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ABSTRACT

My study took place at Seney National Wildlife RgguSNWR) in the east-central
Upper Peninsula of Michigan. Recently, SNWR foraanagement has attempted to build and
maintain biological integrity though ecological t@stion. In order to inform managers about
wildlife habitat requirements, my study focusedtlo@ habitat use of small mammals. |
investigated at which scale, macro- or microhapitabitat elements predicted the presence of
small mammals. | predicted: 1) small mammal comitresiin near old-growth stands will be
more abundant than in logged habitats proposece&oration and 2) small mammal species
composition, in mature and second-growth conifes@ardwoods, can be predicted by specific
habitat characteristics such as coarse woody dabusdance and basal area of trees.

| trapped small mammals in eight hardwood stands, four replicates each of mature
and second-growth forest stands, and in nine canigesites with three replicates of each
category (mature, second-growth, recently cut).albmammals were live-trapped during July
and August in 2004 and 2005; vegetation measuremeaste taken during the summer of 2005.
At the macrohabitat scale, no significant differesevere found between small mammal captures
and site categories on either deciduous or conifepdots even though differences in habitat
structure among site categories existed (evidetitarprinciple components analysis). However,
my results supported the hypothesis that microbafeatures are important in predicting the
distribution of small mammals. At the micro-scdlee binomial regression analysis identified
three important habitat elements on which managferald concentrate restoration efforts:
coarse woody debris, snags, and tree species itlyvekdany other wildlife species depend on
the same habitat elements as small mammals andagement focus on these three habitat

components during restoration will help to obtanemll biological integrity.



INTRODUCTION

Over a century ago, extensive logging dramaticaligred Michigan’s Upper Peninsula
forests. Large-scale deforestation began in teeegaUpper Peninsula (EUP) in 1835; loggers
targeted principally white pine®inus strobusuntil they were depleted in the early 1900s
(Beyer et al. 1997). They then refocused on Easgtemlock Tsuga canadensisnd hardwoods
(sugar mapleAcer saccharum yellow birch Betula alleghaniens)$. Clear- cutting greatly
diminished old-growth white pine and hemlock fose$taving today’s early successional forests
of primarily jack pine RPinus banksiana

Logging remains important in the EUP, with papenpanies owning 12% of the land
(191,000 ha). In contrast, state and federal agemwn 53% of the land area (853,150 ha,;
Beyer et al. 1997). Seney National Wildlife Refy§&NWR) comprises 38,650 ha of this public
land. It is mostly second-growth forest; befosedastablishment in 1935, SNWR was used for
agriculture and timber extraction. Today, SNWR/eeras an important ecological reserve and
is the home of many species, including threatemey wolves Canis lupu$ Notably, 10,178
ha of SNWR are designated as protected Wildermassefson 1982).

Recently, NWR forest management has attempteditd &#d maintain biological
integrity. Ecological restoration is a common agmh. In accordance with the National
Wildlife Refuge System Improvement Act of 1997 (lHelwResolution 1420), SNWR managers
have initiated an ecological restoration programesiore logged forests to approximate
presettlement conditions. Forest restorationtsmofised in an attempt to compensate for many
years of fire suppression (Covington 1997) or laggi The Act mandates that Refuges have a
management goal to preserve biological integrigfingtd as “the capability of maintaining and
supporting a balanced, integrated, adaptive comiyiohorganisms, having a species
composition, diversity, and functional organizatammparable to that of natural habitat of the
region” (Karr and Dudley 1981). A community witigh biological integrity is one that has
existed under natural conditions for some conslaerperiod (Angermeier and Karr 1994).
Unfortunately, preserving biological integrity istra well-defined management goal. It is
difficult, for example, to know what presettlemantd “natural” conditions were, and to what
extent they had been affected by Native Americatswever, efforts can be made to restore

ecosystem components that are possible to manage.



Measuring biological integrity is difficult. In der to do this, SNWR managers wish to
gather as much information as possible about thadtaequirements of all wildlife species on
the Refuge. Most Refuge research has been foawsbilds and a few individual species (e.g.,
wolves). Research on small mammal habitat useshielproaden their knowledge. Small
mammals are often used as an indicator speciep g@arey and Johnson 1995; Carey and
Harrington 2001; Pearce and Venier 2005) to refleate aspects of “integrity.A biological
indicator is “an organism whose characteristicehsas presence or absence, population density,
dispersion, reproductive success, are used aglar of attributes too difficult, inconvenient, or
expensive to measure” (Landres et al. 1988). Smathmals are an appropriate indicator group
in part because they have important ecosystem.rdlesy are primary consumers (Huntly
1991). After a disturbance such as fire, pionegsimall mammals may be important seed
sources for plant regeneration. Ectomycorrhizagfamd nitrogen-fixing bacteria depend on
consumption by small mammals for dispersal (Sie®)7).9 Small mammals increase vegetation
decomposition rates, and they are more efficiesm #hoth ungulates and insects at mineralizing
organic matter (Hayward and Phillipson 1979). Theyalso prey for many larger mammals,
birds, and reptiles. More broadly, niche sepanatibdifferent small mammal species on the
forest floor may be an indicator of the number\dikable trophic pathways (Carey and
Harrington 2001).

