captured on the JPR

and JPSP. For Sorex, the plots were evenly divided in terms of male/female trap

dominance. Three of the plots, ATB, ECO and JPSP had more male Sorex, while

the ASP, BSB and JPR had greater numbers of females. Peromyscus was

represented in three of the plots by greater numbers of males on the ASP, ECO,

and JPSP and more females in the BSB and JPR.

Mature animals were individuals that possessed certain characteristics in

their morphology that separated them from immature members of their species.

For example, mature males in most cases had well-developed testes compared

with immature males which had either non-measurable or minimal-sized testes.

Mature females often had placental scars or embryos present within their uterine

horns and were noticeably heavier than the remaining trapped female population.

Animals of unknown sex were largely indicative of immature or nonreproductive

creatures whose reproductive organs were difficult to identify.

Trapping that occurred three months after the fire captured on average,

immature individuals. Trapping that occurred during peak capture years also
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tended to capture more immature animals compared with non-peak years. For

example, on the ATB, Ctethríonomys captures in 1980 consisted of all immature

animafs, mostly males. ln 1986, a peak in Clethrionomys appeared on the ATB,

while the population gender ratio was evenly divided, most of the captured

animats were immature. Sorex populations in 1980 after the fire all consisted of

unknown sexes. Population peak years of Sorex in 1990 and 1995 on the ATB

were composed mainly of immature individuals or ones of unknown sex.

The ASP also reported Ctethrionornys populations composed of immature

animals after the 1980 fire. Again in I 986, 1987 and 1993, Clethríonomys

captures were practically all immature individuals during these three peak years.

Peromysc{/s on the ASP during 1980 consisted mostly of immature males.

Clethrionornys populations on the BSB in 1980 were evenly divided

between the sexes, but again were all immature animals. The ECO during 1980

produced captures of mostly immature Clethríonomys and Peromyscus

populations. Again during the peak year of 1986 on the ECO, Clethrionomys

populations were mostly composed of immature males.

On the JPR, following both the 1980 fire and the 1986 peak, most of the

Clethríonornys populations were made up of immature males. ln 1980,.1983 and

1988, Peromyscus species on the JPR consisted of relatively equal numbers of

immature males and females. On the JPSP, Clethríonomys during its 1989 peak

were mostly immature males. Peromyscøs populations during 1980 and 1989

were again immature animals of fairly even gender distribution.
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Additionally, the reproductive condition of female Clethríonotnys was

compared across all six habitats (l-able C.8). Differences among the sites were

tested and found significant (f = 13.94, df = 5, p = 0.0160, n = 481). The null

hypothesis is that the proportion of reproductive female red-backed voles within

each Clethrionornys population is similar across all habitats-

Mean body tnass and gender response to trap-type - ln Tables C.7a-f, the

mean body mass (g) of the different male and female small mammalspecies

captured in two trap-types is presented. Overall, on the ATB, Clethrionomys

females were heavier than their male counterparts by several grams regardless

of trap-type. Females tended to be heavier in MS traps than those captured by

SCH traps. However, MS and SCH C/efhrionomys trapped males were almost

equal in mean body weight (16.659 and 16.889), respectively. Sorex males and

females were generally equal in weight with no notable selectivity by the traps for

a lighter oi heav¡er animal.

The ASP Clethríonomys females captured in both trap-types were heavier

than the males. Clethrionomys males captured in SCH traps were slightly heavier

than those captured in MS traps. Females captured in both trap-types showed

basically no difference in mean body weights. Sorex on the ASP exhibited almost

equal mean body weights between the sexes, with little difference between

weight selectivity of the trap-types . For Peromyscus, females were slightly

heavier with MS and SCH traps capturing relatively equal mean body weights.
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There were no noticeable differences between mean body weights of male

and female Clethrionomys on the BSB. However, SCH traps tended to capture

heavier animals of both sexes. Again Sorex on the BSB exhibited almost equal

mean body weights between the sexes with little difference shown in trap- weight

selectivity.

Clethríonomys captured on the ECO showed that females were heavier

than males in both trap-types. Overall, SCH traps tended to capture females that

were heavier than those captured in MS traps. Males were relatively equal in

mean body weights from both trap-types. No noticeable differences were

observed between the Sorex sexes, in either their mean body weights or trap

selectivity.

On the JPR, C/efhrionomys females were several grams heavier than the

males captured in both trap-types. SCH and MS traps reported animals of similar

weights with no apparent selectivity in weight class. The Sorex sexes had

relatively equal mean body weights and trap-type response. Peromyscus males

and females showed very similar mean body weights and trapping responses

towards both trap-types.

On the JPSP, Clethrionomys females were several grams heavier than

males captured in both trap-types. Each trap-type responded similarly to the

mean body weights of the males and females. No noticeable differences were

observed between the Sorex sexes in either their mean body weights or trapping

selectivity. Peromyscus males and females showed again very similar mean

body weights and trapping responses towards both trap-types.
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The results in Tables C.22a-f express whether significant differences

might have arisen between the median body masses of the small mammal

species captured by the two different trap-types. The null hypothesis was that

there was no difference in median body weight captured by the two trap-types.

Each null hypothesis was tested using the Wilcoxon statistic. Allp-values

indicated non-significant differences (i.e., P > O.1O). Therefore the null hypothesis

failed to be rejected in all cases.

The results in Tables 2a-2l examine whether significant differences might

have arisen between median body mass and gender of the small mammals. The

null hypothesis for the Wilcoxon statistic was that there was no difference in

median body weights between captured males and females. The Wilcoxon test

indicated several significant differences in male and female weights at (P<0.05).

Microtus pennsylvanicus females were significantly heavier than males in both

the ECO and ASP. Significant differences in median body weights between the

genders of Clethríonomys were found on the ASP, ECO, JPR and JPSP plots,

with females reporting a median body weight roughly 34 grams heavier than

males. Peromyscus on the BSB and JPSP indicated significant differences

between mate and female median body weights as welt.

Finally, the results from Tables C.23a-f investigated whether significant

differences exist between gender and trap-type response. The null hypothesis for

the Ghi-square statistic was that there was no association between trap type and

gender. Only on the ASP plot did Clethrionomys exhibit a significant difference

between male and female suscept¡bility to trap-type capture. More males were
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TABLE 2. Median body mass (g) of male and female small mammals captured across six
sites at Taiga Biological Station using Wilcoxon rank sum tests. The Wilçoxon test uses
a chi-square distribution approximation. Shaded p-values are statistically significant at
(P<0.05), providing evidence against the null hypothesis (i.e., no difference between male
and female body mass).
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gapperi
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gapperi 19.0r

52
5.21
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14.70
69
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d.f.
1
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Std. Dev.
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7.40
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p-value Gendef
Median weight (g)

Number
Std. Dev.

Female
21.56

10
6.941

Male
15.72

t0
5.412

Female
24.24

61
6.95

maniculatus
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captured by MS traps than expected, and fewer by SCH traps (y2:5.117 , dÍ = 1 ,

p = 0.0237, n = 282). The reverse order occurred in females; fewer females were

captured by MS traps and more by SCH traps than expected. All remaining plots

and species expressed no significant differences between gender and trap-type

response.

lnterspecifrc associations among small mammalspecies - The frequency

of capture-combinations is described in Tables C.9a-f for the three most common

species found at each trapping station across six sites at TBS. Overall, four out

of six plots (ATB, ASP, ECO and JPR) were represented by having the majority

of their stations consisting of two or three combinations of small mammal

species, rather than by an individual species alone, over twenty-five sampling

years. The three most common combinations of species co-occurrence at trap

markers were: Clethríonomys and Sorex; Clethríonomys and Peromyscøs; and

Clethrionomys alone. Only on the BSB and JPSP plots did trapping stations with

single species, and no species, make appreciable contributions towards capture-

type frequency. On the BSB, the category "Clethrionomys alone", and on the

JPSP, the category "Peromyscus alone", provided the largest inputs of capture

frequencies. Both of these plots also reported the highest number of "no

captures recorded" categories.

Tables C.1Oa-d, C.12a-d, C.14a-d, C.16a-d, C.18a-d, C.20a-d, present the

small mammal capture-combinations based on presence-absence data (from

Table C.9a-Ð in a contingency table format. The purpose of tabulating the data
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was to calculate coefficients of association, C, for the various capture-

combinations. The six conditionaltables produced from each plot (Tables C.11a-

f , C.13a-f, C.15a-f , C.17a-f, C.19a-f and C.21a-f) represent interspecific

associations based on data collected from 600 trapping stations, over twenty-five

sampling years.

A generalized summary of the six conditional tables, beginning with the

ATB, found in Tables C.11a4, is simply this - when Microtus is absent from a

particular trapping station, then Ctethrionomysand Sorex occur more frequently

at these Microtus-free locations. The ASP (see Tables C.13a-f), represented

small mammal associations found among Clethrionomys, Sorex and

Peromyscus. ln summary, all three species were more likely to occur together

than separately at the various trapping stations within the ASP. On the BSB

(Tables C.1Sa-f), Clethrionornys occurs more frequently at trapping stations that

are Sorex and Peromyscus-free. The ECO small mammal association summary

(Tables C.17a-f) found that when Peromyscus was absent, Clethrionomys and

Sorex occurred more frequently together at trapping stations within this plot.

Associations on the JPR (l-ables G.19a-f) indicated that when Sorex was absent,

Clethrionomys and Percmyscus occurred more often at the same trapping

station. Finally, (Tables C.21a-Ð for the JPSP, showed that at Clethrionomys and

Sorex-free sites, Peromysc¿rs occurred more frequently at these particular

trapping stations.

lnterspecific association measurements from the small mammal capture

records showed that significant correlations were uncommon among most of the
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smal¡ mammals at the 5% significance level. Some exceptions, as shown in

Table 3, included the following: on the ASP, a strong negative association

existed between Peromyscus and Clethrionomys when Sorex was present. On

the ECO, Sorex and Peromyscus were negatively associated in general, without

any particular conditions being applied. On the ECO, Sorex and Peromyscus

were negatively associated both in the presence and absence of Ctethrionomys,

The remaining associations of small mammals within the different plots did not

produce any associations with statistical significance. Capture locations of the

small mammal interactions over time are shown in Figs. C.2a-e.
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TABLE 3. Measurements of interspecific association based on presence-absence data
from long-term small mammal capture records across six sites at Taiga Biological Station.
The coefficients of association have the same range as the correlation coefficient ( r ),
i.e., +1 = complete positive association, -1 = complete negative association, and 0 =
no association. The chi-square statistics use an estimated p-value obtained by a Monte
Carlo method which is more accurate when the expected counts are small in one or more
cells. Only significant correlations were shown at (P<0.05).

Ecotone
Coefficient of y.2 P-value of chi-
association square statistic

S. cinereuswith P. maniculatus -0.4172 11.8740 i:jfi:.ir;;.0-1ö

S. cinereøs vs. P. maniculatus
Clethrionomys gapperi present -0.3140 5.7993 :ii¡:,Ï#:A;þpä,pg#i

S- clnereus vs. P. maniculatus
absent -1.0000 9.5897 'i:i.i.:"A!ß,iIþßj,,i'i
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Discussion

Vegetation data:

A comparison of plant surueys - ln general, plant species belonging

primarily to the herbaceous and shrub layers present before the fire regenerated

and resumed their status after the fire. Lichen/moss ground cover and coniferous

tree species suffered extensively on the severely burned areas of the plots,

particularly on plots such as the BSB and JPR where rock ridges and tree

canopies will require decades of recovery time to some what resemble pre-fire

conditions. Most tree species present during pre-fire times have come back, but

not necessarily with the same proportional distributions as in the past (see Martin

1e83).

Vegetation recovery following burning was examined in northwestern

Ontario forests (Methven et al. 1975). Burned tree stands regenerated to the

same species that were dominant during pre-fire times although their relative

abundances can vary because of seed-invaders such as aspen and birch. Also

noted after the burn, was the rapid recovery of minor vegetation during the

subsequent post-fire year period. Ohmann and Grigal (1981) examined

vegetation recovery after disturbance by comparing forest communities during

the first growing season following both spring and summer fires in northeastern

Minnesota. Differences in vegetation response following the two fires were due to

the seasons in which the fires occurred. The spring fire removed only the top few

centimetres of humus while the forest floor was still moist from snowmelt,
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whereas the summer fire removed the organic layer down to the mineral soil,

which produced a more favourable seedbed for Pinus banksiana. The spring fire

was intense in terms of canopy destruction; however, the cool, moist, forest floor

moderated the impact of the fire to that of low-intensity status. Plants were able

to reproduce vegetatively after the spring fire, whereas vegetation developed

mainly from seed after the summer fire. Therefore, fire intensity played a large

role in the rate of recovery on the burns and affected the plant species

composition that returned.

The May long-weekend fire at TBS responded more typically in the

manner of an intense summer fire in that the organic debris and humic layers

were completely consumed and/or heat-killed on several of the plots, particularly

on the JPR, JPSP and BSB. At TBS following the burn, an influx of post-fire

disturbance species including herbs and mosses such as Epilobium

ang u stifoli u m, Co ryd ali s se m pe rui re n s, Polygo n u m cili n ode, Polytrich u m spp.

and Ceratodon purpureus occurred on the JPR and several surrounding plots

(described in detail in Appendix 4.1).

Seed-reproduced species that colonize severe burns may maintain

temporary dominance for up to five years after the burning, but begin to decline

as vegetatively reproduced species i.e., Vaccínium spp., Ledum groenlandícum,

Dieruítla lonícera, Arctostaphylos uva-ursiand others, recover (Ahlgren 1960).

These temporary seed-invaders observed during the early post-fire years have

given way to the herbaceous and low shrub species seen on the plots today.
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Plant species located within the ASP, ECO and ATB would have been the

least affected by fire, as these moister sites with their many concave surfaces

would be tess conducive to burning. Areas within these plots were subjected to

different intensities of burning that involved (¡) h¡gh-¡ntensity Pinus banksíana

canopy fires on the ECO ridge top; (i¡) individual Pinus banksiana on the ASP

that became resinous torches under intense heat and; (iii) low-intensity ground

fires on the surface layers of both the ECO and ASP, which resulted in only

partially killed, above ground, graminoid and shrub parts.

Therefore, while the upper-most vegetation stratum was destroyed in

many of the plots, the majority of the boreal plant species appeared to return

following the fire. These conditions then allowed for possible associations to be

investigated between the small mammals and the vegetation within the different

habitats, especially on plots less affected by fire damage.

Low resolution varíabfes assocrated with small mammals - The

investigation of possible associations of grouped habitat variables (i.e., individual

plant species combined into fewer descriptive categories) with rates of small

mammal capture revealed only a minor number of macrohabitat structural

features that could be associated with the small mammals, collectively. A

common theme among many of the plots was that good capture sites (all small

mammals included) had increased deciduous shrub cover, fewer graminoid

species and extremely variable tree canopy coverage. For example, the

presence of deciduous trees in good capture sites was important on the ECO



191

when all small mammal species were combined, whereas increasing amounts of

coniferous tree canopy coverage were important to the small mammals on the

JPSP.

Therefore, features closer in proximity to the small mammals themselves

that perhaps offered food and shelter (but not complete visual obstruction) were

apparently more influentialto overall animal distribution, particularly on the ASP,

EGO and JPSP plots, than overhead cover provided by the upper canopy well

above the trap markers.

At TBS, the numbers oÍ Clethrionomys captured on the ASP and JPR

plots during the past six years have been comparable (27 vs. 33 individuals,

respectively) and are shown in Tables A.1a-f, yet, both habitats are strikingly

different in biotic diversity, vegetative cover and moisture levels. They do

however share several physical attributes in common, including an uneven

landscape, interspersed with area.s of exposed, elevated rock ridges that are

fringed by dense Pinus banksiana saplings. The necessary macrohabitat

variables needed by this animal appear to be large amounts of coarse woody

debris, tichens and coniferous tree species. Sufficient soil moisture available to

food plants of Clethrionomys, in order to allow adequate water in the voles' diet

(as indicated in Getz 1968), does not seem to be a necessity or a priority to

species living on the JPR.

Miller and Getz (1973) studied factors influencing the local distribution of

red-backed voles and found that the amount of debris cover avaitable (in the form

of fallen trees and logs, brush piles and rocky areas) affected densities of
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Clethrionomys, with a positive correlation found between debris cover and

abundance of red-backed voles. Wywialowski and Smith (1988) reported that

Clethrionomys preÍerentially used habitats with abundant cover; density of cover

and the structure of the vegetation were more important in determining probable

vole capture sites rather than floristic composition.

The ATB supports the largest Sorex biomass (Table A.2a)and is

characterizedby abundant hydric mosses, moist Carex spp., and dense

ericaceous shrubs, with moderate amounts of long-term standing water. While

the BSB has many similar mosses and shrubs, it is almost xeric in terms of its

moisture availability due to its elevated surface layers of Sphagnum spp. well-

above the water table, and to its lack oJ lush, moist sedge species. Wrigley et al.

(1979) observed that the highest population of Sorex cinereus in Manitoba

occurred in a white cedar (Thuja\ forest, with a ground cover of sedge; cedar

forests without sedge undergrowth were found to be depauperate in shrews. The

most productive Sorex habitat in this study were hydric communities of grass-

sedge marsh and willow-alder fen.

Pruitt (1953) found Sorcx cinereus restricted to coniferous bogs in the

northern part of the Lower Peninsula of Michigan and that the physical factors of

temperature and moisture (Pruitt 1959) were important variables in affecting the

distribution of localshrew populations. Getz (1961) found no correlation between

type and physiognomy of the vegetation and the captures of Sorcx cinereus,but

acknowledged the importance of cover in maintaining high humidity conditions.

Sorex was most abundant in areas where standing water was present and
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because of its small size and body weight, was able to efficiently utilize a wide

number of smaller invertebrates, and was more agile in its movements than

heavier animals in this type of environment.

The ATB plot at TBS typically possesses high humidity levels due to the

densely packed layers of shrubs and long-term presence of standing water.

Sorex reflects its restricted distribution at TBS by its lack of occurrence in traps

on the JPR and JPSP plots - two very xeric plots with few areas of favourable

moisture conditions.

The ASP and JPSP today support many (in comparison to the other

habitats) Peromyscus, yet, these two plots are strikingly different from one

another in terms of their vegetative diversity, plant cover and moisture levels.

Parts of the ASP are quite xeric along the exposed rock ridges and therefore very

similar to JPSP areas in their exposed openness. Pockets of recovering Pinus

banksiana occur on both plots along with relatively large amounts of space

between the mature trees. Dueser and Shugart (1978) found that Peromyscus

occurred mostly with deciduous canopy, low density of trees and high density of

shrub-understory. The presence of nearby scattered mature jack pine trees,

relatively open unhindered habitat beneath the canopy, and xeric conditions,

appear to be important variables in Peromyscus habitat at TBS.

Low resolution (macrohabitat) variables may provide some general

indication of habitat preference by the small mammals at TBS. But because of

the highly varied environment within each plot in terms of vegetative diversity,

amount and type of canopy coverage, range of substrate moisture levels, and
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var¡ation in the numerical dominance of the small mammal species present,

defining specific macrohabitat variables (that are inclusive of all small mammal

species across all sites), is both nonviable and impractical. lndividual

microhabitat features associated with a specific small mammal species were

therefore suspected of being better indicators of habitat selection by the TBS

small mammals.

High resolution variables and small mammal associations - Small

mammals were separated by species and by rates of capture at each of the

trapping stations across the various habitats, to observe possible small-scale

(microhabitat) associations between ptants and animals. Overall, it was

discovered that only minor associations could be made between a particular

species of plant and animal (based on mean percent cover values of the habitat

variables). There were notably few definitive trends among the two variables in

terms of an association between a particular plant species and a small mammal's

capture rate (i.e., there were no sharp increases or decreases reported in mean

cover values of the different habitat variables which correspondingly correlated

with ascending or descending capture rates of the small mammals). Small

changes in mean percent cover (i.e., about 10 -15% on average) indicated

habitat variables that differed slightly among the various levels of capture.

While large-scale macrohabitat variables indicated that canopy coverage

was important to Clethrionomys and Sorex on the ATB, microhabitat variables

that indicated the type of canopy cover (i.e., tree species) directly over the



195

trapping station provided insight (sometimes conflicting) into the effect particular

vegetation types had on small mammal distribution. Although canopy cover was

dense across the upper half of the ECO plot, much of this consisted of Pinus

banksiana which was associated with decreasing numbers of Sorex captures.

lmproved Clethrionomys capture sites on the ECO were associated with

increased Populus tremuloides cover rather than either Larix larícina or Pinus

banksiana. ln contrast to these findings, sites of better Clethrionomys capture on

the JPR reported abundant Pinus banksiana overhead canopy. On closer

examination, Clethrionomys were most likely responding to factors beyond the

particular species of tree coverage, but rather to the protection that it offered,

along with a combination of other factors associated with habitat change. These

factors perhaps included the increased presence of fire-recovering lichens, the

seasonal abundance of fungi during the month of August, and/or the increased

grov'rth of jack pine saplings - all of which likely played important roles in

Clethrionomys'increased capture numbers on the ridge.

