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Abstract — Small mammal communities are often influenced by sudden or long-term
environmental changes. However, despite the association between small mammals and their
surrounding ecosystem, few studies have investigated these animals in a degraded temperate
forest environment. The current study explores the effect of tree mortality due to invasive
pathogens, pests, and diseases on small mammal abundances and foraging behavior. Trees were
girdled at a study site in the Hudson Valley of New York to mimic the effects of such invasive
agents on a deciduous forest environment. White footed mouse (Peromyscus leucopus) unique
captures were found to increase in non-oak girdled treatment types, while Eastern chipmunk
(Tamias striatus) captures decreased in oak girdled treatments. Additionally an analysis of small
mammal diet revealed higher consumptions of invertebrates in girdled versus control plots,
which is likely due to the increase in understory vegetative matter associated with the girdling
event. By studying the effects of environmental change on small mammal communities, the
current study attempts to demonstrate the complexity of northern temperate ecosystems, as well

as the influence of tree mortality on small mammal populations.



Introduction
Widespread changes in forest structure and composition can result in sudden or long-term
variations in small mammal population dynamics (see Pearce and Venier 2005, Larkin et al.
2008, Wang et al. 2009). Previous studies have shown a differential effect of habitat disturbance
(e.g. forest fires, clear-cutting events, and invasive diseases) on various small mammal species.
For example, species of mice (Peromyscus spp.) and voles (subfamily Arvicolinae) have been
found to increase in abundance in response to forest fires (Sullivan, Lautenschlager, and Wagner
1999) and invasive pathogens (Meentemeyer et al. 2008); these environmental disturbances
create an abundance of debris along the forest floor, which provides additional niche space for
small mammal species (Sullivan, Lautenschlager, and Wagner 1999). However, evidence has
shown that other species including chipmunks (Tamias sp.) and shrews (family muridae) have
more variable reactions to environmental changes, ranging from positive to negative responses
depending on the type and extent of such disturbances (Sullivan, Lautenschlager, and Wagner
1999).

Environmental variation may directly influence prey item abundance, thereby affecting
small mammal population dynamics (e.g. Batzli 1977, McShea 2000, Clotfelter at al. 2007).
Recent literature has focused on the influence of acorn production and oak tree (Quercus sp.)
masting on small mammal abundances (McShea 2000). Several species of small mammals
including mice, squirrels, and chipmunks rely on acorns as a source of food, especially during
winter months (Batzli 1977, McShea 2000). Mast failure in oak-dominated forests is associated
with increased mortality rates in white-footed mice populations during winter months, and
subsequent population declines during the following spring and summer (McShea 2000).

Abundance surveys on P. leucopus, T. striatus, and grey squirrel (Scurius carolinensis)
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populations revealed an overall positive, yet highly complex, relationship between acorn
production and small mammal population densities (McShea 2000). Declines in acorn production
were found to have cascading effects; both small mammal communities as well as species from
other trophic levels were either directly or indirectly influenced by acorn production (Clotfelter
at al. 2007).

Changes in environmental conditions may not only affect small mammal abundances, but
may also play a significant role in determining small mammal diet (Stephens and Krebs 1986,
Drever & Harestad 1998). While predators are hypothesized to prefer food items which provide
the maximum energy yield, theory predicts that generalist species will switch to alternative
sources when preferred items are no longer available or when secondary sources become the
most readily available food item (Stephens and Krebs 1986). Kelt et al. (2004) concluded that
small mammal consumption of seeds is directly associated with variations in the availability of
such prey items, caused by seasonal and microhabitat changes. Anthropogenic manipulations of
environmental conditions have also led to alterations in food consumption; Sullivan (1979) found
that introductions of food sources such as sunflower seeds led to a direct decline in the
consumption of conifer seeds. Understanding foraging behavior can therefore provide scientists
with a proxy for identifying changes in resource abundance as well as more widespread
environmental change.

The current study examines the effect of environmental disturbances — specifically tree
mortality caused by pathogens, pests, and other diseases — on both population dynamics and
foraging ecology of small mammal communities. Several invasive plant diseases have been
linked to widespread tree mortality throughout the United States (Meentemeyer et al. 2008).

Chestnut Blight, Butternut Canker Disease, and Beech Bark Disease are known tree pathogens



that result in tree mortality. By subsequently decreasing the production of seeds and nuts, each of
these diseases severely reduce food sources for small mammals (Davidson et al. 2005, Storer et
al. 2005, Meentemeyer et al. 2008).

In recent years, Sudden oak death (SOD), caused by the water mold pathogen
Phytophthora ramorum, has also resulted in rapid oak (genus Quercus) and tanoak (Llithocarpus
densiflorus) tree mortalities throughout the western United States (Meentemeyer et al. 2004;
Davidson et al., 2005; Fichtner, Lynch, and Rizzo 2007). Such widespread mortalities have been
associated with frequent forest fires, as well as decreases in soil nutrient uptake and overall
levels of biodiversity (Meentemeyer et al. 2004). Both native oak and tanoak trees, which are
unable to resist infection by invasive pathogens, may be at high risk for mortality (McShea 2000,
Clotfelter et al. 2007). Although sudden oak death is currently confined to western regions of the
United States, ranging from Oregon to California, current models predict that the pathogen may
begin to invade eastern forests during the next few decades (Meentemeyer et al. 2004, 2008).
Oak trees are highly dominant in eastern forests, and SOD invasions have the potential to greatly
affect these forest communities (Meentemeyer et al. 2008).

While many studies suggest that the majority of wildlife will be negatively affected by
such pathogens (Davidson et al. 2005, Storer et al. 2005, Meentemeyer et al. 2008), further work
will be necessary to compare small mammal populations both pre- and post-invasions. A few
preliminary studies have attempted to predict the response of several species of small mammals
to the introduction of Sudden Oak Death (Tempel et al. 2005, Apigian et al. 2005). Tempel et al.
(2005) found that dusky-footed woodrat (Neotoma fuscipes), brush mouse (Peromyscus boylii),
and California pocket mouse (Chaetodipus californicus) populations in San Luis Obispo County,

CA were higher at sites with higher levels of oak composition (high risk for SOD) compared to
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those with fewer oaks (low risk for SOD, Tempel et al. 2005). In addition, others have found
similar impacts of the plant pathogen, Phytophthora cinnamomi, on small mammal abundances,
distribution, and diversity (Wilson et al. 1990) with strong negative correlations between small
mammal population densities and the presence of the invasive agent (Wilson et al. 1990).
However, past research has mostly focused on revealing general trends in “at risk™ small
mammal communities. In addition, few studies have examined the influence of invasive
pathogens on both population abundance and feeding ecology (e.g. Apigian et al. 2005, Zwolak
and Foresman 2007, Yarnell et al. 2007). Additional research will be necessary to identify
species-specific responses of small mammal populations to invasive pathogens.

The objectives of this study were to quantify the variation in diet and abundances of
small mammal communities in both normal and altered oak forest habitats. Unlike previous
research, which has focused on single proxies as evidence of environmental change (e.g. Tempel
et al. 2005, Apigian et al. 2005, Zwolak and Foresman 2007, Yarnell et al. 2007), the study
combines multiple approaches (abundance data, fecal analyses, and stable isotope analyses).
Fecal analyses were performed in order to identify prey items and served as independent
complimentary data to the stable isotope analyses. However, scat analyses often over-estimate
the contribution of certain prey items to small mammal diet, especially those items which are not
readily digested (Nardoto et al. 2006). In addition, fecal analyses are also only effective at
identifying short term feeding habits — on the order of days (Nardoto et al. 2006).

In order to identify how foraging might vary over a longer span of time, stable nitrogen
(8¥°N) and carbon (5'°C) isotopic analyses (SIA) were completed. SIA are a commonly used tool
to discern feeding habits in wildlife because the isotopic ratios of consumers are related to those

of their food sources (DeNiro & Epstein 1978, 1981). Differences in 5'3C ratios are often



indicative of the varying photosynthetic properties of plants; for example, Cz plants are more
depleted in *2C when compared with C4 plants (Farquhar, Ehleringer, and Hubick 1989, Nardoto
et al. 2006). Nitrogen isotopic ratios can act a proxy for trophic level change, where a stepwise
enrichment in 8*°N (or higher ratio of N to *N) occurs at each trophic level (Hobson and Clark
1992, Hobson 1999, Bearhop et al. 2004).

Different tissues in the body have differing metabolic turnover rates, and therefore
provide dietary information on varying timescales (Tiezsen et al. 1983). The metabolic turnover
rate of skin is longer (on the order of months, Palerum 2005) when compared with the turnover
rate of blood (on the order of weeks, Tiezsen et al. 1983). Studies of gerbil carbon fractionation
rates revealed differences in metabolic turnover rates across 5 different tissue types, where
hair>brain>muscle>fat>liver (half-life = 47.5, 28.2, 27,6, 15.6, 6.4 days, respectively; Tiezsen et
al. 1983). Similar discrepancies in turnover rates were revealed for nitrogen fractionation, where
liver turnover (~ 3 days) was faster than both muscle and blood turnover rates (2-3 weeks,
respectively) for deer mice (P. maniculatus, Miller et al. 2008).

Several studies have successfully used fecal and stable isotopic analyses to reveal
variations in feeding ecology as a result of environmental variation (e.g. McFadden 2006,
Waddington 2008). Therefore, the goals of this experiment were to use such dietary proxies
(fecal and stable isotopic evidence) to highlight changes in small mammal dietary patterns across
both time and space.

Due to the highly inter-related nature of small mammal communities and their
surrounding environment, it was hypothesized that generalist predator abundances will vary
significantly between areas of high tree mortality and control plots. The following scenarios were

proposed as possible outcomes for the experiment, based on evidence from the literature:



e Small mammal species will respond negatively to girdling effects (decreasing in
abundance) as a result of reduced acorn and nut production in girdled plots (Batzli 1977,
McShea 2000).

e Small mammal species will respond positively to the girdling effect (increasing in
abundance) as a result of the increased niche space created by fallen logs and branches in
girdled plots (Miller and Getz 1977, Kirkland 1990, Nordyke and Buskirk 1991)

e Small mammals will have differential responses to the girdling effect, based on species-
specific differences (Sullivan, Lautenschlager, and Wagner 1999).

A second hypothesis was proposed, posturing that small mammals will alter foraging
behavior in areas of environmental change (girdling effects, temporal changes, and other
environmental variations) due to likely changes in prey availability.

Differential responses to oak (Quercus spp.) and non-oak tree mortality will reveal the
influence that invasive pathogens may have on small mammals as well as provide insight into the

effect that such diseases can have on forest ecosystems.

Methods

Study Area

Research was conducted in mixed deciduous forests of New York’s Hudson Highlands at

Black Rock Forest (41.41 N, 74.05 W). The forest consists of 15.5 km? of privately owned land
located less than 1.6 km from the nearest town (Cornwall, NY; population 12,307 individuals,
United States Census Bureau 2000). In June of 2008, a tree removal project was initiated, where
selected trees were girdled to induce death. The girdling process was completed by chainsaw
cutting around the circumference of the tree, and was done in an effort to mimic the effects of



invasive pathogens on a northeastern forest ecosystem. The 67,500 m? study site was divided
into 12 plots, consisting of the following treatment types: (1) all non-oak trees girdled (N), (2) all
oak trees girdled (O), (3) 50% of oak trees girdled (O50), and (4) no trees girdled (C). All
treatment types were replicated three times throughout the experimental setting, once in each of
three slope positions (lower, middle, and upper slope) (Figure 1). The size of the experimental
plots (625m?) is larger than the average home range of most small mammal species found at BRF

(



Table 1).