Certain habitat elements are good predictors opteeence of small mammal species.
For example, coarse woody debris is an importabitétacomponent for small mammals
(Harmon et al. 1986; Loeb 1993; Carey and John885;1Ford et al. 1997; Menzel et al. 1999;
Bowman et al. 2000). Studying small mammal abuodsm@and their associated habitat
components in SNWR will give management additionfdrmation on how best to manage for
biological integrity. In SNWR forests, the mostmmon species are woodland deer mice
(Peromyscus maniculatus grac)lisvhite-footed miceFeromyscus leucop)ysed-backed voles
(Clethrionomys gappey,i short-tailed shrewd(arina brevicaudy masked shrewsprex
cinereus, and eastern chipmunk&gmias striatus

Here, | address macro- and microhabitat effectarsg¢gly in both hardwood and conifer
plots. Macrohabitat, as defined by Morris (1983 the scale at which “the minimum area
corresponds to that within which an average indiglgerforms all of its biological functions

(home range) during a typical activity cycle.” Mbbabitat includes the “physical/chemical



variables that influence the allocation of time ameérgy by an individual within its home range”
(Morris 1987). | investigate the following threeesgtions. Do small mammal communities vary
with the successional forest stage they live ir&tal@ollection at which scale, macro- or
microhabitat, more reliably predicts the preserfcentall mammals? Can SNWR use these
variables to inform their management (restorataeyisions?

| hypothesize that small mammal abundances aretaffdy both macro- and micro-
habitat structures. My first prediction is thatadhmammal communities in near old-growth
stands will be more abundant than in logged habpgetposed for restoration because old-
growth stands are more favorable for most natieeigs than disturbed habitats (Carey 1995,
Carey and Johnson 1995). My second predictiomasgmall mammal species compaosition, in
old-growth and second-growth conifers and hardwpoas be predicted by specific habitat

characteristics such as coarse woody debris abuadard basal area of trees.



MATERIALS AND METHODS

Study area- My study site is in Seney National Wildlife Rgk, east-central Upper Peninsula,
Schoolcraft County, Michigan (elevation 207-219486;16° - 46.35°N and 85.93° - 86.26°W).
The Refuge (38,650 ha) contains wetlands and mrastiuding 10,178 ha that comprise the
Strangmoor Bog National Natural Landmark and thee$a&Vilderness Area. Overall, SNWR is
26% deciduous shrub wetlands, 26% perennial grafiamds, and 24% forested evergreen
upland. The remaining 24% varies greatly in hahyjae (Tansy et al. 2003).

| classified hardwood and conifer study sites thit@e categories: reference stands,
stands proposed for restoration, and treated stdiiference” stands were logged more than
100 years ago and have remained untouched singmpg“Proposed” stands were logged
within the last 100 years (logging dates vary wydleind are targeted for restoration. “Treated”
stands were logged within the last ten years asopaestoration efforts.

| trapped small mammals in hardwood stands in 20@#in coniferous stands in 2005,
because my goal was comparison of stands within leabitat type rather than across habitat
types, and large annual variations in small manpopallations would have made year-to-year
comparisons difficult. | trapped in eight hardwasidnds, with four replicates each of proposed
and reference stands. The Refuge had no avatlastied hardwood stands. All sites were at
least 800 m apart to ensure sampling independ@wenian et al. 2000). These sites are
dominated by sugar maple, American bed&kg(s grandifolid, eastern hemlocki6uga
canadensis paper birchBetula papyriferg and red mapleAcer rubrun). A total of nine
coniferous sites were trapped with three replicatesach category (reference, proposed,
treated). Coniferous sites were dominated by nee @inus resinosp white pine Pinus

strobug, jack pine Pinus banksiang and black sprucd’{cea mariana

Field methods-Seventeen study sites were selected from atdessiniferous and hardwood
areas at the Refuge. Two parallel transects, @pat, were placed within each site, at least 50
m from edges, and at least 20 m from any used {[Ba@man et al. 2001). The starting point
for each transect was chosen randomly from theerafgpcations that were logistically
possible. Each transect consisted of 25 statipasesl 10 m apart. Two collapsible Sherman
live traps (H.B. Sherman Traps, Inc., Tallahasbé&g, one large (8 x 9 x 23 cm) and one small

(5 x 6 x 15 cm), were placed at each trap station.



In 2004, Tomahawk traps (Tomahawk Live Trap Compdimynahawk, WI; 40 x 13 x
13 cm) were positioned at every other trap station2005, Tomahawks were placed at every
fourth station because sites were trapped simuwitzsig and | had a limited number of
Tomahawk traps. The Tomahawk traps contained ptaydiberfill for insulation and were
covered with leaf litter to provide shelter fronetblements. Traps were placed at microsites that
small mammals use, such as logs, burrows, and igs)wad in areas that did not have direct
sunlight (to prevent overheating). All traps wptg within one m of the station and were baited
with a 50:50 mixture of sunflower seeds and odisps were checked in the morning (0700-
1100 h) and evening (1800-2100 h); they remainesh@gl hours a day. Capture methods
followed the American Society of Mammalogists’ (899uidelines, and were approved by the
University Committee on the Use and Care of Aninaalghe University of Michigan (UCUCA
protocol #7773).

