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ABSTRACT

Thisstudyexamined the influence of various silvicultural systems and harvest methods on small

mammal communities in the BlackSturgeon Forestof northwestern Ontario. In general, the timber

management practices applied had little effect on overall species abundance, diversity or richness

of small mammalcommunities. However, severalof these systemsand methodsdid affect the

distribution of some speciesbetweentreatedandadjacent uncutforestareas. Full-tree and, to a

lesser extent, tree-length harvest ofclearcuts affected the use of cutover and uncut forests by

several species whereas part-tree and cut-to-length harvestingin shelterwoodor patch-cutsystems

had no effect on small mammals. To conserve the broadest range ofsmall mammal species,

foresters will need to implement a variety of silviculturalsystems and harvest methods that provide

an appropriate mixture ofmature as well as regeneratingareas within managed boreal mixedwood

forests. The most successful conservation strategy will satisfy the requirements ofboth internal

and disturbance-tolerant species and facilitate re-colonization of cutover areas following harvest.

Appliedwith due diligence,alternative timbermanagement practices can be used to maintainor

enhance biodiversity ofsmall mammal communities in boreal mixedwoods.



TABLE OF CONTENTS

ABSTRACT i

INTRODUCTION 1

STUDY AREA 6

METHODS

Timber Harvest Treatments 8

Small Mammal Trapping 9

Live-trapping 9

Pitfall trapping 12

Peromyscus Tracking 12

Data Analysis

Effect of TimberHarvest Intensity 14

Effect ofTimber Harvest Method 16

Effect of TimberHarvest Edge 17

Peromyscus Activity 19

RESULTS

Effectof TimberHarvestIntensity 22

Effect ofTimber Harvest Method 26

Effect of TimberHarvest Edge 28

Peromyscus Activity 31

DISCUSSION 33

CONCLUSION 42



ACKNOWLEDGEMENTS 42

LITERATURE CITED 43

in



INTRODUCTION

Boreal mixedwoods area major component ofOntario's forest resource base andarea major

contributorto the industrial and social economies of northern Ontario. Sustainable development of

this forest type istherefore critical tothe health ofthe forest industry and to the existence ofthe

many northern communities that itsupports. Because oftheir complexity and wide distribution,

boreal mixedwoods arealso a primary source of many non-timber values such as wildlife habitat,

aesthetics, recreation, landscape andbiological diversity. Environmental pressures, particularly

opposition tolarge-scale clearcutting and herbicide use, combined with increased consideration for

non-timber values, have ledto strong demands foralternative "integrated resource management"

plans insupport of "landscape" or "ecosystem management".

These broader management objectives arereflected in advisory andpolicy documents suchas

"Looking Ahead: AWild Life Strategy for Ontario" (Ontario Wildlife Working Group 1991) and

"Diversity: Forests, People, Communities - AComprehensive Forest Policy Framework for

Ontario" (Ontario Forest Policy Panel 1993). There isa general consensus thattheOntario

Ministry ofNatural Resources (OMNR) should move away from managing "featured species" to

managing for conservation ofbiodiversity (i.e., for allspecies). InApril, 1994, the Ontario

Environmental Assessment Board released its decision on the "Class Environmental Assessment

by the Ministry ofNatural Resources for Timber Management onCrown Lands inOntario" which

directed theOMNR to develop and implement a program to monitor population trends of

representative terrestrial vertebrates. The intent of this monitoring program is to evaluate the

effectsof naturaland human disturbanceon wildlifepopulationsand to provide the basic
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information required for development ofintegrated resource management plans that maintain or

enhance biodiversity.

Small mammals areimportant to thebiodiversity of forest ecosystems because they disperse seeds

andmycorrhizae, contribute to soil mixing andaeration processes, ingest insects, seeds andplants,

andarea food source formanyotherwildlife species (Martell andMacaulay 1981, Kirkland 1985,

Jenson andNielson 1986, Bergeron andJodoin 1994, Cazares andTrappe 1994, North andTrappe

1994, Carey andJohnson 1995). As such, thepersistence of forest floorsmallmammals provides a

measure of ecosystem function andmaybe an important indicator of forest sustainability (Carey

andHarrington 2001, Sullivan and Sullivan 2001, Klenner andSullivan 2003). Despite their

obvious importance, the reaction of small mammals to timber harvest and wildlife conservation

practices remain largelyunknownand unstudied (Martell 1983,Gibbons 1988,Beier and Loe

1992, LeMayetal. 1992).

Forestmanagement practicesmay alterboth speciescomposition and abundanceofsmall mammal

communities through modification of habitat quality (Kirkland 1990). Habitat quality, whichis the

abilityof a habitatto contribute to the reproduction and survival of a species(Krohn 1992), is

largely determined by directand indirect factors thatprovide foodand/orshelterfor small

mammals (Ecke et al. 2002). Of the processesthat affect habitat quality, forest fragmentationmay

be the most serious (Harris and Scheck 1991,Noss 1991, Morrison et al. 1992, Kozakiewicz 1993)

because it results in the break-up of largecontinuous mature forests into smaller isolated or semi-

isolated remnants that are separated by habitat types that are either temporarily or constantly
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inhospitable to interior forest species (Hansson 1978,1999; Bennett 1990; van Apeldoorn etal.

1992; Rajska-Jurgiel 1992; Kozakiewicz 1993; Rosenberg etal. 1994; Diffendorfer etal. 1995;

Sullivan et al. 1999; Sullivan and Sullivan 2001). Onthe other hand, forest fragmentation may

enhance habitat quality for species that typically occupy open habitats and are disturbance-tolerant

(Hansson 1978, Kirkland 1990, Harris and Scheck 1991, Kozakiewicz 1993, Sullivan etal. 1999;

Sullivan and Sullivan 2001). These latter species often increase indensity and diversity athabitat

boundaries, such as forest edges, due tosimultaneous access tomore than one environment

(Leopold 1933). Thus, forest fragmentation may initially increase small mammal density and

diversity ofan area once covered by mature forest, but decreases species density and diversity of

the region ifinternal forest-dwelling species are subsequently eliminated (Harris and Scheck 1991).

Themost successful conservation strategy willsatisfy therequirements of bothinternal and

disturbance-tolerant species. Inareas ofrecent timber harvest it isoften easier tosatisfy the needs

ofdisturbance-tolerant species than ofinternal forest-dwelling species, soforesters and wildlife

managers must find ways to make timber harvesting less intrusive for the latter species when

developing integrated resource management plans tomaintain orenhance biodiversity.

Uncut strips ofland, or"corridors", connecting habitat patches have been used byforest managers

inanattempt tomaintain the diversity and movement patterns offeatured species, such asthe

commercially valuable moose, deer and bear, within clearcut areas (Corn etal. 1988, Gibbons

1988, Ontario Ministry ofNatural Resources 1988, Szaro 1988, Harris and Atkins 1991, Ontario

Wildlife Working Group 1991, Canadian Council ofForest Ministers 1992, Ruefenacht and

Knight 1995). These featured species tend tobedisturbance-tolerant, finding their food incleared
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areas but requiring the shelter that corridors can provide (Ontario Ministry ofNatural Resources

1988). During the era offeatured species management itwas often argued that addressing the

needs ofthese larger featured species would ensure that the needs ofmost smaller, non-

commercially important species were also met (Baker and Euler 1989, Voigt etal. 2000). Indeed,

small mammals such as white-footed mice {Peromyscus leucopus) and eastern chipmunk (Tamias

striates) have been shown topreferentially move along corridors infragmented habitat (Hobbs

1992). However, other small mammal species such as southern red-backed voles (Clethrionomys

gapperi), are most successful inmature forest interiors (Merritt 1981, Nordyke and Buskirk 1988,

Raphael 1988a, Mills 1995) and may decline inabundance following habitat fragmentation by

clearcut timber harvesting (Hansson 1978,1999; Rosenberg etal. 1994; Sullivan etal. 1999;

Sullivan and Sullivan 2001). To maintain orenhance biodiversity, timber management practices

must therefore retain sufficient habitat to accommodate the needs of both disturbance-tolerant and

interior forest-dwelling species and facilitate re-colonization ofcutover areas following harvest.

Other than corridors connecting habitat patches that were once continuous, there areseveral

additional strategies forest managers can use toalter harvesting practices and alleviate the

problems faced by interior forest species. One option is todecrease thedifferences found inhabitat

between clearcut and uncut forest, the "hard edge", sointerior forest species can use more ofthe

harvested land. Creation of"softer", ormore permeable, edges can beaccomplished bydecreasing

cutintensity on thesides of theharvested area, also known as"feathering", oron theentire cut

stand (Stamps et al. 1987). Changing harvest intensity isnottheonly option available to forest

managers. They can also alter the time,shape, sizeor position of clearcuts in accordance with the
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requirements ofthe internal forest species concerned. This may require harvesting at aspecific

time ofyear to avoid the breeding season, leaving features in cut areas that are ofimportance to

particularly sensitive species by altering cut size, shape and position, and using equipment or

harvesting methods during timber extraction that are less detrimental to the needs ofindividual

species(Ontario Ministry of Natural Resources 1988).

A survey of published literature indicates that only two studies of small mammal responses to

timber harvesting have been conducted in the boreal region ofnorthern Ontario (Martell and

Radvanyi 1977, Martell 1983). Consequently, the influence ofdisturbances such as existing

forestry practices and new alternative timber harvesting approaches on habitat, wildlife populations

and biological diversity inOntario are uncertain. To provide additional information required by

foresters and wildlife managers when developing integrated resource management plans to

maintain orenhance biodiversity, four questions were investigated inthis study: (1) are small

mammal species abundance, diversity, richness and composition inedge habitats affected by the

intensity of timber extraction; (2) are small mammal species abundance, diversity, richness and

composition inedge habitats affected by the method used for timber extraction; (3) does the

abruptness of theinterface between harvested and un-harvested land influence howthesmall

mammal edgecommunityuses this habitat; and(4) are there differences in the movement patterns

ofdeermice {Peromyscus maniculatus) among the harvest treatments examinedin this study and

do they suggestadequate dispersal for detection of areas with goodhabitat quality?



STUDY AREA

The study area comprised two stands situated on the Black Sturgeon Forest Management

Agreement licence area (FMA) (49°10'N, 88°45'W), approximately 120km northeast ofThunder

Bay, Ontario (Fig. 1). The closest long-term weather station is at Cameron Falls, approximately

50km east ofthe study site. This station reports an annual total precipitation of826.3mm,

599.1mm ofthis falling asrain and the rest as snow, sleet and hail (Environment Canada 1992).

Average monthly temperature extremes occur inJanuary and July, and are -22.9°C and 24.9°C,

respectively (Environment Canada 1992).

TheBlackSturgeon site hasan average elevation of 290mabove meansea level and is

predominately a flat, tillplain comprised ofcoarse tofine sands containing various amounts of

cobbles andsilt(Natural Resources Canada 1994). Erratics, which arelarge boulders seton the

ground by glaciers, alsooccur in thearea. Soils aregenerally slightly moist, well-drained and

fertile (Scarratt 1996).

Beforetimberharvesttreatments wereapplied in 1993, the areawascovered witha second growth

mixedwood forest overstorey dominated by Populus tremuloides Michx. (trembling aspen) and

Abiesbalsamea (L.) Mill, (balsam fir). Other tree speciespresent in the overstorey includedPicea

mariana (Mill.) B.S.P. (black spruce),Picea glauca (Moench)Voss (white spruce),Betula

papyrifera Marsh, (white birch), Pinusstrobus L. (eastern white pine) and Pinus banksiana Lamb,

(jack pine). A previous harvest operation occurredbetween 1939 and 1942 that removed many of

the larger pine from the area. As a result, both pine species were probably less extensive in 1993
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than they were in the original forest (Scarratt 1996). Many large stumps left from the 1939-1942

harvest still covered the forest floor.

Severe Choristoneurajumiferana (Clem.) (spruce budworm) infestations occurred on the study

area three times during the 1900s (Blair 1985, Bichon 1996, Scarratt 1996). Themost recent

outbreak occurred during the 10 years preceding this study and largely prevented flower orseed

production ofwhite spruce andbalsam firduring that time (Scarratt 1996). As a result of these

spruce budworm infestations, most of the overstorey coniferous trees were either dead or dying.

Asa consequence of thedeteriorated overstorey, blow-down of single or large groups of trees was

common throughout thisforest before the 1993 harvest treatments. Subsequently, the forest floor

was log-covered in many areas. Canopy openings also occurred as a result of these blow-downs

andmayhavecontributed to the vibrant shrub andherbgrowth evident in thesestands.

In uncut areas, and before timber harvest, dominant shrub species included Acer spicatumLam.

(mountain maple), Corylus cornuta Marsh,(beakedhazel),Cornus canadensis L. (bunchberry),

Rubus spp.(dwarfandwildred raspberry)andvarious species of Lonicera spp. (honeysuckle).

Regeneration of canopy level species, mainly balsam fir,wasalsoevident in someareas. Ground

coverconsistedlargelyofleaf litter and moss, but some herb species such as Linnaea borealis L.

(twinflower),Pyrola sp. (wintergreen), Maianthemum canadenseDesf. (wild lily-of-the-valley),

and Clintonia borealis (Ait.) Raf. (blue-beaded lily) were also present.



METHODS

Timber Harvest Treatments

Timber harvesting was conducted aspart ofthe Black Sturgeon Boreal Mixedwood Research

Project andoccurred between September andDecember of 1993 (Scarratt 2001). Four harvesting

methods wereemployed: full-tree, tree-length, part-tree andcut-to-length extraction. Oneor

severalof these methodswere used to remove0,20,70 or 100percentof the merchantable timber

volume from each of21 treatment areas. The combination ofharvest methods and intensities

created7 unique harvesting treatments, representing a gradientof woody materialremoval (Fig. 2).

Treatment areas were approximately square in shape and each one covered lOha (Fig. 3). A 100m

wide strip.ofuncut forest was left between each harvest area to allow for separation of treatment

effects. Each ofthe 7 harvest treatmentswere randomlyassignedto 3 of the 21 treatmentareas

(two in stand 1 and one in stand 2). Althoughthe assignment of treatmentsin this project allowed

for stand 1 and stand 2 to be treated statistically as separateblocks, this was not done in the

following analysisdue to their similarityin habitatstructure and climatecharacteristics, as well as

theircloseproximity: approximately 4km apart(Fig. 1). Although the part-tree shelterwood

treatment wasassigned to 3 treatment areas, it wasreplicated onlytwice due to the highcostof

manual felling. Harvesting of allother treatment areas wascompleted as planned sothateachwas

successfully replicated 3 times.



Small Mammal Trapping

Based onavailable distribution maps (Banfield 1974, Dobbyn 1994, Kurta 1995), 22species of

small mammals (average adult body weight <200g) occur inthe area ofthe Black Sturgeon Boreal

Mixedwoods Research site(Table 1). Because of the broad range ofbody sizes anddifferential

response ofspecies to traps (Getz 1961, Tanaka 1963, Brown 1967, Morris 1968, Wiener and

Smith 1972, Boonstra andRodd1982, Williams andBraun 1983, Slade et al. 1993), different sizes

andtypes of traps arerequired tosample thewidest variety ofpotential species. Traps usedat the

Black Sturgeon siteincluded non-collapsible Sherman (7.6 x 7.6x 25.4 cm)andLongworth (6.5 x

8.5x 14.0 cm)live-traps, Tomahawk live-traps (15.2 x 15.2 x 48.3 cm)and pitfall traps(Boonstra

andKrebs 1978). These trapsare suitable forallof the small mammal species expected at the site,

andmayoccasionally capture medium-sized mammals suchas snowshoe hares{Lepus

americanus), muskrats {Ondatra zibethicus), marten {Martes americana), mink {Mustela vison)

andstriped skunks {Mephitis mephitis). Although pitfall trapping occurred on only a subset of the

treatment areas, this information wasvaluable because pitfall trapscapture smallmammal species

that weigh <20g more effectively than thelive-traps used in this study. Therefore, useof pitfall

trapping data in thecurrent study counteracts biases thatarepresent when onlylive-trapping data

are used (Block et al. 1988, Szaro et al. 1988).

