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ABSTRACT

Oak savanna and its associated species in the Midwest United States are being depleted
and degraded. Oak savanna, a globally rare ecosystem, is dwindling because of hardwood
encroachment, agricultural conversion and fire suppression. Disturbance is critical in an oak
savanna ecosystem to maintain proper habitat structures for native species. Land management
practices like herbicide applications, mechanical vegetation removal, and prescribed fire are all
utilized to restore and maintain these early successional and native habitats in Northwest Ohio
by subduing tree encroachment. Land management plays a key role in altering the structure of
the landscape and subsequently the abundance and diversity of the wildlife in those areas.
To examine these relationships we surveyed 15 savannas in two preserves in Lucas
County, Northwest Ohio. Point counts were conducted to observe avian and mammalian species
day and night, May to October. We also used camera traps to assess larger wildlife within sites.
Management data, provided by land managers, was aggregated per site via GIS. Our analysis,
including linear mixed effects models and likelihood ratio tests yielded some significant results.
Mixed effects models were run first and top fixed effects included in each of those models were
analyzed using a likelihood ratio test to obtain a p-value for the relationship between variables.
Increasing mechanical management instances and duff depth correlated with and increase
in total and avian abundance of observations (Likelihood ratio test, p-values<0.05). Increasing
mechanical management instances was also correlated to a decrease in vegetation density
(Likelihood ratio test, p-value <0.05) Increased Red-headed woodpecker abundance was
correlated with increasing snag density (Likelihood ratio test, p-value <0.05). Increasing
mammalian abundance of observations models were best predicted by the amount of coarse
woody debris. Increasing mechanical management instances and duff depth correlated with and
ncrease in total and avian abundance of observations (Likelihood ratio test, p-values<0.05).
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Mechanical management repeatedly had relationships with response and environmental
variables. Snag density, coarse woody debris, and vegetation density are all important
structural features that relate to various vertebrate taxa. These findings contain important
information for land managers in oak savanna ecosystems around the Midwest United States
and the World.
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CHAPTER I: EFFECTS OF MANAGEMENT PRACTICES ON TERRESTRIAL
VERTEBRATE DIVERSITY AND ABUNDANCE IN AN OAK SAVANNA ECOSYSTEM

Introduction
Structural features in a habitat and in the surrounding landscape have effects on
the abundance, diversity and distribution of organisms (Sallabanks et al. 2006, Santos &
Poquet, 2010). Such structural features in a habitat can play many roles for an organism,
with the most obvious roles being to provide shelter from the elements, cover from
predators, and fostering more prey items for various species (Edworthy & Martin, 2014,
Greenberg et al., 2007). Structural features in an early successional habitat are usually
sparse due to the frequent disturbances in this sort of habitat. Fire, flooding, and
tornadoes are a few disturbances that affect early successional habitats and alter the
structure quickly. In this study structural features are defined as any material like trees,
duff, or vegetation height, etc. in the environment that with which organisms interact.
Organisms are influenced by structural features in specific ways, depending on
the taxa. Terrestrial vertebrate taxa like amphibians, reptiles, birds, and mammals are the
focus of this study. Each of these taxa has unique relationships with structural features.
Overall tree density and trees with a diameter at breast height (DBH) of larger than 15 cm
were found to foster greater avian abundance (Sallabanks et al. 2006, Kumar 2014).
Understory vegetation (trees <15 cm DBH) has a significant effect on wood frog and
avian abundance (Hossack et al. 2009, Sallabanks et al. 2006). Bird and amphibian
species see benefits from increased tree density. Based on these studies it is important to
understand the underlying relationships between these structural features whether they
are anthropogenic or not. Increased canopy cover positively affected amphibian
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abundance according to Behangana et al. (2009). The presence of coarse woody debris
and duff depth has positive effects on the presence of anurans in Appalachian hardwood
forests (Pitt 2013). Smaller structural features like grass height have effects on vertebrate
presence as well. Rodent presence was positively correlated with vegetation height, i.e.
the taller the vegetation, the more rodents and rodent species were present (Bock et al.
2006, Hagenah et al. 2009, Yarnell et al. 2007).
Early successional habitat is rare for several reasons. Early successional habitat in
this study is defined as any habitat that is highly dependent on disturbance to maintain its
unique structural features. Prairies, oak savannas, Eurasian meadow, and sand barrens are
examples of early successional habitat. Conversion from prairie or savanna into
agricultural fields was common in Midwestern states, which were once heavily
dominated by rolling tallgrass prairie and oak savanna (Leach & Givnish 1999, Nuzzo
1986, Brewer & Vankat 2004). Together, fire suppression and land-use changes caused
these early successional ecosystems to decline in the south-central United States, as well
(Holoubek & Jensen 2015). Fragmentation from roads and urban land use also adds to the
loss of early successional habitat. Since 2011, the Oak Openings Region has seen an
increase in urban and residential land use of 2.3 percent, or roughly 1064 hectares of land
(Root & Martin, 2017). This statistic doesn't mean a loss in early successional habitat
directly, but urban expansion is still occurring, even at a slow rate. The loss of early
successional habitat is a combination of several pressures mostly applied by human
actions after European settlement (Leach and Givnish 1996, Nuzzo 1986).