Small mammals were live-trapped during July andustign 2004 and 2005 because this
is when population numbers peak (Myers, unpubb)daivVhen possible, reference and proposed
(or treated, in 2005) sites were trapped simultasgato minimize temporal variation. The
sampling effort was 1800 trap-nights in 2004 an@QL#ap-nights in 2005. Analysis does not
include traps that were set off and therefore inb#gof capturing a small mammal (Nelson and
Clark 1973). Effort decreased in 2005 becausapiped two sites simultaneously and therefore
had to use fewer Tomahawk traps at each site tha@d4 (11 versus 23Each site was trapped
for three consecutive nights.

For all captured animals | recorded the time oftwag station number, trap type, species,
weight, tail and hind foot length, ear length (Reromyscus spnly), and any disturbance to
the trap. Captured animals were categorized anjles or adults, determined by pelage and
weight. Saliva samples were taken Raromyscushat could not easily be identified to species.
Reproductive status was determined, when posdilthe position of the testes (descended or
abdominal) in males and state of the nipples (fiergus enlarged with evidence of lactation such
as hair removed near teats) in females. A patdaraibove the tail was clipped to mark
individuals temporarily, allowing the identificatiof recaptures. Captured animals were
released immediately after processing at the ti@ma. Temperature and precipitation at time of
trap-checking were also recorded. Dead specimers pvepared and contributed to the

University of Michigan's Museum of Zoology, Ann Ash Michigan.



All vegetation measurements were taken during tinenser of 2005. Percent canopy
cover was measured with a spherical densiometer (&adings in each cardinal direction) and
percent slope was measured with a Suunto clinom&#earody plants with a diameter at breast
height (DBH) > 0.04 m and height > 1.0 m were dedias trees (Orrock and Pagels 2003). Tree
species and DBH were recorded for all individuaithiw a five m radius around each trap
station. | used the line intercept method to estientoarse woody debris (CWD), following the
method outlined in Harmon and Sexton (1996). eceld two randomly chosen five m transects
that extended out from the trap location. For gaebe of CWD (> 10 cm diameter and one m
in length) encountered along the transect | reabtde following: decay class as defined by
Harmon and Sexton (1996), length, and diametee vidiume of CWD was calculated
according to the formula suggested by Harmon anxtb861996). All snags and stumps within
a five m radius of each trap location were recordedcorded three attributes for snags: decay
class, DBH, and height. For stumps, the base deaxraed decay class were recorded.

| recorded percent cover within each five m radiuthree layers: the herbaceous (0 - 0.5
m from forest floor), short (0.51 - 0.75 m), anlil (8.76 — 1.5 m) layers using the Braun-
Blanquet scale (Braun Blanquet 1928). Ground cpeecentage was visually estimated within
two randomly chosen Daubenmire plots (one m squhat)ell within the five m square. The
following categories were used for ground coveplisgs, wood, dirt, grass, ferns, leaves, moss,
lichen and slash (Bonham 1989). The dominant gtmaver species for the entire five m
square was also recorded at each station. See Tdbt a complete list of measurements taken

and used for the analysis.

Statistical analysis: Principle components analysis (R DevelopmeneCaam 2005) was used
to characterize the differences in habitat variglal@ong site treatments by visual observation of
biplots (PC1 vs. PC2, PC1 vs. PC3, PC2 vs. PCBar ® the PCA, each variable was centered
and scaled to have a mean of zero and a standagatide of one. Eigenvalues were examined
to determine how many principle components to pretc  All variables used in the binomial
regression, except abundances of individual treeisp, were included in the PCA. Since tree
species abundances were not included in the P€dnducted a separate analysis of the simple

distribution of tree species among site categories.



| also analyzed the tree species composition cf sde. Trees that made up more than
two percent of the total trees were included inghalysis. A two-sampletest was used to
compare species composition of the deciduous @tte/een categories); one-way ANOVA was
used to compare the coniferous sites (among caésjor

At the macrohabitat scale, total small mammal agstwere compared with a two-
samplet-test for the two treatments (proposed, referemcbhardwoods. One-way ANOVA
(SPSS version 12) was used to compare small magapalres among the three treatments in
coniferous stands (treated, proposed, referen&edhe site level (micro-scale), trap success was
defined as the total number of individuals cauglot {ncluding recaptures). Total small
mammal captures and captures by species were adadyzhis scale. | analyzed species with
captures that made up more than eight percenedbthal captures.

The age distributions of populations, by specieslifferent site categories were
compared using Fisher's Exact Tdatromyscus sppvas the only species that | could reliably
age and had adequate data to analyze. Caerednyscus sppvere classified as juveniles if
they had a mass of less than 17.5 g (Van Horne)1982

At the microhabitat scale, | used binomial regr@s$o model habitat (independent)
variables associated with the total captures (dégatnvariable) of each mammal species at a
trap site. These regression models are not teasspecific variables and their relationship to
small mammal captures. They are exploratory inneaand therefore a wide variety of
potentially important variables to small mammalsevacluded. Trapping success was defined
as the number of captures at a single station §ag@rman traps). | chose not to use logistic
regression because it incorporates only presenabsance data, while binomial regression can
include multiple captures at a single station. fdsponse variable for binomial regression is the
number of successful trials out of the total nundfdrials. For this study, a trial consists okon
trap night. At each station, | had a total oftsap nights (two traps x three nights) and the data
consisted of the number of animals caught, notuthioly recaptures, in those six trap nights for a
maximum of six trials (two traps at a station foree nights). In other words, there were six
total trials at each station, where each trialeBrabd by success (capture) or failure (no capture)
at each trap.