Live-trapping

Live-trapping grids consistedof5 rows of 9 trap stationsspaced25 m apart (Fig. 4), giving an

effective trapping area (Kirkland1977)of about2.8 ha. Because we wanted to determinethe role

of"corridors" (i.e., buffer zones) and harvest methodson small mammal populations, particularly
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immigration and emigration, the centre row ofeach trapping grid was aligned with the edge ofeach

treatment block. Thus, 2 rows ofeach grid were inuncut forest and 2 rows were oneach treatment

block, providing asplit plot experimental design. As well as trapping grids within each harvest

treatment, 3 additional grids of thesame shape andsizewere established in uncut forest stands in

1994, not less than 100m from harvest treatment edges. Intotal then, there were 23 live trapping

gridsusedin thisstudy(Fig. 3).

Oneach grid, a single Sherman or Longworth live-trap was placed within 1mof each trap station.

Whenever possible, traps were placed ontheground infreshly used runways or next to fallen logs

or stumps. Smallmammals perish rapidly inmetal traps, so carewas taken to ensure traps were

covered withboards, especially on hotdays. Each trapwassupplied withcotton bedding and

baited with a mixture of whole oats and sunflower seeds. These traps remained at thetrapping

stationthroughout the seasonand werelocked openwhennot in use.

Tomahawk live-traps werelocated within 1m of alternating trapstations on eachof the 5 rows,

giving an inter-trap distance of 50 m. Tomahawk traps weremovedto theirtrapping location on

the firstpre-baiting day and movedawayfromthestation afterthe last trap-checking day. Whilein

place, traps were coveredwith vegetation and a mixture of whole oats and sunflowerseeds were

again used for bait

Live-trappinggrids were of 3 types: the treatmentgrids, the original control grids and the newer

control grids (Fig. 3). The treatment grids and the original control grids were trapped with
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Longworth traps for one session in the fall of 1993 (Table 2). To determine ifnatural annual

fluctuations inthe small mammal community existed, the original controls continued tobe

trapped with the same methods and on approximately the same dates in 1994 and 1995. The

treatment areas and thenewer controls were each trapped for 3 sessions between thebeginning

of June and the end of August in 1994 and 1995.

Each trapping session involved 3days ofpre-baiting followed by 3or4 nights oftrapping: a fourth

trapping night was conducted ifthe recapture rate onthe third day was less than 60%. Two

exceptions to this procedure occurred in 1993 when area 2was trapped for a fifth night due tolow

recapture rates and area 24 was trapped for only 2nights due tocommencement oftimber harvest.

Live-traps were setinthe early evening, checked each morning within 4 hours following sunrise,

and locked open for the remainder ofthe day.

Upon capture, live-trapped animals were transferred to ahigh-sided container for further handling.

Bog lemmings, mice, voles and chipmunks were tagged inboth ears with serially numbered #1

Monel self-piercing tags (National Band and TagCo., Newport, KY). Squirrels andmedium-sized

mammals were tagged inbothearswithserially numbered #3 Monel self-piercing tags. Shrews

andmoles were notmarked. The traplocation, tagnumber, species, sex,sexual condition and

weightof eachanimal were recorded beforerelease at the siteof capture.
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Pitfall trapping

Pitfall traps were placed on areas harvested with full-tree extraction (stand 1, areas 1,2,3,14;

stand 2, areas 24,26) and uncut "controls" (stand 1, areas 13,4; stand 2, area 25) (Fig. 5). Pitfall

traps were arranged in2 parallel rows, separated from each other by40 m, of6 traps spaced 10m

apart (Fig. 4). Pitfall trap lines started approximately 20m from the small mammal live-trapping

grids and ran perpendicular tothem. Pitfall traps were set into the ground with the top ofthe trap

level with the surface. To prevent excessive amounts ofrain and debris from entering, pitfall traps

were covered witha board thatwasraised slightly above ground level with small rocks or

branches. Pitfall traps were filled with sufficient ethylene glycol toensure a humane death toany

organisms captured and topreserve specimens for later identification and analysis.

In 1993, pitfall trapswereset for 14days in the fall andexamined oncebefore timber harvest

treatments were applied. In 1994 and 1995, all traps were examined 7 times throughout the

summer, once approximately every 14days between June andSeptember. Any small mammals

captured by these traps wererecorded and preserved frozen. Identification of these specimens was

laterconducted following vanZyllde Jong (1983) andKurta (1995).

Peromyscus Tracking

Radio-collars (model MD-2C by Holohil Systems Limited, Woodlawn, Ontario, Canada),

transmitting at individual frequencies between 164-168 MHz, wereattached to adultPeromyscus

maniculatus weighing 16gor morein thesummers of 1994and 1995. In eachyear these collars

were attached between early and mid-July and were tracked during the next 11-36 days. Radio-
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telemetry receivers (model SRX-400 by Lotek Engineering Inc. or model TR4 by Telonics Inc.) in

combination with either a 3 or4 element hand-held antenna, were usedto locate theposition of

radio-collared mice during radio tracking. In 1995, radios were located in daylight hours only, but

in 1994 some telemetry workwasalso accomplished at night.

Twelveradio-collared mice were trackedin 1994,while in 1995 13were tracked (Table3). Radio

attachment was conducted from July 8th to July 16th in 1994, and from June 30th to July 16th in

1995. Mice on grids of clearcut areas 1and 14, shelterwood cutarea 5, andcontrol area 42were

radio-collared inbothyears. Inaddition, mice oncontrol grid132 were radio-collared in 1994

while in 1995mice were radio-collared on shelterwood grid2. Although both male and female

micewereradio-collared in post-harvest years, a much higher proportion of females werecollared

in 1995. Thiswas in parta result of fewer captures of adultmalemiceduring the radio attachment

period of 1995. In 1994,6 mice were tracked onharvested treatment areas, and oncontrols. In

1995,8 micewere trackedon harvested treatment areas, while5 were tracked on controls.

Mouse positions wereflagged immediately after they werelocated withradio-telemetry equipment

The habitat features associated with that location (Table4) and the positionofthe locationwith

respect to harvest treatments werealsonoted. Thedistance anddirection of these points from

trapping stations was thenmeasured. Finally, all day-refuge positions wereassigned to one of two

categories depending on theirheight. All day-refuges located 2m or moreabovethe ground were

includedin the "elevated" categorywhile day-refuges below 2m in height were categorizedas

"ground" positions.
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In the fall, mouse radio-telemetry locations were more accurately determined with the global

positioningsystem (GPS). A TrimblePathfinder™ Basic+receiverand external antenna were

used for this purpose. Trimble Pathfinder™software version 2.3 was then used for differential

correction ofthe raw pseudo-range data. Other researchers have tested the accuracy of

differentially corrected GPS data and found their positions were accurate to 3-7m (Deckert and

Bolstad 1996, Rempel andRodgers 1997). Because these researchers monitored GPS position

accuracy in forests, andopencanopy areas, it is probable thatthedifferentially corrected positions,

collected fromclearcut anduncutforest during thecurrent study, werealsowithin thisrange of

accuracy.

Data Analysis

Effect ofTimber Harvest Intensity

Trapping data collected only from areas harvestedwith full-treeextraction and controls were used

to ascertainthe effectsof timberharvestintensity on the smallmammalcommunity. Thus,3

clearcut, 3 shelterwood cut, and 6 control gridswere involvedin this analysis (Figs. 3 and 5).

Exclusion ofareas that were harvested at these intensities but with other methods reduced

difficulties of interpretation because harvest method was known to be consistent throughout the

treatments compared and was not a secondary factor in the analysis.

The numberof individualsofeach small mammal speciescapturedon each treatmentarea, by each

trapping method in each year, was then determined. Next, pre-harvest data from all treatments
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were used to assess the ability oflive-traps and pitfall traps to capture small mammal species. Use

ofonly the pre-harvest data for this comparison was beneficial because iteliminated consideration

ofthe differences in grid placement with respect to the harvest edge that occurred after timber

harvest. Finally, the abundance ofboth the common and the rare species on each treatment during

each year ofthis study were examined. Rare species were defined as those captured less than 5

times bya particular trapping method, within a particular year. After this, rare species were

excluded from further data analysis forthattrapping method in thatyear. Thiswasdonedueto the

difficulty inattributing any differences observed tobiological, asopposed torandom events, when

so few animals were involved in the comparison.

After elimination of rare species, thetotal small mammal abundance, species richness andspecies

diversity for each trapping method, oneach treatment area ineach year, were determined. Hill's

diversity indices, NO, Nl and N2, were also calculated (Magurran 1988). These diversity indices

werechosen for3 reasons. First, theycaneasily be converted to otherwidely useddiversity

indices; NO represents species richness, Nl is theexponent of theShannon diversity index, andN2

isthe reciprocal ofSimpson's diversity index (Ludwig and Reynolds 1988, Magurran 1988, Krebs

1989). This property is important for comparison toother studies that have used other diversity

indices. Secondly, Hill's diversity indices, Nl andN2,canhavemore power to oUscrirninate

between sites with similar communities than the Shannon or Simpson diversity index (Magurran

1988). Sincethe treatment gridsin this studywereall located withinthe same mixedwood forest,

it was reasonable to expectspecies composition on the sitesto be similar. As a result, the abilityof

diversity indices to discriminate between sites withsimilar communities was important. Finally,
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used inecological studies (Ludwig and Reynolds 1988).

Species abundance, Hill'sdiversity indices NO, Nl and N2, and the total number ofanimals

captured oneach area were used for all comparisons among years and treatments ofthis study.

First, a Friedman testwasused to investigate thesimilarity between thetwomixedwood stands

monitored during this research. This comparison was conducted for pitfall and live-trapping data

separately, andineachcasesmall mammal community characteristics collected overthe3 years of

thisstudy on each original control area were combined. Then inter-year comparisons with

Friedman testsfor bothpitfall and live-trapping datacollected on theoriginal control areaswere

completed. Thesetestswereconducted to assess thenatural population fluctuations of the small

mammal community in the areaof thisstudy during the 3 years of research. Finally, Kruskal-

Wallistestswere used to comparehow smallmammal communities were affectedby the harvest

intensity withineach of the 3 yearsof thisstudy. For live-trapping data, the inter-treatment

comparisonincluded data from the originalcontrolareas in 1993and the newer control areas in

1994 and 1995.

Effect ofTimber Harvest Method

The effect ofdifferent methods of timber harvest on small mammal edge communities associated

with the clearcutand shelterwood silvicultural systemswereanalyzedseparately. With

clearcutting, the harvest methods includedfull-tree extraction (areas 1,14 and 26) and tree-length

extraction (areas 7,9 and 21) (Fig. 6). Three harvest methods were involved in the shelterwood
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system comparison; full-tree extraction (areas 2,3 and 24), part-tree extraction (areas 12 and 23)

and cut-to-length extraction (areas 5,11 and 22). Control areas were included in each comparison.

In 1993, the original controls (areas 4,13 and 25) were included in both comparisons, while in

1994 and 1995 thenewer controls (areas 42,132 and 252) were used. Separate analyses ofdata

from the clearcut and shelterwood systems was required because theeffect of timber harvest

intensity was significant and needed tobecontrolled during comparison of timber harvesting

methods.

Only live-trapping data, from theedges of treatment areas were used inanalyses of timber harvest

methods. Otherwise, methods of data analysis followed thoseemployed for comparisons of harvest

intensity. Kruskal-Wallis tests were first used todetermine how similar thetreatment areas used

forcomparisons within each of the clearcut and sheltervood silvicultural systems were before

timber harvest. Comparisons of small mammal community characteristics relative to the

alternative harvest methods used within the clearcut and shelterwood silvicultural systems were

then made with Kruskal-Wallis tests.

Effect ofTimber Harvest Edge

Live-trapping datacollected fromallharvest andcontrol gridswereanalyzed to determine small

mammalabundanceand movement patterns at the edge ofeach treatment area. For each small

mammal trapping gridthe number of individuals of eachspecies captured on the treatedandbuffer

zonesidesof the grid (Fig.7) was determined separately for each year of the study. Also, Hill's

diversity valuesNO, Nl and N2 and the totalnumberof small mammalscapturedwere calculated
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for each side ofeach small mammal grid during each ofthe 3years ofthis study. AMann-

Whitney test was used to compare small mammal abundance, species richness and diversity, as

well as the total number ofsmall mammals captured onthe two sides ofeach grid, of each

treatment, during each year. During post-harvest years theoriginal andnewer controls were

considered separate treatments for the purposes of these comparisons because trapping on these

grids occurred at different times.

In cases where an individualsmall mammal was capturedon both sides ofa grid, it was included in

calculations for both the treatment and buffer zone sides of that grid. Although this may inflate the

apparent total number ofsmall mammals captured on the entire treatment grid, it gives a more

accurate portrayal ofsmall mammal use ofboth sides of the harvest edge than would occur if these

individuals were removed from the data. Also, since these individuals are included on both sides

of the grid, their presence does not change the ranks of these two areas relative to each other, so

comparison of the sides ofeach grid remains valid.

The numberof individuals that crossed the harvestedge duringthis studywas also determinedfor

eachspecieson each treatmentarea. The percentof animalsthat crossedthe edge in relation to the

totalnumberofindividualsof that speciesthat were capturedon each treatmentwas determined.

Comparisons of the species that movedand the frequency of their movementswere conductedby

direct observation of these data.
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Peromyscus Activity

Following differential correction ofthe GPS locations where deer mice were found, ahome range

analysis program, (Tracker 1994: version 1.1, CamponotusAB and Radio Location Systems AB,

Sweden) was used toassess the data. This work determined the duration ofradio attachment for

each mouse (duration), the number oftimes each mouse was located (locations), the number of

unique positions where each mouse was found (day-refuges) and the distance mice travelled for

every day-refuge they used (distance/day-refuge). Deermouse locations obtained outside daylight

hours, between 2200and0500, were notusedin theanalyses because onlya small number of

night-timelocationswere obtained in 1994.

Several home range calculations were alsoperformed. These werethe90% minimum convex

polygon estimate, andthearea within the 90%, 80% and 50% isopleths based on theharmonic

mean home range estimate (Dixon andChapman 1980, White andGarrott 1990). For female deer

mice, a grid spacing of4.9was used for the latter method ofhome range estimation, while for

males a gridspacing of 11.0 wasemployed. Toattain these final gridspacings, thegridspacing

recommended for eachanimal by thehomerange analysis program was firstdetermined. Then the

average recommended grid spacing formale andfemale mice wascalculated. Finally, an iterative

process was used to modify theaverage recommended gridspacing foreachsexso thatthis

number was within the limits allowed by the program for as many mice of that sex as possible.

The numberofseparate"active" areas associatedwith the 90%, 80% and 50% harmonic mean

home range estimates ofeach animal was also determined. An active area was defined to be a
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section ofa home range within acompletely enclosed isopleth that was separate from other

enclosed isopleth areas. Because the same grid spacing was used during harmonic mean home

rangeestimationfor deer mice of each sex, thiscountof activeareas is anothermethod of

assessing andcomparing the dispersion of radio-telemetry locations of females or males.

Becausethe durationof radio attachment variedamongindividual deer mice,variablesthat could

be closelyrelatedto duration, such as the totaldistance travelled or the number of day-refuges

could not be directly compared. For this reason, the ratios of distance/duration and the number of

day-refuges/duration were used for comparingthe activitiesof deer mice on different treatments.

The ratio ofdistance/number ofday-refugeswas also calculated. As with the home range

estimates, this variable described the degree ofday-refugedispersion. It had some advantages over

the home range estimation methods because unlike them, values for this measure could be

determined for every individual in the study.