Therefore, it was discovered that individual microhabitat variables were of

little help in identifying features important to small mammal habitat selection

unless the macrohabitat and its associated large-scale habitat variables were first

identified. For example, while the species of tree that makes up the canopy first

appears significant in determining the species of small mammalfound beneath it,

the overall conditions of the environment on the plot (i.e., xeric, mesic or hydric),

along with the diversity and combination of food and shelter variables available to

the animal, are perhaps better indicators of habitat preference than individual
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var¡ab¡es. lndividual variabtes are of little informational value unless the

macrohabitat (i.e., the entire area that encompasses each trapping grid) as a

whole is considered, particularly when plant species such as Picea mariana,

Ledum groenlandicum and Vaccinium spp., which are ubiquitous across TBS

habitats, are involved.

Miller and Getz (1973) studied factors influencing red-backed vole

distribution in New England and could find no general correlation between the

local distribution oÍ Clethrionomysand cover provided by a given plant species or

plant category. Clethrionornys was distributed independently of tree or shrub

cover. Morris (1984) also studied microhabitat separation of two small mammals,

the White-footed mouse (Peromyscus leucopîs¡, and Meadow voles (Microtus

pennsylvanicus), and could find no single structuralvariable that could

consistently describe species separation and account for microhabitat

differences. Microhabitat measurements were found less effective predictors of

rodent density than was the macrohabitat.

Homogenized macrohabitats (meaning plots with less vegetative diversity)

including the ATB, BSB, JPR and JPSP and heterogenized environments

(habitats with more vegetative diversity) such as the ASP and ECO, may

influence small mammals in a number of ways. The diversity of small mammals

might be related to both the diversity of food items and to the structural attributes

of the habitat (Naylor and Bendell 1983). Therefore, the overall characterization

of a plot (i.e., homogeneous or heterogeneous), in properties such as vegetative

diversity and physiognomy, are stronger determinants of small mammal
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presence than microhabitat features at TBS. Both the ASP and ECO habitats

support a greater diversity and abundance of small mammal species.

ln summary, to identify plant-animal associations at TBS, it was valuable

to have small mammals and capture rates separated, to allow for the emergence

of several minor patterns among habitat variables and individual species of

animal. However, few trends could be elucidated through the association of

individual variables with rates of small mammal capture; this was perhaps both a

reflection of the sampling technique involved in small mammal capture and the

elementary method of vegetation analysis which failed to detect associations

between the two variables. At TBS, it was discovered that biotic associations are

strictly site specific, and depend on species and macrohabitat properties.

Small mammalassocr,afíons with coarse woody debris -Within their

habitats, the presence of logs benefit small mammals. Fallen trees at TBS

provide habitat for food items (such as invertebrates and fungi) eaten by the

insectivorous and partially fungivorous mammals, Sorex and Clethrionomys. As

well, the softly decayed logs (as opposed to the hard fire-damaged trees) can

provide refuges of relatively high humidity for Sorex activities within the more

mesic and xeric portions of the different plots.

ln general, some associations were found between the small mammals,

their various rates of capture, and the number of fallen trees found within the

quadrats surrounding each trap marker. Gunderson (1959) attempted to

determine factors in a Minnesota forest that affected the distribution of red-



198

backed voles and found that stations with high frequency vole use reported the

most rotting stumps, root systems and logs. G/efhrionomys at TBS did not

produce any significant correlations among the above variables until extreme

conditions or boundaries were met. For example, the plotted rates of capture

ranging from 0 to > 6 individuals per station (Fig. 1a), showed no particular trend

or change in the amounts of CWD found within their quadrats until either poor

sites (with 0 captures), or very good sites (those with > 6 individuals), were

examined.

A trend did appear among the outermost values of the capture range

described in Fig. 1a. Sites which never captured Clethrionomys consistently

recorded the fewest number of logs within their quadrats, while sites with the

highest capture rates reported the greatest number of logs within their quadrats.

ln contrast, Sorex showed strong correlations between the number of logs per

quadrat and the number of captures on both the ASP and ECO plots. The overall

mesic conditions on the ASP and ECO plots have supported relatively constant

numbers of Sorex throughout the years, with the ECO being the richer of the two

Sorex habitats. However, the results obtained from Sorex log data (Fig. 1b) in the

ECO plot were contrary to those found on the ASP plot.

On the ASP, good capture sites for Sorcx were positively associated with

the number of logs (i.e., good capture sites were found to have more logs than

poorer sites). On the ECO, Sorex appeared to be strongly negatively correlated

with the number of logs surrounding each trap marker; the sites of best capture

had the lowest number of logs per quadrat.
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Sorex results obtained from the ECO are suspect in that they are most

likely an artifact of the variable macrohabitat conditions found on the plot, rather

than direct avoidance by this small mammal of log presence. The ECO plot

represents a transition zone between a xeric Pinus banksiana habitat with rock

lichens, and a hydric Alnus rugosa and Laríx laricina habitat with moist sedges

and sphagnum. Most of the recorded fallen trees occurred within the burned xeric

portion of the study plot, habitat with unfavourable moisture conditions. Fire-killed

trees, especially the coniferous species at TBS, are often hard, solid cylinders of

dried wood, supporting little moisture and fungi growth even after a lapse of

several decades. The bog portion of the ECO also contained fewer fallen trees.

ln generat, the ATB and lower ECO had the least amount of CWD

compared to all other plots, but correspondingly held the highest humidity levels.

Here, CWD would be less necessary under these moist conditions, whereas on

the ASP plot, the soft decaying logs represented microsites of greater humidity

and food resources surrounded by less favourable conditions for Sorex.

Butts and McComb (2000) found that the probability of encountering a

Trowbridge's shrew (Sorex trowbridgií) in the Douglas-fir forests of western

Oregon increased with cover of CWD on the forest floor. This particular animal is

abundant around fallen trees, especially those of decay classes lll and lV that

are well-settled on the forest floor (Maser and Trappe 1984).

Large-scale disturbances (e.9., tornados or strong winds) can produce

areas with significant amounts of CWD. Loeb (1998) found that while these

disturbed areas in the managed pine forests of South Carolina may have had an
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initial negative effect on small mammals, areas with large amounts of CWD

appeared to recover more rapidly. lnterestingly, the BSB plot at TBS contains the

largest volume of wood (personal observation), and yet reports the fewest

number of small mammal captures. The large accumulation of 'Jack-straw" logs

on the BSB represent fire-killed, wind-blown trees that appear to have little

influence or attractiveness to the TBS smatt mammal species. The fallen trees on

the BSB are typically hardened cylinders of silvery-gray wood, elevated well

above the ground, and therefore are far removed from many of the small

mammal niches, except perhaps of those of the more scansorial species.

Mean log circumference of the fallen trees did not appear to be a factor in

microhabitat selectio nfor Ctethrionomysand Sorex at TBS (Tables C.3a-d and

C.4a-d). Circumference values for C/efhrionomys logs varied by approximately

1Ocm, ranging in size from 45 to 55cm across all capture rate categories on the

ASP, and 55 to 65cm on the ECO, regardless of capture rates. Circumference

values for Sorex logs also did not notably differ, ranging from 50 to 60cm across

all capture rate categories on the ASP and from 55 to 60cm on the ECO,

regardless of capture rates.

Hayes and Cross (1987) in the southern Oregon Cascades studied

capture rate successes of Clethrionomys and Peromyscus at locations containing

different sized logs. Their study revealed no significant correlations with the

number oÍ Percmyscus and between any measured log variable (i.e., log length,

log diameter, state of decay). However, captures of Clethrionomys were

positively correlated with mean log diameter and the size of the log overhang,
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suggest¡ng that voles use large diameter logs more frequently than small

diameter logs with poor overhangs. At rBS, logs of large circumferences

(i.e., t 50cm) were relatively uncommon on most plots, and in general, large

diameter trees appear to be relatively rare in the Manitoba mid-continental boreat

forest dominated by black spruce trees.

Mammal data:

Trap influence on small mammals - Museum Specialtraps have captured

the bulk (over 75o/o) of the trapped small mammals living within the different

communities at TBS. Lighter weight animals, especially Sorex spp., have not

been equally represented by both trap-types; more Museum Specialtraps have

captured Sorex spp. than Schuyler traps. Correspondingly, MS traps have also

failed to capture many of the Sorex living in the various study plots. For example,

many of the wooden trigger platforms have been covered with Sorex pellets, the

bait removed, and the trap unsprung, as witnessed on numerous occasions

during trapping seasons (personal observation).

The assumptions of a particular trap-type possessing more sensitivity than

the other have not been supported by the data. Museum special traps have

adequately represented the majority of the small mammal species living at TBS.

Extremely light weight and/or juvenile animals appear to be consistently under-

represented in TBS traps, as well as the semi-fossorial species Blarina, and

fossorial species Condylura. because they are less likely to encounter traps

during their foraging activities. Juvenile animals are also unlikely to appear in
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traps until after the adults have been removed from the sampling area or until

they are at least one month old (Mihok 1979). The three night trapping period

may not be of sufficient length to recruit juveniles.

Different types of killtraps (Museum Specials, Victor mouse traps and

Holdfast traps) were used to sample small mammal populations in northern

Ontario boreal forest. Martell (1979) found that Clethríonomys and Zapus caught

in Museum Specials were significantly heavier than those caught in Victor traps.

Retative to Museum Speciats, Victors captured proportionally fewer of all

species, whereas Holdfasts captured more soricids, equal numbers of cricetids

(arvicolines), and fewer zapodids and sciurids. At TBS, Schuyler traps often

captured heavier individuals, but concurrently, they were also capable of being

extremely trigger sensitive towards shrew activity. When the Schuyler traps

worked properly, they were extremely efficient in smalt mammal capture;

however, when they were not functioning correctly, many small mammals

escaped being captured by this particular trap (as indicated by the missing bait).

Soricid species will consistently be under-represented or excluded in

many of the traps at TBS (particularly on the ATB plot) unless pitfalls are

employed. lf an index of most or ideally all small mammal species living in each

habitat is desired, then pitfalls, along with drift fences would be required. Kirkland

et al. (1998) compared the results of sampling with four combinations of trap-type

and drift fencing. These included pitfalls with and without drift fences and

Museum Specials with and without drift fences. Pitfalls with drift fences yielded

significantfy higher numbers of shrews and rodents and that even Peromyscus
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leucopus, a scansorial species, was taken in greater numbers in this particular

trapping aftay compared to the other trapping combinations. Soricids were

greatly under-represented during sampling periods without precipitation, or in

sites that employed snap-traps.

At TBS, weather can have a large impact on trapping success. Traps that

are set in the open and tack overhead cover from either shrubs or falten trees

can be easily sprung by hard rainfall. Alternatively, if too much precipitation

occurs, the bait becomes unattractive to the small mammals (i.e., it becomes

dilute and runny and grayish in colour).

Mean body mass and genderresponse to trapping - At TBS,

reproductively active female Clethríonomys, Peromyscus and Microúus are

usualty several grams heavier than their male counterparts, particularly during

the August trapping season. However, these differences in body mass were not

significant enough to produce biases in capture-response by the two main trap-

types. Both trap-types captured individuals of relatively equal mean body

weights. While female rodents tended to be slightly heavier than males (in

contrast to the insectivores which reported negligible differences between their

mean gender weights), there were no significant differences observed (except for

Clethríonomysin the ASP plot) between male and female suscept¡b¡l¡ty to trap-

type captures. More males were captured by MS traps than SCH traps on the

ASP, yet the gender ratio was virtually 1:1.
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The greater general response by males (in terms of numbers captured in

traps) on the ATB, BSB, and ECO lor Clethrionomys, had no association or

similarity to the numbers of males captured from other species in traps of these

identical plots. Males ol Clethrionomys tend to have larger home ranges and

travel greater distances than the nesting females (Bondrup-Nielsen 1987). Gillis

and Nams (1998) indicated Ctethríonomys' home range diameter to be around 60

to 70 metres. Therefore, it is not unexpected to encounter slightly more male

animals within the TBS traps because of the trapping grid size which easily

encompasses the home range of an individual. Bowman et al. (2000) found no

differences in distance moved within species based on gender or age group for

deer mice, red-backed voles and woodland jumping mice. However, among

species, deer mice moved farther than either of the other species.

A female Clethrionomys can produce several litters throughout her

reproductive season (Banfield 1974).lf mature female Clethrionomys are

indicative of optimal habitat locations (Bondrup-Nielsen 1987), then at TBS, plots

with more female captures, or ones with more equitability in their ratios of males

to females, should represent preferred Clethrionomys habitat. lnterestingly, the

JPR and JPSP reported more female than male Clethrionomys captures over the

years, with the ASP showing an almost equal ratio of genders. The JPR and

JPSP represent disturbed, xeric, habitat that is in the long-term process of

recovery from fire.

The greater general response by younger (uvenile) individuals of

Clethrionomys and Percmyscus species (i.e., those up to 17gin body weight)
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during peak years or periods following habitat disturbance, may be a reflection of

the proportions of breeders in both species. Mazurkiewicz and Rajska-Jurgiel

(1998) found that in low density years the populations of voles and mice

consisted mainly of mature individuals, whereas in high density years, immature

individuals prevailed (as found at TBS). Density and maturation rate of the

populations are influenced by resource conditions; resource deficiency can

account for increased mobility (Anderson 1989). Areas that offer a good supply of

vacant space (such as the ECO orASP) may be attractive to young dispersing

small mammals.

lnterspecific associations of the small mammals- A few trends became

apparent among the various study plots and the frequency of capture-

combinations within them. The plots that reflected the most homogeneous

environments in terms of vegetative diversity, relief, and substrate moisture

levels were correspondingly the plots that supported the least number of multiple

captures of small mammals at their trapping stations. The BSB and JPSP have

recorded the highest number of both single species captured, and no species

captured, compared with the remaining four plots. These two plots have also

produced the fewest number of multiple capture sites. Highly productive plots in

terms of their large numbers of individuals trapped possessed the greatest

numbers of multiple capture sites, and were the most heterogeneous in their

vegetative diversity, relief, and substrate moisture levels. Examples of these

conditions are found on the ASP and ECO plots.
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For the most part, at TBS, the presence of one particutar species did not

significantly appear to influence the behaviour or occurrence of another species

trapped at the same location. Only on the ASP did a strongly negative

association exist between Sorex and Peromyscus. Again, this result may be an

artifact of trapping within an ecotone environment. There is a definite tier system

of small mammal occurrence/avoidance on the ECO plot that is related to

microhabitat selection by the small mammals. At the top of the ECO ridge,

Peromyscus is more likely to be captured within this xeric, fire-disturbed habitat

covered in scattered fallen logs; C/efh rionomysis more likety to be trapped along

the wide mesic belt of the plot which is filled with a thick herbaceous layer; and

Sorex shows a definite preference for the hydric conditions at the bottom of the

plot, located mainly within a humid Alnus rugosa and Laríx laricina-sedge bog.

Rather than Sorex/Peromyscus representing avoidance of one another within the

ECO plot, these two species are unlikely to encounter one another in their

activities - due to their preferences for opposite habitat conditions. Therefore, a

negative association between species may not be applicable to actual animal

behaviour on the ECO study plot, but rather to habitat conditions.

It was not surprising to discover the lack of negative associations among

the small mammals at TBS. Vickery (1981) suggested that the dynamics of forest

rodent communities have allthe prerequisites for coexistence; rodent species

coexistence is possible through seasonal variability in population size, food

availability, food quality and feeding rates, predator saturation and learning

effects. Morris (1983) indicated most small mammalencounters will be between
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members of the same species because these creatures are habitat selectors with

divergent microhabitat preferences. Mihok (1979) noted that two or more

Peromyscus were likely to occur more frequently in multiple capture traps than

were Clethríonomys individuals.

Sites that have fewer multiple captures of animal species rather than

being indicators of areas of reduced competition among the different species

may actually represent sites of reduced competition among individuals of the

same species. For example, the ATB has reported the highest numbers of single

Sorex captures but has correspondingly produced the largest number of Sorex in

traps over time. Peromyscus single capture sites have been most abundant on

the JPSP which has also produced the greatest number of Peromyscus in traps,

throughout the years. However, Clethrionomys does not fit into the above pattern

in that the greatest number of single-capture sites for this creature is on the BSB,

while the ASP plot has produced the largest numbers of Clethríonomys trapped

over the years. Perhaps because of this creature's flexibility in its niche

requirements, the optimal habitat conditions for Clethrionomys are more difficult

to define and identify at TBS.

M'Closkey and Fieldwick (1975) suggested that the occurrence of joint

captures of Peromyscus and Microtus have two alternative explanations. Either

the localities representing joint captures are optimal, or that exclusive

microhabitats are optimal (exclusive Peromyscus or exclusive Microtus), and that

joint captures simply represent niche overlap.
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Experimentalfactors affecting small mammal captures - The location of

traps within the sampling grid may have an impact on trap success or failure

depending on the small mammal species captured. ln Figures C.3a-e, layouts of

the 10x10 sampling grids across six different habitats of the most common

species are presented. For Clethrionomys, an edge or boundary effect is

apparent on the ASP and ECO plots and along the northwest side of the JPSP

plot. At these peripheral locations, more Clethrionomys have been captured than

at trap stations within the sampling grid interior. The numbers of increased

captures can range from a few, to six or seven Clethríonomys above central trap

markers locations. Quadrats with no captures are also less common around the

periphery.

Sorex and Peromyscus presented fewer edge-effects compared to

Ctethrionomys. Sorexshowed a moderate edge effect atong the J line from one

to ten, adjacent to Aikens Lake Road. However, this area is reflective of the

greatest vegetative diversity found on the ATB plot. The ECO also exhibited an

edge-effect with Sorex (across the row of number 10 trap markers), which is

again adjacent to Aikens Lake Road and separated by metres from the ATB J

line. Peromyscus exhibited moderate edge-effect on the ASP plot along the J line

(from one to ten), as did the row of number one markers on the JPR plot. The

plots with quadrats located in areas with notable edge effects did not appear to

have any particular impact or influence on the recognition of microhabitat

variables found in higher capture sites, compared with moderate or poorer

capture sites at TBS.
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Other experimentalfactors that might have an effect on the interpretation

of results involving associations between small mammals and microhabitat

variables concerns the night of capture. Both from personal observation and from

the literature, adults tend to be captured during the first night of trapping rather

than juvenile members of the small mammal community. Mihok (1981) found that

mature female Clethrionolnys were dominant, occupying preferred habitats, and

that these territorial adult females were most likely to be removed during the first

night of trapping. Wywialowski and Smith (1988) noted in their research that by

using only the first night's small mammal capture data (where the trapped voles

consisted mostly of adults), 80% of the sites were correctly classified. ln other

words, there was an 80% success rate at predicting suitable Clethrionomys

capture sites. However, the reliability of this method declined when the second

night's data (which consisted mostly of juveniles) were added.

At TBS, I could find no discernible difference between trapping stations

that captured mature Clethrionomys females (i.e., animals >259 in body weight,

showing placental scars and/or embryos) with those of immature females (i.e.,

<24gin body weight and not possessing placental scars and/or embryos).

Of particular interest regarding the overallfemale demography at TBS

(with all sampling years combined), was that while traps on the ASP and ECO

plots captured the greatest numbers of female Clethrionomys, the JPR and JPSP

plots captured the highest numbers of reproductivelemale Clethrionomys. By

examining past trapping records and selecting reproductive females on the basis

of possessing placental scars and/or embryos (regardless of weight), the JPR
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and JPSP have supported reproductive female populations of 54olo and 57o/o,

respectively. ln contrast, the ASP and ECO plots have reported fewer

reproductive females, with only 48Yo and 33% of their female populations being

contributed by reproductive females. The period with the highest number of

reproductive females occurred during 1986-90 for four of the plots (i.e., ASP,

ECO, JPR and JPSP).

Bondrup-Nielsen (1986) indicated that home range size for mature female

Clethrionomys is not a function of density but of habitat type. Van Horne (1983)

found that two different habitats were distinguishable for adult and juvenile

Peromyscus - with high-density adult habitat being of high quality, and high-

density juvenile habitat being of low quality- The higher numbers of mature

femafe Clethrionornys on the JPR and JPSP may indicate that these are the

preferred habitats for territorial females even though they appear resource "poor"-

Species living on more limited food resources should hold larger home ranges,

and species depending on scarcer food resources should be more prone to

disperse (Mazurkiewicz and Rajska-Jurgiel 1998). The ASP and ECO plots

perhaps serve as areas receptive (i.e., sinks) to dispersing juvenile

Clethrionomys.
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Summary

Boreal forests are mainly dependent on periodic fire for their continued

existence (Van Wagner 1978). ln response, the forest undergoes a series of

vegetation readjustments to site instability (Dix and Swan 1971). The small

mammal study plots at TBS experienced varying degrees of fire-induced damage

as a result of a combination of factors, some of which included: habitat relief,

substrate moisture level, forest stand composition, and fuel availability in the form

of materials such as conifer needles, hardwood leaves, grasses, and finely

divided shrubs. All of the above factors affected the behaviour of fire and the

intensity of burn at Wallace Lake, in May of 1980.

The plant surveys during different time periods revealed that abundant

species in the pre-fire forest will predominate after fire. The large-scale or

macrohabitat variables that characterize each plot can be used to identify broad

patterns of habitat preference by the different small mammal species at TBS.