Variables were chosen on the basis of hypotheszelbgical importance for small

mammals (Dueser and Shugart 1978). Redundanblesiavere eliminated based on inaccuracy



of measure (Mengak and Guynn 2003). Twenty-sewaeialles were included in the hardwoods
regression; thirty variables were included in thaiferous regression (Table 1). To simplify the
models, a stepwise model selection procedure weds uBhis allowed the addition or removal of
a variable at any step of the procedure. The Akait@mation Criterion (AIC) was used to
determine the addition or removal of variables.nf@ztence intervals of the regression
parameters were calculated using profile likelihasthg the R statistical package, stepwise
regression procedure and profile likelihood frora MASS package (Venables and Ripley
2002). Profile likelihood is a method of estimgticonfidence intervals for multiple parameters.
Significance of individual variables was determinesthg a likelihood ratio test comparing the
full model to the model with the variable of intsteemoved.

| performed a binomial regression for each spe@esomyscus sppEastern chipmunks,
short-tailed shrews for hardwood®eromyscus sppEastern chipmunks, least chipmunks, red-
backed voles, shrewSorex spp in conifers) and for total small mammal captur€nly small
mammal species that made up more than 8% of tapalices were included. This led to the
exclusion of northern flying squirrel&laucomys sabringsmeadow jumping miceZgpus
hudsoniu} red squirrelsTamiasciurus hudsonicysand woodland jumping mic&l@paeozapus

insignig due to low numbers of individuals captured.



MACRO ANALYSIS RESULTS
At the macrohabitat scale, no significant differenavere found between total small
mammal captures and site categories on either a@egdor coniferous plots. Similarly, | found
no significant differences between captures byisgdabundance > 8%) and site category.
However, differences in habitat structure among cdttegories existed. To investigate this
variability, | conducted a principle componentslgsia (PCA) on the habitat data and an

analysis of tree species distribution among sitegmxies.

Principle components analysis for habitat (vegetatidata--I analyzed the first three principle
components (PCs); cumulatively, they accounte®1686 of the total variance among the eight
deciduous sites, and 90% of the total variance gntioé nine coniferous sites (Table 1, Table 2).
PC plots (Figures 1 — 6) were used to analyzereiffees in habitat variables among site

treatments (proposed, treated, reference). Valees the averages of all 50 site stations.

Hardwoods Principle Components Analysis

In the deciduous sites, coarse woody debris (CWIiEh ¢ the most influential positive
loading in PC1. PC1 is negatively correlated it number of trees and snags, snag height,
and total tree species. PC2 is positively coreglatith total CWD pieces and average CWD
length; PC2 is negatively correlated with tree basaa, standard deviation of tree DBHS,
maximum DBHs, and total number of trees (in ordanftuence). For PC3, large positive
loadings for snag size, number of tree speciestl@dbundance and size of CWD indicate a
large positive correlation between the variable Ba@. PC3 is lower in value when the average
canopy cover and the basal area of trees are laiM¢TL).

The most noticeable trend is that all four propasiees have low PC1 and PC2 values
(Figure 1). The reference sites are more variabteare mostly high for PC1 and PC2. With the
exception of one reference and one proposed sappped sites score high with PC3 and
reference sites are on the low end (Figure 2T8at is, deciduous reference sites, compared to
proposed sites, tend to have more CWD, bigger teeebkhigher canopy cover. Proposed sites

tend to have increased tree density, snag dessiayg size, and snag height.



Conifers Principal Components Analysis

In the coniferous sites, PC1 comprises the follgwiariables (from most influential to
least): number tree species, tree size, averaggpyaover, average CWD length, standard
deviation of tree DBHs, average snag height, and>3®i¥e and volume. There was no
directional pattern with these variables and PGERG1 is essentially an average of them. PC2
has high values when the average canopy coversizegand snag height are high. PC2 is low
when CWD size and abundance is large. Third, B@&gh in value when sites have high tree
and CWD abundance and low when snag height and &BHigh.

Treated sites are starkly different from refereand proposed sites in PC1 and PC3.
Figures 4 and 5 show that all three treated s@ws high PC 1 values; proposed and reference
sites are lower on PC 1. PC2 is not very usefdeiciphering vegetation differences among site
categoriess due to the high variability among gifegure 4, 6). All three reference sites have
high values of PC3; all three proposed sites halatively low PC3 values. Overall, coniferous
reference sites have higher values for total nurobeees, total number of CWD pieces, total
tree species, and maximum tree DBHs. Proposeslitsitel to have higher snag heights, larger
snags, low maximum tree DBH, and low number of ggecies. Treated sites have low values
for all vegetation variables; most notably treatéds are low on total tree species, tree size, and
the CWD volume.

Tree species abundanc®sn my deciduous plots, 71% of the trees were songgales. There
were no significant (p < 0.05) differences betwesference and proposed sites. The following
three species were more abundant (not significammtlgeference stands than in proposed stands:
American beech, Eastern hemlock, yellow birch. cler species were more abundant in
proposed stands (sugar maple, red maple, papér, hivphornbeam, black cherry, American
basswood) (Figure 7).