After elimination ofnight radio-telemetrylocations,and calculation ofvariables that described

mouse activity, the scale at which deer mice were using their environment was investigated. All

mice were included, with 2 females that had enteredmore than one treatment each being assigned

to the treatmentwhere they were originallyradio-collared. The proximityofday-refugesand day

time radio-telemetry locationsto uncut forest, timberharvesttreatments and the border between

these environments was determined for each mouse, on each treatment area. For the purposes of

theseanalyses, borders weredefined to stretch 5mon eithersideof the transition betweencut and

uncut forest. The percentof day-refuges andradio-telemetry locations withinand outsideof the
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treatments associated with the grids on which deer mice were radio-collared was determined. All

ofthis was completed separately for female, male and both sexes ofdeer mice combined.

The relative importance ofspecific habitat features used as day-refuges by female, male and both

sexesof deermicecombined werealsosummarized. The ratioof "elevated"day-refuges (those

2m above the ground) to"ground" day-refuges (those <2m above the ground) was determined for

eachsex on eachtreatment area. Results arepresented separately for each sex on each treatment

andforallmice oneach treatment. Finally this ratio was determined foralldeermice regardless of

their sexor treatment designation. Aswith the investigation into thescale of habitat use, all radio-

collared micewereincluded, withthe females thathadentered morethanone treatment assigned to

thetreatment where they were originally radio-collared. Thepercent of day-refuges ineachhabitat

feature, regardless of the harvest treatment inwhich they occurred, was then calculated. The5

habitat features most commonly used byeach sexandforbothsexes in combination were

determined.

A Mann-Whitney testwas used tocompare the weights of female andmale deermice radio-

collared in thisstudy. For thiscomparison all deermicewereincluded regardless of the treatments

with which they were associated. Theactivities ofmale and female deer mice ontheshelterwood

andcontrol treatments werealsocompared usingthe Mann-Whitney test. For this comparison, 2

females radio-collared in 1995 had to be eliminated because each had entered 2 harvesting

treatments and couldnotbe assigned exclusively to onetreatment. Also,variables associated with

the harmonic mean home rangeestimates couldnot be used to comparebetweenthe sexes because
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this method is sensitive to changes in the grid spacing used for its calculation (White and Garrott

1990, Kie etal. 1996). Therefore, the variables that were used for this latter comparison were

distance/duration, number ofday-refuges/duration, distance/number ofday-refuges and the 90%

minimum convexpolygonhomerangeestimate.

Differences observedin the activitypatterns of maleand femaledeer mice indicatedthat data from

the two sexes should be analyzed separatelyfor all other comparisons. For each sex, data from the

2 years ofcollectionand from the multiplegridsassociated with each treatmentwere combined

after Mann-Whitney tests failedto find any statistically significant effectof grids or year in these

data. The activity patterns ofmale and female deer mice in relation to harvest intensity were then

compared. For female mice, the clearcut, shelterwoodand control treatments were compared with

Kruskal-Wallis tests. For male mice, the shelterwood and control treatments were compared with a

Mann-Whitney test. For both of these comparisons deer mice were assigned to the treatment

associated with the grid on which they were radio-collared and mice that entered more than one

harvest treatment were eliminated from the comparison.

RESULTS

Effect ofTimber Harvest Intensity

There was a large difference in the species capturedby pitfall and live-trapping methods.

Shrews(Family Soricidae) were capturedmoreoftenby pitfall traps, while various species of

rodents (Order Rodentia) were more prevalent in live-traps (Tables 5 and 6). In 1993,4

Soricidae were captured by live-trapswhile 61 were capturedby pitfall traps. Only live-traps
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captured deer mice {Peromyscus maniculatus), woodland jumping mice {Napaeozapus insignis),

heather voles {Phenacomys intermedius) and yellow-nosed voles {Microtus chrotorrhinus) in

that year. The only species captured by both trap types in 1993 was red-backed voles

{Clethrionomys gapperi).

Red-backed voles, deer mice and yellow-nosed voles were the 3 species most commonly

captured by live-traps during each ofthe 3years ofthis study (Table 5). Northern flying

squirrels {Glaucomys sabrinus), meadow voles {Microtus pennsylvanicus), southern bog

lemmings {Synaptomys cooperi), least chipmunks {Tamias minimus) and short-tail weasels

{Mustela erminea) orleast weasels {Mustela nivalis) were captured in live-traps only after

timber harvest. There were no species captured by live-traps only before harvest, so overall

species richness was higher inpost-harvest years based onlive-trapping data.

Incontrast to live-trapping, the 3 species most commonly captured inpitfall traps before timber

harvest were masked shrews {Sorex cinereus), red-backed voles andsmoky shrews {Sorex

fumeus) (Table 6). Following harvest, pygmy shrews {Sorex hoyi) replaced smoky shrews as the

third most common species captured. Pygmy shrews were the only Soricidae species detected

exclusively during post-harvest years. Other species that appeared inpitfalls only after harvest

were heather voles, yellow-nosed voles, southern bog lemmings andmeadow voles. Aswith

live-trapping, no species wascaptured in pitfall traps only before timber harvest, so overall

species richness was also higher during post-harvest years based onpitfall trapping data.
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Comparison oflive-trapping data among the original control grids revealed that, in general, a

larger number ofsmall mammals were captured on grids 13 and 25 than on grid 4during the 3

years ofthis research (Table 7). Also, red-backed vole abundance was lowest on grid 4,

moderate ongrid 13 and highest on grid 25 during every year (Tables 7and 8). Inter-year

comparison of the original controls revealed that abundance ofdeer mice and Hill's diversity

numberN2 were higher in 1993 and 1995 than in 1994 (Table 9).

In contrast to live-trapping data, pitfall data revealed that control areas were similar to one

anotherwith respectto all small mammal community characteristics measured over the time of

this study (Table 7). Inter-year comparisonof controlareas showed that over time, the total

number of small mammals captured and the abundanceof red-backedvoles increased (Table 9).

These comparisons also demonstrated thatpygmy shrew abundance and Hill's diversity

numbers Nl and N2 were higher in 1994and 1995than in 1993. Hill's species richness NO was

lowest in 1993, highest in 1994 and moderate in 1995.

Before timber harvest in 1993, one rare group of species, shrews (Soricidae), had 4 individuals

captured in live-trapsonly on grids that were assignedto be clearcut (Table 5). Since all other

rare species occurred only once or twice in live-trapsduring that year, their occurrence in areas

later assigned to the same treatment type was likely due to random chance. Statistical testing

indicated that the distribution ofcommon species among the 3 harvest intensity treatments were

even when pre-harvest live-trapping data were assessed (Table 10). Species richness and
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diversity indices based on live-trapping data also showed no statistically significant differences

among the treatment areas when they were compared before harvest.

Comparison ofred-backed vole abundance captured with pitfall traps on each treatment area

before timber harvest in 1993 revealed differences that approached statistical significance (Table

10). For all other common species, statistical tests failed to show any differences among the

treatments during the pre-harvest year. Also, Hill's species richness and diversity numbers

based onpitfall trapping did not differ significantly with harvest treatment before timber

extraction.

Evaluation of Hill's species richness NO based on live-trapping datain 1994, revealed a

significant difference among treatments, with lower values at the edge ofthe shelterwood cuts,

than on controls and clearcutedges(Table 10). Also,southern bog lemmings were more

prevalent oncontrols than onother treatments. All other commonly captured species showed no

statistically significant differences among harvest treatments during thefirst post-harvest year.

Likewise, pitfall-trapping data failed to show statistically significant differences among

treatment areas in 1994 with respect to small mammal abundance, species abundance and Hill's

speciesrichness and diversity measures (Table 10).

In 1995, no significant differences werefound forHill's species richness (NO) or diversity (Nl,

N2) indices based on live-trapping data but pitfall data showedNO and Nl were loweron

controls than on cut areasandN2 approached statistical significance (Table 10). Pitfalltrapping
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also showed that the abundance ofheather voles was higher on shelterwood areas than on

clearcut and control areas. The abundance ofred-backed voles and northern flying squirrels

determined bylive-trapping showed differences among treatments that approached statistical

significance (PO.100); red-backed voles were less prevalent at clearcut edges than at

shelterwood edges andin controls, while northern flying squirrels were captured predominantly

on gridsassociated with clearcutedges.

Effect of Timber Harvest Method

Red-backed voles,deer mice and yellow-nosed voleswerethe 3 mostcommonly captured species

on the treatment grids used for comparisonsofharvest methods in both the clearcut and

shelterwood systems (Tables 11 and 12). Less commonly captured species that appeared in both

data sets duringall years were heathervolesand woodland jumping mice. Species that appeared in

both data sets only after harvestwere meadow voles, northern flying squirrels, least chipmunks and

weasels. Ofthese, northern flying squirrels, least chipmunks and weasels appeared only on

harvested grids and not on controls.

Before timber harvest, in 1993, shrews were more abundant on trapping grids later designated to

the full-treeclearcut treatment than grids later designated to the tree-lengthclearcut and control

treatments(Table 13). However, only 5 shrewswere capturedon the designatedclearcut grids and

live-trappingis not the most effectivemeansofmeasuring shrew abundance. All other small

mammal community measurements, includingspeciesrichnessand diversitymeasures, failed to

show significant differences among the clearcut treatment areas during the pre-harvest year.
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Similarly, there were no significant differences in the small mammal community on designated

shelterwood treatmentareas before timberharvest in 1993(Table 14).

In 1995, northern flying squirrels were more prevalent on full-tree extraction clearcuts than ontree-

length extraction clearcuts and controls (Table 13). However, none ofthe other measures,

including species richness and diversity, showed differences among the clearcut treatments during

the 2 post-harvest years.

During the first year after timber harvest onthe shelterwood treatment grids, southern bog lemming

abundance andHill's diversity indices Nl andN2 had lower values thanon the controls that

approached statistical significance (PO.100) (Table 14). In 1994,2southern boglemmings were

present onarea 5,which was harvested with the cut-to-length method, butthis species wasabsent

from other shelterwood treatment areas regardless of theharvest method used(Table 12). Both

Hill's diversity indices Nl andN2 were higher on full-tree extraction shelterwood grids thanon

grids associated with theother harvested shelterwood treatments in 1994 (Table 14). By 1995,

therewereno longerany differences among the shelterwood harvesttreatments.

Although few statistical differences inspecies abundance anddiversity were apparent following

clearcut and shelterwood harvest treatments,there were changes in species composition ofcontrol

andtreatment areas among years(Tables 11 and 12). Shrews wereabsentfromcontrols in 1993

and northern flying squirrels did not appearon controls in 1994or 1995 (nonewere capturedon

anygridin 1993). Yellow-nosed voles were absent from shelterwood full-tree harvest grids before
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treatments were applied but reappeared onthis treatment area inthe first year post-harvest when

theywere thenabsentfrompart-tree shelterwood areas. Yellow-nosed voleswerealsoabsentfrom

clearcut tree-length extraction grids in 1995. Woodland jumping mice were absent from tree-

length clearcuts as well as cut-to-length and part-tree shelterwood grids. In 1995, northern flying

squirrels wereabsent from control areas butwere captured on at leastonegridin all of theclearcut

and shelterwood treatments.

Overall species richness ofclearcut and shelterwoodtreatmentareas was higher after timber

harvest than it was in 1993 (Tables 11 and 12). Several species appeared on clearcut areas in 1994

that had not previously been captured; meadow voles, meadowjumping mice {Zapus hudsonius),

least chipmunks, northern flying squirrels and weasels. Similarly,meadow voles, southern bog

lemmings, least chipmunks, northernflyingsquirrels and weaselsappearedon shelterwood areas in

1994. By 1995,meadow voles, meadowjumping mice and shrews no longer appeared on the

clearcut treatment grids and meadow voles were no longer captured on shelterwood areas. As no

new species were evident on clearcut or shelterwoodtreatment areas in 1995, overall species

richnessof both treatments was higher in 1995than in 1993 and slightlyhigher in 1994than in

1995.

Effect ofTimber Harvest Edge

Before timber harvest in 1993, there were no statisticaldifferences in small mammal species

abundance, total numbersofsmallmammalscaptured or Hill's diversitynumbersNO andNl

betweentreatedand buffer zone halvesoftreatmentgrids (Table 15). However,Hill's diversity
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number N2 was significantly higher on halves ofthe grids later designated full-tree extraction

clearcuts than the buffer zone halves ofthese grids; this was primarily due todifferences inthe

values ofN2 between harvested and buffer zones on a single grid (14).

Significant differences in the abundance ofred-backed voles and deer mice were observed on

clearcut treatments in 1994, the first yearafter harvest; red-backed voles weremore abundant on

theuncut sides of bothfull-tree andtree-length clearcuts, while deermiceweremore abundant on

theharvested sideof full-tree clearcuts (Table 16). In fact, 88% of deermice captures on the full-

tree extractionclearcutsoccurredon the harvestedside of the live-trappinggrids, while 72% of

red-backed volecaptures on thesamegrids occurred on thebuffer zoneside. Largely dueto the

increases in red-backedvole abundance on the uncut sides of the grids, there was also a significant

increase in the totalnumbers of small mammals captured on thebufferzonesidesof bothfull-tree

and tree-lengthextraction clearcuts.

In 1994, significant differences inHill's diversity numbers Nl andN2onboththeuncut original

and newer control grids were chiefly the result ofjuxtaposed species richness andtotal numbers of

captures ona single grid ineach case; i.e., a greater number of total captures butfewer species on

oneside("buffer") of original control grid 4 than on theotherside ("treated") or a greater number

of total captures but fewer species on oneside("treated") of newer control grid42 thanon the

other side("buffer") (Table 16).
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During the second post-harvest year, red-backed voles and northern flying squirrels showed

significant differences between the two sides offull-tree extraction clearcut grids while deer mice

andthetotal numbers of small mammals captured differed between sides of full-tree shelterwood

grids (Table 17). As in 1994, red-backedvoles were more abundant on the buffer sides of full-tree

extraction grids whereas deermiceweremore abundant onharvested sides. Northern flying

squirrelswere also higher in abundanceon the bufferzone sides of full-treeextraction clearcuts,

but onlybecauseone individual was capturedon the bufferzone side and no individuals were

capturedon the harvestedside of each of thesegrids in 1995. Differencesin total numbersof

small mammals captured between sides offull-treeshelterwood grids were mainly due to the

increased numbers ofdeer mice captured on the harvested sides of these grids (Tables 16 and 17).

Differences in species richnesson the cut and uncut sides of grids on patch-cut treatments

conducted with manual felling and cable skidding approached statistically significance (Table 17),

but only because the number ofspeciescapturedon the uncut side of the grids was one higher than

on the buffer zone side in 1995.

As in 1994, boththenewerandoriginal control treatments showed differences in smallmammal

captureson the two sides ofthese completely forested trappinggrids during the second post-

harvest year(Table17). Thenewercontrol areas hadhigheroverall red-backed voleand total

small mammal abundance values on the bufferzone side of the grids but statistical differences

weredue to the largedecrease in red-backed voleson the "treated"side of a singlegrid (252).

Hill's diversity number Nl wasagain significantly different between sides of theoriginal control
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grids in 1995 due to the juxtaposition ofspecies richness and total numbers ofcaptures on asingle

grid; i.e., agreater number oftotal captures but fewer species on one side ("treated") oforiginal

control grid25 than on theother side ("buffer").

Individuals ofonly 5species crossed the centres between buffers and treated sides oftrapping grids

during this study; northern red-backed voles, deer mice, heather voles, yellow-nosed voles, and

least chipmunks (Table 18). Ofthese, the most common species to move were red-backed voles

and deer mice. Although red-backed voles crossed the grid centre onmore treatments than deer

mice, a larger percentage ofdeer mice moved across the centre oftreatment grids than red-backed

voles. Forboth species, thehighest rate ofmovement occurred onthefull-tree extraction

shelterwood areas before timber harvest. During thefirst yearafter timber harvest, deermice

movement was higher onthe newer and original controls than at the other treatment edges. By

1995, this pattern no longer existed because more deer mice moved across the centre ofpatch cut

grids than control grids inthat year. For red-backed voles no obvious differences among the

treatmentswere noted when the numberof individuals capturedon each side ofthe grids was

compared. Only 1individual ofeach ofthe other 3species crossed the grid centres during this

entire study.