Prescribed fire, herbicide application regimes, and mechanical vegetation removal
are ubiquitous practices in the world of wildlife management. These actions have a
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pronounced effect on the structural features in a habitat targeting plant communities.
These actions have immediate effects on the landscape and structure of the habitat, with
less obvious effects on wildlife. These management actions are the three types of
management types included in my study. Fire, chemical, and mechanical management
have varying relationships with structural features. It is important to recognize that
structural features are altered by and can alter these management actions.
Fire affects structural features in numerous ways. Fire plays a key role in
suppressing hardwood encroachment and maintains the diversity of floral resources for
herbivorous organisms (Brewer & Vankat 2004, Hiers et al. 2007, Tester 1989).
Prescribed fire has been used to stop woody tree growth in early successional habitats
(Brewer & Vankat 2004). Snags in these habitats are products of prescribed fire and
offer a diverse set of resources to early successional habitat occupants (Zarnoch et al.
2014, Adkins 2006).
Herbicide application is a management practice that is used frequently used to
eradicate invasive plants and weeds (Wegener et al. 2016, Goffnett et al. 2016, Fernando
et al. 2016). Carlson and Gorchov (2004) found that plots sprayed with herbicide
targeting garlic mustard (Alliaria petiolata) had an increase in the percent cover of spring
perennials a year after treatment. Herbicide applications have long-term positive effects
on native plant populations by removing unwanted species like invasives (Garcia-Ruiz et
al., 2018). Herbicide treatments may alter the composition of floral resources by allowing
other invasives to take the place of the previous invasive plant that was eradicated
(Ketternring & Adams, 2011). Conversely, the reduction of invasive species allows
natives to use those resources that were previously in use by the invasives like sunlight,
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water, and soil nutrients. These findings are variable and studies analyzing the
relationship between herbicide applications and structural features are needed.
Mowing is a widespread practice in savanna and prairie ecosystems to increase
diversity of plant life (Davies et al. 2012, Brys et al. 2004, Bonari et al. 2017). Most
studies involving management look at the effects of those actions on plant communities;
these actions include reducing vegetation height, tree thinning, and complete tree stand
removal (Bruegel et al. 2015, Coppoletta et al. 2016, Luvuno et al. 2016) with fewer
focusing on wildlife in the state of Ohio. This study was designed to tease out the actual
effects of these management actions on wildlife abundance and/or diversity. Work still
needs to be done to give confidence to our wildlife managers that these management
actions are not causing harm to wildlife.
These management actions have varying effects on wildlife and must be
understood to properly manage a community assemblage and not just the plant life. The
effects of fire are variable among terrestrial taxa. In Rose et al.’s study (2016) they
correlated increased fire severity with an increase in Indigo Bunting (Passerina cyanea)
abundance. The Prairie Warbler (Setophaga discolor) and Eastern Wood-pewee
(Contopus virens) both had positive responses in their abundance to fire several years
after a burn (Rose et al., 2016). The Ovenbird (Seiurus aurocapillus) and Worm–eating
Warbler (Helmitheros vermivorum) were both impacted by fire with a reduction in their
abundance since those species prefer forest interior habitats (Rose et al., 2016). Avian
abundance of species like the Worm-eating Warbler, Hooded Warbler (Setophaga
citrina), and the Eastern Wood-Pewee all showed significant positive changes in response
to fire two years after the area was burned (Greenberg et al., 2007). According to a meta-
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analysis conducted by Pastro et al. (2014), North America was the only continent to see
significant changes in vertebrate species assemblages after prescribed fire. These studies
show fire has varying effects on wildlife and more research is needed in this area of the
country.
Herbicide application affects terrestrial vertebrates in several ways. Herbicide
applications are ubiquitous in the wildlife management profession so more studies on
their effects should be conducted. Druille et al. (2016) concludes that the herbicide
glyphosate impacts soil microorganisms and plant root health adversely which leads to a
decline in vertebrate herbivore presence. So, some of these herbicide effects may target
prey items of the organism and not the organism itself. Some direct effects have been
recorded. The common herbicide Roundup affects larval Wood Frogs (Rana sylvatica)
and American Bullfrogs (Bufo americanus) negatively and sometimes results in death
(Jones et al., 2010). Ralyea (2009) found equivalent results with Gray Tree Frog (Hyla
versicolor) and Leopard Frog (Rana pipiens) larvae. Amphibian responses to herbicide
applications are understudied according to Green et al. (2016). Sullivan (1990) showed
increase in recruitment of Deer Mice (Peromyscus maniculatus) in the years after
spraying glyphosate. Sullivan (1990) also showed the Oregon vole (Microtus oregoni)
female survival increased the summer after treatment compared to controls.