Black spruce was the most common (27%) speciegifouthe coniferous sites.
Significant differences were found with one-way AM®with jack pines (F =6.01; df =2, 6; p
=0.037) and red maples (F = 7.618; df = 2, 6;(pG23). Reference sites contained the highest
percentage of white pine, red maple, balsam fiul, taembling aspen. Jack pine and red pine
were most commonly found in proposed sites. laté® sites, black spruce, big-toothed aspen,

red oak predominated (Figure 8).
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Small mammal captures In 2004, 2400 trap nights resulted in the ceptf 265 individuals of
eight species in the deciduous sites (Table 5gcigp captured included woodland deer mouse
and white-footed mouse (70%), eastern chipmunk §1Skert-tailed shrew (11%), and northern
flying squirrel (3%). In 2005, | trapped for 276@p nights and caught 226 individuals of 11
species. The main species captured were woodkeerdndouse and white-footed mouse (38%),
red-backed vole (20%gorex spp(14%), eastern chipmunk (8%), least chipmunk (8%@sked
shrew (6%), and meadow jumping mouse (3®Rg¢romyscus spP. maniculatus gracilier P.
leucopu$ were the only two species caught at every sith pears. | found no significant
differences in age distributions among site categdorPeromyscus spother species were

not analyzed).
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MICRO ANALYSIS RESULTS
Binomial regression.ta deciduous sites, the regression results shotnmbee CWD at a station
meant a greater number of captures was likely @&l CWD was positively correlated with
total captures and individual species capturedaloaptures were positively associated with
average snag DBHs, number of CWD pieces, and a@e€Z8gD length. Total captures were
negatively associated with the average snag haighiaverage canopy cover. At the species
level, | could predict an increasePeromyscus spgaptures from the average length and the
total number of CWD pieces. | found a negativeeaisdion betweeleromyscus spgaptures
and the total CWD volume. Eastern chipmunk cagturereased with an increase in the average
snag DBH and the total CWD volume; they were negéatiassociated with average snag height
and average canopy cover. Lastly, short-tailedwlmaptures increased with high abundances
of six tree species (highly significant for Eastbamlock, paper birch, and sugar maple),
amount of CWD, and black spruce abundance anddeergased with lower total number of
trees, and average tree DBH.

In coniferous sites, total captures of all spewiese most positively significantly
associated with the number of CWD pieces and tgalspecies (Table 7). Total captures were
negatively influenced by only one variable, theradance of red pines. CapturesP@romyscus
spp.were positively associated with maximum tree DB&igrage snag DBHSs, average canopy
cover, and total pieces of CWD; they were negafiaskociated with average tree DBHs,
number of tree species, number of stumps, andfauthspecies of trees (red maple, black
spruce, red and jack pine). A positive associdioreastern chipmunk captures was found with
the total number of CWD pieces, and | could predagtures based on a negative association
with average snag DBH and abundance of black sprulceast chipmunk captures were
positively associated with the average length of[CVWegative associations included average
canopy cover and abundance of red pines. | foymukdive association between red-backed
vole captures and total tree species; abundanjeglopine, snag and stump abundance, average
tree DBHSs; and black spruce and white pine aburelaBalsam fir abundance and total tree
basal area negatively influenced red-backed vgkuces. LastlySorex sppcaptures were
predicted by the number of CWD pieces, total tggecies, and abundance of black spruce
(positive associations)Sorex sppcaptures were negatively associated with averagepga

cover and trembling aspen abundance.
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DISCUSSION
As has been found in many small mammal habitatesudhy results supported the
hypothesis that microhabitat features are impoitaptedicting the distribution of small
mammals. At the micro-scale, the regression arsalgentified three important habitat elements
on which managers should concentrate restoratfontgf coarse woody debris (CWD), shags,
and tree species diversity. The macro analysieda find associations between habitat and

captures.

Micro scale--The microhabitat results supported my predictltat presence of small mammals
can be predicted by specific habitat charactesstite regression analysis showed many
associations between habitat measurements andesptdince my research goal was to identify
features that SNWR managers can use for theirreggin, | chose easily manipulated habitat
features that were consistently important for npldtispecies. SNWR restoration should focus
on restoring the following habitat components: C\WBces, shags, and tree diversity.

The number of CWD pieces was positively associatiéial total small mammal captures
in hardwoods and conifers. Of the CWD variabletharegression analyses, total CWD pieces
was the only variable that was consistently impudrtdManagers should therefore focus on
number of pieces, rather than CWD size (see ZoHndrCrane (2003) for a discussion on ways
to manage for CWD). Even wifPeromyscusnice, an abundant habitat generalist (Seagle 1985;
Martin and McComb 2002), | found that CWD abundawes still a significant predictor of
Peromyscugresence. Menzel et al. (1999) also found Brexbmyscusbundance was strongly
positively correlated with CWD in western North Glama’s northern hardwoods.

Small mammals at Seney responded not only to grQW®, they also used areas with
woody material in the form of snags. Snags sersiendar function as CWD; they provide
shelter, nesting places, and travel paths for smaihmals. Unlike CWD, however, the total
number of snags had no influence on small mamnmboas. Interestingly, | found that Eastern
chipmunk captures were positively associated wigrage snag DBH in hardwoods and
negatively associated with the same variable infemus stands. This contradictory finding
illustrates the importance of analyzing captureadsparately for habitat types. Overall, most
small mammals preferred short snags with a largel Qig#rhaps because they are more decayed

or accessible. Because | found several relatipsshith snags, managers performing restoration
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should preserve snags. My recommendation is tepre older, large trees and existing snags if
selective logging is used.