Peromyscus Activity

Themedian distance moved by female deer mice inthisstudy was4.3 m/day, which wasmuch less

than the23.2 m/day moved bymales (Table 19). Large differences in thehome range size ofthe

twosexeswerealsoobserved with females having a median 90%niinimum convexpolygon home
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range of8.2 x W* ha (8.2 m2) and males with an average home range of6.1 x 103 ha (61.0 m2).

Most of thedayrefuges andradio-telemetry locations of individuals were within the treatment area

associated with the grids onwhich they had been radio-collared (Table 20). Examined separately,

theproportions ofdayrefuges andradio-telemetry locations of individual females on treated areas

generally decreased whereas thoseof malesincreased relative to the treatment area on whichthey

had been radio-collared. In all cases,use of boundary habitatwas less than use ofuncut forest,

shelterwood and clearcut areas; i.e., deer mice remained resident.

The most common habitat features used by the combined sexes ofdeer mice were decay class 3-5

root-balls, tree/snags and logs, slash-piles and areas ofground not associated with any above-

ground features (Table 21). Four of these habitat features were particularly important to females;

decay class 3-5 root-ballsand logs, slash-piles and groundnot associatedwith any obvious above-

ground features. In addition, stumps ofall decay classes were important to female deer mice.

Three of the most common habitat features were also important to males; decay class 3-5 root-balls

and tree/snags and areas ofground not coveredby any obvious above-ground habitat features.

Male deer mice also commonlyused decay class 1-2tree/snagsand erratics. Of the five habitat

featuresmost commonlyused by male deer mice,decay class 3-5 snags were the most heavily

used. Ground-levelday-refuges were generallyused by deer mice more often than elevated refuges

but males on the uncut control areas used elevatedrefugesthree times more often than ground day-

refuges.
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Comparison ofactivity patterns between male and female deer mice on shelterwood and control

treatments showed statistically significant differences between the sexes only on the shelterwood

treatment (Table 22). On shelterwood areas, both the distance/duration and distance/number of

day-refuges were higher for male than female deer mice.

Female deermice associated withclearcut, shelterwood andcontrol treatments travelled

significantly different distances per day (Table 23). In particular, females associated with clearcuts

travelled further for each day they were radio-collared than females associated with shelterwood

and control treatments. Othervariables thatshowed differences approaching statistical

significance (P<0.100) were the number ofday positions/duration and the distance between day

positions; the values ofthese variables seemed to be higher for females associated with the clearcut

treatment. Activity patterns ofmale deer mice were not statistically different between shelterwood

and control treatments, although the 80% and 90% harmonic mean estimates ofhome range

approached statistical significance with higher values on the shelterwood treatment than on the

uncut controls (Table 23).

DISCUSSION

Although several potentially negative effects oftimber harvesting on small mammal communities

were documented, theresults of this study largely suggest thatalternative timber management

practices can be used to maintain or enhance biodiversity ofsmall mammal communities in boreal

mixedwoods. Indeed, species richness was maintained or increased onalltreatment areas

following timber harvest. An increase in overall species richness following timber harvest could
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be attributed to the effect ofharvest intensity or methods ofextraction on predation rates,

interspecific (between species) and intraspecific (between individuals ofthe same species)

competition, and on habitat quality. Timber harvest could affect predation rates by changing the

number ofpredators hunting in an area, or by increasing or decreasing the availability ofshelter for

small mammals and hiding places for ambush predators. Interspecific competition may change

with the addition and loss ofspecies from an area and intraspecific competition can change the

number ofindividuals ofa species in an area. Habitat quality for small mammals can be altered by

changes inthe type and amount offood and shelter, aswell aschanges inthe microclimate ofan

areadue to alternative timber management practices.

Within any particular silvicultural system, different harvest methods can havenotable effects on

the habitat left for wildlife after timber extraction (Scarratt et al. 1996). Forinstance, full-tree

extraction removes much more unmerchantable woody debris, or slash, from a harvested area than

cut-to-length extraction. Some other factors that change with different harvesting methods arethe

amount of soilcompaction, soilerosion and residual tree damage to a stand (Deslauriers 1996,

Pulkki 1996). Each of these factors could have effects onthe small mammal community ofa

harvested site. Soil compaction and erosion candetermine the health and vigour ofvegetative re-

growth aftertimberextraction (Hausenbuiller 1985). Theseverity andamount of residual tree

damage can affectthe health of the remaining treesin thenewforest This in turncan influence

the numberof seeds,insectsand the regeneration success in the stand. Sinceseeds, insectsand

vegetative re-growth are important food sources forsmall mammals, theirpopulations on harvested

standscould also be influenced by residual tree damage. Finally,the amountand distribution of
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slash in anarea canaffectthe habitat ofsmall mammals by influencing the availability ofshelter,

herbaceous vegetation, insects, and moisture at the soil surface (Kirkland 1975, Wywialowski and

Smith 1988, Deslauriers 1996). Since tree tops and limbs often carry seeds, leaving slash onthe

harvested area can also influence theavailability of seeds which are used asa food source by many

small mammals (Kirkland 1990, Deslauriers 1996). Ofthe harvest methods employed atthe Black

Sturgeon Boreal Mixedwoods Research Project, cut-to-length extraction leaves the least soil

compaction, soil erosion, residual tiree damage and the most slash on aharvested stand (Deslauriers

1996, Gingras 1996, Pulkki 1996).

In spite ofthe potential effects oftimber harvesting on small mammal habitat, timber harvest

intensity and methods ofextraction had little impact on small mammal communities at the Black

Sturgeon Boreal Mixedwoods Research site. In the first year following timber harvest, there was a

drop in species richness on shelterwood cuts, and southern bog lemmings increased on control

grids, but bythe second post-harvest year there were no remaining effects oftimber harvest

intensity (i.e., shelterwood or clearcuts) on overall small mammal species abundance, diversity or

richness inedge habitats oftreated areas. Northern flying squirrels became more prevalent on full-

tree extraction clearcuts inthe second post-harvest year, otherwise overall small mammal species

abundance, diversity and richness inedge habitats were not affected by the method used for timber

extraction (i.e., full-tree, part-tree, tree-length orcut-to-length).

Several researchers have investigated theeffects of clearcut timber harvesting onsmall mammal

communities inside cutareas (Tevis 1956; Kirkland 1977; Martell and Radvanyi 1977; Martell
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1983; Scrivner andSmith 1984; Swan etal. 1984; Monthey and Soutiere 1985; Clough 1987;

Parker 1989; Walters 1991). Kirkland (1990) compared 22of these studies, all conducted in North

America, andfound theresponse ofsmall mammal communities toclearcut harvesting wassimilar

in deciduous andconiferous forests during thefirst 6 years afterdisturbance. Themajority of

studies reviewed by Kirkland (1990) found higher species richness values on clearcuts thanin

uncut forest, whereas the present studyshowedno difference betweenclearcutand controlareas.

Similarly, Martell andRadvanyi (1977) observed nochange inspecies richness between clearcut

anduncutblackspruceforest in Ontario. On the otherhand, Martell (1983) observed lower

speciesrichnessin clearcuts than in adjacent uncutblackspruceforests. In Maine,Monthey and

Soutiere(1985) found higherspecies richness in controlsthan in shelterwoods, similar to the

present study, but lower species richness in clearcuts than in uncut softwood forest. Besides

obvious differences in forest typesandharvest methods, variation among studies in species

richness response to timber harvesting undoubtedly reflects differences in species composition of

the smallmammalcommunities thatwereexamined; i.e.,someforest typesmay havebeen

inhabited by smallmammal species thataremore sensitive, or respond differently, to the effects of

timberharvesting thanothers. Suchspecies-specific effects wereevident fromcomparisons of

smallmammalabundance betweenharvested anduncutbufferzonesadjacentto treatment areas in

the present study.

Both timber harvest intensityand methodof extraction had effectson the abundanceof the two

most commonly captured small mammal species, red-backedvoles and deer mice, as well as some

ofthe less common species, such as northern flying squirrels, at the interface between uncut forest
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andharvested areas at theBlack Sturgeon Boreal Mixedwoods Research site. Full-tree harvest

and, to a lesser extent, tree-length harvest ofclearcuts resulted inincreased use ofuncut buffer

zones by red-backed voles. Northern flying squirrels also increased inabundance inthe uncut

forest adjacent tofull-tree clearcuts. Incontrast, deer mice increased inabundance onthe

harvested sides ofclearcuts the year after timber was removed byfull-tree extraction andonthe

harvested sides of full-tree shelterwood areas 2 years after timber removal. There waslittle

evidence thatindividuals of any species commonly traversed the interface between clearcut areas

and adjacent forest.

Higher red-backed vole abundance on the uncut side offull-tree clearcuts agrees with observations

ofMills (1995) and Sekgororoane and Dilworth (1995) who found this species toavoid disturbed

habitat. However, Kirkland (1985) observed the opposite response, and Walters (1991) found red-

backed vole activity similar onboth sides ofa forest/clearcut interface. Generally, red-backed

voles were less abundant on clearcuts than shelterwood or control areas at the Black Sturgeon

Boreal Mixedwoods Research site (Table 5). This agrees with theresults of some researchers who

studied mature coniferous forests of eastern (Martell andRadvanyi 1977, Martell 1983) and

western (Corn et al. 1988, Nordyke and Buskirk 1988, Raphael 1988b) North America. In

contrast, studies in coniferous forests of northern Maine (Monthey andSoutiere 1985), New

Brunswick (Parker 1989) and Pennsylvania (Kirkland 1977) found more abundant red-backed vole

populations onrecent clearcuts than inuncut forests. In atleast one study, the cause ofthis

differencecould be related to use of alternative timberharvestingmethods; i.e., Monthey and
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Soutiere (1985) noted large amounts ofslash on cut areas attheir research site suggesting full-tree

harvestingmay not have been used.

Generally higher abundance ofred-backed voles ininterior forests than recently clearcut areas

(Raphael 1988a, Kurta 1995, Mills 1995) has led some researchers tosuggest that the species

might beuseful asan indicator of old-growth conditions inwestern North American forests (Com

etal. 1988, Raphael 1988b, Wywialowski and Smith 1988). It ispossible that the different forest

types, composition and climate in western North America would preclude use of the sameold-

growth indicatorspecies in easternNorthAmerica. However, the distribution of red-backed voles

between harvested and uncut buffer zones adjacent totreatment areas inthe present study suggests

that the species mightalsobe a useful old-growth indicator forboreal mixedwood forests in

Ontario.

Similar to red-backed voles, northern flying squirrels generally prefer uncut forest habitat (Raphael

1988a, Kurta 1995, Waters andZabel 1995). Theappearance of northern flying squirrels in the

second postharvest year, only on theforested side offull-tree extraction clearcuts in thepresent

study, andpredominantly on the forested sideof harvested areas in general ratherthanuncut

controls (Table17),suggests that thesesquirrels actually usehabitat edgesmoreintensely than

interior forest Flying squirrels mayusehabitat edges ascorridors fortravel andadjacent cutover

areas to forage for foodand nestingmaterial. Bryoroa spp. lichens, in particular, are commonly

usedby flying squirrels as food andnesting material (Mowrey andZasada 1984, Hayward and

Rosentreter 1994, Waters and Zabel 1995). These hair lichens,which grow on tree limbs, are often
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abundant inthe slash piles ofrecent clearcuts, thereby providing anample source offood and

nesting material adjacent to harvested areas.

Incontrast to red-backed voles andnorthern flying squirrels, deermice weremore abundant on the

harvestedthan uncut sides of full-treeclearcutsat the Black SturgeonBoreal Mixedwoods

Research site during thefirst year following timber removal. These results support Walters (1991),

who found higher deer mouse abundance onrecently clearcut lands than inadjacent uncut forests,

but not Sekgororoane and Dilworth (1995) who found very little difference between the harvested

and un-harvestedsides of a forest/clearcut interface. During the second post-harvestyear, deer

mice were more abundant on the cutoverside of full-tree shelterwoodtreatments than uncut forest.

Although noother studies have investigated the abundance ofdeer mice at the edge of

shelterwood cuts, twostudies innortheastern North America found higher abundance of deer mice

inpartially cut areas than inuncut forests (Swan etal. 1984, Monthey and Soutiere 1985), which

coincides with the current study.

Deermicehaveone of the mostextensive geographic distributions of anyNorthAmerican

mammal, reaching from thenorthern Yukon Territory ofCanada southwards into central Mexico,

andfrom thewest, almost to theeastcoast of thecontinent (Hooper 1968, BurtandGrossenheider

1980, Kurta 1995). Throughout their range deer mice areknown to occupy a diverse array of

disturbance-driven andearlysuccessional habitats including agricultural fields, sanddunes, recent

burns, regenerating clearcuts andshrubby areas, aswell as mature forests (Ahlgren 1966, Burtand

Grossenheider 1980,Sullivan1980,Gilbertand Krebs 1981,Martell 1983,Probst and Rakstad
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1987, Kurta 1995). Since harvesting ofmature forests isone method ofconverting them toan

earlier successional stage, timber harvest may positively influence deer mouse populations. Deer

mice are primarily seed-eaters, although they also consume berries and insects, indeed, high

numbers ofdeermice onseeded clearcuts attracted theinterest of foresters during theearly 1900s

dueto thepresumed deleterious effect their presence hadon forest regeneration (Sullivan 1979).

Since thattime, deer mice have been shown toprovide many benefits toregenerating forests by

assisting withcontrol of insect pests, dispersal of mycorrhizal fungi andaeration of forest soils

(Maser et al. 1978, Martell and Macaulay 1981, Kurta1995). Thus, leaving slashmaterial on

harvested areas canincrease theavailability of seeds, as well as shelter, vegetative regrowth and

insects thatmayattract and enhance deermouse populations.

However, radio-tracking of deer micein thepresent studyshowedthat alternative harvesting

practices can affectthe activitypatterns and habitat use of smallmammals withoutcausing

significant differences in theirlonger-term overall abundance at habitatedges. For example, deer

miceuseda greater number of elevated day-refuges in trees thanground-level refuges inuncut

control and shelterwoodareas relativeto clearcuttreatments (Table 21). In addition,females

tracked in clearcuts travelled furthereach day than those on shelterwoodand control areas.

Nonetheless, the majorityofday refugesand radio-telemetry locationsof individualswere within

the treatmentarea associatedwith the grids on which they were radio-collared(Table 20). Since

most deer mice remained resident in spite ofthese changes in habitat use and activity patterns,

overall abundance did not vary among these treatment areas before or after timber was harvested

(Table 10).
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There wereno differences in smallmammal species abundance, diversity or richness between

uncut and harvested sides ofpart-tree shelterwoods orcut-to-length shelterwoods inany of the 3

years ofthis study. Species richness was higher on the uncut side ofpart-tree patch cuts in the

second year post-harvest, but only because asingle individual ofseveral species (Soricidae,

Mustela sp., southern bog lemming and least chipmunk) was captured on the uncut side ofasingle

grid (Table 17). Part-tree and cut-to-length harvesting methods would have left more slash on cut

areas, thereby providing "softer" edges, than any ofthe other methods used inthis project Since

these methods had no apparent effect, part-tree and cut-to-length harvesting, particularly in

association with shelterwood or patch-cut silvicultural systems, may bebestsuited to the

maintenance ofbiodiversity of small mammal communities inboreal mixedwoods.