However, small-scale or microhabitat variables surrounding each trap marker

proved to be less effective in identifying preferential patches of habitat within

many of the plots. Few trends could be elucidated through the associations of

individual habitat variables with rates of small mammal capture. The overall

heterogeneity of a plot in terms of its food availability and structural components

were more reliable indicators of species presence than its individual vegetation

attributes.

The small mammal communities were adequately sampled by Museum
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Special traps (particularly when sciurid captures are undesired) and with

experience, the New Museum Specialtraps should prove to be effective at a

wider range of small mammal captures. The different trap-types captured animals

of relatively equal median body weights; however, arvicoline and sigmodontine

females tended to be heavier than their male counterparts at the time of capture.

Overall, more male animals were captured than females - this may be a reflection

of differences in home range size and in social behaviour between the sexes.

A higher number of reproductive arvicoline females were found on the

JPR and JPSP plots throughout the years while actual population sizes were

larger on both the ECO and ASP plots. Perhaps the latter plots serve as areas of

dispersal for many juvenile members because of the availability of resources in

these rich, heterogeneous environments. Within these types of environments,

more multiple species captures occurred at trap markers than individual species

captures. As well, little support existed for negative interspecific associations

among the species, since the presence of one species on the ASP and ECO

plots ( the two most productive plots in terms of capture numbers) appeared to

have little effect on habitat use and relative abundance of another species

inhabitating the same plots.
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Recommendations

Getz et al. (2001) remarked on the need for long-term small mammaldata

sets noting that the average length of many of these studies was slightly over

three and a half years. The rare number of small mammal studies of longterm

duration was noted to suffer from a lack of infrequent trapping. ln earlier work,

Getz et al. (1987) recommended live-trapping on a monthly basis to avoid

missing the actual peak density of the populations, particularly since small

mammals may not peak at the same time each year, nor in the same location.

Annual trapping does not allow the researcher to examine in detail, data on the

demographic traits of the small mammal populations, especially the role of

changes in survival, reproduction, sex ratio and other traits that may generate

annual or multiannual cycles (Getz et al. 2001).

At TBS, a preliminary live-trapp¡ng study (away from the current small

mammal study plots to avoid their disturbance) could be performed in the fall to

determine the feasibility and practicality of conducting this method of research.

Because of the distance, effort and time required to perform a monthly analysis

across six plots, either a bimonthly trapping session or a reduction in the number

of habitats sampled would be more expedient. Live-trapping would allow the

development of a data base on the demographic characteristics of the

populations throughout the year (or at least 6 to I months of the year) and

corresponding increase identification of conditions that create peak years in small

mammal communities. Live-trapping could assist in the identification of
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contemporary habitat variables that might influence the presence/absence of a

particular species. The purpose of identiffing these associations would be to

enhance our understanding of habitat selection and preference of these small

mammals, and to develop long-term goals important in the maintenance of

specific habitats required by the various species for their survival and longevity.

Because small mammals are the base of borealfood chains, the more we know

about the requirements of these creatures, then the more comfortable we can

become on making decisions regarding the management of habitat for other

wildlife species that are strongly dependent on this food base.

For example, Raine (1981) noted that fires and clear-cut logging reduced

the populations of arvicoline rodents (Clethrionomys and Microfus) - the favoured

prey of the mustelid (Martes americana) and increased the populations of

Peromyscus which marten seemed to avoid eating. Raine (1981) found that both

fisher and marten were easily trapped and have low reproductive potentials.

Therefore, it would be advantageous to select habitat (a prion) that would be

supportive in the successful reintroduction of these mustelid species.

The current method of removal sampling at TBS should be continued

because it exists as a rarity in that it represents one of the few ongoing long-term

small mammal studies, in the taiga of Manitoba. This method of sampling is

relatively efficient and expedient in its requirements of the trapper, in time and

effort. While the biases of removal sampling methods have been previously

described, yearly monitoring of the small mammals living within the different
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habitat-types through snap trapping can provide an effective means of recording

changes in the communities through time.

By keeping long term records of the natural history (over 25 years worth at

TBS), we can witness changes that have taken affect in small mammar

populations and their surrounding habitats. lf these areas are to be disturbed in

the future, records exist then that will inform us how things once were, and

therefore, hopefully serye and provide an informative database from which sound

scientific advice can be sought.
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TABLE A.la Summary of the number of small mammals captured by species during twenty-four sampting years on the Alder-Tamarack Bog
at Taiga Biological Station. The plot was not trapoed in 1984.

Clethríonomys Sorex Percmyscus Mictotus Btarína Sorex Synaptomys Mic¡osorex Glaucomys Tamiasciurus

\eÆ gaP}-eri c¡nePus man¡cllatus pennsytyanlcus brcvigauda arct¡lus sp. hoy¡ sabrinus hudsonicus197718500
197811900000000
19793613111000
1980141001002000
198110300000000
198211710100000
19835200000000

0
0
0
0
1

3
0
0
0
0
0
0
0
1

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0

0
0
1

0
0
0
0
0
0
0
0
0
0
1

0
0

N
l\)(¡)

0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0

0
0
0
3
0
1

1

0
0
0
0
0
0
2
0
0
0

at Taiga Biological Station. The plot was not

0
0
0
2
0
0
0
0
0
0
0
0
0
0
1

0

0
1

o
1

1

1

5
0
5
4
1

5
1

0
0
0
1

0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0

4
15
5
l5
3

23
14
4
14
15
23

1

4
6
I
6
I

I
22
12
4
12
14
5
1

6
0
3
1

0
1

2
0
0

1984
1985
1986
1s87
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000



TABLE A'1b Summary of the number of small mammals captured by species during twenty-four sampling years on the Aspen Upland at Taiga Biological
Station, The plot was not trapped in 1984.

Cløthríonomys Sorex Peromyscus Mictotus Blaina Microsorcx So¡ex Synaptomys Phenacomys Zapus Glaucomys Tamlas Tam¿s4urusYP!: gapPerl c¡negus manicltatus pennsytlan¡cus brev¡cj|uda ho!!_ drctlcus sp. tntermed¡us huds;onius sabttnus min¡nus hudson¡cus1977400000
19781ô300001000110
1979't7400000000000
1980133122000000000
19817160000000000
19823780100000200
19839372000000001
198ø,
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

22
38
28
20
23
16
21

l0
28
11

6
3
0
3
3
10

13
10
4
6
4
3
6
0
7
10
10
4
0
o
2
10
3

4
3
7
10
3
4
5
5
4
3
I
3
I
2
2
5
6

0
0
2
1

1

2
4
4
1

0
1

0
0
0
0
0

1

0
0
0
0
1

0
0
0
0
0
0
0
0
0
3
0
0

0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
1

0
0
0
1

0
0
0
0
1

0
0
0
0
0

0
0
0
0
1

0
1

1

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
2
0
1

2
1

0
1

0
0
0
0

0
1

0
0
0
0
0
1

0
0
1

0
0
0
1

0

1

2
3
4
1

0
0
0
0
1

4
0
0
1

0
0
2

0
0
0
0
0
0
0
0
1

0
0
0
0
1

0
0
0

n total 625

NNÈ



TABLE A.1c Summary of the number of small mammals captured by species during twenty-five sampling years on the Blackspruce Bog
at Taiga Biolosical Station.

1977
1978
'1979
1980
'1981

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000

Clethríonomys SorBx

1

1

11

0
0
0

11

0
ô
13
10
I
10
I
I

12
4
3
6
3
0
4
2
2

0
5
3
0
3
0
4
5
I
4
3
2
o
5
0
6
1

1

0
1

6
3
2
1

Percmyscus Microtus

0
0
0
0
2
2
I
7
1

0
0
0
0
0
0
0
0
0
0
0
1

0
0
0

0
0
0
2
0
0
0
3
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
1

Synaptomys Mictosorcx

0
0
0
0
0
0
0
0
0
0
0
1

0
0

0
0
0
0
0
0
0
0
0
0

118

0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
1

0
0
0

Zapus

hudsonius

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0

Tamias Tamiasciurus

min¡mus hudsonicus

0
0
0
0
0
0
0
0
0
0
I

0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

I
1

0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

NN
ctr



TABLE A'1d Summary of the number of small mammals captured by species during tweng-four sampling years¡ on the Ecotone at Taiga Biological Station.

Clethrionomys Sorax Percmyscus Mictotus ùtilina Synaptomys Sorex Microsorex Zapus Condylura Glaucomys Tam¡as Tam¡asc¡urus
Y.3* gdpled c¡ne3us man¡cltatus pennsylyan¡cus brev¡cf¡uda sL arcilcus ho!¡ hudson¡us ctistata sabdnus min¡mus hudsontcus
1977I20100
19788't200002000011
197910803210000000
198020863101000000
19819330000oooooo
'198241930300001100
19838531000000020
1984
1985
1986
1987
1988
1989
1990
1991
1992
r993
1994
1995
r996
1997
1998
1999
2000
2001

17
33
21

14
15
13
22

1

12
o
4
5
3
3
1

2
l0

5
16
7
12
5
15
19
2
7
12
5
3
2
4
4
I

2
0
2
5
1

1

0
1

0
0
5
3
0
0
0
0
0

0
0
3
1

1

0
o
0
1

1

0
2
0
0
0
0
1

0
0
0
4
2
0
0
0
0
0
0
0
0
0
2
0

0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
'l

1

0
0
0
0
1

0
0
0
0
0
0
0

0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
3

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
1

0
2
1

3
5
3
2
0
0
2
2
1

0
1

0
0

0
0
0
0
0
0
1

0
2
3
4
0
1

0
0
0
0

N'N
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TABLE 14.1.e puq¡1ary of tle number of small mammals captured by species during twenty-four sampling years
on the Jackplne Rldge at Taiga Biological Station. The plot was not trapped in 1984.

Clethrionomys SorBx Peromyscus Blarìna Glaucomys Tamlas Tamlasciurus

\è-9F gdp|erí cinegus maniculatus brevicauda sabrìnus minimus hudson¡cus1977 I 0 0 0 0 m
19785600001
197910900000
198016240001
19811160000
19826661000
198360440021
1984

0
0
0
0
0
1

0
1

1

3
2
0
2

NN

1985508000
19862345001
198717011001
19884516003
19891114002
1990900011
1991646000
1992000000
1993220001
1994411002
1995101002
1996101000
1997300000
19984000011
19998000020
200013000100
20014010000

ln total 358



TABLE A.1f Summary of the number of small mammals captured by species during twenty-five sampling years on the Jackpine Sandplain
at Taiqa Bioloqical Station.

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

Clethríonomys Sorex

2
2
3
0
0
1

I
8
t0

0
4
1

0
0
0
0
0
1

Peromyscus Mictotus Phenacomys Synaptomys

11

3
18
5
5
0
10
7
2
7
1

1

1

0
0
12
I
4
3
15
3
2
3
4
1

5
5
4
6
9
10
I
I
2
o
o

11

0
0
0
0
4
0
1

3
I
0
0
2
0
1

0
ìã

0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
T

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1

0
0
0

0
1

0
0
0
0
0
0
0
0
0
0
0

Zapus

hudsonius

0
0
0
0
0
1

0
0
1

Glaucomys

0
0
1

0
0
1

0
0
0
2
2
0
2
0
0
1

0
0
0
0
0
0
1

0

Tamias Tamiasciurus

0
0
0
0
0
0
0
0
0
0
0
1

0
0
0
0
0
0
1

2
0
0
0
0
0
0
1

o

0
0
0
0
0
0
1

0
0

0
0
1

0
I
0
0
0
I
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

4
I
1

2
7
1

0
2
5
1

1

o
5
1

ln total 348
1\)No



TABLE A.2a Annual biomass (g) accumulations of small mammal species in the Alder-Tamarack Bog during twenty-four sampling years

Clethrlonomys Sorex Percmyscus Micntus Blarina Synaptomys Sorsx Mlctosorcx Tamlasciurus GtaucomysYPÆ 9-!!Y!_ cinePtls maniclatus pennsylvanicus brcvicjuda sp. arcticus hoy¡ hudson¡cus saø¡nus1977 264.2 14.4 0 0 o1978 198.230.400000000
1979 54.2 29.9 14.9 67.2 21.0 22.5 6.9 o o o1980 256.9 31.3 0 24.8 o 39.1 o o o ol98t183.1 9.300000000
1982 17.361.90018.900000
1983 97.2 6.6 0 0 o o 0 o o o
1984
1985 155.9 12.9000ooooo
1986397.447.6020.0000000
1987 187.4 17.00109.70003.600
1988 64.2 66.4 18.4 17.4 43.0 O 21.1 0 0 o1989 217.6 9.6 0 22.8 o 0 o o 227.7 o1990 200.7 89.7 0 17.5 o o 9.4 o 574.2 o1991 82.3 55.3 0 69.2 o 14.0 4.5 o o o199226.5 l5.300oooo00
199398.948.60132.3000000
1994049.8095.9000000
199540.262.9028.8000000
1996 19.22.80161.0000000
1997014.3029.2000000
1998 37.8 45.3 15.9 0 o o 18.4 3.6 182.s o199950.437.90000000120.4
20000l5.00ooooo0o

27.6O17,5000000

NN(o



TABLE A'2b Annual biomass (g) accumulations of small mammal species in the Aspen Upland during twenty-four sampling years at Taiga Biological Station.
The plot was not traooed in 1984.

V
1

1978

Clethrlonomys Soßx Percmyscus Mlcrotus Btadna Microþrcx Synaptomys PhenaØmys Zâpus

1979 276.2
1980 235.9
1981 116.7
1982 57.3
1983 220.6
1984
1985 355.9
1986 628.7
1987 550.4
1988 401.4
1989 481.3
1990 370.7
1991 347.3
'1992 240.4
1993 472.5
1994 185.8
1995 101.0
1996 83.1
1997 0
1998 72.',1

1999 54.7
2000 141.8

56.2
215.9 20.5

13.1

8.4
3.1

24.7
9.6

42.7
32.1
12.0
'17.6
10.7
8.4
19.3

0
21.8
33.9
34.5
14.3
14.3
14.2
7.2
31.7
3.1

manlculatus

0
0

182.6
88.3
131.4
96.4

38.5
45.0
98.9
143.0
50.9
76,0
70.9
85.4
62.7
47.4
121.7
43.3

142.1
44.4
35.2
1M.2

0
0
0

43.0
0
0

27.0

0
0

46.6
24.9
21.5
33.7
64.6
76.7
14.9
23.1

0
0
0
0
0
0

00
00
00
00

15,8 0
00
00
00
00
0 2.8

16.3 0
00
00
00
00
00
00
00
00
00

66.2 0
00

0
0
0
0
0
0
0

0
0
0
0
0
0
0

0
0
0
0

21.7
0

10.8
24.8

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0

35.6
0

17.7
35.1
18.5

0
0
0
0
0

Soæx

e¡cflêus

oÂ
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

fa¡niasciurus Tdmlas Glauænys

0
0
0
0
0

184.5

44.7
0
0
0
0
0

0
0
0
0
0
0
0
0

194.1
0
0
0
0

226.4
0
0

0
115.8

0
0
0

229.2
0

45.4 0
u.7 85.0
127.4 0
170.4 0
45.0 0
00
00
0 132.1

00
44.9 0
168.6 107.3
00oo

44.6 0
0 122.3
00

N(¡)o



TABLE A'2c Annual biomass (9) accumulations of small mammal species in the Btackspruce Bog during twenty-five sampling years at Taiga

Clethrìonomys So¡ex Percmyscus Mictotus Synaptomys Mictosorcx Sorex Zapus Tamidsc¡urus TamiasY.eE 9W{ cinePus manicltatus Pennsylyanicus sp. holi arcþus hudsonius hudsonicus m¡nimus197729.900o
1978 15.8000oooooo
1979 18.6 17.60000000
1980 195.7 8.6 0 57.4 o o o o o1981 05.329.4oooooo
1982 0 10.0 27.4 0 o o o o o
r983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001

00125.1 00oooo
256.6 17.2 108.655.700000

018.6 13.6000000
111.527.30000000
321.1 14.90002.9000
158.8 12.30015.30000
142.95.90016.50000
152.1 19.00000000
144.821.700005.30197.6
15.4000ooooo
166.820.70000000
68.23.30000000
51.03.4015.500000
72.000000000
49.03.3 12.4000014.4 189.8o24.700005.300
76.7 11.60000000
36.16.30000000

73.3017.800
146.4

0
0
0
0
0
0
0
0

43.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0

14.4

¡\)(Ð



clethrionomys sotÐx PeromysÚus M¡ctotus Btarina synaptonys zapus condytura Mictosotþx sorÞx Tamiasclurus Tamlas Gtaucomys

TABLE A.2d Annual biomass (g) accumulations of small mammal species in the Ecotone during twenty-four sampling years at Taiga Biological Statíon,

0
0
0
0

112.4
0

0
0
0
0
0

120.9
0
0
0
0
0
0
0
0
0

128.9
0

0
45.4

0
0
0
0

87.8

16.3 230.0
00
00
00
00
00

ârðäcus

0
90,5
45.3
134.5
221.7
90.0
89.6

0
0

89.8
9'1.5
48.6

0
46.0

0
0

0
0
0
0
0
0

176.5
0

334.1
617.6
677.5

0
199.4

0
0
0
0

0
0
0
0
0
0

0
0

2.9
4.4
0
0
0
0

2.5
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

40.9
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

00
22.8 0
00
00
00
00
00
00
00
0 20.9
00
00

13.6 0
00
00
00
00
00
00
00
00
00

Nq¡
N

0
u.4
2't.1

0
54.6

0

0
0
0

73.9
33.7

0
0
0
0
0
0
0
0
0

42.8
0
0

17.8
0

42.0
69.3

0
0

17.0

0
0

71.2
12.7
24.3

0
89.1

0
17.6
20.2

0
30,9

0
0
0
0

22.1

55.7 0
27.3 0
38.5 93.3
9.6 47.6
66.9 67.1
18.7 40,8

u.2
0

28
77.4
1ô.7
11.5

0
15.2

0
0

64.0
42.8

0
0
0
0

144.1
134.0
390.5
150.4
108.7
148.1

21.9
55.8
49.8
82.8
14.2
50.6
65.7
3.3

25.8
38.0
19.5
13.5
7.1

12.3
10.0
35,1
10,5

1978
1979
1980
1981
1982
1983
1984
1985 292.1
1986 657.3
1587 409.4
1988 228.4
1989 308.4
1990 205.5
1991 369.1
1992 18.9
1993 240.4
1994 89.2
1995 76.0
1996 81.0
1597 56.6
1998 64,7
1999 24.8
2000 32.0
200't 141



TABLE A.2e Annual biomass (g) accumulations of small mammal species in the Jackpine Ridge
durinq twentv-four sa

ClethrÌonomys Sorex Peromyscus Btarina Tamiasciurus Tamias Glaucomys

\e?ls gg¡/P_e! cinePus man¡cltatus brcvigauda hudsonicus m¡nimus sabrinus
1977 126.2 0
1978 86.7 18.8 0 o 201.8 o o1979 182.329.400000
1980 299.6 5.5 49.2 o 183.6 o o1981 23.3 2.9 114.2 0 o o 01982 160.4 23.6 103.7 19.5 0 o o1983 168.0 0 641.0 o 197.5 95.8 o
1984

at Taiga Biological Station. The olot was not

198564.90130.9000
1986 352.9 11.3 75.0 o o 47.51987384.00154.0000
1988 98.9 19.9 229.1 0 o 1s2.7
1989 211.5 5.2 47] o o 87.71990 188.8000189.30
1991 85.9 11.4 67 .1 0 0 45.619920000192.40
1993 40.0 6.1 0 o 174.2 49.51994 92.6 3.0 18.0 o 519.5 86.11995 24.4 0 12.1 o 415.7 80.61996 26.0 0 18.8 0 ,o o1997 57.3 0 0 o 353.0 o1998 97.4 0 0 o 2107 38.51999 166.4000084.3
2000206.900000
2001

Totals

in 1984.