Average elevation above sea level of lower slope plots was 152.4 m, compared to an
elevation of 167.6 m for middle slope plots, and 182.9 m for upper slope plots. Plot elevation
was estimated from the Black Rock Forest topographic map of the forest and the surrounding
area. Each slope position includes all 4 treatment types (C, N, O, O50) in random organization
(Figure 1). Lower slope plots are characterized by high soil moisture and organic matter levels.
As one moves up the slope (to middle and upper plots), soils become increasingly drier with
lower levels of organic matter (Black Rock Forest Consortium, unpublished qualitative data).
Tree diversity is also highest at lower slope levels, whereas oak trees become the dominate tree
species at middle and upper slope plots (Appendix A).

A guantitative assessment of vegetative ground cover across individual plots was
completed by the Black Rock Forest researcher team in 2009. Their data revealed plots Al and
A3 vegetation to be dominated by Japanese Stiltgrass (Microstegium vimineum, Black Rock
Forest Research Team, unpublished data). Plots A3, C1, and C4 had high concentrations of
blueberry and huckleberry vegetation (Vaccinium and Gaylussacia spp., respectively). An
overview of the experimental setting revealed B1, C2, and C3 to have a dearth in understory
vegetation compared to the other plots (see Appendix A. Vegetative cover (%) across plots;
vegetative cover was estimated for each plot in 2009 by summing together percent coverage for
each species across plot quadrats (each plot was divided into ten 1 x 1 meter quadrats).
Treatment type is presented beneath plot labels; all A, B, and C-plots represent A, B, and C-slope
positions. Data was contributed to this thesis by the Black Rock Forest Consortium. for a
complete vegetative analysis of the study area). In addition, a stream ran through plots A3, B3,

C3 and CA4.



Small Mammal Trapping

Trapping sessions were conducted from May to September 2009. A total of twenty
collapsible Sherman live traps (7.5 x 7.5 x 25 cm) baited with rolled oats and peanut hearts were
arranged in two concentric circles within each plot. The first concentric circle was 10 m from the
center of the plot, and the second circle was 10 m away from the first circle. The distance
between the outer rings of each concentric circle (i.e. between plots) was 35m?. Each trapping
session was conducted simultaneously at a single slope position (e.g. Al - A4) for 4 days/3
nights. All three slope positions were sampled once per month. In order to account for the
various activity patterns of species caught, traps were checked twice daily: once, shortly after
daybreak, and a second time, just before sunset.

Captured individuals were removed from Sherman traps and white-footed mice (P.
leucopus) and eastern chipmunks (T. striatus) were marked with ear tags (model #1005-1,
National Band and Tag Company, Newport, R1). Individuals were weighed to the nearest gram
using a Pesola gram scale. Body length (mm), defined here as the distance from the tip of the
nose to the start of the tail and tail length (mm), the distance from the base to the tip of the tail,
was measured using a rigid ruler. Ear length (mm), the distance from base to the tip of the ear,
and was also measured using a rigid ruler. However, due to the small size of T. striatus ears, and
the relatively constant tail size, these measurements were not obtained for this species. Age and
gender were also determined. For P. leucopus, age was determined by body coloration (grey =
juvenile, mixed coloration = subadult, and brown = adult). T. striatus individuals less than 90g
were classified as juvenile, while those above this weight were considered to be adults (Ford and

Fahrig 2008). External genitalia were used to determine gender.
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Blood and tissue samples were collected by taking a small skin sample (>5 mm) with
shearing scissors after wiping skin with alcohol swabs. In an effort to minimize harm to
captured individuals and maximize collection efficiency, skin tissues were obtained from the
tails of P. leucopus captures and from the ears of T. striatus captures. Prior to incision, the tail
(or ear) and scissors were cleaned with ethanol. All methods were approved by Columbia
University’s Institutional Animal Care and Use Committee (IACUC). A small sample of blood
(approximately 4mm diameter blood drop) was then sampled directly onto a piece of glass fiber
paper (Whatman, 2.4 cm in diameter). Upon return to the laboratory, tissue samples were then
stored in the freezer (-20 ° Cs) and blood samples were placed in paper envelopes to sun dry for
a period of 24 hours. Fecal samples were collected from the trap bag and the Sherman trap using
forceps and refrigerated in cryovials. After processing, all animals were released at the point of

capture.

Vegetation Surveys

Beginning in June, vegetative prey items were collected on the first day of each trapping
session (totaling 15 days of collection). Such vegetation sampling was conducted by surveying
the trapping area, and collecting all feasible mammalian prey items found within the 20 m
trapping radius. A minimum of 5 prey items per prey species were collected over the entire
study and stored in paper envelopes to avoid mildew growth. Prey items were then oven dried at
60 °C for 12 hours. Dried samples were used for two purposes: 1.) as voucher specimens to
identify prey items in scat samples (to species or lowest level of identification) and 2.) for use in
SIA.

Arthropod Collection

11



Leaf litter was collected twice during the experiment, once in August and again in
September. During each collection session, a 1 x 1 m section was sampled at three pre-
determined sites in each of the 12 experimental plots. Leaf litter was placed in plastic bags,
closed, and mixed thoroughly and transferred to berlase funnels, suspended over containers filled
with a 10 mL of 70% ethanol solution. Screens were attached to the top of the funnels to prevent
prey items from escaping from the collection device. Incandescent light bulbs (60 watts) were
positioned over the funnels in order to dry the leaf litter and to increase the number of prey items
which fell into the containers of ethanol. After a three-day drying period, the screens were
removed, and the ethanol containers were examined for the presence of invertebrates. Insects in
the leaf litter which did not descend into the container, were manually extracted, and placed into
the ethanol solution. All specimens were identified using the National Wildlife Federation Field
Guide to Insects and Spiders of North America (Evans 2007) and in consultation with Dr.

Michael Singer (Wesleyan University, Biology Department).

Capture Analysis

All statistical analyses were completed in R (Version 2.10.2009-12-10). P-values of 0.05
or less were considered to be statistically significant. Quantile-quantile probability plots were
first generated for all data to assess normality. The total number of captures and the total number
of unique individuals for each species were summed across plots and across all trapping sessions.
Capture success was calculated based on the total number of captures per 100 trapping days (100
x number of captures/number of days). A one-way ANOVA was used to identify differences in
capture success across treatment type, slope position, and over time (by month). It was not
possible to use multi-factor models in the current study, due to the limited replication of

variables; each treatment type (C, N, O, and O50) occurred only once at each slope position

12



(lower, middle, and upper slopes). Therefore, the interactive effects of such variables were
unable to be successfully determined.

Unique captures were defined as those individuals that had not been previously captured
during the current trapping year (May through September 2009). Only white-footed mouse
(Peromyscus leucopus) and Eastern chipmunk (Tamias striatus) individuals were tagged, and
therefore only these species were included in unique capture analyses. Both the short-tailed
shrew (B. brevicauda) and masked shrew (Sorex cinereus) are venomous, and were not tagged
during this trapping session. Other species were not tagged due to their infrequent capture.
General linear models with Poisson distributions were then used to assess the effects of treatment
type and slope position on P. leucopus and T. striatus unique captures.

Monthly unique capture data (or the number of captures unique to each month) was also
calculated. A statistical analysis of the number of monthly unique captures was not possible due
to the non-independent nature of this data. In addition, individuals were not recaptured with
sufficient frequency over the 5 month trapping session to warrant the use of a repeated-measures
ANOVA.

A Pearson’s correlation was used to determine the association between body length and
body mass for each species. Significant differences in unique P. leucopus body mass across
treatment type, slope position, and over time (by month) were determined by using a one-way
ANOVA. Differences in T. striatus body mass across treatment, slope position, and time were
also examined using a Kruskal-Wallis analysis of variance by rank tests. A non-parametric
Kruskal-Wallis test was used in place of a one-way ANOVA in cases where the data did not fit a

normal distribution. Pearson’s Chi square tests were used to determine if captures across

13



treatment type and slope position varied by gender, age (juvenile, sub-adult, and adult), and over
time (trapping month) for both species.

Although the average home-ranges of unique species tested in the current study are
smaller than the size of a single plot (50 m?,

14



Table 1), many individuals were re-captured across multiple plots. Those individuals
which were consistently captured in a single plot over the 5-month trapping period will hereafter
be referred to as single-plot captures, while those individuals captured across multiple plots will
be referred to as multi-plot captures. Therefore, in order to determine significant differences in
single and multi-plot captures, statistical analyses were run comparing both populations. A
Pearson’s chi square test of independence was used to determine differences in the average
frequency of unique captures for single and multi-plot captures across plots (for each species).
Chi square tests were also used to determine P. leucopus and T. striatus differences in gender
and age across plots. A student’s t- test was run to determine differences in mass and body
length between single and multi-plot unique captures for both species.

Small mammal species diversity estimates (which accounts for both abundance and
evenness measures) were calculated for each of the 12 plots using the Shannon-Weiner Function
(Krebs 1999):

H*=- 37 piIn (pi),
where H’ is the Shannon-Weiner’s diversity measure, s is the number of species i in the sample,
and pi is the proportion of species i in the total sample. A one-way ANOVA was generated to
determine differences in species diversity across treatment type and slope position. Due to the
fact that unique captures were identified for only 2 out of the 9 species captured (P. leucopus and
T. striatus) at Black Rock Forest, total capture data for all species (rather than unique data) was
used to determine diversity values. Therefore, while diversity estimates for the current study can
provide insight into general trends across treatment and slope position, such evidence does not

represent exact values.

Fecal Analyses

15



Fecal samples were processed in the laboratories at Columbia University and the Science
Center at Black Rock Forest. Only unique samples from P. leucopus and T. striatus were
analyzed. S. cinereous and B. brevicauda samples were not included in these analyses, due to
the inability to determine unique specimens. Low capture rates and limited scat collection
prevented analysis of the remaining captured species. Samples were first prepared for analysis
by placing them a solution of 5 parts water and 1 part general detergent. The samples were
shaken vigorously by hand, for one minute, and then left to soak in the detergent solution for a
12 hour period. The samples were individually washed through a 500 nm sieve (Hubbard,
Berkeley, CA) in order to isolate prey items. Prey items were identified using a Stereo eighty
microscope (SWIFT Instruments International) at 2x magnification, and were identified to the
lowest taxonomic classification possible. Reference prey specimens were collected from the
field to aid in the identification process. In addition, a subset of scat samples containing
arthropod fragments were identified by Dr. Christine Johnson at the American Museum of
Natural History in New York, NY; such identifications were used as reference source for
arthropod identification in the remaining samples.

Invertebrates were generally identified to order and fruits (berries) were identified to
genus. In cases where such identification was not possible, due to the highly digestible nature of
certain prey items, the following general classifications were made: other vegetation, other
invertebrates, and other seeds. These general prey classifications were mutually exclusive and
did not overlap identified prey categories. Therefore, all prey items were identified with a single
prey group classification.

The relative frequency of occurrence (%RFO=n/R*100) of each prey item in a scat was

recorded by species, where n is the number of scats in which prey items are found, and R is the

16



total occurrence of food items (Kruuk and Parish 1981, Wu 1999). Due to the low frequency of
certain invertebrate and berry prey items found in scat samples, prey items were pooled into
ecologically meaningful guilds (berries, other vegetation, other seeds, and all invertebrates — the
latter group was an aggregate sum of all identified invertebrate orders and other invertebrates).
These guilds were consistent with the dietary history of small mammals found in the literature
(Snyder 1982, Lackey et al 1985). Chi square tests (X?) were used to determine if a significant
difference existed in the frequency of occurrence of such guilds across treatment types, slope
position, or over time.

The standardized niche breadth was calculated using Levins’ measure (Krebs 1999):

B=1/Ypi?
where B is Levins’ niche breadth measurement, pj is the proportion of diet , and Y is the total
number of samples. B can range from 1 to n, where n is the number of total resource states, and
reaches a maximum value when each specimen use an equivalent number of resource states.
Alternatively, B reaches a minimum value when each specimen uses a single resource state
(Krebs, 1999). Here resource state is defined as prey category (Krebs 1999). Levins’ niche
breadth was then standardized from 0.0 to 1.0 using the following formula derived by Hurlbert
(1978):
Ba=B-1/n-1,

where Ba is the standardized niche breadth, B is the original niche breadth, and n is the total
number of resource states. Levins’ measure was chosen because it focuses on dominant versus
rare resources (Krebs 1999). A one-way ANOVA was used to determined differences in niche
breadth across treatment type and slope position for P. leucopus and T. striatus.