Based on the regression results, tree speciessdivehould be maximized when
restoration involves planting, especially conifekigh tree diversity is often found in old-
growth forests. | found that only short-tailedeslis were positively associated with high tree
diversity in hardwoods. But in coniferous sitegat small mammal, red-backed vole, 8uarex
spp captures all were positively associated with theersity. This contrast between hardwoods
and conifers likely exists because Seney’s conifeforests have higher tree diversity and more
variation than its hardwoods.

Lastly, due to the variety of habitat elements thatd others found to be important for
different small mammal species, restoration shéatds on maximizing habitat heterogeneity
(Carey et al. 1999; Manning and Edge 2004). Theession analysis highlighted many other
habitat elements other than those previously meato In the deciduous sites the following
habitat components were associated with capturgg (positive association) maximum tree
DBH, low (negative association) average tree DEBM; humber of trees, and low canopy cover.
In conifers, the following variables had associagio high and low tree DBH, high maximum
tree DBH, low total tree basal area, high and lemher stumps, and high and low canopy
cover. More associations were also found withatertree species (Table 6, 7). This incredible

range of associations demonstrates the varietglotdt preferences of small mammals.

Macro scale-- Small mammal capture data did not support negliation that small mammal
communities in near old-growth stands are more déointhan in logged habitats proposed for
restoration. Regardless of the differences in tag structure among site categories
uncovered in the PCA analysis, | found no significgdifferences in small mammal captures
among these categories. Others, however, havéfiddmmacro-scale patterns for some small
mammal species, particularly the red-backed vaeyJl984; Sullivan et al. 2000; Pearce and
Venier 2005). Perhaps at SNWR red-backed voleaa@renore abundant in mature forests
because the patches of mature forest are very;dtmaldoes not allow for an accumulation of a
large red-backed vole population. The same mayueaefor other small mammal species at

SNWR that are typically found in mature foresteelsere.
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Although | found no macro-scale associations, lacge influences on small mammal
distributions probably exist. Morris (1987) sugigethat prey abundance and seed availability
are determined by macrohabitat. Predator disiobutvhich | did not measure, may also have
an effect on small mammal populations (Krohne ang® 1990; Morris 1996). Lastly, social
factors likely influence distributions at the maaale; competition with adults often drives

juveniles into less desirable habitat (source-siyrtkamics).

Future Directions.-At Point Pelee National Park in southern Ontarioris (1987) found that
macrohabitat variables more effectively predictedls mammal density than microhabitat
characteristics. Morris used vastly different tyjpé macrohabitat than | did. He made two
macro comparisons: mature forest versus a suRtaes(spp dominated area and grassland
versus old field. These habitats are considenatalge different from each other than my macro
comparison of different forest successional stéggference, proposed, treated). If | had
compared small mammal captures between vegetapes {(hardwoods versus conifers) | would
have found significant macrohabitat differencesvall. Thus the type of macrohabitat
comparison researched should be examined closedn wbmparing results from different
studies and when designing studies that investdjéferent scales of habitat use.

For the macrohabitat comparison, the heterogeneatuse of SNWR led to high
amounts of habitat variation within categories aithin sites. For example, the treated sites
were highly variable in the extent of logging, ramggfrom treeless clear-cuts to second-growth
with a few selectively logged large trees. Thigat#on within categories may have confounded
differences in small mammal populations since aatggeplicates were not identical in habitat
features. Substantial variation within sites asourred. Most of the reference sites were very
small and often only just large enough for two sects. Within these small habitat patches, a
few of the red and white pine dominated refererites fiad small patches of black spruce bog
within them. This led to some trap stations thaterocated in boggy areas; black spruce bog
areas most likely have a different small mammal momity than a mature coniferous habitat.
Similar variation existed in proposed and treaiggks All of this variability may have resulted
in increased variation in the small mammal captwiglsin categories, making it difficult to

observe trends at the macro scale. Studies withsomall patches of habitat available should
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have as many macro-scale replicates as possilblis. r@plication will help to minimize the
effects of high variation among sites.

Future microhabitat studies can enhance my stusdigde Researchers should measure
habitat elements at a finer scale than | did; bgsjthat vegetation measurements of one m
around the trap station are appropriately smatdifionally, my study was strictly
observational; experimental studies that manipuiatatat elements will more specifically
pinpoint how those components affect small mammBBsed on my findings, future small
mammal habitat use studies in the upper Midwedtitivestigate CWD, snags, and tree diversity
will be most informative. Most significantly, mample size was small with few replicates;
these should always be maximized when possible stidy was also short in duration.
Research on small mammal habitat use should beuctediduring all seasons since habitat use
likely shifts with resource availability.