0
0
0
0
0

86.2
0
0
0
0
0
0
0
0
0

134.1

220.3

N(¡t
C¡)



TABLE A'2f Annual biomass (g) accumulations of small mammal species in the Jackpine Sandplain during twenty-five sampling years
at Taiqa Biolooical Station.atT

Clethrionomys sor€x Peromyscus Microtus Zapus Synaptomys Phenacomys Tamiasciurus Tamias GlaucomysYg?E g!p?{ cìnsleus manicutdtus pennsylyanicus hudsgn¡us sp. ¡ntem.edius hudsonicus minlmus sdbrinus197722.800o
1978 40.2 0 0 o o 0 o 201.8 o o1979 27.2 15.9 0 0 o 22.6 o o o o198061.1 3.2 199.80000183.600
1981 00t53.8ooo0o0o
19820075.90000000
1983 37.1 0 38.9 o 14.3 o o 197.5 95.8 01984 198.90238.30000000
1985 194.2054.8ooooooo
1986 233.2 2.6 19.5 0 11 o 0 o 47.5 o1987239.3045.20000000
198879.9053.8000001g2,70
1989 347.7 0 18.6 22.5 o o 0 o 87.7 01990 114.7069.1 0000189.3086.2
1991 112.1 12.956.20000045.60
19920094.20000192,400
1993 183.9 3.1 93.1 o 13.3 0 o 174.2 4g,5 o1994 128.1 9.3 135.2 0 29.8 0 o 519.5 86.1 o1995 58.9 3.4 127.3 o o o o 415.7 80.6 01996 172.2 0 147.8 o 0 o o o o o1997 19.301290000353.000
1998 27.2 9,1 16.7 o o o 30.5 210.7 38.5 o199920.70123.80000084.30
200071.02J 124000000134.'l
2001 130.7 0 ,1q.1 O 15 O O O O O

Totals (q) 2520.4 62.2 ffi ne ^ tc a â^ Ã ,"'ã2 a 2aõ ô ^ô^ â48.3 220.3

N(¡)
À
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FIGURE A.1a Frequency distribution of the three main small mammal species captured during twenty-four annual
trapping seasons on the Alder-Tamarack Bog.
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FIGURE A.1b Frequency distribution of the three main small mammal species captured during twenty-four annual
trapping seasons on the Aspen Upland.
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Blackspruce Bog
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Appendix A.l

Pre- and post-fire descriptions of six small mammal habitats



Alder-Tamarack Bog (ATB)

Pre-fire conditions (prior 1980):

The ATB plot (510 02', 43.1" N, 095021' 50.g" W) with a Gps altitude

reading at322 metres is located adjacent to the Ecotone plot along Aikens Lake

Road (see Section 1. in Fig. 3). The Alder-Tamarack Bog is congruent with the

Ecotone plot along one-half of the Bog's outer "J" trapping line (i.e., from JS to

J10). Pre-fire descriptions were provided by several sources (W. Pruitt, pers.

comm.) and from stratified vegetation maps (Taiga Biological Station, unpubl.

files) made one year prior to the 1980 fire. The pre-fire stratified vegetation maps

were based on black-and-white aerial photographs confirmed by ground truthing.

The maps described the pre-fire ATB habitat as an "intermediate bog-forest

community" with wide-spaced trees. However, the tree cover of this community

was more consistent with the "common bog community" classification described

in the vegetation map key - found around lakes and between ridges, made up of

smaller widely spread black spruce (Picea mariana) and more numerous larger

tamarack species (Larix larícina). The ground cover of this common bog

community consisted of Sphagnum hummocks and wet hollows. The hummocks

supported low shrubs such as Ledum grcenlandicum, Chamaedaphne catyculata

and Kalmia polifolia. while the wet hollows supported Carex spp.

The Alder-Tamarack Bog vegetation was sampled in July and August of

1976 by Penny (1978). Pre-fire vegetation data recorded by Penny (1978)

indicated the dominant ground cover variables were: Sphagnum spp. mosses

and litter/organic debris. Low shrubs consisted of Ledum groenlandicum,
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Chamaedaphne calyculata and Gaultheria hispidula. The tall shrub layer included

Alnus and Sa/x spp. The herbaceous cover was mostly Smilacína trifolia,

Trientalis borealis and Viola sp. Abundant gramineae and cyperaceae species

were also noted.

Post-fire conditions on the ATB plot:

A vegetation survey by Martin (19S3) of the Alder-Tamarack plot indicated

"relatively no change" from the 1978 pre-fire vegetation data. lmportant ground

cover variables in the 1982 survey were Sphagnum spp., litter/organic debris and

water. The low shrubs included Ledum groenlandicum and Chamaedaphne

calyculata. The herbaceous layer contained Smilacina trifolia, Viola sp. and

Trientalis borealis. Tall shrubs consisted of a dense uniform cover of Alnus

rugosa and Betula glandulosa extending over the entire plot.

The 2000 vegetation survey indicated Sphagnum spp., litter/organic debris

and standing water as important ground cover variables. The low shrub layer

contained Ledum groenlandicum, Ch amaedaph ne calycu lata and Oxycoccus

microcarpos. Tall shrubs were primarily Alnus rugosa, Betula glandulosa and

Sa/,'Îspp. The herbaceous cover was thinly spread throughout the plot and

consisted mainly of Smilacína trifolia, Viola sp. and Trientalis borcalis, along with

several other species recorded at very low percent cover values. Carex spp. was

noted in abundance on the Alder-Tamarack Bog.



Upper canopy changes wíthin the ATB:

Following the 1980 fire Martin (1983) remarked on the lack of visible

evidence of any fire damage suffered by this plot. The sphagnumÁryater substrate

provided moisture conditions that precluded fire in this hydric bog community. As

well, the relatively well-spaced tree canopy in the fairly humid environment of the

Alder-Tamarack Bog may have had difficulties in supporting the spread of fire.

A survey of the upper canopy by Martin (1983) recorded approximately

122llving mature trees producing a stratum of predominantly Laríx laricina (118

trees), with four mature living Picea maríana. There were about 44 standing dead

trees in the Alder-Tamarack Bog in 1982 (only one of these was Prbea mariana).

The 2000 upper canopy survey found little evidene,e of any significant changes

occurring within this layer. Larix larícina still dominates the landscape with (80

live trees/5O dead trees) and Picea mariana has remained at four mature living

trees and one dead. However, a relatively dense undergrowth ol Picea mariana

saplings 1-3 m tallwas observed during the 2000 survey with many fewer Laríx

laricina seedlings and saplings noted. As well, the plot supports an extensive tall

shrub cover of Alnus rugosa and Betula glandulosa (1.5 -2.5 m) in height which

forms a thick lower canopy over the entire Alder-Tamarack Bog. No Pinus

banksiana were observed growing on the plot.
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Aspen Upland (ASP)

Pre-fire conditions (prior 1980):

The ASp plot (510 02' 35.9" N, 0950 22', 03.6" W) with a Gps altitude

reading of 321metres is located within a mixed deciduous-coniferous forest.

Pre-fire stratified vegetation maps revealed this area as having "at least 30% and

up to 70o/o ol the tree cove/'deciduous in nature - with the dominant tree being

Populus tremuloides. Trees such as Picea mariana, Pinus banksiana, Abies

balsamifera and Betula papyrífera were also found within this forest community

near the lake, with grasses, rushes and sedges as common ground cover

species.

Pre-fire vegetation data collected by Penny (1978) indicated ground cover

to include mosses oÍ Pleurozium, Dicranum and Polytrichum spp. along with

Cladonía spp. lichens. Abundant leaf litter/organic debris was also noted. The low

shrub layer consisted of Vaccinium spp., Dieruilla lonicera, Rosa sp., Potentitta

tridentata and several others. Tall shrubs included Amelanchier alnifotia. The

herbaceous layer consisted oÍ Fragaria virginiana, Asterspp. and Gatium boreale

along with numerous other less frequent species.

The micro-topography of the Aspen Upland was described as a

heterogeneous mixture of elevated rock ridges traversing the plot interspersed

with areas of soil-filled depressions, varying in thickness lrom 1-2 cm to over 25

cm in depth (Penny 1978). These physical variations of the landscape and

differences in moisture gradients dampened the impact of the1980 fire within the

plot.



Post-fire conditions on the ASP plot:

The 1980 fire was "intermittent over this area since ridges covered with

crustose lichens escaped burning" (Martin 1983). The physical behaviour of the

fire was restricted primarily to the ground - leaving much of the mature

vegetation standing (Wheatley 1993). Several of the mature isolated Pinus

banksiana on the plot were however completely consumed, as the fire spread

throughout the grasses onto these dry, resinous, fuel sources.

The 1982 vegetation survey on the Aspen Upland indicated crustose

lichens, litter/organic debris and bare rock as the main ground cover variables.

Low shrubs included mainly Dieruilla lonicera, Vaccinium spp. and Potentilla

tridentata. The herbaceous layer contained Fragaria virginiana, Apocynum sp.

and Vicia americana along with abundant grass and sedge cover. Major changes

among the post-fire vegetation appeared to be limited to some parts of the upper

canopy on the plot. Minor changes included the accumulation of charcoal debris

on the ground and burned grasses and forbs which recovered rapidly following

the fire.

The 2000 vegetation survey observed important ground cover variables

that included: litter/organic debris, mosses such as Pleurozium, Polytrichum and

Dicranum spp. and crustose rock lichens. The low shrub layer was diverse and

contained abundant Dieruilla lonicera, Vaccinium spp. and Arctostaphylos uva-

urci. Tallshrubs were Sa/x spp., Amelanchier alnifolia, Prunus pensylvanica and

Alnus rugosa and A. críspa. The herbaæous layer consisted of many species,

with Maianthemum canadense, Fragaria virginiana and Clintonia borealis
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prov¡ding much of the cover. The Aspen Upland had a variety of abundant

gramineae and cyperaceae species with SchEachne purpurascens, Danthonia

spictata and Carex spp. being important contributors.

Upper canopy changes within the ASP:

The upper canopy survey of the Aspen Upland in 1982 recorded

approximately 499 mature trees of a deciduous-coniferous mixture with many

standing dead Populus tremuloides "snags". Almost Tt's of the recorded trees

were Populus trcmuloides, followed with descending numbers oÍ Picea mariana,

Pinus banksiana, Picea glauca and finally Abies balsamea. A large portion of the

plot in 1982 was covered with a young tree and shrub canopy made up of

Populus tremuloides, Sa/x spp., Alnus spp. and Amelanchier alnifolia members.

Today, many of the standing snags recorded in 1982 have since fallen over

(uncertainty lies in whether these trees succumbed to the effects of the fire

and/or simply reached senescence), toppled during periods of strong winds.

The living Populus tremuloides stands on the plot today are noticeably

two-tiered. There is a distinct upper canopy of mature P. tremulordes reaching

25-30 metres in height made up of a few individuals loosely grouped together,

and a lower tier, 8-10 metres tall, of numerous young densely packed Populus

tremuloídes trees distributed throughout the plot in tight clumps. Currently

growing on the Aspen Upland are dense, widely spread units of jack pine

saplings 3.5-5.5 metres in height along the rock ridges, including smaller pockets

of black spruce saplings 1.5-3 metres tall, in low areas of the plot which went
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unrecorded in 1982. Pícea mariana, Picea glauca and Abies balsamea occurred

in descending order of abundance in the 2000 vegetation survey. The tall shrub

layer has broadened its distribution, especially Amelanchier alnífolia and Prunus

pensylvanrba since the 1982 survey.

The Aspen Upland in many ways is essentially similar in overall vegetative

characteristics as before the 1980 fire (W. Pruitt, pers. comm.). Eventually

though, the abundant young jack pine flourishing within this plot may gain a more

prominent foothold and re-shape the deciduous landscape.

Blackspruce Bog (BSB)

Pre-frre conditions (prior 1980):

The BSB plot (510 02'21.6"N, 0950 21' 44.7" W) with a GpS altitude

recording of 322 metres is located along the east bank of the Blind River (see

Section f . in Fig. 3). The stratified vegetation maps made prior to the 1980 fire

indicated the area as being "mature spruce bog community" characterizedby

large black spruce trees relatively close spaced with occasional tamarack trees.

The ground flora was made up of Sphagnum hummocks supporting Carex

species. W. Pruitt, (pers. comm.) described the Blackspruce Bog as "a shade-

filled environment having a thick, dense canopy of Picea mariana with an almost

entirely-filled Sphagnum spp. undergrowth". The lower shrub layer (along with

the numerous sphagnum hummocks) also included abundant ericaceous species

such as Ledum and Chamaedaphne, with trees spaced 3-5 feet apart on average

(K. Johnson, pers. comm.). Penny (f 978) recorded the ground cover as being
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composed predom¡nantly of mosses such as Sphagnum, Pleurozium and

Dicranum spp. covered with a relatively small proportion of litter/organic debris.

The low-shrub layer consisted mostly of Ledum groenlandicum, Vaccinium

vitis-idaea and Gaulthería hispidula. Tall shrubs were not recorded. Smilacina

trifolia was the dominant member of the herbaceous layer on the BSB.

Post-fire conditions on the BSB plot:

The fire of 1980 on the Blackspruce Bog had access to all vegetation

layers due in part to the morphology of Picea mariana (with its low dense network

of branches reaching the ground level), and to the mature state of the stand

itself. Stardom (1977) noted in his vegetation stand descriptions of the TBS area

that as black spruce-alder bogs mature, the substrate increases in height above

the water table, allowing additional black spruce to invade the area with a

consequential increase in transpiration rates, and further drying out of the bog.

Martin (1983) observed (in reference to the fire damage on the

Blackspruce Bog), "that destruction of the site was virtually complete despite

expected favourable moisture conditions". She noted that only vegetation found

within the lower, moister areas of the bog, along the compressed trapping grid

pathways survived and provided residual species for regeneration. The

sphagnum substrate of the BSB was either completely burned or shortly

thereafter, succumbed to the effects of intense heat. Shortly after the 1980 fire

the BSB contained wind-disseminated Epilobium. along with resprouting clumps

oÍ Ledum and Sa/x that survived damage by having their roots buried deeply in
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the sphagnum layer. The ground surface layer was composed of brown, steam-

killed sphagnum, charcoal-covered bare ground, and bowls or depressions of

accumulated rainwater (K. Johnson, pers. comm.).

Two-years post-fire, Martin (1983) noted a substantialdecrease

(approximately ten-fold) in living Sphagnum spp., along with much remaining

evidence of the accumulated charcoal-covered litter/organic debris on the BSB

forest floor. Ledum groenlandicum and Smilacina trifolia contributed most to the

lower shrub and herbaceous layers, respectively.

A vegetation survey of the Bog in 2000-01 showed mean ground cover

variables to included predominantly Sphagnum spp., fallen trees, and smaller

amounts of litter/organic debris. No visible evidence of the burned Sphagnum is

apparent now. The low shrub vegetation consists mostly of Ledum

groenlandicum, Vaccinium vitís-idaea and Oxycoccus microcarpos. No tall

shrubs were recorded on the Blackspruce Bog. Smilacina trifolia and Eriophorum

spr.ssum were the major contributors to the herbaceous and grass/sedge layers,

respectively.

Upper canopy changes within the BSB:

Within the BSB the upper canopy was almost completely engulfed by fire,

leaving only charred trunks and branches of standing and fallen Picea mariana

(Martin 1983). Though the majority of the upper canopy perished in the intense

fire, only 3o/o of the woody debris recorded on the forest floor was from fallen
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trees in 1982. Several months after the burn, fire-damaged trees began to fall

over on the BSB from strong wind and/or rain storms (K. Johnson, pers. comm.).

ln the year 2000 ,31o/o of the mean ground cover included fallen trees. A

survey of the upper canopy by Martin (1983) indicated approximately I ,925

standing dead trees on the Blackspruce Bog plot, two-years post-fire. Today, less

than 1 Oo/o ol approximately 165 of the original fire-killed trees remains standing.

Therefore, about 90% of the fire-killed Picea mariana form a 'Jack-straW' or criss-

cross pattern arrangement (in some places up to a metre in height) throughout

the plot. The many fallen trees that over-lap one another either produce shelters

or barriers to the different species of wildlife. The Blackspruce Bog has the

distinction of harbouring the greatest votume of coarse woody debris in

comparison to the other six plots.

The plot today is carpeted by a dense layer of Picea mariana seedlings,

ranging from 10 cm to 1.5 m tall that cover approximately 25% of each trap

station quadrat. The less frequent Pinus banksiana seedlings and saplings

present are of similar age to the Picea mariana vegetation, yet, are taller and

range between 50 cm to 3.5 m in height, covering about 1Ùo/o ol each trap station

quadrat. The mature pre-fire black spruce community of twenty years ago has

been replaced by an open landscape of silvery-gray, mostly branchless, standing

dead Picea mariana - with a dense undergrowth of Ledum groenlandicum, P.

mariana and P. banksiana seedlings. Occasionally, an infrequent Larix laricina or

Populus tremuloides seedling may be observed in one or more of the quadrats.



Ecotone (ECO)

Pre-fire conditions (prior 1980):

The Atder-Jackpine Ecotone plot (Ecotone) for simplicity (510 02' 41.7" N,

0950 21 ' 44.5" W), represents a continuum of two different habitats (i.e., alder and

tamarack bog, with elevated aspen and jack pine mixed forest) that merge at the

lower end of a gently sloping rock incline. The microtopography of the Ecotone is

highly variable with a drop in elevation of approximately three metres from the

top of the ridge, to Aikens Lake Road at the bottom of the plot. Within this plot is

a mixture of soil development levels from exposed rock surfaces with small

depressions of accumulated organic debris, to shallow mineral soils (< 25cm

deep), to wet organic Sphagnum spp. mats, several metres in thickness.

The'pre-fire stratified vegetation maps indicated that this particular plot

straddled two vegetation communities - a low, wet area or "intermediate bog-

forest community" with invading alder, tamarack, and willows in association with

wet grasses and sedges. The elevated ridge section of the plot during pre-fire

time was considered an "intermediate jack pine forest" with flowering shrubs such

as Arcfostaphylos uva-ursi, Ledum groenlandicum and Vaccinium spp. Ground

cover was provided primarily by mosses and lichens. On the edge of the bog

community (where the two habitat types meet) there may be willows with

occasional birch and aspen trees that occur higher up along the ridge sides.

Pre-fire vegetation data by Penny (1978) indicated the important ground

cover variables of the Ecotone were: organic litter/debris and mosses, such as

Sphagnum, Pleurozium and Dicranum spp. Low shrubs consisted of Ledum
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groenlandicum, Chimaphila umbellata, Rubus idaeus and Ribes spp., and

several others. Ferns and atties included Lycopodium spp. The herbaceous tayer

contained Viola spp., Smilacina trifolia and Galium boreale. Tall shrubs included

Amelanchier alnifolía and A/nus spp.

Post'fìre conditíons on the ECO plot:

The post-fire vegetation survey in 1982 revealed the important ground

variables to include mosses such as Sphagnum and Polytrichum spp.,

litter/organic debris and bare rock. The low shrub layer contained Vaccinium

spp., Dieruilla lonicera, Rubus idaeus and Ledum groenlandîcum. ln the

herbaceous fayer were Epitobium angustifolium, Clintonia borealis and Aralia

nudicaulis, including many other species at lower percentages. Cyperaceae was

an important contributor as well.

During the 2000 survey the important ground cover variables included:

litter/organic debris, fallen togs, and mosses such as Sphagnum, Pleurozium and

Dicranum spp. The predominant low shrubs were Ledum groenlandicum,

Vaccinium spp. and Rubus spp. Tall shrubs consisted of Alnus ntgosa, Sa/x spp.

and Betuta glandulosa mainly. The herbaceous layer contained Amlia nudicaulis,

Epilobium angustifolium and Maianthemum canadense, along with numerous

other species with low percentage cover values. The Ecotone also contained a

wide variety of abundant gramineae and cyperaceae species. The tall shrubs of

Atnus rugosa and Betula glandulosa are restricted to row seven and the lower

portions of the plot.



Upper canopy changes within the ECO:

The Ecotone pre-fire tree strata, particularly along the ridge top, was a

mature mixed forest of large Pinus banksiana, Picea mariana and Populus

tremuloides. The 1980 fire was confined mainly to the top and upper sides of the

ridge coming close to the southeast corner of the Alder-Tamarack Bog plot (W.

Pruitt, pers. comm.). Martin (1983) reported that'Tire appears to have been less

intense on this plot since a few upper ænopy trees have survived". The lower

part of the Ecotone adjacent to the Alder-Tamarack Bog plot and alongside

Aikens Lake Road was an extremely damp habitat with open water, and

therefore able to escape much of the fire.

A survey of the upper canopy two years after the fire revealed

approximately 345 standing mature trees on the Ecotone, with over three-

quarters of these trees being dead Picea maríana, Pinus banksiana, Populus

tremuloides and Larix laricina, in descending order of frequency. The remaining

trees (about 44 of these) were a mixture of the above, and noted as "living" two-

years post-fire (Martin 1983). Ten years following the initial survey Wheatley

(1993) reported that the "plot now has many downed trees and no standing

mature trees".

The 1982 upper canopy survey observed a distinct tiered-arrangement of

trees growing on the slope of the Ecotone. Pinus banksiana was found growing

along the A to J lines, from row one up to row six, of the small mammal trapping

grid. Pícea mariana and Populus tremuloides occurred along the A to J lines, up

to row eight. Larix laricína was found between rows eight to ten on the Ecotone.
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Tall shrubs such as Alnus rugosa and Betula glandulosa did not make a

substantial appearance until row seven on the plot.

The 2000 survey of the upper canopy revealed that the elevated part of

the Ecotone along the ridge top and upper sides had dense pockets of jack pine

saplings 3-5 metres tall. On the top of the ridge were several open areas covered

with lichens, mosses, and much coarse woody debris in the form of fallen trees

and branches. Several sections of the Ecotone have very dense 'Jackstrau/'

arrangements of fallen coniferous trees, particularly along the top ridge. Farther

down the slopes, the deadfall is noticeably reduced due in part to the moist

habitat and perhaps more rapid rate of decay, but also due to the increased

presence of Poputus tremuloides which does not seem to form dense 'Jackstrau/'

patterns of logs like the surrounding conifers.