Stable Isotope Analyses

17



All blood and prey item samples were prepared for stable isotope analysis by drying for
24 hours at 60°C. Due to the very small size of the tissue samples, lipid extractions was not
completed. Prey items were ground using a mortar and pestle in order to homogenize for SIA.
Samples were then weighed into tin capsules.

Stable isotopic analyses were conducted at the Boston University Stable Isotope
Laboratory (BUSIL). Samples were combusted by a EuroVector Euro EA elemental analyzer at
1800 °C (BUSIL, Boston, Massachusetts, USA). Both N2 and CO> gases were separated on a
GC column and then passed through a GVI IsoPrime isotope ratio mass spectrometer. Water
was separated from the samples through a magnesium perchlorate water trap. Ratios of 13C/*2C
and N/**N are expressed in delta notation (3), in parts per mil (%o), using the following
formulas for carbon and nitrogen isotopes, respectively:

SBC=[(*3C/*?C)sampte/ (**C/*?C)standard-1] X 10°
SBN=[(**N/**N)sample/(*°>N/**N)standard-1] X 10°

All ratios are reported relative to secondary gas standards which have been previously
calibrated to recognized international standards (National Bureau of Standards, Maryland, USA).
These standards are inserted after every 11 samples in order to calibrate the system; standards for
13C and N are the Cretaceous marine fossil from the Pee Dee Belemnite formation, located in
South Carolina and atmospheric nitrogen (VAIR), respectively. Sample precision for both 3C
and N is 0.2 per mil (BUSIL, Boston, Massachusetts, USA).

A non-parametric Wilcoxon rank-sum test was performed on P. leucopus/T.striatus
paired 3C and *°N values, in order to determine significant differences between blood and tissue
types. Differences in 13C and °N stable isotopic ratios across treatment types, slope positions,

and over time were then determined by performing a one-way ANOVA, separate analyses were
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performed for each species (P. leucopus, T. striatus) and tissue type (blood, tissue). Due to the
low blood and tissue sample size, an analysis by trapping month (9 trapping days) was not ideal.
Therefore, significant differences were measured across trapping season, which was divided into
the following categories: early field season (the first 15 trapping days), mid-field season (days
16-30), and late field season (days 31-45), in order to increase sample size..

Stable isotopic analysis was also conducted on potential prey items collected from the
field. Species of prey were grouped according to orders or family. A Grubb’s test was used to
search for outliers among the taxonomic prey categorization (i.e. order/family). Standard
deviation was also calculated for each group in order to determine instances of high variation
from the mean. Prey group stable isotope values from the literature were used to supplement the
stable isotopic values for prey collected from the field. Using scat sample results as well as
dietary information from the literature, prey groups were then clustered into ecologically
meaningful guilds (e.g. invertebrates, berries, nuts, overall vegetation). A one-way ANOVA was
used to determine if prey groups within each prey guild differed from one another. Prey groups
which differed significantly were extracted from such guilds and made into their own guild.
Differences in mean stable isotopic values between each guild were then tested by using a series
of unpaired Student’s t-tests.

Relationships between the isotopic signatures of animal tissue and diet are mediated by
13C and N depletion, caused by excretion or respiration. Therefore, the isotopic signature of
animal tissue is often enriched compared with that signature found in the corresponding diet
(DeNiro and Epstein 1978; 1981). Average fractionation values were obtained for the literature
and added to prey item 3C and *°N values. Carbon fractionation values of +2%o were used when

fruit or nuts were consumed, and +1%o for the consumption of invertebrates (Hilderbrand et al.
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1996; Ben-David et al. 1997). Average nitrogen fractionation values of +2.03%. were used for
all prey types (Vanderlift and Ponsard 2003).

Multiple-source mixing models were then used to estimate the proportion of prey item
contribution to small mammal diet (Kline 1990, 1993, Ben-David et al., 1997). The computer
program Isosource version 1.13 (Phillips & Gregg 2001, 2003) uses an iterative approach to
estimate diet contribution (Phillips and Gregg 2003). By comparing the isotopic signatures of
the mixture (predators) with individual mean signatures of potential contributors (prey guilds),
Isosource predicts the proportional contribution of each source, providing mean values as well as
estimated contribution ranges (1-991%, Phillips and Gregg 2003).

A dual-isotope (*3C, °N), 3-source (vegetation, invertebrates, nuts) model was selected
for analysis, based on dietary evidence from the literature (e.g. Snyder 1982, Lackey et al. 1985)
as well as fecal analysis results. An increment of 1% and a tolerance of 0.15 were initially set.
However, in cases where no statistics could be generated (due to out of bound values), tolerance
levels were incrementally increased by 0.05 to a maximum of 1.0.

Kruskal-Wallis rank sum tests were then used to determine statistical differences in °C
and °N across plots for each treatment type, slope position, and trapping season category.
Isotopic values from plots in the same treatment type/slope position/trapping season which did
not statistically differ from one another were pooled to increase sample size. Mean values for
each of these pooled isotopic ratios were input into Isosource to generate relative prey item

contributions across treatment type, slope position, and over time.

Environmental Variables
Air temperature, soil temperature, and canopy openness data (the amount of light

reaching the forest floor) was made available through the Black Rock Forest Consortium.
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Although soil pH data was not available, pH values obtained from lysimeters were used as a
proxy for soil acidity. Ground cover values (estimated by the Black Rock Forest research team,
Appendix A) were determined by identifying percent understory ground cover for 20- 1x1 m?
quadrats in each plot (A1-C4). For the current experiment, percent cover for each plot was then
calculated by summing plot quadrat values, and dividing this number by 2,000% (or 20 x 100%).
Significant differences across treatment type, slope position, and month were then identified for
pH values (one-way ANOVA), soil temperature (Kruskal-Wallis rank sum test), and air
temperature (Kruskal-Wallis rank sum test). Differences across treatment type and slope
position were also determined for canopy openness (one-way ANOVA) and understory cover
(Kruskal-Wallis rank sum test); an analysis of canopy openness and understory cover over time
was not completed, due to the fact that monthly estimates for these variables were not available.

A Pearson’s correlation test was then used to determine if significant associations
occurred between P. leucopus/T.striatus unique capture frequencies and soil temperature,
understory cover, and canopy openness. In order to determine such associations, unique captures
for each species were first summed for each plot and compared against temperature, understory
cover, and openness values for corresponding plots. These environmental variables were
selected because they revealed the most significant differences across plots in the current
experiment. Additionally, previous studies have shown soil temperature and vegetative coverage
to be significantly associated with small mammal population dynamics (Ogilvie and Stinson

1966, Kritzman 1974, Tietje and Vreeland 1997, Tempel et al. 2008).

Results

Capture Analysis
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Total Captures — A total of 1,593 small mammal captures representing 9 different species were
made over 45 trapping nights (
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Table 1). Capture success during each month ranged from 1466.7 (September) to 3173.3 (June)
captures per 100 days (
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Table 1). A one-way ANOVA revealed capture success to differ significantly across trapping
month (ANOVA, F = 23.85, df =4, p <0.001), where June capture success was greater than July
capture success; both June and July capture success was significantly greater than all other
trapping months (Tukey post-hoc test, p < 0.05). A one-way ANOVA revealed no significant
differences in capture success between either treatment types or slope position and capture
success (ANOVA, p > 0.05).

During the 5 month trapping session, the majority of total captures (
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Table 1) were Eastern chipmunks (71.2%, T. striatus) and white-footed mice (25.5%, P.
leucopus). Other species captured included: Northern short-tailed shrews (37 captures, Blarina
brevicauda ), masked shrews (5 captures, Sorex cinereus), and woodland voles (6 captures,
Microtus pinetorum). Single individual captures were found for the Southern-red back vole
(Clethrionomys gapperi), long-tailed shrew (Sorex dispar), Northern flying squirrel (Glaucomys
sabrinus), and long-tailed weasel (Mustela frenata).

Unique Captures across Treatment Type and Slope Position — Two-hundred and sixty three
unique individuals were identified, which included 71 P. leucopus and 192 T. striatus individuals
(as well as single captures of C. gapperi, S. dispar, and G. sabrinus). General linear models
(GLMs) with poisson distributions revealed no association between P. leucopus or T. striatus
unique captures and slope position (GLM, p > 0.05). However, significant associations across
treatment type revealed higher numbers of P. leucopus captured in N treatment plots when
compared with control plots (GLM, Z =2.04, p =0.041, Figure 2). T. striatus captures were
significantly lower in O treatment plots compared with control plots (GLM, Z =-2.18, p =
0.029). No other significant effects of treatment type on unique captures were seen for either
species (GLM, p > 0.05).

Captures Over Time — P. leucopus unique monthly captures (or a tabulation of those captures
that were unique to each trapping month) did not fluctuate greatly over the 5 month trapping
period, ranging from 17 to 25 individuals. However, T. striatus unique monthly captures ranged
from 36 to 106 individuals; the highest number of unique monthly captures occurring in June,
followed by July. The trapping months of May, August, and September had the lowest number

of T. striatus unique monthly captures (Figure 3). Although unique captures were not identified
for the other small mammal species, an analysis of total captures by month is presented in
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Table 1.
Body Mass — Mean P. leucopus body mass was 20.02 g (range: 6-33 g). A positive association
was found between P. leucopus body mass and both body length (Pearson’s correlation, T =
4.76, p <0.001). However, no significant differences were found in P. leucopus body mass
across gender or age (ANOVA, p<0.05). A one-way ANOVA, revealed no significant effect of
treatment type, slope position, or month on P. leucopus unique body mass (ANOVA, p > 0.05).
T. striatus body mass was found to be positively associated with body length (Pearson’s
correlation, F =5.01, p <0.001). Males were also found to have significantly higher body
masses than females (ANOVA, F=19.64, df=1, p=1.90xE®). An analysis of T. striatus body
mass by age was not attempted due to the fact that body mass was used to determine age class in
the current experiment (Ford and Fahrig 2008). No significant differences in unique T. striatus
body mass across treatment types or slope positions (Kruskal-Wallis, p > 0.05) were found.
However, T. striatus body mass differed significantly over time (Kruskal-Wallis, X? = 16.54, df
=4, p =0.002), with individuals captured in July having larger body mass than those captured in
June and August (Nemenyi test, p = 0.025 and 0.030, respectively). All other changes in T.
striatus body mass over the trapping session were found to be insignificant (Nemenyi test, p >
0.05).
Gender — P. leucopus had a male to female ratio of 8:5. No significant differences in gender
across treatment type, slope position, or month were found for P. leucopus (X2, p > 0.05, Table
2). The male to female ratio for T. striatus was 7:8 (Table 2). T. striatus showed no differences
in gender across treatment type (X2, p > 0.05). However, female T. striatus individuals were
more frequently captured at lower slope plots, whereas male captures were more common at

middle and upper slope plots (X? = 10.9, df = 2, p = 0.004). In addition, when compared to male
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captures, more females were captured during the months of May and July, while fewer females
were captured during the June trapping month (X2 = 11.87, df = 4, p = 0.018).

Age — Adults made up the highest number of P. leucopus unique captures, followed by sub-
adults and juveniles (Table 2); Pearson’s chi square tests reveal no differences in P. leucopus age
across treatment type (X2, p > 0.05). However, higher numbers of juveniles were found in lower
and upper slope plots, compared to lower numbers captured on middle slope plots; higher
proportions of adults were found in lower and middle slope plots when compared with those
captures at higher slope plots (X2 = 16.08, df = 4, p = 0.003). Additionally, proportionally higher
numbers of juveniles were captures in May, compared with proportionally higher numbers of
sub-adults captured in July, and higher numbers of adults captured in August, compared with
other age groups (X?=16.12, df =8, p = 0.041). All other differences across months and age
categories were found to be insignificant (X2, p > 0.05).