Mechanical management actions have varying relationships with wildlife and can
alter structural features in a few ways. Mowing may have negative effects on the
presence of small mammals like voles in prairie ecosystems (Horvath 2013). Tree
removal in open habitats (e.g. prairie, wetland, savanna ecosystems) prompted weak
positive responses by grassland birds and wetland birds six years after removal.
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(Thompson et al. 2016). Red-backed salamanders (Plethodon cinereus) were most
abundant in the unharvested forests of West Virginia compared to areas of increased
harvest (Homyack et al., 2011). Suzuki & Hayes (2003) suggest that thinning of forest
stands did not have significant detrimental effects on any small mammals they studied
and only positive effects on several other small mammals. White-footed Mice
(Peromyscus leucopus) populations in Greenberg et al.'s (2006) study showed significant
increases in their populations in plots with mechanical removal when compared to
controls two years after treatments. Mechanical management is another ubiquitous
practice in the land management profession that land-owners use to alter structural
features.
Oak (Quercus) savannas rely on management to maintain their unique structural
features from a closed canopy woodland or a tallgrass prairie (Hutchinson et al. 2005,
Artman et al. 2008). Upland savannas in the Oak Openings Region of Ohio are only 0.8
percent of the total land-area, with only four patches exceeding five hectares (Schetter &
Root 2011). Oak savanna worldwide covers about five percent of land area (Defries et al.
2004). Noss et al. (1995) concluded oak savanna in the Midwest is a critically
endangered ecosystem since it has lost greater than 98 percent of its pre-settlement land
coverage. According to Brewer and Vankat (2004) oak savanna only covers about one
percent of old pre-settlement extent. These values are alarming, as the earth is lacking
upland, temperate oak savannas. Not only is the ecosystem important but the Oak
Openings Region of Ohio, with a variety of natural ecosystems, is home to 145 state
threatened and/or endangered plant and animal species (Brewer & Vankat 2004). It is
important to understand the drivers of habitat alteration in this region because it holds
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remnants of globally rare habitats and is full of threatened and endangered flora and
fauna. This study is an attempt to find a relationship between management actions and
their effects on this early successional habitat and the organisms that occupy this habitat.
The need for this is critical, because oak savanna and early successional habitat, in
general, are in decline and studies on the effects of management on wildlife abundance
and diversity are scarce locally. In a meta-analysis conducted by Fontaine and Kennedy
(2012), no studies conducted on the effects of fire in forests on vertebrates were from the
state of Ohio. There are few studies regarding fire effects on prairies and savannas in
Ohio (Averett et al., 2004) and most studies weren't looking at wildlife responses. I will
attempt to correlate effects of structural features that are influenced by management, on
the abundance and diversity of observations of vertebrate taxa in these drastically
dwindling oak savanna ecosystems. The findings of this study will be generally beneficial
for the ecological research community both within and outside of the Oak Openings
Region. This is evident because I am studying fundamental relationships between
structural features, organismal abundance and diversity of observations in oak savannas.
Similar tree and grass species are also present in other areas across the Midwestern
United States and the world. My study revolves around one question: How do
management actions relate to structural features and vertebrate taxa in an oak savanna
ecosystem?
Methods
Study Plots
Study plots were in oak savannas in Northwest Ohio in two preserves within the
Oak Openings Region. Oak savanna is commonly described as having a grass layer
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dominated by Big Bluestem (Andropogon gerardii), Little Bluestem (Schizachyrium
scoparius), Indian grass (Sorghastrum nutans), and sapling oak species with sparse
amounts of mature oak species like White (Q. alba), Eastern Black (Q. Velutina ), and
pin (Q. palustris) (Brewer & Vankat 2004, Tulloss & Cadenasso 2015, Natureserve
2006). There are also forbs present in the understory like Wild Lupine (Lupinus
perennis), Round headed-bush clover (Lespdeza capitata), Rough Blazing Star (Liatris
aspera) and various species of goldenrod (Solidago). Each study plot was 100 by 200 m
or roughly two hectares. There were 15 plots dispersed between the two parks. I had 7
plots at Kitty Todd Nature Preserve (KTNP) (Figure 1) and the other 8 plots were located
within Oak Openings Preserve (OOP) (Figure 2).
My study has a hierarchical structure consisting of preserves, plots and sub-plots.