Today, only about a dozen mature "snags" remain standing on the

Ecotone plot, the rest have been reclaimed by the forest over the years since the

burn. As well, there is a tiered-arrangement to the young tree vegetation, but not

as defined as indicated from previous surveys. Dense growth of Picea mariana,

Pinus banksiana, Populus tremuloides and Larix laricina saplings can be found

growing together throughout most of the plot, but at different densities depending

on ground moisture levels. Pinus banksiana appears to have the most definitive

boundary and is almost nonexistent past row six.
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Jackpine Ridge (JPR)

Pre-fire conditions (prior 1980):

The Jackpine Ridge plot (510 02' 27.1" N, 0950 21' 43.4" W) with a GPS

altitude reading of 326 metres is located on top of a ridge of volcanic origin,

approximately several hundred metres northwest above the Blackspruce Bog

plot. The pre-fire stratified vegetation maps described the habitat as an

"intermediate jackpine commun¡ty" - an area of small rock ridges with intervening

low lying areas. The plot was primarily a mature Pinus banksiana forest with

Picea mariana present in the depressed areas between the rock ridges. Mosses

and lichens formed most of the ground cover, particularly Cladonia spp., with little

exposure of bare rock. Prior to burning, the JPR was a relatively mesic habitat

with a fairly open canopy (W. Pruitt, pers. comm.). Pre-fire vegetation observed

at similar elevations across the river from the JPR plot reported a relatively

uniform, mature, Pinus banksiana forest with trees approximately 10-18 inches in

diameter, and about 84 years in age; the odd aspen and birch were noted as well

(K. Johnson, pers. comm.).

Pre-fire vegetation data recorded by Penny (in Martin 1983) indicated that

only 4o/o of the plot was bare rock, 28o/o lltte¡lorganic debris, and almoslT0% of

the ground cover comprised of mosses and lichens. The mosses included

Pleu¡ozium, Dictanum and small amounts oî Polytrichum spp.,lichens were

predominantly Cladonia spp. The herbaceous cover contribution was extremely

low, being mostly made up of Arclia sp. Low shrubs covered approximately 5% of
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the plot and included species such as Arctostaphylos uva-ursi, Chimaphila

umbellata, Dieruilla lonicera, Linnaea borealis and Vaccinium spp.

Post-fire condítions on the JPR plot:

The 1980 fire was particularly severe on the Jackpine Ridge plot that rises

approximately four to five metres above the Blackspruce Bog and consists of an

undulating plain of small rock ridges, with low, occasionally damp areas in-

between. The northeast edges of the plot face a relatively sharp rock incline

which comes up from the Blind River. This combination of a steeply sloped rock

face along with mature, resinous conifers growing upon it, apparently produced a

"chimney-like" effect during the intense burning of the plot (W. Pruitt, pers.

comm.).

K. Johnson (pers. comm.) reported up to 60-700/o bare rock during the

earfy post-fire years on the ridge, with about27o/o litter/organic debris. A

vegetation survey by Martin (1983) two-years post-fire indicated percentage

covers of 15.5% bare rock, 48.2o/o litter and about 12.6o/o mosses of

predominantly Ceratodon purpureus and Polytrichum spp. Lichens and many of

the earlier mosses recorded by Penny were noticeably absent. The herbaceous

layer was consisted mainly of Aratia sp. and several post-fire colonizing species

such as Epilobium angustífotium and Polygonum cilinode. The low shrub layer

contained primarily Vaccinium spp., along with small amounts of Rubus spp.,

Ribes gtandulosum, Ledum groenlandicum, Linnaea borealis and several others

(mainly species favouring more moist habitats) that perhaps managed to survive
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the burn. During the 1984-85 season however, severe rain and wind storms

washed many of the seedlings and organic debris off the ridge rock surfaces

which set back recovery on the plot by severalyears (K. Johnson, pers. comm.).

Two to three years after the burn many of the Pinus banksiana fire-

damaged trees (some still possibly supporting rodent-edible cones) began to fall

over. Aþo during this time many big seed-producing, earty post-fire colonizing

plant species were noted on the ridge, including Epilobium, Geranium and

Corydatis. Additionally many berry-producing species also began to return to the

JPR which included Rosa, Vaccinium, Fragaría and Rubus rdaeus.

The vegetation survey in 2000 observed mean percentage covers of 31o/o

bare rock, 81.4o/olitter/organic debris and 20.5% fruticose lichens. Mosses

recorded during the pre-fire period such as Pleu¡ozium and Dicranum spp. were

present, however, in amounts of less than 1% within the many of the quadrats.

Potytrichum spp. was the most abundant moss within the quadrats, with a mean

cover value of nearly 4Oo/o. Low shrubs contributed less than 5% of the

vegetation cover on the Jackpine Ridge with small clumped distributions of

Dieruitla lonícera, Vaccinium myñilloides, Linnaea borealis and several other

species that were present during pre-fire times. Tall shrubs included scattered

Prunus pensylvanica and Sa/x spp. The scant herbaceous layer consisted of

only three to four thinly spread species.' Maianthemum canadense, Goodyera

repen s, Epitobium angu stifoliu m and Apocyn um andrcsaemifoliu m. Small

infrequent clumps of Carex foenea and Oryzopsrs spp. were found in areas able

to accumulate a substrate of organic debris.
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Upper canopy changes within the JPR:

The pre-fire tree stratum contained "a fairly dense upper canopy of Pinus

banksiana, Picea mariana and Picea glauca, all of which was lost in the fire"

(Martin 19S3). A survey of the Jackpine Ridge's upper canopy by Martin (1983)

showed a fairly evenly distributed forest of mainly mature standing dead Picea

spp. Approximately 368 out of the 434 trees recorded within the plot boundaries

were Picea spp., with the remainder being mostly Pinus banksiana.

Today, only about14 of these tall Prnus banksiana "snags" remain

standing upright within the plot. At present, dense stands of young Pinus

banksiana 3.0-5.5 metres in height occupy much of the plot and account for

almost 50% of the overhead coverage above the small mammal trapping

quadrats. Smaller pockets ol Picea mariana seedlings and saplings (50 cm-2.5

metres tall) are found scattered throughout the plot along with the occasional

young Populus tremuloides. lnfrequent species on the Jackpine Ridge are Larix

laricina and Betula papyrífera. No Prcea glauca were observed during the 2000

vegetation survey.

The Jackpine Ridge twenty years post-fire represents an elevated

landscape of dense jack pine saplings and rolling rock ridges that have been

cleared of their charred debris by many years of seasonal rainfall. Lichens and

mosses are slowly regaining a minute resemblance to their pre-fire conditions but

have many years to fill previously occupied niches. Little soil development has

occurred except in low areas or cracks in the rock substrate that have allowed

moisture and organic debris to accumulate. The fire behaviour on this plot was
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crown fire with complete vegetation destruction, on top of a rock pan. The habitat

experienced intense temperatures with much of its substrate burnt bare; leaving

a desolate landscape that willtake decades to regenerate.

Jackpine Sandplain (JPSP)

Pre-fire conditions (prior 1980):

The Jackpine Sandplain (510 02' 55.1"N, 0950 21' o1.2'W) with a GPS

altitude recording of 336 metres is a relatively uniform habitat both in terms of its

distribution of plant species and in its microtopography. The plot occurs on a

markedfy flat landscape (with the exception of one or tv,to Marmota monax

mounds found within its boundaries) with well-drained sandy soils supporting a

dominant Pinus banksiana community.

Pre-fire 1976 vegetation from Penny (1978) indicated primarily a moss

and lichen ground cover oÍ Pleurozium and Dicranum spp. with fruticose lichens

of Cladonia spp., and in association with abundant litter/organic debris fallen from

mature jack pines. The thin herbaceous layer included Maianthemum canadense

and Pyrola rotundifolia with a small presence of graminoids. The low shrub layer

contained Vaccinium myrtilloides, Arctostaphylos uva-ursiand Línnaea bo¡ealis

in decreasing amounts. No tall shrubs were indicated in the survey by (Penny

1978). The pre-fire habitat of the JPSP was described as being primarily |ichen

ground cover with little herbaceous species cover; chanterelles and other

mushrooms were also noted. The forest was fairly widely-spaced with about 50%
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of the ground shaded by the overhead jack pine canopy (K. Johnson, pers-

comm.).

Post-fire conditions on the JPSP plot:

Many visible changes occurred within the ground vegetation following the

1gB0 fire. Keleher (in Martin 1983) reported that "lichens and most mosses are

now absent". K. Johnson (pers. comm.) observed that much of the lichen surface

was burned down to its sand substrate and subsequently the remaining ash was

washed away bY rains.

Martin (1983) described the Sandplain as having "sparse ground

vegetation", and indicated litter/organic debris and bare soil/sand as being the

dominant ground cover variables - along with a notable absence of lichens and

mosses. Post-fire additions to the litter layer included many arboreal lichens

scattered throughout the plot from fallen branches. The presence of Polytrichum

sp. moss was also noted following the fire. The herbaceous cover consisted of a

thinly spread layer of few species such as Apocynum androsaemifolíum,

Maianthemum canadense and Galium boreale; some Carex spp. and graminoids

were recorded as well. Low shrubs included Vaccinium myrtilloides,

Arctostaphytos uva-ursíand Comus canadensr.s, with small amounts of several

other species. Martin (1983) also noted lhatVaccinium vitis-idaea and Ledum

grcenlandicum weÍepre-fire species not found in her 1gil2survey. ln the tall

shrub layer Alnus críspawas reported in the plot.
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Mean percent cover values of vegetation from the 2000 survey of the

JPSP showed ground cover as being predominantly litter/organic debris,

fruticose soil lichens, dead wood (logs), and mosses such as Polytríchum,

Dicranum and Pleurczium spp. - in descending order of percent cover. The

herbaceous layer included such species as Maianthemum canadense,

Apocynum androsaemifolium and Melampyrum líneare,was both thin and

sparse. Members of the wintergreen family (many now placed in family:

Ericaceae) found on the Jackpine Sandplain plot included: Chimaphila umbellata,

Pyrota asarífolia and P. rotundifolia. A few species (though uncommon) from the

orchis famify (Orchidaceae) were also present, and included: Cyprípedium acaule

and Goodyera repens. The weakly scattered graminoid species present consist

oÍ Oryzopsrs pungens and O. asperifolia. Low shrubs consist mainly of

Arctostaphytos uva-ursi, Vaccinium myrtilloides, V. vítís-idaea and Comus

canadensis. An infrequent tall shrub found on the plot is Alnus críspa.

Upper canopy changes within the JPSP:

The Jackpine Sandplain pre-fire descriptions were provided by several

sources (W. Pruitt, pers. comm.) and from stratified vegetation maps (Taiga

Biological Station, unpubl. files) made one year prior to the 1980 fire. The

vegetation map typified the Sandplain as having almost pure Pinus banksiana,

..." over 85% of the trees are jackpine with less than 15% blackspruce".

"Deciduous trees are uncommon". The Pinus banksiana layer dominated this

community with a tree stratum of approximately 20-25 metres tall. The plot was
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relatively open - due in part to the lack of dense jackpine sapling growth and to

the lack of fire-killed, wind-fallen trees found over much of the Sandplain today.

Many changes in the upper canopy have occurred throughout the Jackpine

Sandplain during the past twenty years.

Following the fire of 1980, approximately one-third to one-half of the

mature Plnus banksianaupper canopy remained. Upper canopy maps of the

Jackpine Sandplain plot were produced (based on the small mammal trapping

grid) during the years 1982 and 2000. The location and species identity of all

mature trees (both living and standing dead) were recorded on the maps. The

18-year hiatus allowed for several comparisons to be made among trees

contributing to the upper canopy today, with those in place shortly after the fire

pe¡od. The upper canopy map (see Martin 1983) may serve as an index for pre-

fire canopy conditions with three tree species recorded: Pinus banksiana, Picea

maríana and Abies balsamea in decreasing order of abundance.

Today, none of the Abies balsamea trees and saplings, nor mature Picea

mariana have been observed on the plot. ln 1982, the upper canopy contained

many fire-killed trees - standing dead that had yet to succumb to strong winds,

fungal agents and insects. Since that time, and as the years have progressed,

these trees are being increasingly recruited by the forest floor. The Sandplain is

currently represented by an almost pure stand of tall Pinus banksiana (many with

basalfire-scarred trunks) and by more living trees than standing dead, along with

a robust population of jackpine saplings 3-5 metres tall invading the plot.
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Appendix 4.2

Boreal forest origin and history of fire at TBS
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Borealforest orígins:

The borealforest has often been described as a geologically young

(Wright 1971) and ecologically dynamic biome (see Payette 1992). ln Alaska and

western Canada the borealforest developed during the early Holocene, about

10,000 years ago (Ritchie 1984). ln the east it is a much younger forest, about

4,OOO - 8,OOO years old as a result of late deglaciation (Webb 1987). The area

surrounding Taiga Biological Station was underneath glacial Lake Agassiz 9,000

years ago (Teller 1984). Approximately 7,500 years ago Lake Agassiz had

drained into Hudson Bay, allowing forests to continue their northward migration

until shortly after 6,000 years ago (Shay 1984). Forest boundaries within

Manitoba have subsequently shifted over the past 3,000 years in association with

the arrival of cooler and wetter conditions. Farmer et al. (1983) described boreal

plant species as "glacial transients" that migrated at a rate of approximately 200

km/1,000 yrs, southward and northward, during periods of glacial encroachment

and recession. Continued minor shifts in the major vegetation regions of

Manitoba have taken place over the last several centuries (Shay 1984).

The borealforest has also been characterized as a "floristically pool''

biome because of its harsh climate and cold soils with only nine or ten tree

species found throughout the North American range (Rowe and Scotter 1973;

Takhtajan 1986). Many of the forest communities are monospecific, while a

noticeabte proportion are composed of mixtures of tree species. This lack in

borealflora diversity appears to be the result of sustained, severe climatic

controls that occurred during the Quaternary (Payette1992). Carelton and
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Maycock (1978) proposed that the paucity of tree species was not simply due to

a climatic limitation, but also from the unpredictable nature of the outbreak of fire.

The study area surrounding Taiga Biological Station is predominantly

evergreen, dominated by black spruce (Picea maríana), and jack pine (Ptnus

banksiana), both of which occupy a continuum of habitat extremes. Black spruce

grows in a wide range of ecological conditions from areas of low-lying terrain

filled with peatlands to well-drained sandplains and elevated rock outcrops. Along

the margins of the Blind River, a tributary of Wallace Lake, black spruce often

formed extensive monotypic communities among the sphagnum bogs prior to the

large burn of 1980. Jack pine is more common in the drier upland sites and often

forms even-aged stands over large areas of burn on outwash sandplains. Young

Pinus banksiana are commonly found in burned areas of the lowland sphagnum-

filled bogs. Other characteristic coniferous species surrounding TBS include

white spruce (Picea glauca), tamarack (Larix laricina), and balsam fir (Abies

balsamea); where tree species presence depends on soil moisture availability

(Ritchie 1961). Broadleaved trees such as trembling aspen (Populus

tremutoídes), white birch, (Betula papyrífera), and balsam poplar (Populus

batsamifera), are interspersed throughout the area, particularly where recent fires

have occurred.

The type of borealforest that develops on a landscape is therefore

dependent on the local climate, physiography, landform, soil, permafrost and fire

regime found within an area (Bourgeau-Chavez et al. 2000). Historically, wildfire

seems to have always dominated the boreal zone. Past evidence of this long-
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term association between fire and forest exists in the fire-scarred trunks of

standing trees (Clark 1990) and in the charcoal-accumulated, stratigraphic

deposits found in peat beds (Heinselman 1963) and lake sediments (Swain

1973). Fire, perhaps because of its sheer rawness and creative potential in

initiating change across the boreal landscape, has been provided with many bold

descriptors: "a significant facto/' (Ahlgren and Ahlgren 1960), "a natural force"

(Mutch 1g70), "a tremendous force" (Bendell 1974), "a major natural disturbance"

(Ohmann and Grigal 1981), and finally, "a modifying agent" (Mclntosh 1983) - all

in reference to fire's relationship with forest ecosystems.

Fire is ubiquitous in the borealforest and is "inextricably woven into the

patterns" (in reference to the mature forest patterns found across Canada's

north) (Rowe and Scotter 1973). lndeed, fire is an essential part of forest

ecosystems and in a natural system should be regarded as a resource

(Hendrickson 1972). Hendrickson suggested that the acceptance of fire as a

normat, recurrent, environmental event should be a non-issue. The primary focus

should be on not whether a particular vegetation tract will burn, but rather "how

susceptible it is to fire"?

Fire history, behaviour, and ecologícal effects:

The fire regime refers to the fire history that characterizes an ecosystem.

The elements of a fire regime include fire frequency, fire intensity, size of burn,

depth of burn, and fire season (Heinselman 1980; Van Wagner 1983; Bonan and

Shugart 1g8g). Fire regimes in the North American borealforest vary from short-
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interval crown fires and/or high-intensity surface fire regimes, to very long-interval

crown and/or surface fire regimes. Heinselman (1978) included seven kinds of

fire regimes for forest ecosystems (in terms of the severity and length of the

return interval) in order to identiff important differences in the way fire influences

ecosystems. ln his earlier work, Heinselman (1973) referred to the natural fire

rotationas the average time required for a naturalfire regime to burn over an

area equivalent to the total area of an ecosystem. Van Wagner (1978) described

a similar concept, the fire cycle (the average interval between fires at any single

point), from the distribution of present stand ages in a natural forest. For

example, if the mean age of randomly sampled stands is 100 years, then the fire

rotation time is also 100 years (Cogbill 1985).

Fire rotation time is relatively short from 50 - 100 years in much of Alaska

and western Canada's borealforest, but may increase to 500 years or more in

eastern Canada with increased precipitation (Viereck 1983). The Great Lakes-St.

Lawrence-Acadian forests have several distinct fire regimes: 'Jack pine barrens"

on sandplains had regimes of light surface fires with cycles as short as l5 - 30

years while large peatlands in Minnesota supporting black spruce had crown fire

regimes at cycles of 150 -200 years (Heinselman 1978). Abundant

documentation of borealfire regimes can be found in (Lutz 1956; Heinselman

1973; Swain 1973; Rowe and Scotter 1973; Carroll and Bliss 1982). Since each

physiographic site tends to have its own retum interval some areas may not burn

during a given fire cycle, whereas other areas may burn more than once

(Heinselman 1978; Rowe 1983).
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Zackrisson (1977) suggested the expression of fire rotation to include both

fires caused by lightning and those started by humans, since the development of

the forest ecosystem cannot be considered to remain uninfluenced by people.

The calculated fire rotation is valuable as an historicalfactor showing the extent

to which fire has affected the development of the landscape as a whole.

However, it does not reflect the degree of disturbance in a particular biome

(Heinselman 1973). Recent human activities in North American borealforests

have likely modified fire regimes (Campbell and Flannigan 2000).

The Wallace-Aikens Lakes region is composed largely of conifer stands

resulting from fires during the following years: 1895, 1929,1948, 1976 and 1980

(Section l, Fig. 2). A lightning-initiated fire in 1976 consumed approximately 40

km2 of 81-year-old timber northeast and northwest of Wattace Lake. Four years

later in the spring of 1980, an improperly tended campfire on the north shore of

Wallace Lake lead to the development of a major forest fire. Eventually, by the

time summer was over, about 600 km2 of both 51-year-old and 85-year-old forest

in the Wallace-Aikens Lake area had burned (Schaefer and Pruitt 1991). The

history of recorded fires indicates that the interval of occurrence for fires in the

Wallace-Aikens Lake region ranges from 19-34 years.

Heinselman (1978) and Campbell and Flannigan (2000) noted that fire

occurrence records over a short time (even several centuries) provide little

assurance that they are representative of long-term trends. The effects of fire,

whether short-term or long-term are complex. The degree of perturbation fire has

on the borealecosystem depends on several elements including the nature of
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the forest burned, the size and intensity of the burn, the distribution of unburned

sites in relation to the burn, and the geographic landscape of the area under

consideration (Rowe and Scoüer 1973).

To understand fire's evolutionary role in ecosystem development,

knowledge of life history attributes is required (Keeley 1978). Plants are assumed

to adjust to fire regimes through the evolution of functional adaptations and

reproductive strategies to cope with fire (Rowe 1983; Zasada et al. 1992).

Specific components of the fire regime - fire frequency and burning pattern (i.e.,

patchy or extensive) exert the greatest selective force on the reproductive

strategies of plants. The primary success of modern boreal forest tree species

has been evident in their ability to accommodate to extremes of environmental

change. Together, the breeding systems of boreal conifers along with their

associated high levels of genetic variability and plasticity constitute the "raw

material for continued adaptation to changing environments" (Farmer et al.

1e83).

Fire climate:

During the period 1970 to 1980 in the west-central part of Canada, climatic

anomalies produced prolonged periods of dry weather. Subsequently, a dramatic

. increase in the numbers of forestfires occurred with northwestern Ontario's 1980

fire season being recognized as partiCularly severe. During the month of May

1980, a stable, high pressure system existed over central North America for an

extended period, effectively blocking the flow of atmospheric moisture into areas
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of Ontario and Manitoba. The effects of low precipitation and continued warm,

dry weather, in combination with fast-drying forest fuels, lead to conditions

extremely susceptive to severe forest fire problems (Stocks and Street 1983).

Flannigan and Harrington (1988) found that the distribution of precipitation (i.e.,

frequency of dry spells) rather than precipitation amount was the critical factor in

the relationship between a meteorologicalvariable and area burned.