Part-tree and cut-to-length extraction were not used with clearcut harvesting soit isnot possible to

determine if these methods would moderate differences in red-backed vole or deer mouse

abundance between sides of forest/clearcut edges. However, tree-length extiraction clearcuts,

which like the part-tree and cut-to-length methods have more remaining slash than full-tree

extraction, didnotsustain anysignificant differences in red-backed volenumbers by thesecond

post-harvest year (Tables 16 and 17). It is therefore possible that use ofthe part-tree and cut-to-

length methods might also moderate the effects oftimber extraction atforest/clearcut edges. More

workon the effects of these twoharvesting methods on smallmammal communities in areas

plannedfor clearcutting wouldbe useful.
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CONCLUSION

Thesilvicultural systems and harvest methods examined at theBlack Sturgeon Boreal

Mixedwoods Research sitehad little effect on overall species abundance, diversity or richness of

smallmammal communities. However, several of these systems andmethods did affectthe

distribution of somespeciesbetween treated andadjacent uncutforestareas. In particular, full-tree

and, to a lesser extent, tree-length harvestof clearcuts affectedthe use of cutover and uncut forests

by red-backed volesand deer micewhereas part-tree and cut-to-length harvesting in shelterwood or

patch-cutsystemshad no effecton theseor other speciesof small mammals. Such species-specific

responses of small mammalsmust be taken intoconsideration in the development of integrated

resourcemanagementplans that maintainor enhancebiodiversity, particularlyin areas with species

that are rare or at risk. To meet the habitat requirements and conserve the broadest range of small

mammal species, foresters will need to implementa variety ofsilvicultural systems and harvest

methods that provide an appropriatemixtureofmatureas well as regeneratingareas within

managed boreal mixedwoodforests. The most successfulconservationstrategy will satisfy the

requirementsofboth internal and disturbance-tolerant species and facilitate re-colonizationof

cutover areas following harvest. Applied with due diligence, alternative timber management

practicescan be used to maintainor enhancebiodiversityofsmall mammal communities in boreal

mixedwoods.
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Table 1. Small mammals thatmay befound at theBlack Sturgeon Boreal Mixedwoods
Research Site,basedon known distributions in Ontario (Banfield 1974, Dobbyn
1994, Kurta 1995).

Scientific Name

DSfSECnVORA (Insectivores)
Sorex cinerus

Sorexpalustris
Sorexfumeus
Sorex arcticus

Sorex hoyi
Blarina brevicauda

Condylura cristata

RODENTIA (Rodents)
Tamias striatus

Tamias minimus

Tamiasciurus hudsonicus

Glaucomyssabrinus
Peromyscus maniculatus
Clethrionomys gapperi
Synaptomys cooperi
Phenacomysintermedius
Microtus pennsylvanicus
Microtus chrotorrhinus

Zapushudsonius
Napaeozapusinsignis

CARNIVORA (Carnivores)
Mustela erminea

Mustelafrenata
Mustela nivalis

Common Names

Masked shrew, Dusky shrew, Common shrew
American water shrew

Smokyshrew
Arctic shrew, Black-backed shrew
Pygmy shrew
Short-tailed shrew

Star-nosed mole

Eastern chipmunk
Least chipmunk
Red squirrel
Northern flying squirrel
Deer mouse

Southern red-backed vole, Capper's red-backed vole
Southern bog lemming
Heather vole, Heath vole
Meadow vole

Rock vole, Yellow-nosed vole
Meadow jumping mouse
Woodlandjumping mouse

Ermine

Long-tailedweasel
Least weasel
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Table 2. Seasons and live-trap types used to monitor thesmall mammal community onthe3
treatment grid groups during thepre-harvest year (1993) and the2 post-harvest years
(1994 and 1995) atthe Black Sturgeon Boreal Mixedwood Research site.

Year Trapping Trap Type Treatment Grid Groups

Season Used

Original Harvested New

Control Treatment Control

Grids Grids Grids

1993 Fall Longworth X X

1994 Summer

and Fall

Sherman X X

1994 Fall Longworth X

1995 Summer

and Fall

Sherman X X

1995 Fall . Longworth X
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Table 3. Numbers of radio-collars attached to female and male deer mice oneach grid ineach
harvest treatment during the2 post-harvest years (1994 and 1995) atthe Black
Sturgeon Boreal Mixedwood Research site.

Year Sex Treatments

Controls Shelterwood Cuts

Grid 2 Grid 5

• Clearcuts

Grid 1 Grid 14

Totals

Grid 42 Grid 132

1994 Females

Males

1 2

3

2

2

1 1 7

5

Total 1 5 4 1 1 12

1995 Females

Males

4

1

2 1

1

1 3 11

2

Total 5 2 2 1 3 13
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Table 4. Definitionsofthe habitatfeatures associated with the day-refuges ofdeermice
located by radio-telemetry during the 2 post-harvest years (1994 and 1995) atthe
Black Sturgeon Boreal Mixedwood Research site.

Habitat Features

Ground

Logs (decay class l-2)a

Logs (decay class3-5)

Trees/snags(decay class 1-2)

Snags (decay class3-5)

Stumps (decay class 1-2)

Stumps (decay class3-5)

Root-balls (decay class 1-2)

Root-balls (decay class 3-5)

Large rock

Erratic

Slash-pile

Under shrub

Camper trailer

Definitions

An area of landwith a diameter of at least 1.5m havingno obvious above-ground
features (such as logs, stumps, shrubs and rocks). These could have exposed soil, moss
or a leaf litter covering.
These logs consisted of strong wood onthe outside layers butcould have wood rot well
within the log. Logs were atleast 1.5m long and =5cm indiameter and had toberesting
directly onthe ground atorabove the position where the mouse was located with radio-
telemetry.
These logs consisted mainly ofdecayed wood material, even onthe outside layers of the
log. Logs were atleast 1.5m long and =5 cmindiameter and had toberesting directly
ontheground atorabove theposition where themouse was located withradio-
telemetry.
These trees/snags were alive and healthy, todeclining inhealth, oralmost dead. Trees
and snags were anywoody vegetation =5.0m inheight and =5cm indiameter atbreast
height (DBH)b.
These snags were dead and decayed woody material, =5.0m inheight and =5cm in
diameter at breast height (DBH).
These stumps consisted of strong wood ontheoutside layers butoccasionally hadwood
rotatthecentre of thestump. Stumps were =2.0m highand =5cm in diameter atthetop
of thestump, oratbreast height if thestump was=1.3m high.
Thesestumps consisted of decayed woodthroughout mostof thestump. Stumps were
=2.0m high and =5cm indiameter atthetopof thestump, oratbreast height if thestump
was =1.3m high
These root-balls were still strong and were notmoss-covered. Theywere theroots of
trees which had fallen over and were now above ground level.
Theseroot-balls were composed of decayed woodand were usually atleast partially
moss-covered. Theywere theroots of trees which had fallen overand were now above
ground level.
Thiswasarocklocated mostlyunderground that wastoo large tobe movedwithout
heavy equipment.
Thiswasarocklocated mostlyabove ground that wastoolarge to be movedwithout
heavy equipment.
Thiswas apile of harvesting debris (twigs, branches, treetops), each piece having a
diameterof<5cm at its widest point.
Thishabitat designation wasusedwhenananimal waslocated in theground lessthan
0.75m froma shrub. Shrubswere defined aswoody vegetation>0.40mand=2.0m in
height
A portable human builtshelter for protection from inclement weather.

"Decay class definitions are based onthedescription of gradual decay in logs adapted by Maser et

al. (1979) and Thomas et al. (1979) from Fogel et al. (1973 ascited by Hunter 1990). In general
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class 1-2 woodyhabitat features were comprised of intact to partially softwood and held their

living shape. Class 3-5 woody habitat features were comprised of decay levels characterized by

large orsmall pieces of wood, ora powdery substance, and usually didnotholdthe shape theyhad

when the tree was alive.

bDBH isapproximately 1.3m above the ground.



Table 5.
Numbers ofsmall mammals live-trapped on grids associated with the control, shelterwood and clearcut treatments during tiie
pre-harvest year (1993) and the two post-harvest years (1994 and 1995) at the Black Sturgeon Boreal Mixedwood Research site.
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1993(pre-harvest)
Control Control Control

SILVICULTUKAJL 5Y51CM uaier lmpicmciucu;

ShHtf*r""~1 Shelterwood Shelterwood Clearcut
0 1 tA 1

Clearcut

14

Clearcut

26

Species

Totals
LIVETRAPPING GRID NUMBER

Clethrionomys gapperi

Peromyscus maniculatus

4

20

9

13

32

9

25

67

23

2

20

10

15

4

35

12

37

6

59

12

3

76

5

9

361

90

14

Microtus chrotorrhinus 2
1 1 2

Phenacomys intermedius 1

Napaeozapus insignis
Soricidae

1

on

2

135

1

180

1

180

4

EFFORTS Trap Nights) 180 180 180 225 133 •'«

TOTAL CAPTURES (# individuals)

TOTAL EFFORT (# trap nights)

468

1485

1994(post-harvest)
Control Control Control Shelterwood

SILV1CULTU1

Shelterwood

IAL 3191 CM

Shelterwood

24

Clearcut

1

Clearcut

14

Clearcut

26

Species

Totals
LIVETRAPPING GRID NUMBER

Clethrionomysgapperi

Peromyscus maniculatus
Microtus chrotorrhinus

42

68

12

8

132

78

13

11

252

61

3

17

2

59

9

5

37

8

2

65

7

3

56

10

1

3

60

18

12

3

82

8

5

566

88

64

8

Glaucomys sabrinus 2
2 1 8

Microtus pennsylvanicus 2 2 i

4 1 1 8

Napaeozapus insignis 1 1
1 1 8

Synaptomys cooperi 3 2 1
1 4

Phenacomys intermedius 2 1
1 1

Tamias minimus 1 1

Mustelasp.

Soricidae 1
AZft 495 540 450

1

EFFORT (# Trap Nights) 540 450 450 495
TOTAL CAPTURES (# individuals)

TOTAL EFFORT (# trap nights)

757

4410
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1995 (post-harvest) SILVICULTURAL SYSTEM

Control Control Control Shelterwood Shelterwood Shelterwood Clearcut Clearcut Clearcut Species

TotalsLIVETRAPPING GRID NUMBER 42 132 252 2 3 24 1 14 26

Clethrionomysgapperi 44 49 44 51 45 44 26 38 40 381

Peromyscus maniculatus 17 28 5 12 10 11 20 21 3 127

Microtus chrotorrhinus 8 2 5 15

Glaucomys sabrinus 2 5 2 2 11

Phenacomysintermedius 3 1 1 4 9

Tamias minimus 1 4 5

Napaeozapus insignis 1 1 2 1 5

Synaptomys cooperi 3 1 1 5

Mustelasp. 1 1 2

Soricidae 1 1

EFFORT (# Trap Nights) 450 540 450 405 405 495 450 405 495

TOTAL CAPTURES (# individuals) 561

TOTAL EFFORT (# trap nights) 4095



Table 6.
Numbers ofsmall mammals pitfall trapped on the control, shelterwood and clearcut treatment areas during the pre-harvest year
(1993) and the two post-harvest years (1994 and 1995) at the Black Sturgeon Boreal Mixedwood Research site.

1993(pre-harvest)

TREATMENT AREA NUMBER

Sorex cinereus

Clethrionomys gapperi
Sorexfumeus
Blarina brevicauda
Sorex arcticus

EFFORT (# Trap Nights)

1994 (post-harvest)

TREATMENT AREA NUMBER

Sorex cinereus

Clethrionomys gapperi
Sorex hoyi
Phenacomys intermedius
Microtus chrotorrhinus
Synaptomyscooperi
Sorexjumeus
Microtus pennsylvanicus
Sorex arcticus
EFFORT (# Trap Nights)

1995(post-harvest)

TREATMENT AREA NUMBER

Sorex cinereus

Clethrionomys gapperi

Control

15

168

Control

11

4

1

1200

Control

10

10

Control

13

168

Control

13

1200

Control

13

21

8

Control

25

168

Control

25

25

15

4

3

3

1

1

1200

Control

25

25

21

SILVICULTURALSYSTEM (later implemented)
Shelterwood Shelterwood Clearcut Clearcut Clearcut

Shelterwood

168

Shelterwood

12

10

6

1

2

1

1200

Shelterwood

24

13

24

168 168

14 26

12

168 168 168

TOTAL CAPTURES (# individuals)
TOTAL EFFORT (# trap nights)

SILVICULTURAL SYSTEM
Clearcut ClearcutShelterwood

1200

Shelterwood

24

10

12

3

8

4

2

1

1200

Clearcut

7

12

6

14

17

13

4

1

26

1200 1200 1200

TOTAL CAPTURES (# individuals)
TOTAL EFFORT (# trap nights)

SILVICULTURAL SYSTEM
Clearcut ClearcutShelterwood

18

14

Shelterwood

24

15

8

Clearcut

20

2

14

24

8

26

18

7

65

Species
Totals

51

11

8

1

1

72

1512

SPECIES

TOTALS

107

90

31

13

11

5

4

1

1

173

10800

SPECIES

TOTALS

175

91



66

Sorex hoyi 2 1 2 6 3 6 2 12 2 36

Phenacomys intermedius 2 4 5 2 1 14

Peromyscus maniculatus 1 1 5 1 8

Sorex arcticus 1 1 1 1 4

Sorexjumeus 2 1 1 4

Synaptomys cooperi 3 1 4

Microtus chrotorrhinus 1 1 1 3

Blarina brevicauda 1 1

EFFORTS Trap Nights) 1200 1200 1200 1200 1200 1200 1200 1200 1200

TOTAL CAPTURES (# individuals) 340

TOTAL EFFORT (# trap nights) 10800



Table 7. Minimum and maximum values ofspecies abundance, richness and diversity ofthe small mammal community on original control
areas determined by live- and pitfall trapping before (1993) and after (1994 and 1995) timber harvest at the Black Sturgeon Boreal
Mixedwood Research site. Comparisons among treatments (all years combined) were made by Friedman tests.

LONGWORTH

TRAPPING DATA

Treatments PITFALL

TRAPPING DATA

Treatments

Area 4 Area 13 Area 25 P-value Area 4 Area 13 Area 25 P-value

Clethrionomys gapperi 18-40 (a) 28-54 (b) 55-67 (c) 0.000* Sorex cinereus 10-15 4-21 3-25 0.790

Peromyscusmaniculatus 0-9 6-26 5-23 0.180 Clethrionomys gapperi 0-10 0-8 0-21 0.250

Microtus chrotorrhinus 0-3 0-2 0-2 0.588 Sorex hoyi 0-2 0-5 0-4 0.907

Synaptomys cooperi 0-2 0-1 0-0 0.145 Microtus chrotorrhinus 0-1 0-0 0-3 0.145

Capture (# individuals) 25-45 (d) 41-63 (e) 60-92 (e) 0.049 Sorexfumeus 1-3 0-1 0-1 0.134

Species Richness (NO) 2-4 2-4 2-3 0.934 Capture (# individuals) 18-24 5-30 3-49 0.790

Species Diversity (Nl)

Species Diversity (N2)

1.53-2.45

1.26-1.83

1.69-2.00

1.34-2.00

1.33-1.94

1.18-1.69

0.790

0.444

Species Richness (NO)

Species Diversity (Nl)

2-5

1.57-3.14

2-3

1.65-

2.95

1-5

1.00-

3.20

0.444

0.790

Species Diversity (N2) 1.38-2.77
1.47-

2.90

1.00-

2.63
0.790

♦WhereP < 0.05 different letters indicate that treatment areas were significantly different

67



Table 8. Numbers ofsmall mammals live-trapped on the original control grids during the two post-harvest years (1994 and 1995) at the
Black SturgeonBorealMixedwoodResearch site.

YEAR 1994 1995 Species

Totals

Original Control Grid
Numbers 4 13 25 4 13 25

Clethrionomys gapperi 40 54 55 18 28 59 254

Peromyscus maniculatus 0 6 5 2 26 15 54

Microtus chrotorrhinus 3 2 0 3 0 0 8

Synaptomys cooperi 2 1 0 2 0 0 5

Phenacomys intermedius 0 0 0 1 0 0 1

Soricidae 0 0 0 0 0 1 1

EFFORT (# Trap Nights) 135 180 135 135 135 135

68



Table 9 Minimum and maximum values ofspecies abundance, richness and diversity of the small mammal community on original control
areas determined by live- and pitfall trapping before (1993) and after (1994 and 1995) timber harvest at the Black Sturgeon Boreal
Mixedwood Research site. Comparisons among years (all treatment areas combined) were made by Fnedman tests.