Preserve is my largest unit of analysis. The next largest units are plots. Nested within
plots are sub-plots. Each plot contains five sub plots. There is one sub-plot per corner and
one in the middle of each plot (Figure 3). All plots in OOP were initially selected via a
GIS landcover map (Schetter & Root 2011) and subsequently ground truthed for
confirmation. During ground truthing identification of plant species commonly associated
with oak savanna were found and used to confirm the site selection. OOP is managed by
the Metroparks of Toledo Area staff. Plots at KTNP were selected based on suggestions
by land managers and ground truthed. KTNP is a 400 hectare preserve managed by The
Nature Conservancy.
Management Data
Land management data were acquired from Metroparks of the Toledo Area for
OOP. Data for KTNP were provided by The Nature Conservancy staff at the preserve
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(Ryan Gauger, pers. comm.). These data consisted of the type of management action
(e.g., prescribed burn, herbicide application, or mechanical management), the location,
and the date. Management variables like number of herbicide applications, prescribed
fires, mechanical management instances, and total management instances were tabulated
per sub-plot, plot, and preserve as totals in the last 5 years. Arial photos and GIS files
were examined to find overlap between my study plots and the denoted management
areas provided by the park. If a plot had only part of it managed in a year I still counted it
as a full management action on that plot. I quantified management by collating how many
instances of prescribed burning, herbicide applications, and mechanical removal/ thinning
occurred from 2011 to 2017. I also summed all three into a measure of total management
instances per park, plot, and sub-plot.
Wildlife Surveying
I surveyed all terrestrial vertebrate taxa in my study plots. I surveyed at multiple
times during the day and into the night. I surveyed all plots the same amount of time over
the season and surveyed them in the same way every time. I began surveying in May and
finished at the end of September. I avoided days of inclement weather like rain and high
winds (winds >40 kph). I did this to avoid irregular activity of the vertebrates in response
to these conditions. I surveyed my plots using a transect method in a "Z" pattern through
my plots (Figure 4). At each corner and in the middle I conducted point counts for three
minutes each for a total of 15 minutes of controlled visual surveying during the day time
(dawn to dusk). Survey time at each point-count was reduced to avoid double-counting.
Once a vertebrate was counted we made sure to mark where it came to rest to avoid
counting it again. I used a 50-meter detection radius for my point counts at each sub-plot.
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Trees or other markers were flagged to denote 50 meters from a sub-plot. If a detection
was made while walking between plots or walking up to the plot within the 50-meter
radius I counted that as an opportunistic sighting and recorded it under the proper subplot location. Nocturnal visual surveys were conducted after dusk and before dawn in the
same transect pattern used during the day. I used a flashlight to identify wildlife by eyeshine. Once eyes were detected I closed in on the vertebrate and confirmed the species.
I also used passive methods to detect wildlife. I deployed camera traps to track
mammals in particular. Due to budget constraints only 17 camera traps were available. I
used 5 to 6 cameras per plot and rotated them after two weeks to a separate set of plots.
Each plot was monitored twice over the summer for a total of 3.5 weeks. The second
rotation was only 1.5 weeks per plot because of time constraints. Cameras were placed on
the center line of each plot along a 200 meter transect. Two cameras were always placed
in the middle of the plot facing in opposite directions away from the center of the plot. If
six cameras were available there would be two on each end pointed inward towards the
center of the plot with 120 degrees of separation between them. If only 5 cameras were
available, one end of the plot would only have one camera (Figure 5). Unless the
difference between individuals within a species was evident, the observation was only
counted once. Date, time, and temperature were recorded on the cameras at the time of
the photo.
Abundance in my study was defined as the total number of observations of any
terrestrial vertebrate taxa. Total abundance was defined as the total of all taxa
observations at all scales, preserve, plot and sub-plot, and months. Avian abundance was
defined as the total avian observations recorded at each preserve, plot, and sub-plot
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location. I also calculated abundance of observations per month. Diversity in my study
was defined as the diversity of observations per preserve, plot and sub-plot. Diversity
was measured using the Shannon’s and Simpson’s diversity indices as totals by month
and over the season per preserve, plot, and sub-plot.
Vegetation Surveying
To characterize the vegetation and structure of each plot, I measured vegetation
density, duff depth, canopy cover, small tree density, large tree density, snag abundance,
and coarse woody debris (hereafter CWD). I measured duff depth, canopy cover, and
vegetation density at each sub-plot location 3 times over the study period for each plot.
Plot values for duff depth, canopy cover, and vegetation density are found by averaging
sub-plot values. I measured duff depth with a ruler measuring the height of litter and
debris on the ground in centimeters from the top of the soil. Canopy cover was recorded
with a light meter (Dr. Meter, Model # - LX1330B) in Lumens. I just recorded the
number of lumens for each sub-plot. At the plot level I averaged all the sub-plot canopy
values. Greater values in lumens indicated less canopy cover and vice versa. I lumped my
vegetation density measurement into categories from 0 (no vegetation) to 5 (thick
vegetation) by halves (e.g. - 0, 0.5, 1.0, 1.5, etc). Vegetation density was derived from an
estimation of percent cover. I estimated the amount of herbaceous plants within a 30x30
cm area in each sub-plot (Table 1).