The ratio of T. striatus juveniles to adults was 11:9 (Table 2). T. striatus age did not differ
across treatment type or slope position. The proportion of adult to juvenile captures was higher
during May and July, and lower during the trapping month of June (X?>=10.96, df =4, p =
0.027).

Single versus Multi-plot Unique Captures — A Pearson’s chi square test of independence
revealed no significant differences between single and multi-plot unique captures across plots for
P. leucopus or T. striatus (X2, p > 0.05, Table 3). A student’s t-test also revealed no significant
differences in mass or body length between single and multi-plot unique captures for either
species (t-test, p > 0.05). Gender and age across plot did not vary significantly between single

and multi-plot unique captures (X2, p > 0.05).
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Species Diversity — Shannon-Weiner diversity estimates (H”) ranged from 0.40 to 0.95 per plot
(Appendix B). A one-way ANOVA revealed no significant differences across treatment type or
slope positions (ANOVA, p > 0.05). Although not statistically significant, diversity measures

fluctuated across individual plots. Diversity values were highest in plots al, a2, ¢3, and a4.

Scat Analysis

An analysis of the relative occurrence of prey items in scat samples (
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Table 4) revealed other vegetation and other invertebrates to make up greatest contribution to P.
leucopus diet (47.5% and 29.3%, respectively). Beetle fragments (Coleoptera,15.2%), blueberry
seeds (Vaccinium angustifolium and/or V. pallidum, 3.0%) and other seeds (5.1%) were also
found in P. leucopus fecal samples.

In contrast, a greater number of prey types were found in T. striatus fecal samples; while
the majority of samples were composed of other vegetation and other invertebrates (39.0 and
28.9%), several berry species were present in the fecal samples including: blueberries
(Vaccinium angustifolium and/or V. pallidum, 2.3%), huckleberries (Gaylussacia baccata, 1.4%),
and wineberries (Rubus phoenicolasius, 1.1%). Other seeds were also present in T. striatus scat
samples, and had a relative occurrence of 7.4%. Several orders and subfamilies of invertebrate
species were also identified in T. striatus fecal samples which included: beetles (Coleopteran,
12.6%) ants (Hymenoptera, 4.0%), ticks (Ixodida, 1.4%), caddis flies (Trichoptera, 0.6%), and
flies (Diptera, 1.1%).

Due to the low occurrence of several of the identified prey items, ecologically similar
prey types were pooled for further analysis to create the following 4 prey guilds: berries, other
seeds, other vegetation, and total invertebrates. These prey guilds were consistent with prey
groups identified in the literature as making up a large portion of P. leucopus and T. striatus diet
(Snyder 1982, Lackey et al. 1985). Relative frequencies of occurrences were then calculated for
the four prey guilds. Differences in RFO were assessed using Chi square tests. P. leucopus diet
differed significantly across treatment type (X?= 27.73, df = 9, p = 0.001). Insect frequency of
occurrence (RFQO) was higher in girdled versus control treatments. The occurrence of other
seeds followed a similar pattern, with low occurrences of other seeds in girdled treatments and

no occurrences in control treatments. Berries were present only in those fecal samples collected
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from N and C plots. Significant differences in P. leucopus diet across slope positions were also
found (X? = 19.79, df = 6, p = 0.003); berries and other seeds were only found at lower and upper
slope plots. Differences in RFO across month were also found to be significant, with berries and
seeds present only in those scat samples collected in June and July (X% = 63.7, df =12, p <
0.001).

No significant differences were found in T. striatus diet across treatment type (X2, p >
0.05). However, T. striatus diet did vary significantly across slope position; animals captured on
lower slope plots consumed the highest amount of berries and other seeds, when compared with
the other slope positions (X? = 12.76, df = 6, p = 0.047). All other slope position differences
were found to be insignificant (X2, p > 0.05). Additional differences were found across month,
with berries and other seeds found in scat samples collected during the months of June, July and
August, and no seeds found during the other two trapping months. Insect RFO also decreased
significantly in July and August when compared with the other months (X% = 94.12, df = 12, p <
0.001).

Niche breadth was calculated for each plot and ranged from 0.0 to 0.26 for P. leucopus
and 0.15 to 0.40 for T. striatus. Niche breadth did not vary significantly across treatment types

or slope positions for either species (ANOVA, p > 0.05).

Isotope Analysis

Blood versus tissue — A Mann-Whitney U test revealed that §'3C isotopic values did not vary
between blood and tissue for either species (Mann-Whitney U test, p > 0.05). However,

significant differences were found in 3*°N across tissue types for both P. leucopus (Mann-
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Whitney U Test, V =91, p < 0.001) and T. striatus (Mann-Whitney U test, V = 168, p < 0.001,
Table 5).

A one-way ANOVA revealed no significant differences in blood/tissue stable isotopes
(5'3C or 8'°N) across treatment type, slope position, or over time for P. leucopus (ANOVA; p >
0.05). Analysis of T. striatus *3C blood and tissue ratios also revealed no significant differences
across treatment type or slope position, for either blood or tissue samples (ANOVA; p > 0.05).
However, T. striatus 5'C blood values varied significantly over time (ANOVA, F = 5.597, df =
2, p = 0.003), with higher values in spring compared with summer months (Tukey post-hoc test,
p =0.003). T. striatus §*°N blood values were also found to significantly differ over time
(ANOVA, F=7.83, df =2, p =0.001); higher values were found in summer when compared

with spring (Tukey post-hoc test, p < 0.05).

Prey Items — A total of 59 prey items, representing 25 invertebrate and 34 vegetative specimens
(Figure 4, Appendix C), were collected and processed for SIA. High variation in the 8°N
signature of diptera and lepidoptera (4.6 + 3.12 and 3.6 + 7.17 parts per mil, respectively), led to
the substitution of values from the literature for data collected in the current experiment (Koenig
et al. 2008, Bennet and Hobson 2009, Flaherty, Ben-David, and Smith 2010). Additionally,

stable isotopic values found in the literature for Diplopoda (millipedes), Lumbricina
(earthworms), and Coleoptera (beetles), orders which were not analyzed in this study, were
added to the current set of isotopic values (Bennet and Hobson 2009). The following guilds

were then created by aggregating ecologically similar prey types: invertebrates, depleted '°N
berries, enriched °N berries, and nuts (acorns and hickory). Fecal analyses revealed unidentified
vegetative matter and seeds (both berry and other) to make up a significant portion of small
mammal diet (
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Table 4). Therefore, an additional prey guild, vegetation (which included berries, and grass, and
other seed producing plants), was incorporated in the current study, with stable isotopic values
for vegetation taken from the literature (Darling and Bayne 2010). No significant differences
were found within each prey guild (ANOVA, p > 0.05).

A series of unpaired Student’s t-tests revealed significant differences in both **C and °N
between the following guilds: invertebrates, depleted °N berries, enriched '°N berries, and nuts
(Student’s t-test, p < 0.05). Vegetation values differed significantly from all guilds (Student’s t-
test, p < 0.05) except depleted *°N berries (Student’s t-test, p > 0.05).

Mixing model — Differing permutations of 3- and 4- source mixing models were
generated which included a subset of the previously identified prey guilds. Only isotopically
distinct prey sources were included in each mixing model. A final dual-isotope, 3-source model:
vegetation, nuts, and invertebrates was selected based on dietary evidence from the literature

(Snyder 1982, Lackey et al. 1985), the fecal analysis results (
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Table 4), as well as the overall mixing model results.

Regarding predator isotopic ratios, tissue and blood values which did not significantly
differ from one another (5'3C) were pooled in order to increase sample size (with respect to
species), while those values which did differ significantly across tissue types (§*°N) remained
separated (Table 5). Kruskal-Wallis rank sum tests revealed no significant differences in
predator 5'3C or 5!°N between plots for each individual treatment type, slope position, and over
time (Kruskal-Wallis, p > 0.05) for either species. Therefore, predator values for each individual
treatment type, slope position, and field season were also pooled before inputting mean
aggregate 1*C/*°N values into Isosource (keeping P. leucopus and T. striatus values separate).

Mean estimated source contribution (%) to P. leucopus diet over the course of the entire
study was 7.9 + 1.6 vegetation, 51.1 + 1.6 invertebrates, and 41.0 + 1.5 nuts. Considering all
treatment, slope position, and temporal variations, estimated ranges in diet for P. leucopus (Table
6, Table 7) are as follows: 0.0 to 20.0% (vegetation), 30.0 to 69.0% (invertebrates), and 31.0 to
53.0% (nuts). Invertebrates made up the highest mean percent contribution in N, O, and O50
treatments, low and mid-slope plots, and during the late trapping season when compared with
corresponding treatment type, slope position, and time variables. Mean nut contribution was
highest in C treatment types, mid- and upper slope plots, and decreased from spring to fall.
Vegetation contribution was highest in C and N treatment types, lower slope plots, and during
the early and mid-trapping seasons.

Overall, the mean estimated contribution (%) of source items to T. striatus diet was 15.3
+ 1.6 vegetation, 35.3 £ 1.6 invertebrates, 49.5 + 1.4 nuts. Source contribution to T. striatus diet
(Table 6, Table 7) ranged from 0.0 to 25.0% (vegetation), 21.0 to 51.5% (invertebrates), and 38.0

to 58.0% (nuts), taking variations in treatment type, slope position, and time into account. Mean
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estimated invertebrate contribution was highest in O treatment plots, low and mid slope plots,
and during the mid- and late trapping seasons; mean nut contribution did not fluctuate greatly
across treatment type, but was highest in upper slope plots and the early trapping season. Mean
vegetation contribution to diet was highest in C, N, and O50 treatment plots, upper slope plots,

and the early and mid-trapping seasons (when compared against corresponding variables).

Environmental Variables
Variations in Environmental Variables over the Trapping Session — A one-way ANOVA
revealed no significant differences in lysimeter pH values across treatment type, slope position,
or by month (ANOVA, p > 0.05). However, soil temperature did differ across treatment type
(Kruskal-Wallis, X? = 262.3, df = 3, p < 0.001, Table 8), where soil temperatures were
significantly higher in C and N plots when compared with both O and O50 plots (Nemenyi test, p
<0.05). Soil temperature (Table 8) was also found to differ across slope positions (Kruskal-
Wallis, X? = 24.98, df = 2, p < 0.05), with higher temperatures in lower slope plots, followed by
mid- and then upper slope plots (Nemenyi test, p < 0.05). Soil temperatures increased from May
until August, and then decreased in September (Nemenyi test, p < 0.05). No other differences
across treatment type, slope position, or over time were found (Nemenyi test, p > 0.05).

Differences in air temperature (Table 8) occurred over time (ANOVA, F = 152.0, df = 4,
p < 0.001), with significant increases in air temperature from May through August (Tukey post-
hoc test, p < 0.05). All other monthly differences in temperature were found to be insignificant
(Tukey post-hoc test, p > 0.05). No significant differences were found in air temperature across
treatment type or slope position (ANOVA, p > 0.05).

Understory ground cover differed significantly across slope position (ANOVA, F =7.2,

df = 2, p = 0.010), with higher values in lower slope plots compared with both middle and upper
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slope plots. (Tukey post-hoc test, p < 0.05). No significant differences in ground cover were
found across treatment type (ANOVA, p > 0.05). Although the interactive effect of treatment
type and slope position was unable to be determined, due to the lack of treatment repetition
across each slope position, a general comparison of treatment type across slope position was
made; N and O plots had the highest ground cover values when compared with corresponding
050 and C treatment types (with the exception of the middle slope plots, where C values were
higher than O values; Appendix A). Canopy openness, or the amount of light reaching the forest
floor, was found to differ significantly across treatment type (ANOVA, F=18.6,df=3,p <
0.001), with openness values higher in O plots versus all other treatment types (Tukey post-hoc
test, p < 0.05).