At SNWR, the habitat requirements of other wildbfgecies must also be considered
since managers are interested in landscape lesteration (not targeting a single species).
Fortunately, many other wildlife species dependh@nsame habitat elements as small mammals.
MacNally et al. (2002) found that a CWD decreasniniishes avian diversity. There is ample
evidence that snags are important for wildlife sasltbirds (Walter and Maguire 200B8)yotis
bats (Ford et al. 2006), and American martétar{es americanaPorter et al. 2005). A
management focus on CWD, snags, and tree divergltiielp to obtain overall biological

integrity.
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APPENDIX 1. TABLES AND FIGURES

Table 1. All habitat measurements recorded and used foysisal

category: treated, proposed, reference CWD: ¢egie

trees: total basal area CWD: avg decay class

trees: total # CWD: avg DBH (cm)

trees: total # species CWD: total volume (m"3)

trees: avg DBH (cm) canopy cover: avg (% open)

trees: minimum DBH (cm) trees cover: herbaceoategorical)

trees: maximum DBH (cm) trees cover: short (catiegl)

trees: standard deviation DBH (cm) cover: taditégorical)

stumps: total basal area cover: dominant groondrcspecies

stumps: total # slope: %

stumps: avg decay class ground cover: % sapling

shags: total basal area ground cover: % wood

shags: total # ground cover: % dirt

shags: avg decay class ground cover: % grass

snags: avg DBH (cm) ground cover: % ferns

snags: minimum DBH (cm) ground cover: % leaves

snags: maximum DBH (cm) ground cover: % moss

snags: avg height (m) ground cover: % lichen

ground cover: % slash

Table 2. Definitions of variables used in both conifer@um deciduous binomial regression.

Code Measurement (5-m radius around trap station) Uni
cat site category (treated,proposed, reference) , peatref
trees total number of trees (all species) numbes tree
dbhavg average DBH of trees cm
dbhmax maximum DBH cm
dbhsd standard deviation of DBH cm
basal total basal area of trees cm/mh2
species total tree species number species
stumps total number of stumps number stumps
shags total number of snags number snags
shagdbh average DBH of snags cm
shagh average height of snags m
cwd total number pieces of CWD number pieces
cwddbh average CWD DBH cm
cwdvolume total volume of CWD m"3
cwdlavg average length of CWD m
avgcc average canopy cover (% open) percentage
wood average % ground cover that is wood percentage
balsam fir total number of balsam fir number trees
red maple total number of red maple number trees
sugar maple total number of sugar maple number trees
paper birch total number of paper birch number trees
hophornbeam total number of hophornbeam number trees

big-toothed aspen

Deciduous analysis only:
Conifer analysis only:

total number of big-toothed aspen

umber trees

black cherry, American bassl, Eastern hemlock, yellow birch, American beech
white ash, black spruce, jaicle, red pine, white pine, trembling aspen, raki avhite cedar
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Table 3. Hardwoods: PCA loadings from principle composeatalysis.

numbers are the most influential loadings on thetcple component.

Variable

PC1 PC2 PC3

trees:
trees:
trees:
trees:
trees:
trees:
CWD:
CWD:

total species

total number

total basal area
average DBH
maximum DBH
standard deviation of DBHs
total number pieces
average DBH
CWD: average length
CWD: total volume

snags: average DBH
shags: average height
shags: total number
average canopy cover

Percentage of total variance
Cumulative percentage of variance

Figure 1. Hardwoods:PC1 versus PC2 biplot. See Table 2 for variabteeco red)

-0.23 -0.30 0.34
-0.26 -0.36 -0.05
0.18 -0.41 -0.17
036 0.05 -0.01
0.26 -0.38 -0.07
0.15 -0.39 0.05
037 013 0.30
0.40 -0.15 0.07
031 010 0.25
0.33 -0.19 -0.07
0.18 -0.04 0.50
-0.26 -0.23 0.44
-0.16 -0.34 0.15
0.08 -0.24 -0.47

36.60 29.70 14.60
36.60 66.30 80.90

definitions. Pro = proposed, ref = reference sites

0.6

04

ref

0.2

PC2

pro

-0.2

snagh

-0.4

species

snags
trees

cwddbh

cwdwolume

ref -
dbhsd  dbhmax
basal

T T T
-0.4 -0.2 0.0

PC1

T T T
0.2 0.4 0.6

22

Bold



Figure 2. Hardwoods:PC3 versus PC1 from the PCA. See Table 2 for bigrieode (in red)

definitions. Pro = proposed, ref = reference sites.
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Table 4. Conifers: PCA loadings from principle components analysis. Bold numbers
are the most influential loadings on that principle component.

Variable PC1 PC2 PC3
trees: total species -0.36 -0.11 0.08
trees: total number -0.09 -0.11 0.56
trees: total basal area -0.33 0.21 0.20
trees: average DBH -0.33 0.21 -0.09
trees: maximum DBH -0.36 0.15 0.12
trees: standard deviation of DBHs -0.33 0.18 0.16
CWD: total number pieces -0.19 -0.37 0.33
CWD: average DBH -0.17 -0.50 -0.19
CWD: average length -0.30 -0.34 -0.11
CWD: total volume -0.20 -0.48 -0.18
snags: average DBH -0.22 0.07 -0.44
shags: average height -0.23 0.19 -0.46
average canopy cover -0.33 0.25 0.09
Percentage of total variance 52.40 22.10 15.50

Cumulative percentage of variance 52.40 74.50 90.00

Figure 4. Conifers: PC1 versus PC2 biplot from the PCA. See Table 2ddable code (in
red) definitions. Pro = proposed, ref = refererniee= treated sites.
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Figure 5. Conifers: PC3 versus PC1 from the PCA. See Table 2 for blarieode (in red)
definitions. Pro = proposed, ref = reference, tteeated sites.
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Figure 7. Deciduous sites: total number of trees byategory. Only tree species with > 2%

of total tree abundance included. No significaffecences (p < 0.05) with two-sampl¢est.
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Figure 8. Coniferous sites: total number of trees by citiegory. Only tree species with > 2%
of total tree abundance included. Significantedighces (p < 0.05) with one-way ANOVA: jack

pines (F =6.01; df = 2, 6; p = 0.037) and red rasfF = 7.618; df = 2, 6; p = 0.023).
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Table 5. Total captures by site. H = hardwoods sites420D = coniferous sites, 2005.