I measured small tree density, large tree density, snag abundance and CWD once
over the study period at each plot. Small and large tree densities were difficult to census
in some plots because trees were numerous. So, I measured relative density of small and
large trees instead. I selected three points in the plot. All the points are along the center
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line one at 0 m, 100 m, and 200m. Once I arrived at the designated spot I found the
nearest small tree (15cm<x<30cm) and the nearest large tree (x>30cm) then I measured
the distance between the nearest small trees and recorded. I did the same for the large
trees. I did the same at each point (0 m, 100 m, 200 m) with a total of three measurements
from each plot for each class of tree. I measured snag abundance by simply counting any
snags (x>15 cm DBH) present on the plot. A snag was any tree with no leaves still
upright in the study plot. I measured CWD by walking my normal transect route looking
for any log or stone that was greater than 30 cm in length or in diameter. These were
tallied and totaled per plot.
Several landscape features were analyzed using ArcGIS (Version 10.2.2). I
analyzed habitat types (e.g., landcover types based on Martin and Root 2017: Upland
Forest, Upland Savanna, Wet Prairie, etc) in and around each plot to analyze differences
between surrounding landscapes for each plot. The landcover map (Root & Martin, 2017)
has a resolution of 30 meters. I measured the diversity of landcover types by calculating
the total area of each land cover type within 3 different buffers of 50-meter, 100 meter
and 500-meter radius around each plot. I also measured the landcover diversity within my
plot. I estimated this by finding the area covered by each landcover type found within
each buffer and plot. I tabulated those values and used the Habitat Diversity Index first
described by Turner (1990) to calculate the diversity of land covers with in certain
buffers.
Statistical Analysis
Analysis was run in R (Version 4.3.2). I used a mixed effects models approach
like Bolker et al. (2009). I chose to use mixed effects models to test relationships among
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management, environmental and response variables. I used Model selection was based on
AIC scores. Models that were within three AIC points of the top model were considered
similar. Analysis was conducted at all spatial scales: preserve, plot, and sub-plot. Each
spatial scale was then incorporated into the model as a random effect to avoid spatial
autocorrelation among sampling points. Model sets were run for several response
variables that included: total, avian, and mammalian diversity of observations as well as
total, avian, and mammalian abundance of observations.
AIC tables were generated for each response variable. Diversity of observation
models used a Gaussian distribution; however, abundance of observation models used a
Poisson distribution. Each model set had each fixed effect run singularly against the same
response variable. Fixed effects in models that were within three AIC scores of the top
model were combined in another model to complete the entire model set for one response
variable. Random effects were included in every model. P-values in graphs and tables
were derived from a Likelihood ratio test after running the mixed effects models.
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Figure 1: Kitty Todd Nature Preserve, Lucas County, Ohio. Managed by The Nature
Conservancy. GIS data provided by Ryan Gauger of The Nature Conservancy. Land
cover map produced by Amanda Martin and Dr. Karen Root (2017).
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Figure 2: Oak Openings Preserve, Lucas County, Ohio. The preserve is managed by
Metroparks of the Toledo Area. GIS data provided by Dr. Karen Root, and Amanda
Martin (2017).
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Figure 3: Diagram of a study plot (red rectangle) and the five sub-plot (black dots)
locations within each plot. Black circles around each sub-plot location represent the 50
m search radius at each sub-plot.
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Figure 4: Diagram of one example study plot with the sampling plot designated as the
red rectangle. Lines represent the 'Z' transect and the black dots represent sub-plot
locations.

18

Figure 5: Camera trap layout within a plot (red rectangle) at a study plot. Cameras are
represented by the black triangles. Narrow end of triangle represents the direction the
camera is facing.
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Table 1: Left column shows the percent range assigned to the specific scale value. This
measurement is referred to as vegetation density.
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Results
I recorded a total of 1770 observations over the study period. A minute number of
reptiles and amphibians were recorded and subsequently removed from further analysis. I
recorded 1342 avian observations (76 %) and 428 mammalian observations (24 %)
(Table 2). I removed any avian observations I couldn't identify to species from my
analysis. All mammalian observations were identified to species. Overall 65 species were
identified with 13 (20%) being mammalian and 52 (80 %) being avian. Of the 1770
observations 634 (35%) were in KTNP and 1136 (65%) were in OOP (Figure 6). Plot 2 in
OOP had the most total observations at 254 and most species detected at 37 over the
study period. The most avian observations were recorded at Plot 5 in OOP and the most
mammalian detections were at plot 8 in OOP as well. The highest diversities were also
found in OOP's plots. The most mammalian species detected was at plot 1 in OOP at 9
species. The most avian species observed at a plot was plot 2 in OOP. I attempted
capturing and recording amphibians and reptiles but too few were found to conduct any
statistical analysis.