The Wallace-Aikens Lake area fire was first reported on May 20, 1980 in

the early hours of the morning and officially extinguished on June 30, 1980, at

noon. The Fire Weather lndex (FWl), which is a numericat rating of fire intensity

at the time of ignition, was classified at "58" W¡ldfire Report 1980). Any rating

above 10 (i.e., Fl /l > 10) falls in the "high - extreme" category (Wein and

Maclean 1983). Winnipeg Free Press articles from May 21,23, and 31, 1980

described weather conditions during the early days of the burn...

"fires yesterday in the tinder-dry forests of Manitoba and
Northwest Ontario led to the evacuation of hundreds of
people from towns and summer cottages. Firefighting
efforts have been hampered by extreme heat and high
winds".

"Record setting temperatures and high winds are ravaging
huge tracts of land in Manitoba and Northwestern Ontario.
Firefighters can expect some record highs of 380C again
today".

"the bone-dry weather of April has been followed by below
normal precipitation for the month of May, only 7.2 mm has
fallen so far with normal precipitation for the month of May
being 93 mm (data recorded at the Winnipeg Airport
weather station)".
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According to the newspaper articles, some fire-prone areas in Manitoba

had experienced more than nine consecutive days of above 300 C temperatures

with winds stronger than usual for the month of May. Suppression costs of over a

quarter of a million dollars were assessed for labour, transportation, property and

equipment (however this did not include the costs for military aircraft and

personnel) involved in fighting the Wallace Lake fire (Wildfire Report 1980).

Schaefer and Pruitt (1991) found that resistance to fire at TBS was

strongly habitat-dependent (i.e., semi-open bogs, upland communities, or mixed

deciduous forests) each responded with a varying susceptibility to burning. The

six small mammal study plots at TBS represent habitats that express a

continuum of fire-damaged environments. They are recognized by their

ecologicalcharacteristics including: vegetation, soil, and land form, that present

essentially a uniform environment. Together they make up a mosaic of diverse

ecosystems at TBS, from pure, even-aged, Pinus banksiaina stands on well-

drained sandy soils, to mixed forests on thin mineral soils overlying bedrock, to

Picea mariana stands on poorly drained organic wetlands.
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TABLE B.1a Comparison of the relative abundances (numbers captured/100 trap nights)
of Alder-Tamarack Bog small mammal species during different time intervals at Taiga
BiologicalStation. The overall relative abundance during 24 sampling-years is included
É 1S.D.

Species (77-79) (80-85) (86-90) (91-95) (96-01) Overall S.D.
Clethríonomys gapperi 3.56 2.60 4.27 1.00 0.22 2.14 6.358
Sorex cinereus
Percmyscus maniculatus
Microtus pennsylvanicu s
Bla¡ina brcvícauda
Microsorcx hoyi
Sorex a¡cticus
Synaptomys sp.
Glaucomys sabrínus
Tamiasciurus hudsonicus

2.22 2.40 4.07 4.67 1.89 3.O7 6.372
0.11 0.07 0.07 0.00 0.00 0.04 0.338
0.33 0.07 0.67 1.00 0.39 0.50 1.978
o.11 0.07 0.13 0.00 0.06 0.07 0.509
0.00 0.00 0.o7 0.00 0.00 0.03 0.282
0.11 0.00 0.27 0.07 0.11 o.11 0.761
0.11 0.13 0.00 0.07 0.00 0.06 0.482
0.00 0.00 0.00 0.00 0.06 0.01 0.2u
0.00 0.00 0.27 0.00 0.06 0.07 0.658

Number of trap nights 900 1500 1500 1500 1800 7200
Totalrelative abundance 6.55 5.34 9.82 6.81 2.79

Without sciurids 6.55 5.U 9.55 6.81 2.67

TABLE B.1b Comparison of the relative abundances (numberc captured/l00 trap nights)
of the Aspen Upland small mammal species during different time intervals at Taiga
BiologicalStation. The overall relative abundance during 24 sampling-years is included
r 1S.D.

Species (77-79) (80-85) (86-90) (91-95) (96-01) Overall S.D.
Clethríonomys gapperi 3.67 3.60 8.33 5.07 1.50 4.43 9.778
Sorex cine¡eus 0.78 1.80 1.80 2.20 1.39 1.65 3.605
Percmyscus maniculatus 0.00 2.47 1.80 1.67 1.50 1.61 3.158
Microtu s pen n sylvan ic u s
Blarina brcvicauda
Microsorcx hoyi
Sorex arcticus
Synaptomys sp.

Zapus hudsonius
Glaucomys sabrinus
Tamias minimus

Phenacomys intetmedius 0.00 0.00 0.07 0.13 0.00 0.04 0.338

0.00 0.27 0.40 0.67 0.00 0.28 1.239
0.00 0.07 0.o7 0.00 0.17 0.07 0.658
0.00 0.00 0.07 0.00 0.00 0.01 0.2M
0.11 0.00 0.00 0.00 0.00 0.01 0.2M
0.00 0.00 0.13 0.07 0.00 0.04 0.338

0.00 0.00 0.00 0.40 0.06 0.10 0.624
0.11 0.13 0.07 0.13 0.06 0.10 0.550
0.11 0.07 0.67 0.33 0.17 0.28 1.274

Tamiasciurus hudsonicus 0.00 0.07 0.00 0.07 0.06 0.04 0.338
Number of trap nights 900 1500 1500 1500 1800 7200

Totalrelative abundance 4.78 8.48 13.41 10-74 4-91
Without sciurids 4.56 8.21 12.67 10.21 4.62
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TABLE B.1c Comparison of the relative abundances (numbers captured/100 trap nights)
of the Blackspruce Bog small mammal species during different time intervals at Taiga
BiologicalStation. The overallrelative abundance during 25 sampling-years is included
r ls.D.

Species (77-79) (80-85) (86-90) (91-95) (96-01) Overall S.D.
Clethríonomys gapperí 0.4 1.22 3.13 1.87 0.94 1.57 4.392
Sorex cíne¡eus 0.56 0.83 r.53 0.87 0.72 0.92 2.385
Peromyscus maniculatus 0.00 1.17 0.00 0.00 0.06 0.29 2.242
M icrotu s pen n sylva nicu s
Microsorcx hoyí
Sorex arcticus
Synaptomys sp.
Zapus hudsonius
Tamias minimus

0.00 0.28 0.00 0.o7 0.06 0.09 0.737
0.00 0.00 0.07 0.00 0.00 0.01 0.200
0.00 0.00 0.00 0.o7 0.06 0.03 0.277
0.00 0.00 0.07 0.00 0.00 0.01 0.200
0.00 0.00 0.00 0.00 0.06 0.01 0.200
0.00 0.00 0.07 0.00 0.00 0.01 0.200

Iamräsciurus hudsonicus 0.00 0.06 0.00 0.00 0.17 0.05 0.374
Numberof trap nights 900 1800 1500 1500 1800 7200

Total relative abundance 1.00 3.56 4.87 2.88 2.O7
Without sciurids 1.00 3.50 4-80 2.88 1.90

TABLE B.1d Comparison of the relative abundances (numbers captured/100 trap nights)
of the Ecotone small mammal species during different time intervals at Taiga
BiologicalStation. The overall relative abundance during 24 sampling-years is included
r 1S.D.

Species (77-79) (80-85) (86-90) (91-95) (96-01) Overatl S.p.
Clethrionomys gapperí 3.00 3.87 6.40 3.00 1.33 3.47 7.912
Sorcx cine¡eus 2.M 2.67 3.67 3.00 1.44 2.61 5.305
Percmyscus maniculatus 0.00 1.13 0.60 0.40 0.17 0.49 1.888
M ictotu s pen n sylvanicu s
Blarina brcvícauda
Microsorex hoyi
Sorex arcticus
Synaptomys sp.
Zapus hudsonius
Condylum crístata
Glaucomys sabrínus
Tamias minímus

o.4 0.27 0.33 0.53 0.17 0.33 1.474
0.22 0.27 0.40 0.00 0.11 0.19 1.139
0.00 0.00 0.13 0.07 0.00 0.04 0.338
o.22 0.07 0.00 0.00 0.00 0.04 0.48
0.11 0.00 0.00 0.07 0.06 0.04 0.338
0.00 0.00 0.07 0.00 0.17 0.06 0.637
0.00 0.07 0.00 0.00 0.00 0.01 o.2M
0.00 0.07 0.07 0.00 0.06 0_04 0_338
0.11 0.13 0.93 0.40 0.22 0.38 1.329

Tamiasciurus hudsonicus 0.11 0.00 0.00 0.67 0.06 0.17 1.063
Number of trap nights 900 1500 1500 1500 1800 7200

Total relative abundance 6.65 8.55 12.60 8.14 3.79
Without sciurids 6.43 8.35 1 1.60 7.O7 3.45
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TABLE B.1e Comparison of the relative abundances (numbers captured/100 trap nights)
of Jackpine Ridge small mammal species during different time intervals at Taiga
BiologicalStation. The overall relative abundance during 24 sampling-years is included
r ls.D.

Species (77-79) (80-85) (86-90) (91-95) (96-01) Overall S.D.
Clethríonomys gappeñ 2.67 2.27 4.27 0.87 1.83 2.33 5.718
Sorex cinercus
Percmyscus maniculatus
Blarína b¡evicauda
Glaucomys sabñnus
Tamias minimus
Tamiasciu rus hudsonicu s

1.67 0.60 0.67 0.47 0.00 0.57 2.562
0.00 4.53 2.40 0.53 0.06 1.57 9.355
0.00 0.07 0.00 0.00 0.00 0.01 0.204
0.00 0.00 0.07 0.00 0.06 0.03 0.282
0.00 0.13 0.53 0.33 0.17 0.25 0.944
0.11 0.13 0.07 0.47 0.17 0.19 0.830

Number of trap nights 900 1500 1500 1500 1800 7200
Totalrelative abundance 4.45 7.73 8.01 2-67 2.29

Without sciurids 4.U 7.47 7.U 1.87 1.89

TABLE B.lf Comparison of the relative abundances (numbers captured/100 trap nights)
of Jacþine Sandplain smallmammalspecies during differenttime intervals atTaiga
BiologicalStation. The overallrelative abundance during 25 sampling-years is included
r 1S.D.

Species (77-79) (80-85) (86-90) (91-9$ (96-01) Overall S.D.
Clethríonomys gapperi
Sorex cinercus
Percmyscus maniculatus
M ictotu s pen n sylva nîcu s
Synaptomys sp.
P hen aco mys intetmedi u s
Zapus hudsonius
Glaucomys sabñnus
Tamias minimus
Tamiasciurus h udsonicus

0.56 1.11 3.13 1.60 1.17 1.51 0.436
o.44 0.06 0.07 0.60 0.17 0.27 0.107
0.00 2.56 1.00 2.27 2.67 1.70 0.519
0.00 0.00 0.07 0.00 0.00 0.01 0.014
0.11 0.00 0.00 0.00 0.00 0.o2 0-022
0.00 0.00 0.00 0.00 0.06 0.01 0.012
0.00 0.06 0.07 0.20 0.06 0.08 0.033
0.00 0.11 0.40 0.07 0.06 0.13 0.070
0.00 0.06 1.o7 1.00 0.89 0.60 0.236
0.00 0.11 0.o7 0.00 0.00 0.04 0_022

Numberof trap nights 900 1800 1500 1500 1800 7200
Total relative abundance 1.11 4.07 5.88 5.74 5.08

WÍthout sciurids 1.11 3.79 4.U 4.67 4.13
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TABLE B.2a Summary of distribution and abundance of all small mammal species
captured (sciurids omitted) by habitat at Taiga Biological Station. Species diversity and
evenness measures are based on the Shannon lndex of diversity. Habitat names have been
abbreviated (ATB= Alder-Tamarack Bog; ASP= Aspen upland; BSB= Blackspruce Bog;
ECO= Ecotone; JPR= Jackpine Ridge; JPSP= Jackpine Sandplain).

9pecies ATB ASP BSB ECO JPR JpSp
Clethrionomys gapperi 154 319 118 250 168
Solex cinercus
Peromyscu s maniculatus

221 119 69 188 41
3 116 22

Mícrotus pennsylvanicus 36 20 7
Blarinabrevicauda 5 5 0

35 114 143
2401
14 l0

18

324 287
7200 7500
4.50 3.83

47

0.71 0.53

5044.6 4896.5
70.06 65.65

Microsorcxhoyi 2 1 1 3 0 0
Sorexarcticus I 1 2 3 0 0
Synaptomyssp. 4 3 I 3 O 1

Phenacomysintermedius 0 3 0 0 0 I
ZapushudsoniusOTl406
Condylu¡acñstata O 0 O 1 0 O

Total caught
Totaltrap nights

Relative abundance
Species richness

7200 7500
8.25 2.95
108

0.54 0.55

8685.3 2935.7
120.64 38.64

433
7200
6.01

I

525
7200
7.29

10

0.55

6629.2
92.O7

Species diversity 1.146 1.245 1.153 1.277 0.988 1.OZT
Evenness 0.55

Totalbiomass 4539.9
Relative biomass 63.06

TABLE B.2b Summary of distribution and abundance of all small mammal species captured
(sciurids included) by habitat at Taiga Biological Station.

JPSPASP BSB
Glaucomys sabrínus
Tamias minimus
Tamiasciurus h udsonicu s

TB

-
0
5

A
I

20
3

0
1

4

JPR
2

l8
14

ECO
3

27
12

10
48

3
Sciurids caught

Mammals captured in total
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

31 5
625 226

7200 7500
8.68 3.01
13 10

1.424 1.245
0.56 0.54

423/.
567 358

7200 7200
7_88 4.97
137

1.508 1.290
0.59 0.66

6
439

7200
6.10

10
1.208
0.52

6l
u8

7500
4.æ

10
1.422
o.62

8433.5
112.81

5645.1 11082.7
78.41 153.93

3366.3 10403.0
4.39 144.48

8650.9
120.14
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TABLE B.3a Summary of the Alder-Tamarack Bog small mammal community
(sciurids omitted) by grouped intervals in years at Taiga Biological Station-

Species (77-79) (80-85) (86-90) (91-95) (96-01)
Clethríonomys gapperi 32 39æ154
Sorex cinereus 20 36 61
Percmyscusmaniculatus 1 1 1

Microtuspennsylvanicus 3 1 10
Blarina brcvicauda
Microsorcx hoyi
Sorex arcticus
Synaptomys sp.

1

0
1

1

1

0
0
2

2
1

4
0

00
157
01
01
12
l0

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

59
900

6.55
7

1.127
0.58

723.8
80.43

80
1500
5.U

6
0.966

0.54

915.2
61.01

143
1500
9.55

7
1.138
0.59

1580.5
105.36

102
1500
6.81

5
0.913
0.57

824.5
54.97

49
1800
2.67

6
1.026
0.57

495.9
27.55

TABLE B.3b Summary of the Alder-Tamarack Bog small mammal community
(sciurids included) by grouped intervals in years at Taiga Biological Station.

Species (77-79) (80-85) (86-90) (91-95) (96-01)
Clethríonomys gappeñ
Sorex cinercus 20 36
Peromyscus maniculatus 1 1

Microtus pennsylvanicus 3 1

Blañna brcvícauda 1 1

Microsorcx hoyi 0 0
Sorex arcticus 1 0
Synaptomys sp. 1 2
Glaucomys sabrinus 0 0
Tamiasciurus hudsonicus 0 0

64154
61703/.
100

10157
201
101
412
010
001
401

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

59
900

6.55
7

1.127
0.58

723.8
80_43

80
1500
5.34

6
0.966

0.54

915.2
6r.01

147
1500
9.82

I
1.232
0.59

2382.4
158.82

102
1500
6_81

5
0.913

0.57

824.5
il.97

51
1800
2.79

I
1.178
0.57

799.2
44.40



TABLE B.4a Summary of the Aspen Upland small mammal community
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(sciurids omitted) by grouped intervals in at Taiga Biological Station.

Çpecies (77-79) (80-85) (86-901 (91-9Ð (964r)
Clethrionomys gapperí 37 æ 125 Z6 n
Sorex cinereus 7 27 27
Percmyscus maniculatus 0 37 27
Microtuspennsylvanicus O 4 6

33 25
25 27
100

153 83
1500 1800
10.21 4.62

75
1.369 1.265
o.70 0.79

2166.4 1088.9
1M.52 60.49

Blarinabrevicauda 0 1 1 0 3
Microsorexhoyí 0 O I 0 0
Sorexa¡cticus I 0 0 0 0
Synaptomyssp. 0 0 2 I O

Phenacomysintermedius 0 0 1 2 0
hudsonius

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

45
900

4.56
3

0.535
0.49

591.4
65.71

123
1500
8.21

5
1.206
0.75

1697.9
113.19

190
r500
12.67

I
1.O70
0.51

3140.7
209.38

TABLE B.4b Summary of the Aspen Upland small mammal community
(sciurids included) by time intervals in at Taiga Biological Station.

Percmyscus maniculatus
M icrotu s pe n nsylva n ic u s
Blarina brevícauda
Microsorcx hoyi
Sorex arcticus
Synaptomys sp.
P h e n aco mys i nte rmed i u s
Zapus hudsonius
Glaucomys sabrínus
Tamias minimus
Tamiasciurus h udsonicus

27
25
27
0
3
0
0
0
0
1

2
3
1

76
33
25
10
0
0
0
1

2
6
2
5
1

125
27
27
6
1

1

0
2
1

0
1

10
0

u
27
37
4
1

0
0
0
0
0
2
1

1

37
7
0
0
0
0
1

0
0
0
1

1

o
Total caught

Totaltrap nights
Relative abundance

Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

751.9 2157.0 3653.2
83.55 143.80 243.57

161 89
1500 1800
10.74 4.91

108
I.W 1.466
0.67 0.70

2813.4 1707.2
187.65 94.85

47
900

4.78
5

o.718
0.45

127
1500
8.48

I
1.U1
0.64

201
1500

13.41

10
1.240
0.54
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TABLE B.Sa Summary of the Blackspruce Bog smallmammalcommunity
(sciurids omitted) by grouped intervals in years at Taiga Biological Station.

Species (77-79) (80€$ (86-90) (91-9$ (96-0j)
Clethríonomys gapperí 4 22 47 28 1Z
Sorex cine¡eus 515231313
Percmyscusmaniculatus O 21 0 0 1

Microtuspennsylvanicus 0 5 0 I 1

Microsorexhoyi 0 0 1 0 0
Sorexarcticus 0 0 0 1 1

Synaptomyssp. 0 0 1 0 0
hudsonius

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

I
900
1.00

2
0.687

0.99

81.9
9.10

63
1800
3.56

4
1.279
0.92

72
1500
4.80

4
o.762

0.55

1000.5
66.69

43
1500
2.88

4
0.816

0.59

516.r
u.41

u
1800
1.90

6
1.129
0.63

408.0
22.66

929.2
51.62

TABLE B.5b Summary of the Blacksprueæ Bog smallmammalcommunity
(sciurids included) by grouped intervals in years at Taiga Biological Station.

Spec¡es (77-79) (80-85) (86-90) (91-95) (e6-01)
Clethñonomys gappei 4 22 47 28 17
Sorex cinercus
Pe romyscu s m anicu I atu s
M icrotu s pen n sylvanicu s
Microsorex hoyi
Sorex arcticus
Synaptomys sp.
Zapus hudsonius
Tamias minímus
Tamiasciu rus h udsonicu s

51523
021 0
050
001
000
001
000
001
010

13
0
1

0
1

0
0
0
0

l3
1

I
0
1

0
1

0
3

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

0.687
0.99

81.9
9.10

5
r.339
0.83

929.2
51.62

73
1500
4.87

5
o.824

0.51

1043.7
69.57

43
1500
2.88

4
0.816
0.59

713.7
47.57

37
r800
2.O7

7
1.3r9
0.68

597.8
33.20

65
1800
3.62

I
900

1

2
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TABLE B.6a Summary of the Ecotone small mammal community
(sciurids omitted) by grouped intervals in years at Taiga Biological Station.

Species (77-79) (80€5) (8Ge0) (91-95) (e6-0r)
Clethrionomys gapperi 27 58 96 45 24
Sorex cinereus 22
Percmyscus maniculatus 0

40 55 45 26
17963

Microtuspennsylvanícus 4 4 5 I 3
Blarinabrevicauda 2 4 6 0 2
Mícrosorexhoyi 0 0 2 1 0
Sorexarcticus 2 1 0 0 0
Synaptomyssp- I 0 0 1 1

Zapushudsonius00l03
Condylurcqistata O 1 O O O

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

125 174
1500 1500
8.35 11.60

77
1.290 1.145
0.66 0.59

1721.3 2439.8
114.75 162.65

62
1800
3.45

58
900

6.43
6

1.210
0.68

625.5
69.49

106
1500
7.O7

6
1.173
0.65

1168.1
77.88

7
1.U9
0.69

674.5
37.48

TABLE B.6b Summary of the Ecotone small mammal community
(sciurids included) by grouped intervals in years at Taiga Biological Station.