Pero- Short- Red- Least Meadow Woodland
myscus E. chip- tailed backed Sorex Masked chip- N.flying jumping Red jumping
Site Category Total spp. munk shrew vole  spp. shrew munk squirrel mouse squirrel mouse

H1 ref 66 45 8 11 1 0 0 0 1 0 0 0
H2 ref 37 26 11 0 0 0 0 0 0 0 0 0
H3 ref 15 5 7 3 0 0 0 0 0 0 0 0
H4 ref 25 15 2 6 0 0 0 0 2 0 0 0
H5 prop 56 34 10 6 0 1 0 0 4 0 0 1
H6 prop 27 24 1 1 1 0 0 0 0 0 0 0
H7 prop 24 22 2 0 0 0 0 0 0 0 0 0
H8 prop 15 14 0 1 0 0 0 0 0 0 0 0
H TOTAL 26t 18t 41 28 2 1 0 0 7 0 0 1

H % 70% 15% 11% 1% 0% 0% 0% 3% 0% 0% 0%
C1 ref 26 16 0 1 3 3 2 1 0 0 0 0
C5 ref 31 20 1 1 5 2 0 2 0 0 0 0
Cc8 ref 24 6 0 2 4 7 5 0 0 0 0 0
C3 prop 29 11 0 0 9 2 1 0 4 2 0 0
C6 prop 27 4 5 0 10 2 1 2 0 3 0 0
c7 prop 21 4 0 0 3 9 0 4 0 1 0 0
Cc2 treat 22 5 0 1 6 3 3 4 0 0 0 0
C4 treat 26 8 11 0 4 1 1 0 0 0 0 1
C9 treat 20 12 0 0 1 2 0 4 0 0 1 0
C TOTAL 22¢ 86 17 5 45 31 13 17 4 6 1 1

C % 38% 8% 2% 20% 14% 6% 8% 2% 3% 0% 0%

* No Tomahawks or recaptures included

Table 6. Deciduous sites: likelihood ratio test (LRT)tstiics and p-values for each variable in
the regression analysis are reported. Variablgslighted in red are negatively associated and
grey values are positively associated with smalnmal captures.

Degrees of freedom = 1. P-values < 0.001 are lich. bo

LRT p-value | LRT p-value | LRT p-value | LRT p-value |
i

I

itrees: avg DBH | |
jtrees: max DBH | | { 7.57 0.0059 ,
itrees: total # I I

'trees: total speciesi '

isnags: avg DBH

.snags: avg height

lcwD: # pieces 478  0.0287! 3.90 0.048
ICWD: avg length 5.19 0.02271 475  0.0293

i
I
i i 6.85 0.0088
‘ 15.50 8.237E-05

12.32 0.000J

i
7.45  0.0063

ICWD: volume

icanopy cover: % I
|balsam fir | | | | 5.58 0.0182 |
1Eastern hemlock I I I I 19.43 1.042E-0§
rhophornbeam I I I I 5.09 0.0241 !
ipaper birch ' ' ' ¢+ 15.98 6.405E-045
.sugar maple l I l l 18.24 1.947E—05
lyellow birch | ! | | 1033  0.0013!
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Table 7. Coniferous sites: likelihood ratio test (LRTatsstics and p-values for each variable in
the regression analysis are reported. Variablgslighted in red are negatively associated and
grey values are positively associated with smalinmal captures.

Degrees of freedom = 1. P-values < 0.001 are lich. bo

- T "Total (ali species) | Peromyscusspp. | Eastern chipmunk
| p-value LRT |  p-value LRT |  p-value LRT
[trees: avg DBH | 00080  7.02 |

trees: max DBH | 0.0260 4.96

itrees: basal area

'trees: total speciest 0.0408 4.19

istumps: total #

!snags: avg DBH 5.83

!snags: avg height ,
!CWD: # pieces 0.0053 7.76 0.0391 4.26 | 0.0210 5.32!

Icanopy cover: % | 0.0038 8.38 | |

iblack spruce

jiack pine |
ired maple I
'red pine :
| | Least chipmunk | Red-backed vole | Sorex spp. |
i | p-value LRT | p-value LRT | p-value LRT |
jtrees: avg DBH | | 0.0230 5.17 |
itrees: basal area I I
itrees: total speciesi I 3.245E-06 21.67i 0.0023 9.30 I
stumps: total # - «0.0230 517 . -
!snags: total # I I 0.0161 5.80 I I
lcwD: # pieces | | | 0.0011 10.67 !
ICWD: avg length | 0.0260 496 | | |
[canopy cover: %
|balsam fir | |
jblack spruce | 0.0177 5.63 | 0.0039 8.32 |
! . 0.0014 10.16 | I

ijack pine

red pine | oos13 464 |
ltrembling aspen | | —
! ! | 0.0250 5.02
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