A few correlations were found between parks among my measurements. Snag
density was different between KTNP and OOP (Likelihood ratio test, p-value=0.05).
Amount of mechanical management instances and total management instances were also
different between preserves (likelihood ratio test, p-values<.001, and .008, respectively).
It is worth noting I detected a marginally significant difference in total abundance of
observations between parks (Likelihood ratio test, p-value=0.107). No other variables
were different between the preserves.
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Relationship between Management Actions and Structural Features
At the sub-plot scale increasing mechanical management instances correlated with
a decrease in vegetation density (Likelihood ratio test, p-value=0.0053) (Figure 7). This
relationship was also seen at the plot scale (Likelihood ratio test, p-value= 0.0471).
Increasing mechanical management was correlated with an increase in CWD at the plot
scale only (Likelihood ratio test, p-value <0.001). Increasing chemical applications was
correlated with a decrease in snag density at the plot level (Likelihood ratio test, pvalue<0.001).
Relationship between Structural Features and Response Variables
At the sub-plot scale my top model to predict total abundance of observations
included total mechanical management instances and duff depth (Table 3). Mechanical
management and duff depth also best predicted avian abundance of observations at the
sub-plot scale. No combination or singular fixed effect was more effective at predicting
total, avian, and mammalian diversity of observations at the sub-plot scale than the null
model. The null model was the top performing model for mammalian abundance of
observations at the sub-plot scale as well.
Several relationships were seen at the plot scale. Total prescribed fire instances
singularly best predicted total, and avian abundance of observations at the plot scale
(Table 4 & 5 respectively). Avian diversity of observations was best predicted by
mechanical management and canopy cover. Increasing abundance of Red-headed
Woodpeckers observations (Melanerpes erythrocephalus) was correlated with an increase
in snag density (Likelihood ratio test, p-value <0 .001) (Figure 8 and Table 6). This was
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the only relationship that was found between a single species and another variable.
Abundance of White-tailed deer observations was unrelated to management and
environmental variables. A decrease in abundance of mammalian observations was found
to be correlated with an increase in CWD at the plot scale (likelihood ratio test, pvalue=0.0017) (Figure 9).

Table 2: This table represents each study plot and the number of birds, mammals, and
total observations. Totals for each preserve and over the study season are listed on the
right side of the table.
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Figure 6- Relationship between total abundance of observations between preserves.
Preserve 1 is OOP and preserve 2 in KTNP. I used a likelihood ratio test to find
significance.
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Figure 7- Relationship between the number of mechanical actions and vegetation density
per sub-plot. I used a likelihood ratio test to find significance in this relationship
(p=0.005).
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Table 3- Shown are the results for all models for total abundance of observations per
sub-plot. Mechanical actions and duff depth in combination produce the best model. K=
number of parameters per model, LL-log likelihood, Delta_AICc= change in AIC score
from the top model and Cum.Wt= model weights.
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Table 4- Shown are the results for all models for abundance of avian observations per
plot. Number of prescribed fires is the best model. K= number of parameters per model,
LL-log likelihood, Delta_AICc= change in AIC score from the top model and Cum.Wt=
model weights.
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Table 5- Shown are the results for all models for avian abundance of observations per
plot. Number of prescribed fires is the best model. K= number of parameters per model,
LL-log likelihood, Delta_AICc= change in AIC score from the top model and Cum.Wt=
model weights.
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Figure 8- Shown is the relationship between the abundance of Red-headed woodpeckers
(RHWP) observations and snag density per plot. Significance was found using a
likelihood ratio test (p-value<.001).
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Table 6- Shown are the results for all models for abundance of Red-headed woodpecker
observations per plot. The model including only snag density was the best fit. K= number
of parameters per model, LL-log likelihood, Delta_AICc= change in AIC score from the
top model and Cum.Wt= model weights.
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Figure 9- Shown is the relationship between abundance of mammalian observations and
CWD at the plot scale. P-value resulted from a Likelihood ratio test, (p-value=0.0017)
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Discussion
Given the importance of structure on the function of oak savannas and other early
successional habitats, there is a need to understand the effects of changing the structure of
a habitat. This is true regardless if the change occurred naturally or by human
intervention. In this study I set out to correlate management actions to structural habitat
features. I also correlated those structural features to the total abundance of observations.
The goal in this study was to inform management of the relationship between wildlife and
structure after a management action. I found few significant relationships among
variables. Mechanical actions were related to the amount of CWD at the sub-plot scale
and to vegetation density at the plot scale. Snag density and duff depth were correlated
with total and avian abundance of observations. The number of prescribed fires and
mechanical actions were related to total and avian abundance of observations.