LONGWORTH

TRAPPING DATA

Clethrionomys gapperi
Peromyscus maniculatus
Microtus chrotorrhinus
Synaptomyscooperi
Capture (# individuals)
SpeciesRichness(NO)
SpeciesDiversity(Nl)
Species Diversity(N2)

YEAR

1993

20-67

9-23 (a)
0-2

0-0

29-92

2-3

1.69-1.94

1.52-1.75 (c)

1994

40-55

0-6 (b)
0-3

0-2

45-63

2-4

1.33-1.70

1.18-1.34 (d)

1995

18-59

2-26 (a)
0-3

0-2

25-74

2-4

1.66-2.45

1.48-2.00 (c)

P-value

0.444

0.049*

0.790

0.250

0.790

0.934

0.309

0.049*

PITFALL

TRAPPING DATA

Sorex cinereus

Clethrionomys gapperi
Sorex hoyi
Microtus chrotorrhinus
Sorexfumeus
Capture (# individuals)
Species Richness (NO)
Species Diversity(Nl)
Species Diversity (N2)

"Where P < 0.05 different letters indicate thatyearsweresignificantly different

YEAR

1993

3-15

0-0 (e)
0-0 (h)

0-0

0-3

3-18 0)
1-2 (m)

1.00-1.65 (p)
1.00-1.47 (r)

1994

7-25

4-15(0
1-5 (i)

0-3

0-1

18-48 (k)
3-5 (n)

2.95-3.20 (q)
2.31-2.90 (s)

1995

10-25

8-21 (g)
l-2(i)

0-1

0-2

24-49 (1)
3-4(0)

2.05-3.14 (q)
1.78-2.77 (s)

69

P-value

0.826

0.004*

0.049*

0.145

0.588

0.004*

0.004*

0.049*

0.049*



Table 10. Minimum and maximum values ofspecies abundance,richness and diversity ofthe small mammal community at harvest treatment
edges (live-trapping) and onharvest treatment areas (pitfall trapping) before (1993) and after (1994 and 1995) timber harvest atthe

ack Sturgeon Borea Mixedwood Researchsite. C ompansons among treatment areas were made by Kruskal-Wallis tests.

1993

Livetrapping Data
(pre-harvest)

1993

Pitfall Trapping Data
(pre-harvest)

SILVICULTURAL SYSTEM (later implemented) SILVICULTURAL SYSTEM (Is ter implemented)
Clearcut P-valueControl Shelterwood Clearcut P-value Control Shelterwood

Clethrionomys gapperi 20-67 15-35 37-76 0.129 Sorex cinereus 3-15 3-5 2-12 0.698

Peromyscusmaniculatus 9-23 4-12 5-12 0.102 Clethrionomys gapperi 0-0 1-4 0-2 0.061

Microtus chrotorrhinus 0-2 0-0 0-9 0.199 Sorexjumeus 0-3 0-2 0-1 0.768

Capture(# individuals) 29-92 19-47 43-90 0.329 Capture (# individuals) 3-18 7-8 3-12 0.737

Species Richness (NO) 2-3 2-2 2-3 0.264 Species Richness (NO) 1-2 2-3 1-3 0.513

Species Diversity (Nl) 1.69-1.94 1.67-1.89 1.50-1.83 0.491 Species Diversity (Nl) 1.00-1.65 1.98-2.46 1.00-2.75 0.172

SpeciesDiversity(N2) 1.52-1.75 1.50-1.80 1.32-1.51 0.113 Species Diversity (N2) 1.00-1.47 1.96-2.13 1.00-2.57 0.172

1994

Livetrapping Data
(post-harvest)

1994

Pitfall Trapping Data
(post-harvest)

SILVICULTURAL SYSTEM SILVICULTURAL SYSTEM

Control Shelterwood Clearcut P-value Control Shelterwood Clearcut P-value

Clethrionomys gapperi 61-78 37-65 56-82 0.329 Sorex cinereus 7-25 9-12 7-17 0.863

Peromyscus maniculatus 3-13 7-9 8-18 0.472 Clethrionomys gapperi 4-15 9-12 7-13 0.865

Microtus chrotorrhinus 8-17 2-5 1-12 0.161 Sorex hoyi 1-5 2-6 0-6 0.989

Glaucomys sabrinus 0-0 0-2 0-3 0.195 Phenacomys intermedius 0-3 0-8 0-1 0.591

Microtuspennsylvanicus 0-2 0-1 0-2 0.427 Microtus chrotorrhinus 0-3 0-4 0-1 0.441

Napaeozapus insignis 0-1 0-4 0-1 0.961 Synaptomys cooperi 0-1 0-2 0-1 0.513

Synaptomys cooperi 1-3 (a) 0-0 (b) 0-1 (ab) 0.048* Capture (# individuals) 17-51 20-39 17-35 0.807

Capture (# individuals) 85-106 48-79 71-97 0.174 Species Richness (NO) 3-6 3-6 3-4 0.641

Species Richness (NO) 5-6 (c) 4-4 (d) 5-7(c) 0.047* Species Diversity (Nl) 2.60-3.74 2.58-5.05 2.38-3.23 0.491

Species Diversity (Nl) 2.37-2.39 1.92-2.06 1.81-3.16 0.252 Species Diversity (N2) 2.08-2.94 2.41-4.51 2.21-2.94 0.430

SpeciesDiversity(N2) 1.75-1.80 1.45-1.60 1.38-2.30 0.288

1995

Livetrapping Data
(post-harvest)

1995

Pitfall Trapping Data
(post-harvest)

SILVICULTURAL SYSTEM SILVICULTURAL SYSTEM

Clearcut P-valueControl Shelterwood Clearcut P-value Control Shelterwood

Clethrionomys gapperi 44-49 44-51 2&40 0.055 Sorex cinereus 10-25 15-24 18-24 0.873

Peromyscusmaniculatus 5-28 10-12 3-21 0.733 Clethrionomys gapperi 8-21 8-14 2-8 0.110

Microtus chrotorrhinus 0-8 0-2 0-5 0.939 Sorex hoyi 1-2 3-6 2-12 0.122

Glaucomys sabrinus 0-0 0-2 2-5 0.056 Phenacomys intermedius 0-0 (e) 2-5(0 0-2 (e) 0.042*

Phenacomys intermedius 0-3 0-1 0-4 0.714 Peromyscus maniculatus 0-0 0-1 0-5 0.211

Tamias minimus 0-0 0-1 <M 0.558 Capture (# individuals) 22-48 35-45 28-45 0.661

Napaeozapus insignis 0-1 0-2 0-1 0.801 Species Richness (NO) 3-3 (g) 4-5 (h) 4-5 (h) 0.045*

Synaptomys cooperi 0-3 0-1 0-1 0.954 Species Diversity (Nl) 2.05-2.55 (i) 3.01-3.98(j) 2.56-3.03 (j) 0.039*

Capture (# individuals) 50-79 57-66 45-72 0.491 Species Diversity (N2) 1.78-2.37 2.58-3.49 2.07-2.58 0.077

Species Richness (NO) 3-5 3-5 3-7 0.965
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1.89-2.14

1.58-1.63

1.53-3.53

1.26-2.71

0.670

0.670
SpeciesDiversity(Nl)
SpeciesDiversity(N2)

1.52-3.14

1.27-2.44

♦WhereP<0.05differentlettersindicatethattreatmentsweresignificantlydifferent
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Table 11. Numbers ofsmall mammals live-trapped on controls, tree-length clearcuts and full-tree clearcuts during the pre-harvestyear (1993)
andthe two post-harvest years (1994 and 1995)at the Black SturgeonBorealMixedwood Researchsite.

1993 (pre-harvest)
CLEARCUTS

TREATMENTS (later implemented)

Control Control Control Tree-length Tree-length Tree-length Full-tree Full-tree Full-tree Species

Totals
LIVETRAPPING GRID

NUMBER
4 13 25 7 9 21 1 14 26

Clethrionomys gapperi
Peromyscus maniculatus
Microtus chrotorrhinus

Phenacomys intermedius
Synaptomys cooperi
Napaeozapus insignis
Soricidae

20

9

1

32

9

67

23

2

36

3

1

1

1

62

9

1

1

65

16

5

1

2

1

37

6

2

59

12

3

1

1

76

5

9

1

1

454

92

21

4

4

1

5

EFFORT (# Trap Nights) 180 180 180 180 180 225 135 180 180

TOTAL CAPTURES (#
individuals)
TOTAL EFFORT (# trap nights) 1620

1994 (post-harvest)
CLEARCUTS

TREATMENTS APPLIED

Control Control Control Tree-length Tree-length Tree-length Full-tree Full-tree Full-tree Species

Totals
LIVETRAPPING GRID

NUMBER
42 132 252 7 9 21 1 14 26

Clethrionomysgapperi
Peromyscus maniculatus
Microtus chrotorrhinus

Glaucomys sabrinus
Microtus pennsylvanicus
Synaptomys cooperi
Napaeozapus insignis
Phenacomys intermedius
Tamias minimus

68

12

8

3

1

2

78

13

11

2

2

1

61

3

17

2

1

1

73

12

6

1

1

63

20

9

1

60

12

5

1

2

56

10

1

3

1

1

60

18

12

3

2

1

1

1

82

8

5

1

1

601

108

69

11

10

9

4

4

3
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Zapushudsonius 1
i

1

2

2
Mustelasp. 1 i

Soricidae 1 1

EFFORT (# Trap Nights) 540 450 450 540 540 495 495 540 450

TOTAL CAPTURES (#
824

individuals)
TOTAL EFFORT (# trap nights) 4500

1995 (post-harvest)
CLEARCUTS

TREATMENTS APPLIED

Control Control Control Tree-length Tree-length Tree-length Full-tree Full-tree Full-tree Species

TotalsLIVETRAPPING GRID

NUMBER
42 132 252 7 9 21 1 14 26

Clethrionomys gapperi 44 49 44 62 42 26 26 38 40

3

371

140

13

11
11

Peromyscus maniculatus 17 28 5 21 14 11 20 21

5
Microtus chrotorrhinus 8

2Glaucomyssabrinus 1 1 5 2

4Phenacomys intermedius 3 1 3
4 4

Tamias minimus
6
3Synaptomys cooperi 3 2 1

i

Napaeozapus insignis
Mustela sp.

1 1
1 1

EFFORT (# Trap Nights) 450 540 450 405 405 405 450 405 495

TOTAL CAPTURES {#
560

individuals)
TOTAL EFFORT (# trap nights) 4005

73



Table 12. Numbers of small mammals live-trapped on controls, cut-to-length shelterwoods, part-tree shelterwoods and full-tree shelterwoods
during thepre-harvest year (1993) and thetwo post-harvest years (1994 and 1995) at the Black Sturgeon Boreal Mixedwood
Research site.

1993 (pre-harvest)

SHELTERWOODS

TREATMENTS (later implemented)

Control Control Control
Cut-to-

length
Cut-to-

length
Cut-to-

length
Part-tree Part-tree Full-tree Full-tree Full-tree Species

TotalsLIVETRAPPING GRID

NUMBER
4 13 25 5 11 22 12 23 2 3 24

Clethrionomys gapperi
Peromyscusmaniculatus
Microtus chrotorrhinus

Phenacomysintermedius
Napaeozapus insignis
Soricidae

20

9

1

32

9

67

23

2

54

7

27

6

1

56

13

2

30

8

1

1

45

13

7

20

10

15

4

35

12

401

114

12

1

1

1

EFFORT (# Trap Nights) 180 180 180 180 180 180 180 180 225 135 90

TOTAL CAPTURES (# individuals) 530
TOTAL EFFORT (# trap nights) 1890

1994 (post-harvest)

SHELTERWOODS

TREATMENTS APPLIED

Control Control Control
Cut-to-

length
Cut-to-

length
Cut-to-

length
Part-tree Part-tree Full-tree Full-tree Full-tree Species

TotalsLIVETRAPPING GRID

NUMBER
42 132 252 5 11 22 12 23 2 3 24

Clethrionomys gapperi
Peromyscus maniculatus
Microtus chrotorrhinus

Phenacomys intermedius
Microtus pennsylvanicus
Synaptomys cooperi
Napaeozapus insignis
Glaucomys sabrinus
Tamias minimus

Mustela sp.
Soricidae

68

12

8

2

3

1

78

13

11

1

2

2

1

61

3

17

2

1

1

102

9

14

1

2

2

2

86

7

1

65

8

55

12

2

76

8

59

9

5

2

37

8

2

1

65

7

3

4

752

88

68

3

8

8

6

2

2

1

3
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EFFORT (# Trap Nights) 540 450 450 540 540 540 450 | 495 I 495 1 540 | 450 1
TOTAL CAPTURES (# individuals) 941

TOTAL EFFORT (# trap nights) 5490

1995 (post-harvest)

SHELTERWOODS

TREATMENTS APPLIED

Control Control Control
Cut-to-

length
Cut-to-

length

Cut-to-

length
Part-tree Part-tree Full-tree Full-tree Full-tree Species

TotalsLIVETRAPPING GRID

NUMBER
42 132 252 5 11 22 12 23 2 3 24

Clethrionomys gapperi 44 49 44 69 42 49 28 48 51 45

10

2

44

11

513

137

32

16
4

Peromyscusmaniculatus 17 28 5 15 19 4 11 5 12

Microtus chrotorrhinus 8 5 10 7

Phenacomysintermedius 3 1 4 5 2 1

1

Synaptomys cooperi 3
2 4

Napaeozapus insignis 1 1
2
i

5
Glaucomys sabrinus 1 1 1

4
Tamias minimus 1 1 1

4

2
Mustela sp.
Soricidae

1

1

1 1

1

i

EFFORT (# Trap Nights) 450 540 450 450 450 495 405 450 405 405 495

TOTAL CAPTURES (# individuals) 721

TOTAL EFFORT (# trap nights) 4995
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Table 13. Minimumandmaximumvalues of species abundance, richness anddiversity ofthe
smallmammal communityat harvest treatment edgesoftree-length clearcuts, full-
tree clearcuts andcontrols in the pre-harvest year(1993)and the two post-harvest
years(1994 and 1995) at the Black Sturgeon Boreal Mixedwood Research site.
Comparisons amongtreatment areas were madeby Kruskal-Wallis tests.

1993 (pre-harvest)

CLEARCUTS

Treatments

Control Tree-length Full-tree P-value

Clethrionomysgapperi 20-67 36-65 37-76 0.561

Peromyscus maniculatus 9-23 3-16 5-12 0.550

Microtus chrotorrhinus 0-2 1-5 0-9 0.414

Soricidae 0-0 0-1 1-2 0.056

Capture (# individuals) 29-92 40-87 45-91 0.733

Species Richness (NO) 2-3 3-4 3-4 0.100

Species Diversity (Nl) 1.69-1.94 1.46-2.11 1.76-1.95 0.733

Species Diversity (N2) 1.52-1.75 1.23-1.68 1.41-1.55 0.177

1994 (post-harvest)

CLEARCUTS

Treatments

Control Tree-length Full-tree P-value

Clethrionomysgapperi 61-78 60-73 56-82 0.707

Peromyscus maniculatus 3-13 12-20 8-18 0.576

Microtus chrotorrhinus 8-17 0-9 1-12 0.288

Glaucomys sabrinus 0-0 0-5 0-3 0.345

Microtus pennsylvanicus 0-2 1-1 0-2 0.786

Synaptomys cooperi 1-3 0-1 0-1 0.103

Capture (# individuals) 84-106 78-93 70-97 0.874

Species Richness (NO) 4-5 4-5 4-6 0.564

Species Diversity (Nl) 2.25-2.38 2.06-2.38 1.81-3.02 0.670

Species Diversity (N2) 1.71-1.76 1.57-1.94 1.38-2.26 0.670

1995 (post-harvest)

CLEARCUTS

Treatments

Control Tree-length Full-tree P-value

Clethrionomys gapperi 44-49 26-62 26-40 0.170

Peromyscus maniculatus 5-28 11-21 3-21 0.967

Microtus chrotorrhinus 0-8 0-0 0-5 0.558

Glaucomys sabrinus 0-0 (a) 0-1 (a) 2-5 (b) 0.032*

Phenacomys intermedius 0-3 0-3 0-4 0.886

Synaptomys cooperi 0-3 0-2 0-1 0.939

Capture (# individuals) 49-78 38-89 45-71 0.670

Species Richness (NO) 2-5 2-5 3-6 0.717

Species Diversity (Nl) 1.39-3.14 1.75-2.32 1.53-3.33 0.733

Species Diversity (N2) 1.22-2.44 1.60-1.84 1.26-2.61 0.670

♦WhereP < 0.05 different letters indicate that treatments were significantly different
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Table 14. Minimum and maximum values of species abundance, richness and diversity ofthe
small mammal community atharvest treatment edges of cut-to-length shelterwoods,
part-tree shelterwoods, full-tree shelterwoods and controls inthe pre-harvest year
(1993) and the two post-harvest years (1994 and 1995) at the Black Sturgeon Boreal
Mixedwood Research site. Comparisons among treatment areas were made by
Kruskal-Wallis tests.