Capture Frequencies and Environmental Variables — A Pearson’s correlation revealed no
association between either P. leucopus or T. striatus captures and soil temperature or understory
ground cover (Pearson’s correlation, p > 0.05). Similarly, no association was found between P.
leucopus captures and canopy openness (Pearson’s correlation, p > 0.05). However, a negative
correlation was found between T. striatus captures and canopy openness, with higher numbers of

captures at lower openness levels (Pearson’s correlation, T = -3.15, df = 10, p = 0.010).

Discussion

Habitat Alteration and Small Mammal Captures — Small mammal populations utilize
deciduous forests ecosystems for food, shelter, and breeding (Tietje and Vreeland 1997). The
results of this study found that alterations in forest structure — determined in the current study by
the girdling of 100% oak, 50% oak, or 100% non-oak trees — significantly influenced small
mammal capture frequencies. Mean P. leucopus unique captures were found to be significantly

higher in non-oak girdled sites (N) when compared with those captured in control plots (C).
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Although results were not statistically significant, mean P. leucopus captures were also higher in
oak-girdled (O) plots than control treatments. The significant increase in P. leucopus unique
captures in N treatment types (and the increasing capture trend at O plots) may be associated
with an overall increase in forest structural complexity (vertical structure) which often follows
disturbance events (Miller and Getz 1977, Kirkland 1990, Nordyke and Buskirk 1991, Tietje and
Vreeland 1997). Increased ground cover provides additional niche space for small mammal
forest dwellers (Tietje and Vreeland 1997, Tempel et al. 2008). Small mammals use woody
debris as a means of travel (Loeb 1993), as sites for nesting and foraging, and as places of refuge
(Tietje and Vreeland 1997, Zollner and Crane 2003). Additionally, auditory predators such as
owls are less likely to capture mammals which travel along fallen logs due to swifter and quieter
prey movements (Zollner and Crane 2003). Therefore, it is possible that P. leucopus reacted
positively to the girdling effect in N and O treatments.

Although no direct assessment of coarse woody debris (CWD) or vertical structure were
available for the current study, previous research has revealed girdling efforts to produce an
excess of snags (dead trees that have not yet fallen) and downed wood (which are produced by
decaying trees), as well as promote increased understory growth (Noel 1970). Additionally, the
small stem diameter of a subset of non-oak trees in the current study prevented widespread
girdling efforts in N plots. In such instances, non-oak trees were cut down to initiate tree
mortality. Cutting down these trees (in place of girdling) likely increased the amount of downed
wood and overall understory vegetative debris in N plots, potentially resulting in the significant
increase in P. leucopus unique captures at these treatment sites.

A comparison of vegetation across treatment type reveal further differences in understory

cover between girdled and control treatments; the 100% girdled plots were found to have
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generally higher mean understory coverage than corresponding C and O50 plots (although these
findings were not statistically significant). In addition, canopy openness (the amount of light
reaching the understory layer) can be used as a proxy for understory growth, where increased
openness values are often correlated with increased CWD and understory growth (Carey and
Johnson 1995, Mountford, Savill, Bebber 2006, Moores, Seymour, and Kenefic 2007). An
analysis of canopy openness in the current study revealed increased values in O plots when
compared with the other treatment types. Vegetative cover, like understory debris (e.g. CWD,
downed wood), can provide additional niche space for small mammal forest dwellers (Tiejete
and Vreeland 1997). Variations in understory cover across treatment type may have contributed
to differences in P. leucopus unique captures.

Despite the suggested trend of increasing vertical structure in girdled plots, T. striatus
unique captures were negatively affected by the girdling effect; significantly lower captures were
found in O plots when compared with control treatments. Mean unique captures also increased
incrementally from O50 to N to C treatments. Differential habitat usage among species may
provide one explanation for why T. striatus captures did not increase in girdled plots, whereas P.
leucopus populations seems to be positively influenced by the girdling effect (e.g. Dueser and
Shugart 1978, Zollner and Crane 2003). Although P. leucopus capture frequencies are positively
associated with woody debris and diversity/evenness of overstory and ground shrub cover, no
significant effects of woody vegetation thickness, short woody stem diversity, or litter soil
density were found on T. striatus abundance (Dueser and Shugart 1978); such evidence is
partially supported in the current study, with no significant association found between T. striatus
captures and understory ground cover. M’closkey and Fieldwick (1975) also demonstrated that

Tamias species are most abundant in areas with high tree densities and are negatively associated
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with an increased density of low-lying shrubs and other vegetation. Therefore, differential
microhabitat utilization among P. leucopus and T. striatus communities could contribute to the
capture differences found in the current study.

However, microclimate variations (where microclimate is defined as climatic conditions
such as soil temperature, air temperature, and light, all measured at a local scale, Geiger 1965)
may have also negatively affected T. striatus populations. Several studies have suggested that
alterations in microclimate are directly responsible for a variety of ecosystem-wide patterns
including: the distribution of organisms and overall canopy productivity (Shirley 1945, Chen et
al. 1999). Oak-girdled plots in the current study had the highest soil temperature and amount of
light reaching the forest floor (highest canopy openness) when compared with other girdled and
control plots. Therefore, it is possible these microclimatic conditions may have altered the
surrounding environment, thereby contributing to the low T. striatus capture rate in O plots. A
few studies have revealed the independent effects of soil temperature and canopy openness on T.
striatus populations (e.g. M’closkey and Fieldwick 1975, Landry-Cuerrier et al. 2008). Changes
in soil temperature have been found to affect T. striatus torpor patterns; in times of resource
scarcity, soil temperature can determine the maximum duration of T. striatus hibernations
(Landry-Cuerrier et al. 2008). T. striatus above ground activity is also mediated by the amount of
light reaching the forest floor (Kavanau 1969, Snyder 1982). Although such studies did not
reveal specific negative effects of these environmental variables on T. striatus behavior, it is
possible that changes in activity patterns could result in long-term consequences for T. striatus.
In addition, without further research, it is impossible to predict the synergistic effects that these

microclimate variables may have on such small mammal communities.
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Significant decreases in T. stratius unique captures at O treatment types may also be
associated with reduced acorn production in these plots. Although no quantitative assessment of
acorn productivity is available, a gestalt overview of treatment types reveals a lower number of
acorns produced in oak-girdled plots versus other treatments during the 2009 trapping season
(Black Rock Forest Consortium, unpublished data). However, since both T. striatus and P.
leucopus rely upon acorns as an important food source (Snyder 1982, Lackey et al 1985, Wrazen
and Svedson, McShea 2000), it is unlikely that the most significant cause of T. striatus capture
reductions was the decrease in acorn productivity. While the possibility exists that T. striatus are
less effective at switching from acorns to additional food sources in times of acorn scarcity, the
inability of the current study to assess acorn consumption in scat samples prevented such
conclusions from being made.

Variations across Slope position — Several studies have revealed a direct correlation between
changes in elevation and small mammal behavioral ecology (e.g. O’Farrell 1975, McCain 2005).
However, significant findings in the current study are more likely to result from differences in
microclimate and microhabitat (e.g. vegetative cover, vegetative diversity) variables across slope
positions, rather than direct differences in elevation.

Variations in the proportion of P. leucopus age ratios may result from variations in soil
structure, temperature, and moisture. Limited research has been completed on the effects of soil
temperature on P. leucopus populations. However, a few preliminary studies reveal soil
temperature to have a significant effect on Peromyscus (as well as other small mammal species)
nest-building, breeding success, and habitat selection (Ogilvie and Stinson 1966, Kritzman
1974). Rhodes and Richmond (1983) determined the ideal soil temperature for nest-building in

pine voles (M. pinetorum) to be 35°C or less. Similarly, Kritzman (1974) found that soil
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temperature, along with soil moisture content and composition, were major factors in the
selection of burrowing and nest sites for Peromyscus species. Differences in soil characteristics
in the current study may have contributed to the P. leucopus age demographic patterns across
slope positions. However, the high proportion of juvenile captures across both low soil
temperature/high moisture (lower slope) and high temperature/low moisture (upper slope) plots,
suggests that additional unidentified variables may play a significant role in P. leucopus breeding
patterns.

Discrepancies in T. striatus gender ratios across slope position are possibly due to
gender-biased dispersal patterns. Studies on Tamias behavioral ecology have revealed unequal
ratios of male to female captures over time and space (e.g. Burt 1940, Yerger 1955). However,
there is limited information on the agents responsible for differences in sex demographics. An
investigation of gender-biased behavior in Tamias species reveals that natal males (or those born
in a specific location) have greater dispersal patterns and are more likely to disperse than natal
females (Loew 1999). Higher occurrences of female captures (and subsequently lower captures
of males) at lower slope plots in the current study may suggest an increase in male emigration at
those sites. Without a full analysis of male dispersal patterns, however, it will difficult to
determine if natal males are emigrating from lower slope plots.

Species Diversity — Although species diversity did not differ significantly across treatment type
or slope position, an analysis across individual plots reveals variations in mean diversity values.
The highest species diversity estimates were found in the lower slope plots (specifically at plots
Al, A2, and A4) as well as at plot C3. Increased understory coverage, high tree density, and
high tree diversity at the lower slope plots may have contributed to the increased species

diversity values (Appendix A, Hafner 1977, Dueser and Brown 1980). The abundance in low-
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lying vegetation may have provided increased microhabitat niche space which is advantageous
for small mammal populations (Hafner 1977, Dueser and Brown 1980). Increased diversity at
plot C3 may have resulted from the presence of riverine environments. Previous research
suggests that species abundance will increase near rivers and streams due to gaps in overstory
coverage (or areas of increased sunlight and vegetative cover, Carey and Johnson 1995,
Gehlhausen et al. 2000). Although overall data from plot C3 reveals no significant increase in
canopy openness or ground cover when compared with the other plots, it is possible that an
analysis of the area directly surrounding the stream (as opposed to an analysis of the entire plot
area) may provide additional insight. A stream also runs through plots A3, B3, C4, which had
correspondingly lower diversity measurements. Therefore, if species diversity is significantly
associated with the presence of riverine habitats, it is likely that additional unidentified variables
also play a role in determining species diversity.

Temporal Analysis of Unique Capture Data — T. striatus capture frequencies varied over the
course of the field season. However, such variations may result from seasonal alternations in
above-ground activity, rather than direct changes in population dynamics. While P. leucopus
spends most of its active time on the forest floor (Lackey, Huckaby, and Ormiston 1985), T.
striatus spends a significant portion of their active period in burrows (Panuska and Wade 1956).
Therefore, increases in T. striatus below-ground activity could significantly lower overall
capture frequencies. Several studies have revealed T. striatus individuals to have the highest
above-ground activity during the late-spring breeding season and early to mid-autumnal foraging
season (Yahner 1977, Lackey, Gregory, & Williams 1984). The unique monthly capture data in
the current study reveals that T. striatus capture frequencies were highest during the month of

June and September, and gradually decreased throughout the summer months. Such capture
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results coincide with previously reported variations in T. striatus above-ground activity (Yahner
1977, Lacki, Gregory, & William 1984).

T. striatus activity patterns, however, do not always fluctuate on a population-wide level.
Instead, activity patterns can be influenced by gender. For example, above-ground activity for
male T. striatus individuals generally subsides during summer months (Schooley 1934, Lacki,
Gregory, & William 1984, Dunford 1972, Yahner 1977). Explanations for this lull have
included low energy demand for male T. striatus individuals (Yahner 1977), adverse or rapidly
changing climatic conditions during mid-summer (Schooley 1934), and an overall decline in
food resources (Yahner 1977). Alternatively, females increase their above-ground activities
during the late summer months (Schooley 1934, Yerger 1955, Lacki, Gregory, William 1984), in
order to partake in post-breeding activities (Yerger 1955). In the current study, there was a
significantly higher number of female captures during the trapping month of June when
compared with male captures. Such discrepancies in the ratio of male to female captures during
this trapping month may reflect the differential activity patterns of male and female T. striatus
individuals that are often found during mid to late-summer months (Schooley 1934, Yerger
1955, Lacki, Gregory, William 1984).