Species (77-7e) (80-85) (86-90) (e1-e5) (96-o1)
Clethrionomys gapperí 27 58 96 45 24
Sorex cine¡eus 22
Percmyscus maniculatus 0
Microtus pennsylvanicus 4
Blarina brevicauda 2
Microsorcx hoyi 0
Sorex arcticus 2
Synaptomys sp. 1

Zapus hudsonius 0
Condyluru cñstata 0
Glaucomys saónizus 0
Tamias minimus 1

Tamiasciurus hudsonicus I

40 55 45 26
17963
4583
4602
0210
1000
0011
0r03
1000
1101
21464

010 1

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

128 189
1500 1500
8.55 12.60

99 8r0
1.495 1.605
o.72 0.7

3244.7 1193.2
216.32 66.30

60
900

6.65

122
1500
8.14

68
r800
3.79

I
1.339
0.el

900.9
r00.09

1.386 1.35
0.63 0.61

1921.5 3142.7
120.60 209.51
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TABLE B.7a Summary of the Jackpine Ridge smallmammalcommunity
(sciurids omitted) by grouped intervals in years at Taiga Biological Station.

Species (l77-791 (80-85) (86-90) (91-9$ (96-01)
Clethrionomys gapperí
Sorex cinercus
Percmyscus maniculatus
Blarina b¡evicauda

33
0
2
0

13
7
I
0

64
10
36

0

u
I

68
1

24
15
0
0

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

39
900
4.U

2
0.666
0.96

443.4
49.27

112
1500
7.47

4
0.910

0.66

1806.7
120.45

lr0
1500
7.U

3
0.899

o.82

1778.3
118.56

28
1500
1.87

3
1.061
0-97

360.6
24.44

35
1800
1.89

2
0.133
0.19

655.6
36.42

TABLE B.7b Summary of the Jackpine Ridge small mammal eommunity
(sciurids included) by grouped intervals in years at Taiga Biologicat Station.

Species (77-79) (80-85) (86-90) (91-95) (e6-01)
Clethríonomys gapperi 24 U 64 13 33
Sorex cine¡eus 15
Percmyscus maniculatus 0
Blañna brcvicauda 0
Glaucomys sab¡ínus 0
Tamias minimus 0
Tamiasciurus hudsonicus 1

91070
683682
1000
0101
2853
2173

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

40 42
1500 1800
2.67 2.29

55
1.557 0.739

40
900

4.45
3

o.767
o.7

64¡5.2

71.69

116
1500
7.73

6
1.052
0.59

2283.6
152.25

120
1500
8.01

6
1.164
0.65

2321.7
1il.79

0.97 0.46

1924.2 1476.2
128.28 82.01
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TABLE B.8a Summary of the Jackpine Sandplain small mammalcommunity
(sciurids omitted) by grouped intervals in years at Taiga Biological Station.

gappen
Sorex cinercus
Peromyscus maniculatus
M icrotu s pen n sylva n icu s
Synaptomys sp.
P he n acomys i ntetmed í u s
Zapus hudsonius

5
4
0
0
1

0
0

21

3
48

0
0
,l

1

24
I

34
0
0
0
3

47
1

15
1

0
0
1

20
1

46
0
0
0
1

Total caught
Totaltrap nights

Relative abundance
Species richness
Species diversity

Evenness

Totalbiomass
Relative biomass

70 74
1500 1800
4.67 4.13

45
1.117 0.884
0.81 0.55

1060.8 1206.8
70.71 67.05

10
900
1.11

3
0.943
0.86

68
1800
3.79

4
0.748

0.54

1270.3
70.57

65
1500
4.U

5
0.766
0.48

1257.1
83.81

128.7
14.30

TABLE B.8b Summary of the Jackpine Sandplain small mammalcommunity
(sciurids included) by grouped intervals in years at Taiga Biological Station.

Spec¡es (77-79) (8045) (86-90) (e1-9Ð (96-91)
Clethríonomys gapperí 20 47
Sorex cinercus 4 1

Peromyscus maniculatus 0 46
Microtus pennsylvanicus 0 0
Synaptomys sp. 1 0
Phenacomys inte¡medíus 0 0
Zapus hudsonius 0 1

Glaucomys sabrinus 0 2
Tamias minimus 0 1

1

15
1

0
0
1

6
t6

24 21

93
3448
00
00
01
31
1

15
1

16
0Tamiasciurushudsonicus 0 2 I 0

Total caught
Totaltrap nights

Relative abundance
Species richness
Species divercity

Evenness

Totalbiomass
Relative biomass

10
900
1.11

3
0.943

0.86

73
1800
4.07

7
1.019
0.52

1974.6
109.70

88
1500
5.88

8
r.333
0.64

2683.1
178.87

86
1500
5.74

6
1.433

0.8

91

1800
5.08

7
1.243
0.64

128.7
14.30

1724.9 1949.4
114.98 108.31
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TABLE 8.9 Characteristics of the small mammal communities (sciurids omitted) in six habitats
at Taiga Bíological Station. The Shannon lndex of diversity and evenness for the small mammals
are compared across sites during different time intervals .

Habitat
Alder-Tamarack Bog

77 -79
80-85
86-90
9l -95
96-01

HabÍtat
Aspen Upland

77 -79
80-85
86-90
91-95
96-01

Habitat
Blackspruce Bog

77 -79
80-85
86-90
91 -95
96-01

Habitat
Ecotone
77 -79
80-85
86-90
9l -95
96-01

Habitat
Jackpine Ridge

77 -75
80-85
86-90
9l-95
96-0r

Habitat
Jackpine Sandplain

77 -79
80-85
86-90
91 -95
96-01

Species
diversity

1.13
0.97
1.14
0.91
1.03

Species
diversity

0.53
1.21
1.07
1.37
1.27

Species
diversity

0.69
1.28
0.76
0.82
1.13

Species
diversity

1.21
1.29
1.14
1.17
1.35

Species
diversity

0.67
0.91
0.90
1.06
0.13

Species
diversity

0.94
0.75
0.77
1.12
0.88

Species
richness

7
6
7
5
6

Species
rieåness

3
5
8
7
5

Species
richnqss

2
4
4
4
6

Species
richness

E'

7
7
6
7

Species
richness

2
4
3
3
2

Species
richness

3
4
5
4
5

0.86
o.il
0.48

Relative
biomass

80.43
61.01

105.36
il.97
27.55

Relative
biomass

65.71
fi3.19
209.40
14ø..52

60.50

Relative
biomass

9.10
51.62
66.69
u.40
22.66

Relative
biomass

69.49
114.75
162.65
77.88
37.ß

Relative
biomass

49.27
120.45
118.56
24.U
36.42

Relative
biomass

14.30
70-57
83.80
70.71
67.05

Relative
Evenness abundance

0.58 6.55
0.54 5.v
0.59 9.55
0.57 6.81
0.57 2.67

Relative
Evenness abundance

0.49
o.75
0.51
0.70
0.79

4.56
8.21

12-67
10.21
4.62

Relative
Evenness abundance

0.99 LOO
0.83 3.56
0.55 4.80
0.59 2.88
0.63 1.90

Relative
Evenness abundance

0.68 6.43
0.66 8.35
0.59 11.60
0.65 7.O7

3.450.69

Relative
Evenness abundance

0.96 4.U
0.66 7.47
0.82 7.U
0.97 1.87
0.19 r.89

Relative
Evenness abundance

1.11
3.79
4.U

0.81 4.67
0.55 4.13
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TABLE 8.10 Characteristics of the small mammalcommunities (sciurids included) in six habitats
at Taiga Biological Station. The Shannon lndex of díversity and evenness for the small mammals
are compared across sÍtes during different time intervals .

Habitat
Alder-Tamarack Bog

77 -79
80-85
86-90
9t -95
96-01

Habitat
Aspen Upland

Tr -79
80-85
86-90
91 -95
96-01

Habitat
Blackspruce Bog

77 -V9
80-85
86-90
91 -95
96-01

Habitat
Ecotone
77 -79
80-85
86-90
9l-95
96-01

Habitat
Jackpine Ridge

77 -79
80-85
86-90
91 -95
96-01

Habitat
Jackpine Sandplain

77 -79
80-85
86-90
91 -95
96-01

Species
diversíty

1.13
0.97
1.23
0.91
1.18

Species
diversity

0.72
1.U
1.24
1.54
1.47

Species
diversity

0.69
1.34
0.82
0.82
1.32

Species
diversity

1.U
1.39
1.35
1.49
1.60

Species
diversity

0.77
1.05
1.16
l.s6
o.74

Species
diversity

0.9{
1.O2

1.33
1.43
1.24

Species
richness

7
6
I
5
I

Species
richness

5
I

l0
10
I

Species
richness

2
5
5
4
7

Species
richness

I
I
9
I

10

Species
richness

3
6
6
5
5

Species
richness

3
7
I
6
7

8.14
3.79

Relative
biomass

80.43
61.01

158.82
il.97
44.40

Relative
biomass

83.55
143.80
243.57
187.65
9r.85

Relative
biomass

9.10
51-62
69.57
47.57
33.20

Relative
biomass

100.09
120.60
209.51
216.32
66.30

Relative
biomass

71.69
152.2s
1il.79
128.28

82.O1

Relative
biomass

14.30
109.70
178.87
114.98
108.3r

Relative
Evenness abundance

0.58 6.55
0_54 5.U
0.s9 9.82
0.57 6.81
0.57 2.79

Relative
Evenness abundance

0.45 4.78
0.64 8.48
0.54
0.67
0.70

13.41
10.74
4.91

Relative
Evenness abundance

0.99 1.00
0.78 3.62
0.51 4.87

Relative
Evenness abundance

0.64 6.65
0.63 8.55
0.61 12.60

2.88
2.O7

0.59
0.68

o.72
0.70

Relative
Evenness abundance

0.70 4.45
0.59 7.73
0.65 8.01
0.97 2.67
0.46 2.29

Relative
Evenness abundance

0.86 1.11
0.52 4.07
0.64 5.88
0.80 5.74
0.64 5.08
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TABLE C.1 A comparison of vegetation surveys across six sites at Taiga Biological Station completed during
different periods of time. Three of the most dominant habitat variables (in descending order of mean percent
coveËrge) were seleded from each survey.

Ground Cover

Fems And Allies
Lycopodium annotinum

Ledum groenlandicum

rugosa
glandulosa

Herbaceous Cover

Carex disperma
Carex aquatilis

Low Shrubs (<1m)

banksiana
mariana

Herbaceous Cover canadense
nudicaulis

pufpufascens
spictata

sp.
ic debris

trifolia
palus{ris
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TABLE C.1 vegetation surveys continued.

(c)

Ground Gover

TallShrubs

Herbaceous Cover

Fems And Allies

TallShrubs

Sphagnum spp.
Dead wood, logs

groenlandicum
vitis-idaea

Ledum grcenlandicum
Comus canadensis

mariana
tremuloides

banksiana

angustifolium
canadense

ic debris
spp.

sylvaticum
Tl spp.
cristata

;fUgOSâ

spp.

purpurascens
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TABLE C.1 vegetation surveys continued.

(e)

Ground Cover

Low Shrubs (<1m)

TallShrubs (>

Herbaceous

Fems And Allies

Low Shrubs (<1m)

Herbaceous Cover

complanatum
virginianum

Chimaphila
Linnaea borealis
Diervilfa lonicera

spp.
Prunus pensylvanica

Pinus banksiana
manana

tremuloides
canadense

angustifolium

canadense
lineare

pungens
asperifolia

¡m spp.
phylos uva-ursi
canadensis

icfspa
spp.
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TABLE C.2

Field data sheets for the 2000-01 vegetation survey
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QUADRAT SHEET

Observer:

Date:

Locality:

Grid Ref:

Aspect:

Vegetation:

Quadrat Size

Notes:

Species:
Cluadrat Number

1 2 3 4 5 6 7 I 9 10

Bare rock

Bare soil

Standing water

-itter/organic debris

)ead wood, logs

)ead wood, branches

Lichens, crustose soil

Lichens, crustose rock

Lichens, crustose bark

Lichens, foliose soil

Lichens, foliose rock

Lichens, foliose bark

Lichens, fruticose soil

Lichens, fruticose rock

ríchens, fruticose bark

{rboreal lichens

Mushrooms/gilled

Mushrooms/pored

:ungi, jelly

:ungi, bracket
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Black Rock fungus

Salliergon sp.

leratodon purpureus

Climacium dendroides

Dicranum spp.

Hedwigia ciliata

Moss spp.

rleurozium schreberi

)olytrichum spp-

Sphagnum spp.

Ferns and Allies

Dryopteris cristata

Equisetum sylvaticum

Symnocarpium dryopteris

-ycopodium annotimum

-ycopodium clavatum

-ycopodium complanatum

Lycopodium dendroideum

Polypodium virginianum

Shrubsftrces

Alnus crispa

Alnus rugosa
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\melanchier alnifolia

\ndromedia glaucophylla

Aquilegia canadensis

\rctostaphylos uva-ursi

3etula glandulosa

Blackspruce oó cover

Blackspruce basal area

Blackspruce seedlings

3hamaedaphne calyculata

3himaphila umbellata

Comus canadensis

Comus stolon. To enver

Diervilla lonicera

3aultheria hispidula

Jackpine o/o cover

Jackpine basal area

Jackpine seedlings

Juniperus communis

Glmia poliifolia

-edum groenlandicum

Linnaea borealis

Lonicera dioica

lonicera villosa

)rycoccus microcarpos

P. balsam. o/o cÃvêl

P. balsam. basal area

P. balsam. seedlings
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). trem. o/o @Yër

r. trem. basal area

P. trem. seedlings

Potentilla tridentata

Prunus pensylvanica

Rhamnus alnifolia

ìibes glandulosum

Rosa acicularis

Rubus idaeus

Rubus pubescens

Salix spp.

Shepherdia canadensis

Spiraea alba

Symphoricarpos albus

lamarack Vo enver

[amarack basal area

Iamarack seedlings

Vaccinium angustifolium

úaccinium caespitosum

úaccinium myrtilloides

úaccinium vitis-idaea

úibumum edule

Á/hitespruce 7o cover

Whitespruce basal area

Whitespruce seedlíngs
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Herbaceous layer

\ctaea rubra

Antennaria neglecta

Apocynum androsaemifolium

dralia nudicaulis

\ster ciliolatus

\ster puniceus

\ster umbellatus

Bidens oemua

Caltha palustris

Sampanula aparinoides

3ampanula rotundifolia

Clintonia borealis

Comandra pallida

Corydalis sempervirens

Sypripedium acaule

ipilobium angustifolium

=ragaria virginiana

3alium boreale

Galium trifidum

Galium triflorum

Geocaulon lividum

3oodyera repens

{alenia deflexa

Hieracium scabriusculum

Lathyrus ocholeue¡s

Lathyrus venosus
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-ysimach¡a thyrsiflora

l\lainthumum canadense

Melampyrum lineare

Montropa uniflora

retasites palmatus

rolygonum cilonoides

Potentilla palustris

Prenathes alba

Pyrola asarifolia

Pyrola rotundifolia

Pyrola virens

Ranunculus lapponicus

Sanicula marilandica

Scutellaria galericulata

Smilacina trifolia

Solidago hispida

Solidago uliginosa

Stellaria longifolia

Streptopus rosea

faraxacum officinale

trientalis borealis

úicia americana

úiola adunca

y'iola pallens
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Grasses/rushes/sedges

Agropyron trachycaulun

Agrostis scabra

3alamagrostis canaden

3arex aquatilis

larex aurea

larex canescens

Carex disperma

Carex foena

Sarex intumescens

Sarex paupercula

3arex species

Sinnia latifolia

fanthonia spictata

Eriophorum spissum

Glyceria grandis

Graminoids

Juncus dudleyi

Oryzopsis aspedfolia

Cryzopsis pungens

Schizachne purpurascens

Scripus cyperinus



TABLE C.3 Distribution of logs found on the Aspen Upland and Ecotone plots. A log is any coarse woody debris > 28;Scm on the
Aspen Upland and à 34.5cm on the Ecotone in circumference (based on the median value obtained from all coarse woody debris

in each separate

Aspen Upland
(a) Sorcx cinercus

.. . 0captures lcapture 2captures 3captures >4captures
Maximum 58,00 93.00 77.00 69.00 69.00
Median 38.00 36.50 42.75 34.50 97.75
Minimum 30.00 28.50 29.00 29.00 29.00
Mean 39.92 41.80 43.08 41.06 44.99
s.D. 8.88 14.55 9.99 14.10 16.06
Var 78.86 211.64 99.S0 198.67 257J6
¡ = (logs) 24 30 24 I I
¡ = (quadrats) g3 33 23 S 6
Mean logs/quadrat 0.73 0.91 1.04 1,60 1.33

Aspen Upland
(b) Cleth rionomys gapperi

Maximum
Median
Minimum
Mean
S.D.
Var
¡ = (togs)
¡ = (quadrats)

32.75
29.00
35.08

7.19
51.74

6
13

0.46

77.00
42.00
29.50
45.35
14.11

199.02
17
18

0.94

42.50
30.00
40.86

8.31
69.06

7
14

0.50

34.25
29.00
36.75

7.98
63.60

14
12

45.75
32.00
46.35
12.20

148.82
10
13

0.77

58.00
44.25
30.00
43.75
12.18

148.33
10
14

0.71

45.
38.50
28.50
37.30

7.80
60.82

5
6

41,00
30.5d
42.09
13.48

181.76
23
10

N(o
ct)



TABTE C.3 Distribution of the median logs (cm) found at trapplng stations with different rates of capture continued.

Ecotone
(c) Sorcx cine¡eus

0 captures 1 capture 2 captures 3 captures >4 captures

Median 47.75 47.50 49.00 43.00 46.75
Minimum 35.50 34.50 35.00 35.00 34.50
Mean 48.61 50.93 49.90 49.00 48.81
s.D. 10.24 15.13 11.97 14.47 14.02
Var 104.76 228.80 143.21 209.27 196.62
¡ = (logs) 62 23 15 15 I
¡ = (quadrats) 34 17 16 1 4 19
Mean logs/quadrat 1.82 1.35 0.94 1.07 0.42

Ecotone
(d) Cl eth ri o n o mys g appe ri

Median
Minimum
Mean
S.D.
Var
¡ = (togs)
¡ = (quadrats)

0

45.00
36,00
47.63

9.22
85.08

12
16

0.75

81.50
50.25
35.50
51.81
11.53

132.89
26
21

1.24

69.50
46,00
34.50
48.87
11.52

132.80
31

20
1.55

42.50
35.00
46.00
10,48

109.85
23
17

53.50
35.00
55.50
18.75

351.68
11

I

48.00
34.50
47.75

7.67
58.77

6
6

1.00

62.00
41.00
35.00
43.75
8.74

76.46
10
6

1.67

42.00
37.00
49.59
14.57

212.31
11

5
2.20

N(o



TABLE C.4 Distribution of all coaise woody debris (cm) found at trapping stations with different rates of capture on the Aspen Upland
and Ecotone plots.

Aspen Upland
(a) Sorex cinereus

0 captures 1 capture 2 captures 3 captures >4captures

Median 26.25 29.50 26.50 32.00 30.50
Minimum 12.00 12.50 9.50 16.50 23.00
Mean 28.82 32.90 30.99 34.27 37.25
s.D. 11.51 15.78 13.67 14.23 18.87
Var 132.47 249.16 186.98 202.61 356.23
¡ = (logs) 58 65 52 13 4
¡ = (quadrats) 33 33 23 5 6
Mean logs/quadrat 1.76 1.97 2.26 2.60 0.67

Aspen Upland
(b) Cl eth ri o n o my s g appe ri

0 captures 1 capture 2 captures 3 captures 4 captures 5 captures 6 captures >7 captures
Maximum 48.00 77.00 52.00 53.00 69.00 58.00 45.00 93.00
Median 27.50 26.75 23.00 28.00 28.00 30.00 23.00 94.75
Minimum 11.00 9.50 12.00 13.00 12.50 13.00 14.50 12.00
Mean 26.21 33.40 27.68 28.71 33.00 32.29 25.19 37.07
s.D. 10,10 16j4 11.87 10.42 14.62 15.45 9.81 15.11
Var 102.09 260.40 140.87 108.63 213.69 238.76 96.29 228.28
¡ = (logs) 14 42 19 29 23 19 16 30
¡=(quadrats) 13 18 14 12 '13 14 6 10
Mean logs/quadrat 1.08 2.33 1.36 2.42 1.77 1.36 2,67 S.00

N(oo



TABLE C,4 Distribution of all coarse woody debrls (cm) found at trapping stations with different rates of capture continued.