1993 (pre-harvest)
SHELTERWOOD CUTS

Treatments

Control Cut-to-length Part-tree Full-tree P-value

Clethrionomys gapperi 20-67 27-56 30-45 15-35 0.460

Peromyscus maniculatus 9-23 6-13 8-13 4-12 0.780

Microtus chrotorrhinus 0-2 0-2 1-7 0-0 0.212

Capture(# individuals) 29-92 33-71 39-65 19-47 0.536

SpeciesRichness (NO) 2-3 2-3 3-3 2-2 0.190

Species Diversity (Nl) 1.69-1.94 1.43-1.82 1.86-2.26 1.67-1.89 0.173

Species Diversity (N2) 1.52-1.75 1.25-1.52 1.58-1.88 1.50-1.80 0.207

1994 (post-harvest)
SHELTERWOOD CUTS

Treatments

Control Cut-to-length Part-tree Full-tree P-value

Clethrionomys gapperi 61-78 65-102 55-76 37-65 0.195

Peromyscusmaniculatus 3-13 0-9 8-12 7-9 0.528

Microtus chrotorrhinus 8-17 0-14 0-0 2-5 0.106

Microtuspennsylvanicus 0-2 0-1 0-2 0-1 0.541

Synaptomys cooperi 1-3 0-2 0-0 0-0 0.073

Napaeozapus insignis 0-1 0-0 0-0 0-4 0.340

Capture (# individuals) 85-106 73-128 69-84 48-79 0.148

Species Richness (NO) 5-6 2-5 2-3 3-4 0.108

Species Diversity (Nl) 2.36-2.39 1.31-2.04 1.37-1.80 1.85-2.04 0.069

Species Diversity (N2) 1.75-1.80 1.16-1.53 1.21-1.50 1.45-1.60 0.086

1995 (post-harvest)
SHELTERWOOD CUTS

Treatments

Control Cut-to-length Part-tree Full-tree P-value

Clethrionomys gapperi 44-49 42-69 28-48 44-51 0.725

Peromyscus maniculatus 5-28 4-19 5-11 10-12 0.693

Microtus chrotorrhinus 0-8 0-10 0-7 0-2 0.716

Phenacomys intermedius 0-3 0-5 0-2 0-1 0.517

Glaucomys sabrinus 0-0 0-1 0-1 0-2 0.518

Capture (# individuals) 49-78 62-94 40-62 55-65 0.330

Species Richness (NO) 2-4 3-5 3-4 2-4 0.557

Species Diversity (Nl) 1.39-2.77 2.00-2.40 2.01-2.13 1.65-1.99 0.289

| Species Diversity (N2) 1.22-2.26 1.76-1.82 1.16-1.77 1.47-1.58 0.296
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able 15. Numbers of small mammals live-trapped on the treated and uncut buffer zone sides of treatment areas before timber harvest in 1993 at the
Black Sturgeon Boreal Mixedwood Research site.

SILVICULTURAL SYSTEM Patch Cut Shelterwood Cut Shelterwood Cut Shelterwood Cut Clearcut Clearcut Original Control

HARVEST METHOD Part-tree Part-tree Full-tree Cut-to-lcneth Full-tree Tree-length Uncut

LIVETRAPPING GRIDS 8 10 27 12 23 2 3 24 5 11 22 1 14 26 7 9 21 4 13 25

SPECIES SIDE

Clethrionomys gapperi treated

buffer

IS 2 31

8 14 36

15 25

12 13

9 1 17

9 7 13

20 18 30

26 4 18

17 23 33

18 29 36

21 30 29

10 22 27

13 18 34

5 10 28

Peromyscusmaniculatus treated

buffer 1

3

5

5 9

2 2

6 6 4

5 3 7

3 2 6

5 2 8

2 7 1

3 3 3

2 3 6

1 5 9

6

4

5 6

15

Microtus chrotorrhinus treated

buffer

1

2

I 1

4 1

3 6

2

2

2
I

Phenacomys intermedius treated

buffer

2 1

Synaptomys cooperi treated

buffer

Microtuspennsylvanicus treated

buffer

Napaeozapus insignis treated

buffer

Soricidae treated

buffer

Captures (ft individuals) treated

buffer

18 4 37

9 16 43

22 35

14 19

15 7 21

14 10 20

24 20 36

31 6 27

20 35 40

21 32 42

24 34 38

12 27 41

19 24 42

9 10 43

Species Richness (NO) treated

buffer

1 3 4

2 3 3

4 3

2 3

2 2 2

2 2 2

3 2 2

2 2 3

3 5 3

2 2 4

3 3 4

3 2 6

2 2 3

2 1 2

SpeciesDiversity(Nl) treated

buffer

1.00 2.83 1.84

1.42 1.59 1.72

2.41 2.00

1.51 2.28

1.96 1.51 1.63

1.92 1.84 1.91

1.72 1.38 1.57

1.56 1.89 2.12

1.68 2.75 1.71

1.51 1.36 1.74

1.58 1.53 2.11

1.76 1.61 2.79

1.87 1.75 1.81

1.99 1.00 1.91

Species Diversity (N2) treated

buffer

1.00 2.67 1.40

1.25 1.29 1.40

1.92 1.73

1.32 1.91

1.92 1.32 1.45

1.85 1.72 1.83

1.40 1.22 1.38

1.37 1.80 1.87

1.36 • 2.08 1.42

1.32 1.20 135

1.29 1.27 1.64

1.41 1.43 2.06

1.76 1.60 1.47

1.98 1.00 1.83

Note: bold typeand shading indicates a significant difference at P < 0.05 between treatedand uncut bufferzones by Mann-Whitney test
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Table 16. Numbers of small mammals live-trapped on the treated and uncut buffer zone sides of treatment areas during the first year after
timber harvest (1994) at the Black Sturgeon Boreal Mixedwood Research site.

SILVICULTURAL SYSTEM

HARVEST METHOD

Newer Control

Uncut

Patch Cut

Part-tree

Shelterwood

Cut

Part-tree

Shelterwood Cut

Full-tree

Shelterwood Cut

Cut-to-lcnpth

5 11 22

Clearcut

Full-tree

1 14 26

Clearcut

Trce-lcnEth

7 9 21

Original Controls

Uncut

4 13 25

SPECIES

Clethrionomys gapperi

SIDE

treate

d
32 32 28 16 24 43 21 23

30 46

25 17 27

25 18 37

46 36 16

48 36 42

9 17 22

42 34 51

22 15 2

36 33 - " 3

12 19 20

18 27 28

Peromyscus
maniculatus

treate

d
9 6 1

2 4 2

6 3

2 5

7 3

4 4

4 5 3

2 5

4 1

5 4

1 ) 16 5

1 3

10 12 i

2 10 c

5 4

Microtus chrolorrhimus
treate

d
4 7 9 4

1

3

3

1

3

7

5

1

9 2

3

3 6

Phenacomys
intermedius

treate

d
1

Synaptomys cooperi
treate

d
2

1

Microtus

pennsylvanicus
treate

d
2

Napaeozapus insignis
treate

d

Tamias minimus
treate

d
1

2

Glaucomyssabrinus
treate

d

Zapushudsonius
treate

d

Mustela sp.
treate

d

Soricidae
treate

d

1 1

Captures(ftindividuals) treate 45 4 7 41 20 2 4 ')
-

9 : 6 i 0 1 3 30 60 37 6 | 19 35 28
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d

buffer 41 43 36 28 27 56 34 5(1 30 20 46 61 41 47 43 46 57 43 49 44 IS 29 28

Species Richness (NO)
treate

3 5 5 2 4 3 3 2 3 3 2 5 2 1 2 4 3 3 4 4 2 3 2

bulTcr 5 5 3 3 3 3 2 2 3 2 3 5 3 2 2 5 4 5 3 5 1 2 1

Species Diversity (Nl)
treate

d

2.1,

8

2.6

. 4

2^

'--1. '
1.6

5

2.1

1
1.58 2.00 1.43

1.7

1

2.0

0

1.3

8

2.2

6
1.13

1.0

0
2.00 2.49 1.85 2.09 2.87 2.31 1J1 1.93 1.57

buffer
2.0

8

2.1

5

1.9

2

1.3

6

1.5

2
1.66 1.44 1.32

1.7

6

1.3

8

1.8

8

2.1

8
1.54

1.4

0
1.12 2.21 1.56 1.92 2.33 2.35 1.00 L29, 1.00

SpeciesDiversity(N2)
treate

d

. 1.8

1

1.9

9

1.9

3

1.4

7

1.6

7
1.29 1.71 1.26

1.4

0

1.6

8

1.2

2

1.6

5
1.06

1.0

0
1.99 2.24 1.54 1.86 2.54 1.79 1.17 1.61 1.38

buffer
1.5 .
1

1.5

6

1.5

7

1.1

6

1.2

5
1.34 1.26 1.17

1.4

1

\2
2

1.5

0

1.5

8
1.2.S

1.2

3
1.05 1.71 1.24 1.41 1.96 1.71 1.00 1.15 1.00

Note: shading indicates a significant difference between treated anduncut buffer zones at P < 0.05 inbold type or P < 0.10 in italics byMann-Whitney test
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Table 17. Numbers of small mammals live-trapped on the treated and uncut buffer zone sides of treatment areas during the second year after
timber harvest (1995) at the Black Sturgeon Boreal Mixedwood Research site.

SILVICULTURAL SYSTEM

HARVEST METHOD

Newer Control

Uncut

Patch Cut

Part-tree

Shelterwood

Cut

Part-tree

Shelterwood Cut

Full-tree

Shelterwood Cut

Cut-to-lenRth

5 11 22

Clearcut

Full-tree

1 14 26

Clearcut

Tree-length
7 9 21

Original Controls

Uncut

4 13 25
TREATMENT AREA

SPECIES

Clethrionomys gapperi

SIDE

treate

d
21 21 6 27 14 20

28 22 17

16 28

8 19

25 24 20

21 15 18

36 18 22

33 19 27

9 9 12

14 24 27

23 19 11

31 18 15

13 10 23

5 14 23

Peromyscus
maniculatus

treate

d
8 10 1 6 3 5

3 6 5

5 3

5 1

9 7 8

3 3 3

9 9 4

6 10

14 10 3

3 8

14 9 2

6 3 9

13 7

16 7

Microtus chrotorrhimus
treate

d
6 3 . 1

2 5 2

4 3

6

Phenacomys
intermedius

treate

d
2 1

1 . 1

2 2

Synaptomys cooperi
treate

d
1

2 1

Napaeozapus insignis
treate

d

Tamias minimus
treate

d

1

1 2

Glaucomyssabrinus
treate

d
1 1

1 1 1 1

Mustela sp.
treate

d

1

I

1

Soricidae
treate

d
-

Captures (ffindividuals)
treate

d
36 33 7

37 38 37

37 18 27

35 30 25

22 31

15 27

34 31 31

26 22 21

50 27 32

43 33 35

25 19 15

19 44 28

37 28 14

43 21 25

16 23 30

9 30 33

SpeciesRichness(NO)
treate

d
4 4 2

5 3 3

4 3 4

5 4 5

3 2

4 4

2 2 4

4 5 2

4 2 6

5 5 3

4 2 2

4 7 2

2 2 3

5 2 3

4 2 2

4 2 4

SpeciesDiversity(Nl) treate h 8 i .3 1.5 2 2 1.9 2.1 2 03 1.37 1 7 1.7 2.5 2.2 1.8 2.9 2.5 2.0 1.6



Species Diversity (N2)

d

buffer

treate

d

buffer

5

3.0

9

7 1

2.1 1.5

_5 9_
2.3 2.0 1.3

9 1 2
2.3 1.9 1.3

0 9 2

2.1

3

2

2.1

7

2.6

4

1.7 1.5 1.7

7 7 1

1.5 1.7 1.9

3 2 7

2.S 2.40

1.72 1.21

2.47 1.86

8 1 1 8 9 0 9 0 5 4 7 3 9 8 2

1.9 2.8 1.5 2.2 2.8 1.9 2.2 3.9 1.1 2.5 1.5 2.2 3.1 2.0 2J

6 1 1 2 9 5 9 1 7 3 1 3 6 0 5

1.6 1.5 2.0 1.7 1.8 2.0 2.2 1.9 1.4 1.8 1.7 1.5 1.4 1.9 1.5

4 4 5 9 0 0 4 9 7 9 7 6 9 7 6

1.S 2.0 1.3 1.6 23 1.5 1.7 2.8 1.0 1.8 U 2.0 2.6 1.9 1.8

0 2 2 3 3 9 4 3 7 3 2 4 1 9 7
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Note: shading indicates a significant difference between treated and uncut buffer zones at P< 0.05 in bold type or P< 0.10 in italics byMann-Whitney test
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Table 18 Total numbers ofindividuals ofsmall mammal species live-trapped on the treated and uncut buffer zone sides oftreatment areas,
and the number and percentage that moved between treated and uncut buffer zones in the pre-harvest year (1993) and the two post-
harvest years (1994 and 1995) at the Black Sturgeon Boreal Mixedwood Research site.

Year

Newer Control

Uncut

Patch Cut

Part-tree

Shelterwood Cut

Part-tree

Shelterwood Cut
Full-tree

Shelterwood Cut

Cut-to-length

Clearcut

Full-tree

Clearcut

Tree-length
OriginalControls

Uncut

Species
Totals

1993 Peromyscus maniculatus
Number Moved (ft individuals)
Captures (ftindividuals)

NA

NA

NA

0

11

0.00

0

17

0.00

5

24

20.83

3

22

13.63

0

19

0.00

0

26

0.00

1

35

2.86

9

154

5.84

Clethrionomysgapperi
NumberMoved(ftindividuals)
Captures (ftindividuals)

NA

NA

NA

2

107

1.87

0

64

0.00

3

59

5.08

5

112

4.46

1

153

0.65

1

137

0.73

1

105

0.95

13

737

1.76

1994 Peromyscus maniculatus
Number Moved (ft individuals)
Captures (ft individuals)

2

21

9.52

1

17

5.88

1

14

7.14

1

20

5.00

0

14

0.00

2

33

6.06

2

34

5.88

1

10

10.00

10

163

6.13

Clethrionomysgapperi
Number Moved (ft individuals)
Captures (ft individuals)

5

184

2.72

5

165

3.03

2

95

2.11

4

142

2.82

4

201

1.99

3

174

1.72

3

156

1.92

1

113

0.88

27

1230

2.20

Tamias minimus
NumberMoved(# individuals)
Captures (ft individuals)

0

0

NA

0

0

NA

0

0

NA

0

0

NA

1

2

50.00

0

0

NA

0

2

0.00

0

0

NA

1

4

25.00

1995 Peromyscus maniculatus
Number Moved (ftindividuals)
Captures (ftindividuals)

2

39

5.13

3

23

13.04

0

13

0.00

2

28

7.14

1

28

3.57

0

36

0.00

0

41

0.00

4

38

10.53

12

246

4.88

Clethrionomysgapperi
Number Moved (# individuals)
Captures (ftindividuals)

2

121

1.65

2

106

1.89

1

61

1.64

3

114

2.63

3

134

2.24

2

90

2.22

1

108

0.93

1

87

1.15

15

821

1.83

Microtus chrotorrhinus
NumberMoved (ftindividuals)
Captures (ftindividuals)

1

8

12.50

0

6

0.00

0

4

0.00

0

0

NA

0

12

0.00

0

4

0.00

0

0

NA

0

2

0.00

1

36

2.78

Phenacomysintermedius
NumberMoved (ftindividuals)
Captures (ftindividuals)
Percent Moved (%)

0

3

0.00

0

2

0.00

0

0

NA

0

1

0.00

1

4

25.00

0

3

0.00

0

2

0.00

0

1

0.00

1

16

6.25
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Table 19. Characteristics ofdeer mice{Peromyscus maniculatus) and their movement patterns as measured by radio-telemetry during the first
and second post-harvest years (1994 and 1995) at the Black Sturgeon Boreal Mixedwood Research site.