Furthermore, the current study revealed fluctuations in age level capture frequencies for
both T. striatus and P. leucopus. Such variations in age demographics over time may reflect
these species breeding patterns. Both the T. striatus and P. leucopus breeding cycle occurs
biannually, the first mating period occurring during spring (March-April), and the second
occurring during mid-summer (July-August; Schooley 1934, Yerger 1955, Burt 1940, Snyder
1982, Lackey, Huckaby, Ormiston 1985). Juvenile P. leucopus leave the nest 2 to 4 weeks after

birth, whereas young T. striatus emerge from the ground around 4 to 7 weeks (Yerger 1955,
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Yahner 1977, Huckaby, Ormiston 1985). Therefore, an increase in juvenile captures for both
species is expected to occur during early/mid-summer and again in early fall (Yerger 1955,
Yahner 1977, Huckaby, Ormiston 1985). The current study reveals an increase in the ratio of P.
leucopus unique juvenile captures during the month of June, and a corresponding increase in T.
striatus juvenile captures during the months of May and June. The increased ratio of juvenile to
adult captures during the mid-summer months may be indicative of an early-spring breeding
season for both species. Although the study was terminated in September, an extension of the
trapping season may have revealed a second spike in juvenile captures during early-autumn.
Increases in T. striatus body mass found for those individuals captured during the month
of July may also be influenced by breeding activities during mid-summer months (Snyder 1982,
Lackey et al. 1985), where female sciurids were found to gain body mass during their gestation
period (Humphries and Boutin 1999). Additionally Brenner and Lyle (1975) found T. striatus
body mass to be associated with photoperiodic conditions, where T. striatus mass was found to
increase during the mid summer months (under natural light conditions). Such results are
consistent with the increase in mean body mass found in the current experiment.
Dietary Analyses — Higher proportions of invertebrates were found in P. leucopus scat samples
collected in girdled compared to control plots. Prey item contribution to small mammal diets
generated from isotopic ratios supported such findings, where estimated invertebrate contribution
to diet was highest in N, O, and O50 plots for P. leucopus and O plots for T. striatus, when
compared with control plots for both species. Generalist predators are likely to consume the
most readily available prey, switching to alternative sources of food when preferred items are no
longer available (Hansson 2004, Boonstra and Krebs 2006). The increase in invertebrate

consumption in girdled plots may therefore be associated with an overall increase in invertebrate
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abundances following girdling events. Increases in understory ground cover are often associated
with correspondingly higher arthropod densities (Jabin et al. 2004, Horn and Hanula 2008); high
levels of coarse woody debris and ground vegetation create additional niche space for
invertebrate species as well as improve soil conditions for arthropod communities (Savely 1939,
Loeb 1993, Stevens 1997, Jabin et al. 2004). Therefore, girdled plots, which most likely contain
high levels of ground cover, are expected to have correspondingly higher levels of invertebrates.
An analysis of invertebrate captures across treatment types supports such theory, with O50 and N
plots having the highest number of invertebrate captures (Table 9).

Variation in berry consumption also fluctuated across treatment type and slope position.
Fecal results reveal the highest consumption of berries to occur at C and N treatment types and at
upper slope plots for both P. leucopus and T. striatus. However, it is likely that ecological
factors rather than direct experimental manipulation may have resulted in such findings. Fecal
evidence reveals a correlation between the presence of berries in small mammal diet and the
occurrence of berry-producing vegetation at specific plots. For example, all occurrences of
Ericaceae (blueberry and huckleberry) seeds were found in scats that were collected from plots
A3, A4, B4, and C4, which contain populations of V. angustifolium (Lowbush blueberry), V.
pallidum (Blue Ridge Blueberry), and/or G. baccata (Black Huckleberry). The presence of such
vegetation may be partially due to the close proximity of water to the aforementioned plots; a
stream runs through plots A3 and B3, as well as cuts through the corners of C4. The presence of
streams can create gaps in the overstory layer which are likely to promote understory plant
growth (Carey and Johnson 1995). In addition, the synergistic effects of soil temperature and pH

values across plots may have had an effect on understory growth (Brosofske, Chen, and Crow
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2001). However, the specific effects of these variables on plant growth are beyond the scope of
the current experiment.

Changes in diet over time — T. striatus 8'3C isotopic blood values fluctuated over the field
season, where samples collected during the early field season were enriched compared to those
collected the mid-field season. Such variation in 3*C may be reflective of seasonal changes in
the surrounding environment and concomitant shifts in prey availability. While forest
environments with low light levels (i.e. high canopy coverage) contain plants which are enriched
in 1*C, high-light vegetation (found in areas of low canopy coverage) are often depleted in the
heavier isotope (Hogberg et al. 1995, France 1996, Evans and Belnap 1999, Darling and Bayne
2010). Such differences in isotopic values are the result of increased leaf litter decomposition in
low light environments. The carbon dioxide (CO>) released from soil respiration is highly
depleted in 3C. Therefore, plants which inhabit low-light environments are also likely to have
lower §'3C ratios (Hogberg et al. 1995, France 1996). Although no data on canopy coverage
over time was made available for the current study, an assessment of northern temperate forest
ecosystems reveals an increase in overstory cover for deciduous plants during the early summer
months (Blackburn and Milton 2010). The increase in canopy coverage from spring to summer
could help to explain the variations in T. striatus 8*3C isotopic enrichment over time which were
found in the current study.

Temporal differences in blood 5'°N isotopic values were also found for T. striatus and
may indicate variations in consumer trophic level patterns. Nitrogen isotopic values will become
increasingly enriched as the consumer feeds on prey items that are higher up on the food chain
(DeNiro and Epstein 1980, Minagawa and Wada 1984). An analysis of T. striatus blood samples

revealed depleted °N isotopic values in those samples collected during the early field season
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compared with those collected during the mid-field season. Due to the fact that blood stable
isotopic values provide dietary information on the order of many weeks (Tieszen et al. 1983),
such results may indicate a significant change in consumer trophic level patterns between late
spring and early to mid-summer.

Moreover, differences in turnover rates of tissue and blood may explain isotopic
variations in 8*°N blood and tissue values found in the current study. Due to the fact that tissue
and blood provide dietary information on varying timescales (tissue = months, blood = weeks,
Palerum 2005, Tiezsen et al. 1983), it is likely that isotopic discrepancies between tissue types
may reflect a significant shift in consumer trophic level patterns over time. The current data
reveal tissue 5'°N to be significantly higher than blood values, which suggests that there may be

a temporal variation in prey item consumption.

The mixing model results also reveal temporal fluctuations in dietary patterns, with the

highest vegetative contribution to small mammal diet occurring during the mid-trapping season

for P. leucopus and the early and mid-trapping season for T. striatus. An analysis of the fecal results by
trapping season provides further insight into such findings; vegetation (berries, seeds, and unidentified
vegetative matter) was found most frequently in those fecal samples collected during June and July (the mid-
trapping season months). It is likely that temporal fluctuations in vegetative consumption are mediated by the
abundances and availability of vegetative prey items in the environment (Mackay and Kalff 1969, Johnson
1975). Fruiting plants (e.g. Vaccinium and Gaylussacia) begin to produce ripened fruits and berries during
the mid-summer months (Oliver 1972, Elias and Dykeman 2009), the time at which small mammals in the
current study were found to be consuming the highest proportion of berries and other seeds (
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Table 4).

The mixing model results revealed the highest estimated nut (hickory and acorn)
contribution to small mammal diet to occur during the early trapping season, with lower
estimates during the mid- and late- trapping seasons. Nuts were unable to be identified in the
fecal samples, therefore only general trends can be gathered from these findings. While no
extensive survey of nut production was available for the current trapping location, the literature
suggests that nut production peaks during the during fall season (beginning in late September and
October, Oliver 1972, Elias and Dykeman 2009).). Therefore, nuts are expected to make up a
small proportion of small mammal summer diet (Oliver 1972, Elias and Dykeman 2009), as is
represented by the mixing model evidence.

Similarly, fluctuations in small mammal invertebrate consumption are likely associated
with prey item availability. The mixing model results reveal higher levels of estimated
invertebrate contribution to diet during late trapping season for both species when compared with
early-trapping season data. The fecal results partially support such data, with higher invertebrate
frequencies during August and September (the late trapping season) when compared with the
mid-trapping season. Higher invertebrate abundance and species diversity have been reported
during the late summer months when compared with early summer in similar forest
environments (Mackay and Kalff 1969, Johnson 1975). Temporal fluctuations in invertebrate
populations are most likely due to changes in air temperature and rainfall patterns throughout the
summer (Matthews and Matthews 1970). However, a further investigation of the relationship
between temperature/rainfall and invertebrate populations was again beyond the scope of the

current experiment.
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Caveats — While girdling is an effective means of causing tree mortality, the negative effects of
girdling are not immediate. A survey of the experimental plots (completed in early spring 2009)
revealed 7.8% of girdled trees to have survived in O plots, 14.6% in O50 plots, and 24.3% in N
plots. Trees may survive post-girdling anywhere from one to four years (Baldwin 1934),
depending on their overall girth, size, and species (Noel 1970). The full effects of girdling, such
as increases in fallen branches, downed wood, and leaf defoliation may not have occurred at the
onset of the current trapping experiment, which took place only one year after the girdling event
occurred. Future analyses of small mammal populations at Black Rock Forest will help to
determine the long-term effects of girdling events.

The number and quality of treatment replicates may have also affected the statistical
significance of variation between treatment types. The experimental plot set-up contains three
replicates of each of the four treatment types (C, N, O, and O50). However, each plot varies in
both elevation and/or microhabitat complexity (e.g. presence of riverine environments and
vegetation). While the current study attempted to isolate such variables — by analyzing the
influence of slope position and other environmental variables on small mammal communities —
the effect of inter and intra-plot variations (as opposed to treatment-level variations) could not be
completely eliminated. Therefore, limited significant findings do not necessarily rule out the
possibly for differences between treatment types. Further analysis with an increased number
treatment replicates may reveal supplemental findings.

Small mammals may have also migrated across plots (Table 3), affecting the independent
nature of each treatment type. Although the current study compares single and multi-plot unique

captures, the study was unable to identify all individuals which traversed multiple plots.
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Therefore, a subset of the single-plot captures may have ventured into two or more plots during
the trapping session.

Deer exclosures (10 m? plastic mesh wire fences) were located near the northern
perimeter of each of the plots. Although trapping efforts were not completed inside the
exclosures, small mammals were able to pass between the exclosures and the central plots.
Additional research investigating differences in small mammal activities inside deer exclosures
and in the surrounding plot area will need to be completed in order to successfully investigate the

effect of deer exclosures on the small mammal populations.