Ecotone
(c) Sorex cinereus

0 captures l capture

Median 35.50 33.75 32.50 36.50 34.50
Minimum 14.50 16.00 14.00 13.50 12.50
Mean 36.89 37.67 34.81 38.52 34.87
s.D. 14.44 16.50 15.45 17.57 18.74
Var 208.54 272.38 238.80 308.70 351.19
¡ = (logs) 123 50 37 25 15
¡ = (quadrats) 34 17 16 14 19
Mean logs/quadrat 3.62 2.94 2.31 1.79 0.79

Ecotone
(d) Clethrionomys gapperi

Median
Minimum
Mean
S.D.
Var
¡ = (togs)
¡ = (quadrats)
Mean loos/ouadrat

0
65.50
28.00
12.50
32.41
'15.79

249.39
27
16

1.69

1 capture 2
81.50
40.75
16.00
42.15
16.47

271.23
40
21

1.90

69.50
34.50
13.00
37.31
15.04

226.23
60
20

3.00

3 caotures 4
69,50
33.00
13,50
34.34
12.80

163.81
56
17

3.29

86.00
29.25
16.00
37.50
21.26

452.16
24
I

2.67

57.00
29.00
18.00
33.56
12.38

153.34
17

E'

2.83

62.00
37.00
15.00
37.90
11.71

137.12
15
6

2.50

39.00
19.50
42.18
15.78

248.91
17

5
3.40

N(o
(o
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TABLE C.5e Summary of Clethrionomys gapperí habitat variables (i.e, mean percent cover) found within 100 vegetation quadrats. euadrats are
grouped according to the capture rate(s) from 0 to > 3 smell mammals recorded at each trap marker. The trap markers are located within the centre
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TABLE C.Sl Summary of Peromyscus manÍculatus habitat variables (i.e. mean percent cover) found within 100 vegetation quadrats, Quadrats are
grouped according to their capture rate(s) from 0 to > 4 small mammals recorded at each trap marker. The trap markers are located within the centre
of each surveyed vegetation quadrat (100 trap markers/plot).
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TABLE C.6 Summary of the most common small mammal captures by trap-type and
gender in six habitats over twenty-five sampling years at Taiga BÍological Station. Trap-
types may include Museum Specials (MS), Schuylers (SCH), New Museum Specials
(NMS) and Unknown Traps (UKQ. Gender may include Females (F), Males (M) and
Unknown Sex (UKS). (Numbers in parentheses are percentaqes of the totaD.

Alder-Tamarack Bog
Sorex cinereus

Alder-Tamarack Bog

(a) Alder-Tamarack Bog

s5 (6r.6e)

30 (re.48)

34 (22.08)

I (5.1e)

52 (33.77)

17 (11.U)

e (5.84)

s (3.25)

31 (14
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TABLE C.6 Summary of the most common small mammal captures continued.

(b) Aspen Upland

32 (10.03)

Aspen Upland
Sorex cinereus

MS

NMS

SCH

Aspen Upland
Pe romyscu s m an icu I atu s

Aspen Upland

66 (55.e3)

1 (0.85)

so (42.37)

1

42 (35.5e)

93 (29.rs)

1 (0.31)

1 17 (36 23O (72.10)

1 (0.31)

76 (23.82\

16 (13.56)

f 6 (13.56)

16 (13.56)

22(18.æ)

1 (0.85)

18 (15.25)

30 (25.86)

16 (13.7e)

69 (se.48)

2 (1.72)

3e (33.62)
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TABLE C.6 Summary of the most common small mammal captures continued.

Blackspruce Bog
Sorex cinereus

Blackspruce Bog
Peromyscu s manicu latus

Blackspruce Bog

(c) Blackspruce Bog

45 (38.79)

21 (18.10)

4 (18.18)

3 (13.64)
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TABLE C.6 Summary of the most common small mammal captures continued.

(d) Ecotone

Sorex cinereus

22 (11.7O)

21(11.17)

43 (22.87)

3s (20.74)

3r (16.

Pe romyscu s manic u I atu s

4 ('t1.43)

M ic rot u s pen n sylvan icu s
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ïABLE C.6 Summary of the most common small mammal captures continued.

(e) Jackpine Ridge
Clethrionomys gapperi

F M UKS Total

MS

NMS

SCH

UKT

4s (29.34)

3 (1.80)

29 (17.37)

r t0.60)

53 (31.74)

1 (0.60)

19 (1r.38)

e (5.3e)

3 (1.80)

111 (66.47)

4 (2.4O)

5r (30.54)

I 10-60ì

82 (4e.1 73 (43. 12 (7.1e) 167

Jackpine Ridge
Sorex cinereus

Jackpine Ridge
Peromyscu s m an i cu I atu s

7 (17.07)

4 (s.76)

6 (r4.63)

5 (12.20)

11 (26.83)

6 (14.63)

30 (26.0e)

18 (15.65)
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TABLE C.6 Summary of the most common small mammal captures continued.

(f) Jackpine Sandplain

86 (73.50)

4 (3.42)

26 (22.22)

1

Jackpine Sandplain
Sorex cinereus

Jackpine Sandplain
Pe romyscus m anicu latu s

e6 (67.13)

4 (2.80)

35 (24.48)

I

13 (1 r.r r

1 (5.56)

3 (16.67)

2 (11.11)

3 (16.67)

4 (22.22)

3 (16.67)

2 fi1.11

18 (12.59)

5r (35.66)

2 (1.40)

17 (11.89)
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TABLE C.7 Mean body mass (g) t I S.D. of male and female small mammal species
captured in two different traptypes across six sites during twenty-five annualtrapping
seasons at Taiga Biological Station. Overall mean weights of the separate genders also
include indíviduals with unrecorded trap types from each plot. Traps are MS = Museum
Specials and SCH = Schuylers.

(a)
Alder-Tamarack Bog
Species Trap lFemale S. D. N Male S. D. N
Clethrionomys gapperi MS

SCH
Overall

18.97 5.76 U
17.88 5.94 8
18.01 5.21 s7

16.65 3.78 51

16.88 1.17 16
16.58 3.86 79

Sorcx cinercus MS
SCH

Overall

3.t1 U.öt 31

3.37 0.62 30
3.51 0.76 64

3.55 0.65 47
3.4 0.65 37
3.50 0.65 84

Mrctotus pennsylvanrcus Mti
SCH

Overall

26.12 5.43 10
28.13 10.41 6
26.88 7.40 16

21.39 8.24 14
16.52 4.86 5
20.11 7.69 19

tb)
Aspen Upland
Species Trao lFemale S. D. N Male S. D. N

Clethrionomys gapperi MS
SCH

Overall

21.35 7.23 92
21.41 7.81 43
21.37 7.39 135

114
27
141

16.26
17.74
16.54

4.47
5.26
4.65

Sorcx cinercus MS
SCH

Overall

3.36 0.56 28
3.29 0.47 16
3.33 0.53 44

0.3r 16
0.54 16
0.43 32

3.19
3.14
3.17

Percmyscus maniculatus MS
SCH

Overall

2.11
4.23
2.98

30
16
46

15.88
16.26
16.01

14.81 2.41 39
15.27 3.22 21

14.57 2.70 60
Mictotus pennsylvanicus MS

SCH
Overall

20.04 8.M 11

20.04 8.44 11

18.27 4.29 3
26.60 10.04 2
21.60 7.43 5

(c)
Blackspruce Bog
Species Trap lFemale S. D. N Male S. D. N
Clethrionomys gapperi MS

scH
Overall

17.75 7.17 U
22.91 7.00 10
18.93 7.38 44

17.02
18.20
17.40

5.09 45
5.56 21

5.23 66
So¡ex cine¡eus MS

SCH
Overall

3.43
3.62
3.50

0.54 20
0.73 13
0.62 33

11

7
l8

0.63
0.69
0.&+

3.59
3.77
3.66

Percmyscus maniculafus MS
SCH

Overall

15.59
15.10
15.73

3.33 10
o.28 2
3.00 13

0.31
0.96
0.84

12.07
12.87
12.29

3
3
I

Mictotus pennsylvanicus MS
scH

Overall

16.00 1

32.50 1

24.25 11.67 2

16.65 1.63 2
23.70 1

19.00 4.23 3
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TABLE c.7 Mean body mass (s) t r s.D. of male and fêmale small mammal species
continued.

(d)
Ecotone
Species Trap lFemale S. D. N I nlale S. D. N
Clethrionomys gapperi MS

scH
Overall

18.82 5.61 73
21.20 6.90 23
19.44 5.92 99

17.09 4.45 97
16.54 4.83 33
17.02 4.il 132

Sorex cinercus MS
SCH

Overall

3.66 1.12 22
3.56 1.U 20
3.61 1.07 42

3.54 0.80
3.46 0.68
3.51 0.74

42
37
79

Percmyscus maniculatus MS
SCH

Overall

14.43 2.41 12
15.50 4.46 4
14.91 2.88 16

15.83
13.80
15.79

3.98 15
1.84 2
3.85 17

Microtus pennsylvanicus MS
SCH

Overall

21.71 8.27 7
22.90 2.40 2
21.56 6.94 r0

6.07
2.40
5.41

I
2
t0

15.68
15.90
15.72

(e)
Jackpine Ridge
Species Trap lFemale S. D N Male S. D. N
Clethrionomys gapperi MS

SCH
Overall

21.88 7.54 47
21.61 6.83 28
21.76 7.27 78

18.02 4.91 51
18.22 4.72 19
18.09 4.83 72

Sorcx cine¡eus MS
SCH

Overall

3.64 0.68 I
4.00 1.22 4
3.76 0.86 12

3.38
3.68
3.52

1.01 6
0.94 5
0.94 11

eercmyscus maniculatus MS
SCH

Overall

2.98
2.96
2.98

45
12
62

14.68
15.76
14.93

14.12 2.41 29
13.71 1.99 18
13.89 2.25 50

(fl
Jackpine Sandplain
9æqies Trap lFemate S. D. N I ¡¡ale S. D. N
Clethrionomys gapperí MS

scH
Overall

24.46
25.45
24.24

6.63 45
7.U 13
6.95 61

19.04 5.37 39
18.76 5.14 11

19.01 5.21 52
Sorex clnereus MS

SCH
Overall

3.30 1

4.27 1.25 3
4.03 1.13 4

3.15 0.78 2
3.00 0.14 2
3.08 0.46 4

Percmyscus maniculatus MS
SCH

Overall

15.97 3.75
16.16 3.36
15.95 3.58

43
18
63

14.52
15.18
14.70

2.U 50
2.77 17
2.43 69
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TABLE C.8 A comparison of female Clethrionomys reproductive conditions
across six sites at Taiga tsiological Station combined over twenty-five years of
sampf ing-effort.
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TABLE C.9 The frequency of capture-combinations for three of the most common
small mammal species found at each trapping station (100 trap markers/plot)
across six sites, at Taiga Biological Station. The capture-combinations are
derived from twenty-five years of small mammal data recorded from each
habitat. Species that are less frequently captured have been omitted.

(a) Alder-Tamarack Bog
No captures recorded 1

All three species captured
Cleth rionomys g apperi and Microtu s pen n sylva nicu s
Clethrionomys gapperi and Sorex cinereus
Microtus pennsylvanicus and Sorex cinereus
Cleth rionomys g apperi alone

17
2

46
6
5

Sorex cinereus alone 22
Microtus pennsylvaniius alone 1

(b) Aspen Upland
No captures recorded
All three species captured
Cleth rionomys g apperi and Peromyscu s m aniculatu s
Clethrionomys gapperi and Sorex cinereus
Peromyscus maniculatus and Sorex cinereus
Cl eth rio n o m ys g ap pe ri alone

3
31
17
29

7
10

Sorex cinereus alone 1

Peromyscus maniculatus alone 2

(c) Blackspruce Bog
No captures recorded
All three species captured
Clethrionomys gapperi and Peromyscus maniculatus
Clethríonomys gapperi and Sorex cinereus
Peromyscus maniculatus and Sorex cinereus
Cleth rionomys gapperi alone
Sorex cinereus alone
Pe romyscu s m a n icu I atu s alone

Total number of trapping stations 100

15
6
5

23
3

32
13
3
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TABLE C.9 The frequency of capture-combinations for three of the most common
small mammal species found continued.

(d) Ecotone
No captures recorded 2
All three species captured
Clethrionomys gapperi and Peromyscus maniculatus
Clethrionomys gapperi and Sorex cinereus
Peromyscus maniculatus and Sorex cinereus
Cl eth riono mys g ap p e ri alone
Sorex cinereus alone
Pe ro mysc u s m a n ic u I atu s alone

10
12
45

0
16
11

4
Total numberoftrapping stations 100

(e) Jackpine Ridge
No captures recorded
All3 species captured
Clethrionomys gapperi and Peromyscus maniculatus
Clethrionomys gapperi and Sorex cinereus
Peromyscus maniculatus and Sorex cinereus
Cleth rion omys g appe ri alone
Sorex clnereus alone
Pe romvscus m an icul atu s alone

10
14
35
10

2
17
4

Total numberoftrapping stations 100

(0 Jackpine Sandplain
No captures recorded
All 3 species captured
Clethrionomys gapperi and Peromyscus maniculatus
Clethrionomys gapperi and Sorex cinereus
Peromyscus maniculatus and Sorex cinereus
Cleth rio n om ys g a p peri alone

13
7

30
2
1

12
Sorex clnereus alone 3
Peromyscus maniculatus alone 32
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TABLE C.lO Observed capture combinations based on presence-absence data
from 100 trapping stations over twenty-five years representing interspecific
associations involving three of the most common small mammal species within
the Alder-Tamarack Bog.

= 100 trap markers

n = 100 trap markers

= 100 trap markers



TABLE C.l1 Six conditional tables representing interspecific associations based on presence-absence data from 100 trap markers
using three of the most common small mammal species within the Alder-Tamarack Bog.

(¡)

N
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TABLE C.l2 Observed capture combinations based on presence-absence data
from 100 trapping stations over twenty-five years representing interspecific
associations involving three of the most common small mammal species within
the Aspen Upland.

= 100 trap markers

= 100 trap markers

n = 100 trap markers

n = 100 trap markers



TABLE C.13 Six conditional tables representing interspecific associations based on presence-absence data from 100 trap markers
using three of the most common small mammal species within the Aspen Upland.

f) Sorex cinercus abeent

(¡)

À
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TABLE C.14 Observed capture combinations based on presence'absence data
from 100 trapping stations over twenty-five years representing interspecific
associations involving three of the most common small mammal species within
the Blackspruce Bog.

= 100 trap markers

n = 100 trap markers

= 100 trap markers

n = 100 trap markers



TABLE C.15 Six conditional tables representing interspecific associations based on presence-absence data from 100 trap markers
using three of the most common small mammal species within the Blackspruce Bog.

(¡)

o,
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TABLE c.16 observed capture combinations based on presence-absence data
from 100 trapping stations over twenty-five years representing interspecific
assgciations involving three of the most common smalt mammal species within
the Ecotone.

= 100 trap markers

n = 100 trap markers

n = 100 trap markers

n = 100 trap markers



TABLE C.17 Six conditionaltables representing interspecific associations based on presence-absence data from 100 trap markers
using three of the most common small mammal species within the Ecotone.

f) Sorcx cinercus absent

q)

o
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TABLE C.18 Observed capture combinations based on presence-absence data
from 100 trapping stations over twenty-five years representing interspecific
associations involving three of the most common small mammal species within
the Jackpine Ridge.

n = 100 trap rnarkers

= 100 trap markers

= 100 trap markers

n = 100 trap markers



TABLE C.19 Six conditional tables representing interspecifTc associations based on presence-absence data from 100 trap markers
using three of the most common small mammal soecies within the Jackoine Ridoe.

(¡)oo
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TABLE C.20 Observed capture combinations based on presence.absence data
from 100 trapping stations over twenty-five years representing interspecific
associations involving three of the most common small mammal species within
the Jackpine Sandplain.

= 100 trap markers

n = 100 trap markers

= 100 trap markers



TABLE C.21 Six conditional tables representing interspecific associations based on presence-absence data from 100 trap markers
usinq three of the most common small mammal soecies within the Jackoine Sandolain.

f) Sorex cinereus absent

(,,
@
l\)



383

TABLE C.22 Median body mass (g) of small mammals captured in two different trap-types
(MS = Museum Special; SCH = Schuyler) showed that differences in body mass were
not significant. The Wilcoxon test uses a chi-square distribution approximation.
Wilcoxon rank-sum test results indicated P> 0.10 in allcases.

Alder-Tamarack

Mic¡otus
pennsylvanicus

Clethrionomys
gappeñ

Trap type
Median weight (g)
Number
Std. Dev.

cnercus
x2

0.0894
d.Ì.

1

p-value
0.764¡9

Trap type
Median weight (g)
Number
Std. Dev.

MS
3.25

65
0.46

SCH
3.22

47
o.47

Mic¡otus
pennsylvanicus

y.2

1.5873
d.f.

1

pvalue
0.2077

Irap type
Median weight (g)
Number
Std. Dev.

MS
19.66

14
7.62

SCH
25.57

3
7.32
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TABLE C.22 Wilcoxon rank-sum test results of median body mass (g) of small mammals
continued.

Clethrionomys
gapperi

manîculatus

Ecotone

Trap type
Median weight (g)
Number
Std. Dev.

Sorex
cinereus

y2
1.0039

d"f.
1

p-value
0.314f

Trap type
Median weight (g)
Number
Std. Dev.

MS
3.41

4C

0.53

scH
3.58

28
0.9

Clethrionomys
gapperi

y.2

o.o214
d.f.

1

p-value
0.8838

Trap type
Median weight (g)
Number
Std. Dev.

MS
17.98

r61
5.17

SCH
18.52

55
6.21

Percmyscus
maniculatus

y.2

0.0756
d.f.

1

pvalue
0.7833

Trap type
Median weight (g)
Number
Std. Dev.

MS
15.04

25
3.53

SCH
15.42

6
3.46

Mic¡otus
pennsylvanicus

y.2

0.6876
d.f.

1

p-value
o.4070

Trap type
Median weight (g)
Number
Std. Dev.

MS
18.49

15
7.58

SCH
20.40

5
4.49
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TABLE C.22 Wilcoxon rank-sum test results of median body mass (g) of small mammals
continued.

Percmyscus
maniculatus

Clethrionomys
gapperi

maniculatus

cnercus
y.2

0.3876
d.f.

1

p-value
0.5336

Trap type
Median weight (g)
Number
Std. Dev.

MS
3.40

22
0.69

SCH
3.45

l5
0.92

Trap type
Median weight (g)
Number
Std. Dev.

Sorex
cinercus

x2
0.9799

d.1.

1

FValUe
0.3222

Trap type
Median weight (g)
Number
Std. Dev.

MS
3.1€

7

0.43

scH
3.69

I
0.95
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TABLE C.23 Number of observed and (expected) male and female small mammals
captured in two traÞtypes (MS = Museum Special; SCH = Schuyler) across six
sÍtes at Taiga Biological Station. The null hypothesis is that there is no association
between tap-type and gender (df = 1; P<0.05 indicates that there is no significant
difference between male and female susceptibility to traptype in almost all cases).

Alder-Tamarack
Clethionomys gapperi

Sorex cinercus

M i crotu s p en nsylvan icu s

Clethrionomys gapperi

Sorex cinereus

Peromyscu s m an icu I atu s

M icrotus pen n sylv an icu s

Clethrionomys gapperi

Sorex cinereus

Peromyscu s m ani cu I atu s

MS
SCH
Total

MS
SCH
Total

SCH
Total

MS
SCH
Total

scH
Total

MS
SCH
Total

p-value
o.234s

pvalue
o.4941

pvalue
o.7067

pvalue
o.4777

p-value
0.8ø'11

p-value
0.2605

pvalue
0.9718

pvalue
o.2111

Fvalue
0.3328

17 (15.u)

Female
31 (32.13)
32 (30.87)

63

45 (43.87)
41(42.13)

86
Male

14 (13.03)
5 (5.e7)

19

17 (1O8.

28 (2s.47)
16 (18.53)

4
16 (18.53)
16 (13.47)

32

Female
33 (30.77)
10 (12.231

43

Male
45 (47.23)
21(18.77)

66
Male

r1(10.94)
7 C/.06)
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TABLE C.23 The chi-square statistic for the number of male and female small mammals
captured in two trap-types continued.

Clethrionomys gapperi

Sorex cinereus

MS
SCH
Total

MS
SCH
Total

Peromyscu s m anicu I atu s
MS

SCH
Total

M icrotu s pen n sylvan icu s

Clethrionomys gappeñ

Sorex cinereus

Peromy scu s m anicul atu s
MS

SCH
fotal

Clethionomys gapperi

Peromyscu s man icu I atu s

pvalue
0.8395

pvalue
0.8921

pvalue
o.8222

p-value
0.6646

p-value
o.o794

p-value
0.8901

pvalue
0.4108

p-value
0.1569

pvalue
o.60É.7

66 (73.33)
24 (24.66)

Male
e3 (72.09)
36 (3s.s4)

129
Female

22(22.36)
21(2O.U)

43

Male
43(42.6/.',)
3e (3s.36)

a2
Female

1r (r1.s0)
4 (3.10)

15

12 (11.

7 (6.50)
4 (4.50)

11

Female
46 (41.e1)
13 (17.1O)

59

Male
30 (34.10)
18 (13.e1)

48
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Class,l.' ,'

FlG. C.1a Three structural classes of dead trees (after Bull et al. 1997).

FlG. C.1b Three structural classes of logs (after Bull et al. 1997).
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FlG. C.2a Comparison of the cumulative captures oÍ Clethrionomys gapperi (1977-2001) at each trapping

station across six habitab at Taiga Biological Station. Darker patches represent areas with higher capture rates.
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FlG. C.2b Comparison of the cumulative captures of Sorex cinereus (1977-2001) at each trapping station

across six habitats at Taiga Biological Station. Darker patches represent areas with higher capture rates.
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Alder-TamarackBog Percmyscusmaniculatus
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FlG. C.2c Comparison of the cumulative captures oÍ Percmyscus maniculatus (1977-2001) at each trapping

station across six habitats at Taiga Biological Station. Darker patches represent areas with higher capture rates.
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