Frequenc

y
Year Grid Treatment Sex

Weigh
t

Duratio

n
Distance

/

Duration

Location

s
Day

Refuge
s

Distance

/ Day Refuge

Day Refuges/

Duration

90% Minimum

Convex

Polygon

Harmonic Mean Home Range And Active Area Estimates

90% 90% 80% 80% 50% 50%

(MHz) (g) (days) (m/day)
(m/day
refuge)

(day
refuge/day)

(m1) (m1)
areas)

(m2) (#
areas)

(m2) (#
areas)

165.736
199

4
132 control male 18.0 30 1.9 19 3 19.0 0.10 8.19 250.73 2 250.73 2 11.68 1

165.813
199

4
132 control male 17.5 21 7.7 20 4 40.6 0.19 0.78 58.98

'
58.98 1 58.98

1

166.220
199

4
132 control male 17.0 19 26.7 10 4 126.7 0.21 740.98

1434.7

3
2 930.00 2 15.09 1

165.716
199

5

42 and

132
control male 20.5 25 23.2 13 5 116.2 0.20 2.01 171.82 1 171.82 1 66.99

1

165.754
199

4
5

shelterwoo

d
male 17.0 20 33J 14 4 166.7 0.20 1242.15

3864.3

4
2

2571.0

3
2 18.35 1

166.145
199

4
5

shelterwoo

d
male 19.5 16 19.9 13 3 106.2 0.19 0.00 278.02 2 278.02 2 18.77 1

166.065
199

5
5

shelterwoo

d
male 17.5 17 46.1 14 5 156.8 0.29 11426.70

3760.7

9
4

2032.4

5
3

209.7

0
2

166.342
199

4
42 control female 21.5 36 2.6 25 3 31.2 0.08 163.27 187.76 2 187.76 2 0.50 1

165.946
199

4
132 control female 26.0 34 2.4 19 2 41.5 0.06 0.00 6.38 1 6.38 1 6.38 1

166JOS
199

4
132 control female 19.0 27 2.5 15 3 22.2 0.11 59.00 245.80 2 245.80 2 12.51 1

165.635
199

5
42 control female 19.0 19 8.7 17 5 33.1 0.26 81.37 505.44 2 102.81 2 4.02 1

165.923
199

5
42 control female 16.5 18 0.0 16 1 0.0 0.06 NA NA NA NA NA NA NA

165.946
199

5
42 control female 20.0 30 2.3 25 3 23.0 0.10 0.00 9.45 1 9.45 1 9.45 1

165.654
199

5
42 and 5 control female 22.0 11 21.6 9 4 59.4 0.36 1554.36

1388.7

3
3

1047.8

8
2 1.40 1

165.675
199

5
2

shelterwoo

d
female 22.0 20 1.4 17 4 7.2 0.20 26.26 113.76 2 113.76 2 8.03 1

166.266
199

5
2

shelterwoo

d
female 22.0 20 0.1 17 2 1.2 0.10 NA NA NA NA NA NA NA
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Table 20. Percent ofday refuge positions and locations situated within, outside and atthe boundary ofharvest treatment areas where deer
mice {Peromyscus maniculatus; 18 females, 7males) were radio-collared during the two post-harvest years (1994 and 1995) atthe
BlackSturgeon BorealMixedwood Research site.

Treatments where P. maniculatus Were Radio-Collared:

Ontreated area associated with thegrid wheremicewereradio-collared (%)
Outside of areas like the treated part ofthe gridwheremice wereradio-collared (%)
In boundary areas(%)
Total number ofday refuges or locations
Total number ofmice radio-collared

Treatments where P. maniculatus Were Radio-Collared:

On treated area associated with the gridwhere mice were radio-collared (%)
Outside ofareas like the treated part ofthe gridwheremice wereradio-collared (%)
In boundary areas (%)
Total number ofday refuges or locations
Total number ofmice radio-collared

Treatments where P. maniculatus Were Radio-Collared:

On treated area associated with thegrid wheremice wereradio-collared (%)
Outside of areas like the treated part ofthe gridwheremicewereradio-collared (%)
In boundary areas (%)
Total number ofday refuges or locations
Total number ofmice radio-collared

SEXES COMBINED (DAY REFUGES)

Control

91.89

2.70

5.41

37

11

Shelterwood

69.23

23.08

7.69

26

8

Clearcut

77.78

22.22

0.00

27

6

FEMALES (DAY REFUGES)

Control Shelterwood Clearcut

85.71

4.76

9.52

21

7

57.14

28.57

14.29

14

5

77.78

22.22

0.00

27

6

MALES (DAY REFUGES)

Control

100.00

0.00

0.00

16

4

Shelterwood

83.33

16.67

0.00

12

3

Clearcut

NA

NA

NA

NA

NA

Note: NA indicates no male deer mice were radio-collared on Clearcut treatment areas

SEXES COMBINED (LOCATIONS)

Control Shelterwood Clearcut

95.74

1.60

2.66

188

11

70.18

28.95

0.88

114

8

85.86

14.14

0.00

99

6

FEMALES (LOCATIONS)

Control Shelterwood Clearcut

93.65

2.38

3.97

126

7

61.64

36.99

1.37

73

5

85.86

14.14

0.00

99

6

MALES (LOCATIONS)

Control

100.00

0.00

0.00

62

4

Shelterwood

85.37

14.63

0.00

41

3

Clearcut

NA

NA

NA

NA

NA
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Table 21. Locationand characteristics ofday refuges used by radio-collareddeer mice
{Peromyscus maniculatus) on clearcut, shelterwood and uncutcontrol treatment areas
during thetwopost-harvest years (1994 and 1995) at theBlackSturgeon Boreal
Mixedwood Research site.

SEXES COMBINED (based on 25 isdra-collared deer mice)

HABITAT FEATURES Class Control Shelterwood Clearcut Total Percent

Root-balls (decay clan 3-S) ground 8 5 1 14 1556

Snap (decay dan 3-5) elevated 10 1 1 12 13.33

Ground ground 2 2 7 II 12J2

Logs (decay dan 3-5) ground 3 5 3 11 12J2

SlasbpDe(under or Inside) ground 4 2 2 8 8£9

Trees/Soagi(decayclan 1-2) elevated 6 0 0

Stumps(decayclass1-2) ground 0 1

Stumps(decayclass3-5) ground 1 3 2

Erratics elevated 0 4 1 5.56

Logs(decayclass 1*2) ground 0 1 2 3.33

BaseofTrcc/Snags(decay class 1*2) ground 2 0 1

Shrubs (under) ground 1 0 1

Baseof Trcc/Snags(decayclass3-5) ground 0 1 0

Rock (under) ground 0 0 1 1.11

Trailer elevated 0 1 0 1.11

Root-balls (decay class 1-2) ground 0 0 0 0 0.00

Total Day Refuge Sites 37 26 27 90 100.00

1:1 1:3 1:12 1:3

Percent oTDay Refuges in Treatment 41.11 28.89 30.00 100.00

FEM/ILES (based on 18radio-collaredfemaledeer mice)

HABITAT FEATURES Class Control Shelterwood Clearcut Total Percent

Root-bsUs (decay clus 3-S) ground 5 3 1 9 14.52

Snags (decay class 3-5) elevated 2 1 1

ground 1 0 7

Logs (decay dass 3-5) ground 3 5 3 11 17.74

SlashpQc(under or Inside) ground 4 0

3.23

8.06

8.06

Trccs/Snags(decay class 1-2) elevated 2 0

5Stump*(decay class 1*2) ground 0

Stumps(decayclass3-5) ground 1 2

Erratics etcvatcd 0 1

Logs (decay class 1-2) ground 0 1 2 3 4.84

4.84Baseof Trcc/Snags(decayclass 1-2) ground 2 0

Shrubs(under) ground 1 0

BaseoCTrec/Snags (decay class3-5) ground 0 0 0

Rock (under) ground 0 0

elevated 0 1 0

0 0 0 0 0.00

21 14 27 62 100.00

Day Refuse Location Ratio (elevatc&Rrotmd) 1:6 1:4 1:13 1:6

33.87 22.5B 43.55 100.00

HABITAT FEATURES Class Control Shchcrwood Clearcut Total Percent

Root-balls (decay class 3-5) ground 3 2 NA 5 1746

Snags (decay dass 3-5) elevated

ground
8

1

0

2

NA

NA 3 10.71

Logs(decayclass3-5) ground 0 0 NA 0

2 7.14

14.29

3.57

3.57

10.71

Slashpuc(underor inside) ground 0 2

Trees/Snap (decay dass 1-2) elevated 4 0 NA

Stumps (decay class 1*2) ground 0 1

Stumps(decayclass3*5) ground
elevated

0

0

1

3

NA

NA 3

Logs (decayclass 1-2) ground 0 0 NA 0 0.00

Baseof Trcc/Snags(decayclass 1*2) ground 0 0 NA

Shrubs (under) ground 0 0 NA
3.57Base ofTrce/SRags (decayclass 3-5) ground 0 1

Rock (under) ground 0 0 NA

elevated 0 0 NA 0

Root-balls (decay class 1-2) ground 0 0 NA 0 0.00

16 12 NA 28 100.00

Day Refuse Location Ratio (elevaledntround) 3:1 1:3 NA 1:1

57.14 42.86 NA 100.00
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Note:boldtype indicates habitat features considered important to deermiceandNA indicates nomaledeermicewereradio-collared on Clearcut treatment areas
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Table 22. Minimum and maximum values of movement characteristics determined by radio-
telemetry ofradio-collared male and female deer mice {Peromyscus maniculatus) on
shelterwood and uncutcontrol treatment areasduringthe two post-harvest years (1994
and 1995) at the Black Sturgeon Boreal Mixedwood Research site. Comparisons
between males and females were made by Mann-Whitney tests.

SILVICULTURAL SYSTEM CONTROL SHELTERWOOD

Females Males

P-

value Females Males

P-

value

Day refuges/Duration (day refuge/day) 0.06-0.26

n = 6

0.10-0.21

n = 4

0.165 0.10-0.20

n = 4

0.19-0.29

n=3

0.108

Distance/Duration (m/day) 0.0-8.7

n = 6

1.9-26.7

n = 4

0.201 0.1-4.8

n = 4

19.9-46.1

n=3

0.034

Distance/Day refuges(m/day refuge) 0.0-41.5

n = 6

19.0-126.7

n = 4

0.201 1.2-40.7

n = 4

106.2-166.7

n=3

0.034

90% minimum convex polygon (m2)
0.00-

163.27

n=5

0.78-

740.98

n = 4

0.806

0.00-

26.26

n=3

0.00-

11426.70

n=3

0.376
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Table 23. Minimum and maximum values ofmovement characteristics determined by radio-telemetry ofradio-collared male and female deer
mice{Peromyscus maniculatus) on clearcut, shelterwood anduncutcontrol treatment areasduringthe twopost-harvest years (1994
and 1995) at theBlackSturgeon Boreal Mixedwood Research site. Comparisons among treatment areas weremadeby Kruskal-
Wallis tests for females and Mann-Whitney tests for males.

MOUSE MOVEMENTS

FEMALES MALES

Sample

Size

Controls
Shelterwood

s
Clearcuts P-values Sample

Size

Controls Shelterwoods
P-

values

Day Refuges/Duration(day refuge/day) 16 0.06-0.26

n = 6

0.10-0.20

n = 4

0.10-0.32

n = 6

0.064 7 0.10-0.21

n = 4

0.19-0.29

n = 3

0.593

Distance/Duration (m/day) 16 0.0-8.7 (a)
n = 6

0.1-4.8 (a)
n = 4

3.8-27.7 (b)
n = 6

0.015* 7 1.9-26.7

n = 4

19.9-46.1

n = 3

0.517

Distance/Day Refuges (m/day refuge) 16 0.0-41.5

n = 6

1.2-40.7

n = 4

16.9-124.5

n = 6

0.076 7 19.0-126.7

n = 4

106.2-166.7

n = 3

0.157

90% Minimum Convex Polygon (m2) 14
0.00-

163.27

n=5

0.00-26.26

n=3

0.00-6275.03

n = 6

0.198 7 0.78-740.98

n = 4

0.00-11426.70

n = 3

0.480

90% Harmonic Mean (m2) 12
6.38-

505.44

n=5

35.70-113.76

n=2

45.79-

3272.21

n=5

0.439 7
58.98-

1434.73

n = 4

278.02-

3864.34

n = 3

0.077

90% Harmonic Mean (# areas) 12 1-2

n=5

2-2

n=2

1-3

n=5

0.502 7 1-2

n = 4

2-4

n = 3

0.115

80% Harmonic Mean (m2) 12
6.38-

245.80

n=5

35.70-113.76

n=2

0.37-280.45

n=5

0.881 7 58.98-930.00

n = 4

278.02-

2571.03

n = 3

0.077

80% Harmonic Mean (# areas) 12 1-2

n=5

2-2

n=2

1-3

n=5

0.705 7 1-2

n = 4

2-3

n = 3

0.115

50% Harmonic Mean (m2) 12 0.50-12.51

n=5

2.61-8.03

n=2

0.37-89.03

n=5

0.291 7 15.09-66.99

n = 4

18.35-209.70

n = 3

0.480

50% Harmonic Mean (# areas) 12 1-1

n=5

1-1

n=2

1-2

n=5

0.214 7 1-1

n = 4

1-2

n = 3

0.248
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FIGURE CAPTIONS

Figure 1. Locations of the two harveststandson the BlackSturgeonForestManagement Agreement

licencearea (49°10'N, 88°45'W), approximately 120km northeast of ThunderBay,Ontario.

Figure2. Gradientof timberharvest intensities associated with the harvesttreatments applied in 1993

at the Black Sturgeon Boreal Mixedwood Research Site.

Figure 3. Locations of the 7 harvest treatments applied to the 21 10ha treatment areasin 2 stands at

the Black Sturgeon Boreal Mixedwood Research Site in 1993. The locations and numbers

assignedto live-trapping gridsused to monitorsmallmammalsduring the pre-harvest (1993)

and 2 post-harvest years (1994and 1995) are also shown.

Figure 4. Location of live-trapping grids andpitfall traps relative to uncutforest and treatment areas

duringthe 3 years(1993-1995) of smallmammal monitoring at the BlackSturgeon Boreal

Mixedwood Research Site.

Figure 5. Treatment areas where pitfall trapping wasconducted andthe live-trapping gridsusedto

monitorsmallmammals duringthe pre-harvest year (1993)and the 2 post-harvest years (1994

and 1995)at the Black SturgeonBorealMixedwoodResearch Site.
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Figure 6. Locations ofsmall mammal live-trapping grids used tocompare effects ofclearcut and

shelterwood harvest methods during thepre-harvest yearandthe2 post-harvest years (1994

and 1995) at the Black Sturgeon Boreal Mixedwood Research Site.

Figure 7. Locations oflive-traps used to compare small mammal use ofuncut forest buffers and

harvested areas during the pre-harvest year and the 2 post-harvest years (1994 and 1995) at the

BlackSturgeon Boreal Mixedwood Research Site.



Figure 1

—- — Tertiary Road

J [ Harvest Plots

Kilometre Markers

1 cm = 6G0 metres

94

Thunder Bay is 89 km _2l



Figure 2
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Figure 3
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Figure 4.
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Figure 6.
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Figure 7.
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