KTNP only accounted for 35 percent of the total observations for the survey
period due to a few factors. KTNP is a much smaller preserve (~400 hectares) in
comparison to OOP (~1500 hectares) and, as I saw with the White-tailed deer in
surrounding habitat up to 500 meters away, this smaller size may have an adverse effect
on wildlife abundance. KTNP is smaller and more fragmented and borders more farming
and residential areas. These natural habitats rarely extend more than 500 meters from
human impacted land, so having fewer detections seems likely at KTNP. OOP, on the
other hand, has large contiguous expanses of land in comparison to KTNP of relatively
undisturbed habitat beyond a few trails. Similar trends were found in other studies for
fragmented areas. Certain bird species suffer negative effects from agricultural
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conversion and fragmentation of natural habitat (Jones et al.., 2017). Crooks (2002)
found that several mammal species suffered when the landscape became more
fragmented. Keep in mind that rare species were sparsely detected during this study and
these interpretations largely depend on data from common species. Amphibians and
reptiles went relatively undetected and may change these interpretations.
The Nature Conservancy and the Metroparks of the Toledo Area manage their
preserves in a similarly. The only differences detected in my study between parks were
with total mechanical actions, total management actions, and snag density. Remember
only abundance was marginally different between preserves. Since there were detected
differences between parks it was necessary to run mixed effects models. I needed to
include those random effects of preserve, plot, and sub-plot because they may have had
an effect on my results.
Relationship between Management Actions and Structural Features
Mechanical management was an important variable correlated with CWD.
Metroparks of the Toledo Area and TNC land management staff remove downed logs
after timber thinning or removal operations (Pers comm. Dr. Tim Schetter and Tim
Galleher of Metroparks of the Toledo Area and Ryan Gauger of TNC). A decrease in
CWD left on the ground in these same areas is expected due to the specific way
management practices are carried out at KTNP and OOP.
Increased mechanical management was also correlated with a reduction in
vegetation density at both plot and sub-plot scales. Mowing has immediate effects like
grass height reduction and latent effects like increased litter accumulation (McCoy et al.
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2001). Mowing can have different effects over large temporal scales of years as
Gusewell, et al. (2009) found. They found immediate differences in plant biomass just
after mowing (within 4 years of action) (Gusewell, et al. 2009). However, they also found
these immediate effects weren’t evident in the long term or13-14 years later (Gusewell, et
al. 2009). Even though I detected a decrease in vegetation density that may affect some
wildlife negatively, Gusewell et al.’s (2009) study points out that these vegetation
differences may not persist in the future.
Relationship between Structural Features and Response Variables
The best avian diversity of observation model included canopy cover and
mechanical management instances. As both mechanical and canopy cover values
increased so did the diversity of avian observations. A study found a link between
thinned tree stands and an increase in avian species diversity (DeGraaf et al. 1991).
Another study found that as canopy cover and canopy height increased so did avian
diversity (Hinsley et al. 2009). Twedta et al. (1999) found a positive relationship
between increasing canopy cover and increasing bird species diversity. Tree thinning
changes avian species composition in upland savannas (Connor & Dickson 1997). Key
characteristics associated with upland forests are sparse trees with a developed grass
species assemblage. So mechanical management is one way to remove trees from these
ecosystems and would make sense if you were trying to attract savanna species and
increase diversity.
Total and avian abundance of observation models were best predicted by the
number of prescribed fires at the plot scale. Fires have been correlated with increases in
species abundance and diversity (Greenberg et al. 2007, Greenberg et al. 2007,
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Greenberg et al. 2006). These increases in abundance of observations may be related to
snag density. Snags form from fire because the outer bark and layers of tissue in the tree
become scarred from the heat of the fire. This allows fungal spores and various
arthropods to breach the inner cambium and cause increased rate of decay (Adkins 2006).
Prescribed fire has increased snag abundance in other studies (Zarnoch et al. 2014).
Snags also provide habitat and food for many species since they house many insects
within and around themselves (Greenberg et al. 2007).
My only species-specific correlation was between abundance of Red-headed
woodpecker observations and snag density. In my study as snag density increased so did
abundance of Red-headed woodpeckers. Various insects use snags as shelter and are
food items which attract woodpeckers and other birds. Avian species abundance has been
correlated significantly with the number of snags (Sallabanks et al., 2006). Another
study found that snag density and overall tree density positively affects the abundance of
woodpecker species (Greenberg 2007). Snags provide both food and shelter for cavity
nesting birds and small mammals. Fox squirrels (Sciurus nayaritensis) were seen during
the study and are known to use snags for shelter and predator evasion on multiple
occasions (Edworthy & Martin, 2014), but no direct correlation between the abundance
of mammalian observations was found in my study. Snags are critical resources for many
woodpecker species as well. Snags contain insects and soft wood to bore shelters for bird
nests.
