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ABSTRACT 

 Effects of herbivores in Great Plains grasslands have fundamentally changed with the 

extirpation of native large grazing herbivores. Woody plant expansion into prairies also allows for 

new herbivore-plant interactions involving animals that were previously restricted to areas such as 

riparian zones, thus leading to novel edge effects near grassland ecotones. Further, grasslands are 

becoming increasingly fragmented, which can lead to ‘double-edge effects’, potentially increasing 

the magnitude of effects mediated by highly mobile organisms where multiple habitat edges 

converge. While few bison (Bison bison) remain, white-tailed deer (Odocoileus virginianus) have 

become prominent herbivores in prairies, occurring at much higher densities compared to historic 

abundances. To determine the potential edge effects mediated by deer, I collected observational 

data on browsing rates of legumes, non-leguminous forbs, and woody plants within fragmented 

grasslands bordered by either wooded or agricultural edges. Additionally, I implemented a 

double-edge experiment using transplanted forbs to evaluate magnification of edge effects by deer 

in corners of prairie fragments where two woodland edges converged. Deer browsing showed 

seasonality where in early summer they remained near the grassland edge and in late summer they 

browsed equally up to 100m from the edge. Further, in all surveys, deer preferentially consumed 

woody species, followed by legumes, and lastly non-leguminous forbs. The double-edge 

experiment did not reveal increased browsing intensity with a second nearby wooded edge, but 

the power of my experiment was compromised by high transplant mortality. Given the small 

amount of research that quantifies deer browsing patterns in grasslands, these findings have 

management implications that would allow better placement of sensitive plant species within 

prairie restorations and help establish new practices for deer management. 
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CHAPTER 1 

INTRODUCTION 

 

Boundaries between habitats, ‘habitat edges,’ are a fundamental concept in landscape 

ecology (Ries et al. 2004, 2017, Vetter et al. 2013). Clements (1907) first explored transition 

zones between habitats, now commonly referred to as ‘edges,’ to better understand the dynamics 

of plant community composition. Leopold (1933) and others noted increased diversity and 

abundance of game species inhabiting edges, which led to the promotion of edge habitat to 

increase populations of wild game. This favorable view of edge habitat began to change when 

studies demonstrated that edges increased the rate of nest predation and parasitism on open-

nesting forest birds in Michigan (Gates & Gysel 1978) and Maryland (Chasko & Gates 1982). 

Today, avoiding or mitigating negative edge effects are critical considerations in many 

conservation projects, such as influencing the design and placement of nature reserves (Laurance 

1991, Laurance & Yensen 1991).  

Due to the prominence of habitat edges in natural and human-influenced landscapes, the 

effects that edges have on both the species that inhabit them and species that are characteristic of 

the adjacent ecological communities have been the subject of much research (Ries et al. 2004, 

2017, Vetter et al. 2013). Since many of these studies are human-centric, this literature related to 

edge effects tends to be biased toward certain habitat types that directly affect humans or toward 

taxonomic groups that are charismatic or easy to study, leaving large gaps in knowledge about 

how edge effects affect many organisms. For instance, several meta-analyses, such as Chalfoun 

et al. (2002) and Vetter et al. (2013), focus upon birds and forested ecosystems, a bias that was 

also noted by Ries et al. (2004) in an exhaustive literature review to determine the effect habitat 

edges had on focal species. Although recent research on edge effects has expanded to include 
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more taxonomic groups and habitats compared to previous decades (Ries et al. 2017), certain 

habitat types remain under-represented. Given the historically disproportionate focus on forests, 

it is essential to conduct research on potential edge effects in habitats that have not been studied 

as extensively, such as grasslands. 

Edge effects can arise through abiotic or biotic mechanisms. Abiotic mechanisms can 

generate edge effects through differences in temperature and moisture at an edge compared to the 

interior of a nearby habitat (Honu & Gibson 2006, Urbina-Cardona et al. 2006). Similarly, 

pollutant deposition and retention may be greater near habitat edges (Weathers et al. 2001).  

However, edge effects that arise through biotic mechanisms, such as the movement of 

competitors or natural enemies across habitat boundaries, may penetrate furthest into high-

quality habitat fragments, sometimes extending hundreds of meters from the edge (Alverson et 

al. 1988). For example, fragmentation of woodlands in suburban landscapes near Austin, Texas 

allowed Blue Jays (Cyanocitta cristata) to encroach upon Golden-cheeked warbler (Setophaga 

chrysoparia) territory, introducing blue jays as novel competitors and reducing the ability of 

male warblers to establish nesting sites (Engels & Sexton 1994). Highly mobile species like 

these that encroach across edges increase the depth of edge effects into high-quality habitat, 

affecting a larger area compared to sessile or low-mobility species.  