Conclusion

In recent years, invasive pests and pathogens have devastated temperate forest
ecosystems, causing widespread tree mortality (Meentemeyer et al. 2004; Davidson et al., 2005;
Fichtner, Lynch, and Rizzo 2007). Small mammals are excellent indicators of ecosystem change
due to their rapid responses to alterations in the surrounding environment (Monthey & Soutiere
1985, Zwolak and Foresman 2007, Yarnell et al. 2007). Although preliminary data has suggested
an overall negative effect of invasive diseases on small mammal populations (Davidson et al.
2005, Storer et al. 2005), the results of the current study, in combination with recent research on
Sudden Oak Death (Tempel 2004), suggest that the effects may be more variable and complex
than previously thought. Responses to invasive agents will most likely differ according to
species, with Tamias populations decreasing in areas of high oak tree disturbance. Peromyscus
communities are likely to benefit from high tree mortality, which may lead to concomitant
increases in black legged ticks (which are vectors for Lyme and other diseases, Donahue,
Piesman, and Spielman 1987, Schauber, Ostfeld, and Evans 1995). Therefore, highly degraded
sites could potentially pose a threat to human health. Small mammal dietary responses are likely
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to vary according to the distribution and availability of food items. Such findings indicate that
small mammal species may be able to adapt to rapidly changing food sources caused by
alterations in the surrounding environment. However, additional research will need to be
completed in order to determine the long-term consequences of environmental degradation at
Black Rock Forest. Only through continued investigation of the current study site, as well as
similar degraded environments, will scientists be able to better understand the effects of

environmental change on forest ecosystems and small mammal populations.
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Figure 1. Map of the experimental plots contributed to the current thesis by the Black Rock
Forest Consortium. Trapping experiments were conducted within the area marked by a red
border. Upper, middle, and lower slope plots are represented by A, B, and C plots on the map,
respectively. External plots represent varying levels of degradation (e.g. All plots are those
where all trees were girdled).
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Figure 2. Total number of unique captures for A) P. leucopus and B) T. striatus across the four
treatment types (C = control plots, N = non-oak girdled plots, O50 = half oak-girdled plots, and
O = oak-girdled plots) at Black Rock Forest, NY from May to September (2009). Treatments are
displayed from least disturbance to most disturbance. The whiskers represent minimum and
maximum capture values for each species. Standard deviation for P. leucopus is as follows: C =
+1.08, N =+£3.51, O =£1.73, and £050 = 1.15 captures. T. striatus standard deviation for each
treatment type is: C = £1.53, N = £3.51, O = £4.16, and O50 = £3.06 captures).
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Figure 3. Monthly Unique Captures for P. leucopus (circles) and T. striatus (crosses) across the
five month trapping period from May- September at Black Rock Forest in 2009. Monthly Unique
Captures are defined here as the number of captures (of each species) that represent unique
individuals (i.e. excluding animals recaptured during the study) to a given month.
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Table 1. Total number of individual species captured across the trapping period (May-September
2009) at Black Rock Forest, New York. Mean home range (m?) and captures per day are also

given for each species (Home range citations given as subscripts).

Family Species Common Monthly Captures Home
Name Range
(m?)
M J Jul Total
Muridae Clethrionomys ~ Southern 1 0 0 1 1.0-5.02
gapperi red-
backed
vole
Microtus Woodland 0 0 1 6 700-2800°
pinetorum vole
Peromyscus White- 75 85 89 405 1.0¢
leucopus footed
mouse
Mustelidae  Mustela Long- 0 0 0 1 51,000-
frenata tailed 180,000¢
weasel
Sciuridae Tamias Eastern 182 384 307 1134  0.2-1.0¢
striatus Chipmunk
Glaucomys Northern 0 1 0 1 8.0-1.2f
sabrinus flying
squirrel
Soricidae Sorex Masked 2 0 0 5 6.09
Cinereus shrew
Blarina Northern 9 5 1 37 25.0"
brevicauda short-
tailed
shrew
Sorex dispar  Long- 0 0 0 1 1.0-4.0'
Tailed
shrew
Capture n/a n/a 1793.3 3173.3 2660 1466.7 3540 nl/a
Success”

* Capture success is defined as the number of captures per 100 trapping days (captures/trapping days x 100)

a. Merritt 1981

b. Kurta and Burt 1995
c. Lackey et al. 1985

d. Gehring and Swihart (2004)
e. Snyder 1982

f. Wells-Gosling and Heaney 1984
g. Nagorsen 1996

h. George et al. 1986

i. Kirkland and Hart 1999
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Table 2. Number of A) P. leucopus and B) T. striatus captures by gender and age class across

slope position (Lower, Mid, Upper) and trapping month (May- September) at Black Rock Forest,

New York.
Slope position Trapping Month

A Lower Mid Upper { M J Jul A S Total
Male 18 9 13 10 12 11 5 2 40
Female 10 11 4 7 10 4 2 2 25
Juvenile {11 0 9 7 2 2 3 20
sub-adult | 6 10 4 3 8 1 0 20
Adult 11 11 3 7 2 6 4 25
B

Male 14 31 33 29 23 20 4 2 78
Female 37 25 27 20 49 14 5 1 89
Juvenile {31 25 22 22 38 11 7 0 78
Adult 20 26 31 18 28 23 4 4 77

Table 3. Number of P. leucopus and T. striatus unique single plot (SP) and unique multi-plot
(MP) captures across plot.

P. leucopus T. striatus

Plot SP MP SP MP
al 9 3 17 4
a2 3 3 7 6
a3 2 3 12 5
a4 4 3 4 3
bl 3 1 9 10
b2 2 2 8 5
b3 4 3 10 8
b4 3 3 13 6
cl 5 2 7 8
c2 2 0 12 8
c3 2 2 12 2
c4 5 2 9 6
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Table 4. Percent relative frequency of occurrence (%RFO) of prey values found from small
mammal scat from individuals captured at Black Rock Forest across four treatments, three slope

positions, and five months (May to September) for A) P. leucopus and B) T. striatus

A %RFO Treatment %RFO Slope position %RFO Month
Prey Item C N 0] 050 { Lower Mid Upper | M J Jul A S Total
All Vegetation 63.6 537 59.1 520 ;558 50.0 60.0 476 56.7 621 500 556 556
Berries 9.1 49 00 00 {23 00 6.7 00 67 34 00 00 {30
Vaccinium? 9.1 49 00 00 {23 00 6.7 00 67 34 00 00 {30
Gaylussacia 0.0 00 00 00 (00 00 0.0 00 00 00 00 00 {00
R. phoenicolasius 0.0 00 00 00 (00 00 0.0 00 00 00 00 00 {00
Other seed 0.0 73 45 40 {93 00 33 00 33 138 00 00 {51
Other vegetation 545 415 545 480 | 442 50.0 50.0 476 46.7 448 500 556 | 475
Invertebrates 364 46.3 40.9 48.0 | 442 50.0 40.0 524 433 379 500 444 444
Coleoptera 182 146 136 16.0 | 16.3 19.2 10.0 19.0 133 138 200 111 152
Hymenoptera 0.0 00 00 00 {00 00 00 00 00 00 00 00 {00
Ixodida 0.0 00 00 00 {00 00 0.0 00 00 00 00 00 {00
Trichoptera 0.0 00 00 00 {00 00 0.0 00 00 00 00 00 {00
Diptera 0.0 00 00 00 {00 00 0.0 00 00 00 00 00 {00
Other invertebrates ;| 182 317 273 32.0 | 27.9 30.8  30.0 33.3 300 241 300 333293
number of scats® 6 17 12 12 19 13 15 10 14 13 5 5 47
mean niche breadth® | 0.2 01 01 0.06:0.1 02 01 02 02 02 02 01 {01
B %RFO Treatment %RFO Slope position %RFO Month
Prey Item C N 0] 050 | Lower Mid Upper i M J Jul A S Total
Vegetation 518 510 515 51.0 i 58.0 50.0 453 39.6 459 64.6 552 444513
Berries 60 38 30 63 {76 44 23 00 37 80 138 0.0 {49
Vaccinium? 24 19 30 21 {38 11 16 00 28 27 69 00 {23
Gaylussacia 24 19 00 10 {31 0.0 038 00 09 27 34 00 (14
R. phoenicolasius 1.2 00 00 31 {08 33 00 00 00 27 34 00 {11
Other seed 48 106 6.1 73 {130 33 47 00 18 204 34 00 {74
Other vegetation 410 365 424 375374 422 383 39.6 404 363 379 444 39.0
Invertebrates 482 49.0 485 490 i 420 50.0 547 604 541 354 448 556 487
Coleoptera 145 154 9.1 104 {99 100 17.2 187 138 80 69 111 126
Hymenoptera 48 19 30 63 {38 56 31 55 55 27 00 00 {40
Ixodida 00 29 15 10 {15 11 16 22 00 18 34 00 {14
Trichoptera 1.2 00 00 10 0.0 22 00 11 09 00 00 00 {06
Diptera 1.2 10 00 21 {15 11 08 00 09 18 34 00 {11
Other invertebrates 265 279 348 281 {252 30.0 320 330 330 212 310 444289
number of scats? 34 38 28 36 49 38 49 36 44 41 11 4 136
mean niche breadth® 03 02 02 03 {02 03 03 02 02 03 03 01 {03

a. Vaccinium genus; unidentified species
b. Total number of fecal samples per specific treatment type/slope position/trapping month
C. Niche breadth determined from Levin’s Measure (Krebs 1989)
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Table 5. Tissue and blood stable carbon and nitrogen isotopic values across treatment type (C, N, O, O50), slope position (Lower,
Mid, and Upper), and over time (Early, Mid-, and Late Trapping Season, abbreviated: ETS, MTS, and LTS, respectively) for A) P.
leucopus and B) T. striatus. Mean values, standard error (SE), and number of samples (n) are given.

A Blood §'3C Blood §'°N Tissue §'C Tissue 5'°N

Variable mean SE mean SE N Variable mean SE mean SE n
Treatment C -23.07 0.90 0.12 4.83 2 Treatment C -23.85 0.32 1.98 2.67 7
Treatment N -23.89 0.61 1.17 3.37 13 Treatment N -24.16 0.77 3.24 219 9
Treatment O -23.83 0.60 1.70 0.95 6 Treatment O -23.24 1.65 297 284 5
Treatment O50 -23.64 nla 3.08 nla 1 Treatment O50 -22.75 1.36 447 1.86 4
Lower Slope -23.76  0.59 1.43 3.17 12 Lower Slope -23.80 1.09 3.35 255 13
Middle Slope -23.98 0.74 -0.78 2.11 3 Mid-Slope -23.10 145 3.45 2.86 5
Upper Slope -23.74 0.72 1.98 2.43 7 Upper Slope -23.81 0.81 2.14 190 7
ETS -23.78 0.68 0.62 3.44 11 ETS -23.65 1.03 2.78 2.64 14
MTS -23.94 0.44 217 114 7 MTS -24.14 0.65 3.02 1.90 8
LTS -23.53 0.81 1.67 3.36 4 LTS -22.44 166 4.24 3.07 3
B Blood §'3C Blood §'°N Tissue §'3C Tissue 5'°N

Variable mean SE mean SE N Variable mean SE mean SE n
Treatment C -23.56 0.54 0.21 237 11 Treatment C -23.74 0.86 212 181 11
Treatment N -23.65 0.40 0.78 2.39 13 Treatment N -23.95 0.50 210 121 11
Treatment O -23.46 0.65 -1.03 4.09 6 Treatment O -23.23 1.14 299 252 6
Treatment O50 -23.57 0.38 0.82 3.00 10 Treatment O50 -23.83 0.44 183 151 11
Lower Slope -23.70 0.51 1.35 2.40 17 Lower Slope -23.63 0.79 265 1.59 9
Middle Slope -23.49 0.33 -0.12 3.11 12 Mid-Slope -23.73 0.85 2.45 1.83 17
Upper Slope -23.48 0.52 -0.64 2.77 11 Upper Slope -23.84 0.55 145 1.39 13
ETS -23.44 047 -0.80 2.71 25 ETS -23.74 0.79 2.00 1.78 31
MTS -23.92 0.32 262 131 12 MTS -23.94 0.35 282 1.13 6
LTS -23.32 0.10 095 272 3 LTS -23.22 0.56 279 1.18 2
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Table 6. Percent contribution of potential prey sources (invertebrates, nuts, and vegetation) to A) P. leucopus and B) T. striatus diet
across treatment type (C, N, O, 050). Mean (x) values, standard error (SE), and number of potential source contributions (n) are
given based on combined §*3C tissue and blood and 5'°N tissue values and estimated from Isosource mixing models.