Duff depth was an important factor in building the best total and avian abundance
of observation models at the sub-plot scale. Thicker duff has multiple effects on prey
abundance and plant health and diversity that could attract wildlife to the area. Karaban et
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al. (2017) found that duff depth was only important to caterpillar survival if predators
were present as it provided shelter from predation. Predators like birds and small
mammals are probably drawn to areas of higher duff depth because insect resources have
been found to be more diverse (Christensen & Crumpton, 2010). Larger herbivores like
White-tailed Deer may not benefit as much from increases in duff depth since a study
conducted by Zou et al. (2016) found that higher duff depth was associated with lower
plant diversity. So large herbivores could have a less diverse plant selection and possibly
move from these areas of low resource diversity (Mandle et al. 2015).
One correlation was surprising. In this study I found that increasing CWD
correlated with a decrease in the abundance of mammalian observations. This is
surprising because most studies find that CWD like downed logs and piles of sticks
increase abundance as it gives smaller animals shelter from predation (Grodsky et al.
2016, Fritts et al. 2017). Thirteen lined ground squirrels are more abundant in areas with
CWD like brush piles or CWD (Larsen et al. 2016). Southern red-backed vole (Myodes
gapperi), deer mouse (Peromyscus maniculatus), southern bog lemming (Synaptomys
cooperi) and masked shrew (Sorex cinereus) abundance saw an increase with more CWD
present (Fauteux et al. 2012). It is possible that some wildlife view these logs and stones
as barriers to their movement and this may deter them from entering areas of high CWD.
Fox squirrels were never detected in unsalvaged plots and only found in plot where CWD
was removed (Loeb 1999). Loeb also found mixed responses from other taxa in her study
(Loeb 1999). McCay and Komoroski (2004) found mixed effects among various small
mammalian species. CWD is an environmental factor that needs further study in various
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systems, since most results are dependent on decay time, and various spatial scales it is
difficult to detect strong correlations between CWD and other variables.
Based on my results and analysis, I came up with a few ideas to improve my
study for future efforts. Observations of reptiles and amphibians were less common in my
study. I used cover boards in a rotational system with four boards per plot with two being
made of wood and the others were carpet. MacNeil & Williams (2013) found that
different coverboard materials were better at capturing salamander species. I could have
used more boards, assorted colors, or different materials. In Hesed's (2012) review they
found that there was a great variation in types of wood used for coverboards and a
difference in diversity and detections among those coverboard materials. They also found
that arrangement and size of boards is a key factor in predicting the microhabitat that
would harbor one species of salamander and not another. My coverboards were large at
60 cm by 60 cm and could have cooled down the environment underneath to a point
where ectothermic species would avoid those cool areas (Mathis, 1990). Another
problem with my herpetofauna surveying was the lack of cover boards. I had to rotate my
twelve coverboards between three sites every two weeks. The first week was for
acclimation and the second week I would check these boards three times during that
week. If I had enough coverboards for all my sites at one time that would be the best
scenario as I could have set out the boards weeks in advance and let them acclimate. One
study found that more weathering of the boards has a positive effect on your detection
probability of herpetofaunal species (Carlson and Szuch 2007). More field assistants
would be needed to be able to check boards over the summer or set drift fences. I would
also advocate for more camera traps for the same reasons I stated for my lack of cover
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boards, to increase the probability of detecting cryptic fauna. In the future incorporating
different sampling methods like setting up drift fences may be better. I would change just
a few things about my study design as well. I would have more plots per preserve and
more preserves. A couple more preserves are in the Oak Openings Region like Secor
Metropark and/or Wildwood.
There were several correlations found in this study that are important for the
ecological community as a whole and for the Oak Openings Region. The goal of this
study was to find relationships between management variables, structural features and
abundance of wildlife observations to aid managers in decision making. I found that
mechanical management instances are related to structural features. Even outside of this
small study area in Northwest Ohio these results are applicable to other systems with
similar structural features as seen in the oak savanna study plots. Mechanical
management instances were correlated with CWD and vegetation density. I also found
correlations between structural features and total abundance of observations. Our mixed
effects models showed us that CWD, vegetation density, and snag density were all
important for various wildlife taxa. Based on these results, management that alters
structure of early successional habitats can enhance the function of these habitats for
wildlife.
Management Recommendations
The purpose of this study was to examine the relationships between animal
diversity and abundance of observations to structural features that are potentially
influenced by management. My results examined how a management action that
correlates with a habitat variable can in turn correlate with a measure of wildlife in that
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area. Avian and mammalian taxa benefited from structural diversity, which can provide a
greater variety of resources. Several controllable habitat variables were found correlated
with an increase in abundance of observations. Those habitat variables were also related
to specific management actions. Based on my findings I would recommend executing
management actions targeted to control duff depth, CWD and snag density. Mechanical
management actions were the most influential action detected in my study.
Understanding and implementing adaptive management plans are necessary to maintain
biodiversity now and especially into the future.
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