A invertebrate nut Vegetation

Variable X (%) SE X (%) SE X (%) SE n
C 32.7 *1.6 50.3 £1.3 17.0 1.6 24
N 543 1.6 355 %14 10.2 1.6 24
0] 505 #£1.7 435 1.3 6.0 1.6 22
050 64.0 £2.3 347 £1.8 1.3 #1.2 23
B invertebrate nut Vegetation

Variable X(%) SE X (%) SE X (%) SE n
C 37.7 %16 48.3 1.3 140 1.6 24
N 345 %1.6 47.8 1.2 177 1.7 23
0] 515 #1.7 46.0 #1.3 25 %15 22

050 30.0 +1.4 515 #15 185 #15 22




Table 7. Percent contribution of potential prey sources (invertebrates, nuts, and vegetation) to A) P. leucopus and B) T. striatus diet
across slope position (Lower, Mid, and Upper) and over time (Early, Mid-, and Late Trapping Season, abbreviated below as ETS,

MTS, and LTS). Mean (x) values, standard error (SE), and number of potential source contributions (n) are given based on combined
513C tissue and blood and 3N tissue values and estimated from Isosource mixing models.

A invertebrate nut Vegetation

Variable X (%) SE X (%) SE X (%) SE n
ALL 511 %16 41.0 %15 7.9 %16 24
Lower Slope 56.7 £2.0 373 £1.3 6.1 1.6 23
Middle Slope 584 1.6 40.3 1.8 1.3 £1.2 23
Upper Slope 355 #1.6 477 1.3 17.0 1.6 22
ETS 46.9 1.6 43.0 1.5 10.1 1.6 24
MTS 50.3 1.6 36.7 £1.3 129 1.6 23
LTS 63.5 *2.1 355 £1.8 1.0 £1.0 20
B invertebrate nut Vegetation

Variable X(%) SE X (%) SE X (%) SE n
Total 353 1.6 495 14 153 1.6 24
Lower Slope 445 £1.6 447 1.3 10.8 1.7 24
Middle Slope 411 %16 47.0 %15 119 16 24
Upper Slope 23.2 1.6 55.0 1.3 21.8 1.5 25
ETS 331 %16 513 #£1.3 156 15 21
MTS 46.9 1.4 40.1 1.4 13.0 1.6 22
LTS 48.1 *1.6 48.7 1.3 3.1 15 21
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Table 8. Mean air and soil temperature (°C) over the five-month trapping session (May-
September 2009) at Black Rock Forest, New York.

M J Jul A S
Temperature X SE X SE X SE X SE X
Soil (°C) 117 +18 142 +£23 164 £21 175 +22 131 24
Air (°C) 144 +53 181 +20 202 +1.38 206 +3.1 15 +3.

Table 9. Number of invertebrates collected by order across each treatment type at Black Rock
Forest, New York from May-September 2009.

Order C N
Aranea
Chilopoda
Coleopteran
Dermaptera
Diplodopa
Diptera
hymenoptera
Lepidoptera
malacostraca
Unidentified
Total
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Appendix A. Vegetative cover (%) across plots; vegetative cover was estimated for each plot in 2009 by summing together percent
coverage for each species across plot quadrats (each plot was divided into ten 1 x 1 meter quadrats). Treatment type is presented

beneath plot labels; all A, B, and C-plots represent A, B, and C-slope positions. Data was contributed to this thesis by the Black Rock

Forest Consortium.

al a2 a3 a4 bl b2 b3 b4 cl c2 c3 c4
Species Name Common Name N O50 C O 050 O] N C ®) C 050 N
Acalypha rhomboidea Rhomboid Mercury 0 0 0 0 0 1 0 0 0 0 0 0
Acer pensylvanicum Striped Maple 0 0 0 0 0 2 0.1 0 1 0 0 0.1
Acer rubrum Red Maple 5 135 04 6.7 11 4.7 0.1 5.1 3.7 1 05 24
Acer saccharum Sugar Maple 2.1 6.2 0.1 0 0 0 0.1 0 0.3 0 0 0
Ailanthus altissima Tree Of Heaven 0 0.1 0 0 0 2.1 0 0 4.2 0 1 0
Ampelopsis brevipedunculata Porcelain Berry 0 0 0 0 01 0 0 0 0 0 0 0
Arisaema triphyllum Wild Turnip 3 6 0 0 02 0 0 0 0 0 0 0
Aster divaricatus White Wood Aster 7 141 0.1 01 22 4.1 0 0 6.2 02 01 0
Avena sativa Common Oat 0 0 0 1 01 0.1 0 0 03 01 03 0
Berberis thunbergii Red Barberry 44 0 0 0 0 1.2 0 0 0 0 0 0
Betula allegheniensis Yellow Birch 0 0 0 0 01 0 0 0 0 0 0 0
Betula lenta Black Birch 2.1 5.6 24 541 05 2.4 3.6 14 113 247 2 2.9
Big Carex Sedge 0 0 1 0 0 0 0 0 0 0 0 0
Bryophyta Moss 55.2 153.8 1152 2703 117 16.6 11141 1.2 6.7 141 519 57.1
Cardamine pratensis Cuckoo Flower 141 323 0 411 0 1.2 0 0 1.2 0 0 0
Carex (other) Sedge(Other) 60 22 0.2 3.2 0 4.3 1 0 33 01 01 0
Carex digitalis Slender Wood Sedge 0 0 0 1 0 0 0 0 0 0 0 0
Carex pensylvanica Pennslyvania Sedge 10 21 0.1 2 12 1 2 0 0 12 1 0.1
Carex platyphylla Silver Sedge 1 2 0 3 0 1 0 0 4.1 0 0 0
Carex swannii Swan's Sedge 0 1 0 0 0 0 0 0 0 0 0 0
Carya sp Hickory Sp. 0.1 0.2 0 0 0 0.2 0 0 0.1 0 02 0
Celastrus orbiculatus Oriental Bittersweet 1 2 0 0 0 1 1 0 0 01 0 0
Dennstaedtia punctilobula Hay-Scented Fern 0 0 5 0.1 0 0 0 0 0.1 0 0 0
Dryopteris sp Wood Ferns 0 0 0 1 0 0 0 0 0 0 0 0
Epilobium coloratum Cinnamon Willow Herb 0 0 0 6 0 0 0 0 0 0 0 0
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Equisetum arvense
Erechtites hieracifolia
Euonymus alatus

Fagus grandifolia
Fraxinus Americana
Galium triflorum
Gaylussacia baccata
Hamamelis virginiana
Juncus sp

Kalmia latifolia

Leersia virginica
Liriodendron tulipifera
Lobelia inflate

Lonicera japonica
Maianthemum canadense
Medeola virginiana
Microstegium vimineum
Mitchella repens
Monotropa hypopithys
Monotropa uniflora
Nyssa sylvatica
Osmundea cinnamomea
Oxalis sp

Parthenocissus quinquefolia
Pilea pumila

Poaceae sp (other)
Polygonum lapathifolium
Polygonum sagittatum
Polygonun punctatum
Polystichum acrostichoides
Potentilla sp

Prenanthes alba

Prunus serotina

Quercus alba

Quercus prinus

Quercus rubra

Common Horsetail
American Burnweed
Burningbush
American Beech
White Ash

Fragrant Bedstraw
Black Huckleberry
Witchhazel

Rushes Sp.
Mountain-Laurel
Whitegrass

Tulip Tree

Indian Tobacco
Japanese Honeysuckle
Canadian May-Lily
Indian Cucumber-Root
Japanese Stiltgrass
Partridgeberry
Yellow Bird’s-Nest
Ghost Plant

Black Tupelo
Cinnamon Fern
Wood-Sorrel Sp.
Virginia Creeper
Clearweed

Grass

Curlytop Knotweed
Arrowleaf Tearthumb
Dotted Knotweed
Christmas Fern
Typical Cinquefoils Sp.
White Rattlesnake Root
Black Cherry

White Oak

Chestnut Oak
Northern Red Oak
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Rhamnus cathartica Buckthorn 0 0 0 0 2 0 0 0 0 0 0 0
Rosa multiflora Multiflora Rose 0 0 0 1 0 0 0 0 0 0 0 0
Sassafras albidum White Sassafras 1.1 2.2 1.1 1 0 0 0 0 0 0 0 0
Solidago Goldenrod 5 101 0 0 0 0 0 0 2 0 0 0
Streptopus amplexifolius Clasping Twistedstalk 0 0 3.3 1 01 0 0 0 1.1 01 0 0.1
Thelypteris noveboracensis New York Fern 27 75 12 178 0 0.1 0 0 0 0 0 0
Thelypteris palustris Marsh Fern 9 18 1 0 41 0 0 0 0 0 6 0
Toxicodendron radicans Poison Ivy 1.1 3.3 0 2 03 3.3 0 0 2.3 0 03 0
Trillium sp Trillium Sp. 0 0 0 0 0 0 0 0 0.1 0 0 0
Tsuga Canadensis Canadian Hemlock 0.1 0.2 0 2 1 0 0 0 0 0 0 0
Unknown n/a 0 0 0 19 0.2 0 1 7.2 01 03 02 0
Uvularia sessilifolia Sessileleaf Bellwort 0 1 0 0 0 0 0 0 0 0 0 0
Vaccinium angustifolium Lowbush Blueberry 0 0 0 0 01 0 1 0 0 0 01 0
Vaccinium pallidum Blue Ridge Blueberry 0 2 393 201 2 0 27.1 129.1 443 1 43 166
Veronica officionalis Common Speedwell 51 10.2 0 0 01 0.3 0 0 0 0 0 0
Viburnum acerifolia Mapleleaf Viburnum 0 2 0 0 0 0 1 1.1 1 0 0 0.1
Viburnum prunifolium Blackhaw Viburnum 1 3 0 0 0 0 0 0 0 0 0 0
Viola sororia Wolly Blue Violet 0 0 0.1 0 01 0 0 0 0 0 0 0
Vitis Grapevines 3.1 6.2 0 0.2 0 2.1 0 0 1.2 0 0 0
Sum 453.1 8294 85.1 540.9 68 90.8 88.5 2056 1244 457 278 1524
Percent Coverage* 227 415 43 270 34 4.5 44 103 6.2 23 14 7.6
Mean Canopy Openness™ 261 284 266 169 266 249 251 251 197 421 247 240

*Percent cover was calculated by dividing total plot coverage by 2000 and multiplying this number by 100.
** Canopy openness = the amount of light reaching the forest floor



Appendix B. Species Diversity (H) values across plot, treatment type, and slope position.
Species diversity was calculated using the Shannon-Weiner diversity index.

Plot Treatment Slope Position Species Diversity
al N lower 0.85
a2 050 lower 0.95
a3 C lower 0.65
ad @) lower 0.84
bl 050 middle 0.65
b2 @) middle 0.60
b3 N middle 0.51
b4 C middle 0.66
cl O upper 0.70
c2 C upper 0.40
c3 050 upper 0.85
c4 N upper 0.72

Appendix C. Prey items sampled at Black Rock Forest across various treatment types and slope
positions. Superscripts indicate values taken from the literature to supplement data collected in
the current experiment; where a = Bennet and Hobson (2009), b = Flaherty, Ben-David, and
Smith (2010), c. = Koenig et al. (2008), and d = Trudell et al. (2004).

Prey Guild Taxonomic Classification Common Name n
Berries Berberis vulgaris Barberry 4
Vacinium Blueberry 3
Gaylussacia baccata Huckleberry 10
Rubus phoenicolasius Wineberry 3
Invertebrates Aranea? Spider 6
Coleoptera? Beetle 53
Diptera? Fly 27
Diplopoda® Millepede 30
Lumbricina® Earthworm 17
Formicidae Ant 8
Lepidoptera Moth 69
Nuts Carya Hickory 5
Quercus® Acorn 17
Fungi® Fungi ECM Fungi 23
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