Recent review articles have noted large variation in the direction (positive vs. negative), 

strength, and spatial scale of edge effects (Ries & Sisk 2004, Ries et al. 2017). Two factors that 

are hypothesized to drive the large variation in edge effect outcomes are 1) the type of edge 

habitat involved and 2) the presence of additional nearby habitat edges, or ‘multiple edge 

effects.’ Ries et al. (2004) found that edge type was one of the most important factors in 

explaining variation in edge effects, given that habitats can transition from one type of ecosystem 
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into another either gradually or abruptly. A ‘soft edge’ refers to a gradual transition from one 

habitat type to another (López-Barrera et al. 2007), such as a forest grading into a grassland with 

the area in between having shrubby vegetation. In contrast, ‘hard edges’ are abrupt changes from 

one habitat type to another (López-Barrera et al. 2007) and are very prominent in highly 

fragmented landscapes. In addition to abruptness, the contrast in vegetation structure between 

habitats, which could affect light penetration and moisture retention, likely influences the nature 

of edge effects. Gieselman et al. (2013) reported that Canadian grasslands that were bordered by 

paved roads were more likely to have edge effects extend further into the grassland, causing 

exotic species to penetrate further than grasslands bordered by orchards.  

Contrasting vegetation structure between adjacent habitats provides different types of 

resources to organisms that may utilize the edge to travel between habitat types. This concept 

that neighboring habitats may influence species’ behavior depending on the resources a habitat 

provides underlies the Edge Resource Model of Ries and Sisk (2004). As an example, white-

tailed deer (Odocoileus virginianus, hereafter; ‘deer’) may use a grassland habitat and a 

neighboring crop field in supplementary fashion, where both habitats provide the same nutrition 

opportunities to deer, with neither field providing a unique resource. Conversely, a grassland 

bordered by a wooded edge might serve deer in a complimentary fashion in which both habitats 

provide different resources. The forest can provide protection from predation and thermal stress 

while the grassland can provide a higher amount of nutritious forage compared to the forest 

understory. The Edge Resource Model correctly predicted the direction (positive association with 

edge vs. negative association with edge vs. neutral) of 25 out of 29 observed edge responses by 

birds (Ries & Sisk 2004). Thus, it is beneficial to know what type of habitats are adjacent to one 
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another and, depending on the focal species, what resources each habitat provides to better 

predict edge responses.  

 As landscapes become increasingly fragmented and individual habitat patches become 

smaller and have higher edge-to-interior ratios, organisms are likely to occur near multiple 

habitat edges. For instance, organisms may be simultaneously affected by multiple habitat edges 

in corners of habitat fragments or in narrow corridors within fragments. Few studies have 

addressed whether proximity to multiple edges produces stronger edge effects compared to a 

single edge and how the effects of multiple edges combine (i.e. additively vs. synergistically). 

The scant evidence available, however, indicates that ‘multiple edge effects’ may be an 

important consideration in conservation planning. For example, Fletcher (2005) surveyed 

Bobolink (Dolichonyx oryzivorous) activity within restored grasslands in Iowa to determine 

whether these birds were more likely to avoid an area that was near a focal edge as well as a 

second, nearby edge. Consistent with the ‘’double-edge’ hypothesis, Fletcher observed that the 

probability of Bobolink occurrence increased with distance from both the nearest edge and the 

second nearest edge. In their literature review, Porensky & Young (2013) found only 11 studies 

that addressed whether the presence of a nearby second edge strengthened or weakened the effect 

on the focal species. As in Fletcher (2005), most of these studies found a strengthening edge 

interaction, meaning that the presence of a second edge had an increased impact on the study 

species. Thus, it is crucial to increase our understanding of how nearby edges interact with one 

another to affect species that utilize these landscapes.  

Post-European settlement, eastern North American habitats have not only become more 

fragmented, but there have also been large changes in populations of large-bodied mammalian 

herbivores. Particularly, a significant increase in deer population has led to intense browsing on 
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understory forbs in eastern forests and it has been hypothesized that this increased activity 

threatens native plant biodiversity (Russell et al. 2001, Rooney & Waller 2003, Côté et al. 2004). 

Deer reach their western range limit within the Great Plains of North America. Pre-European 

settlement, deer populations within the Great Plains were much smaller than they are today 

(Volk et al. 2007), with estimates ranging between 4-19 deer km2 (McCabe & McCabe 1984). In 

the early 1900s, deer were nearly extirpated from Kansas due to settlement expansion, habitat 

destruction for agriculture, and unregulated hunting (Cook 1945). The mass reduction in deer 

numbers spurred conservation efforts. Since then, the Kansas deer population has increased, as 

evidenced by larger harvests each year since 1965 (Jaster 2019). In addition to conservation 

efforts, deer population expansion can likely be attributed to anthropogenic changes in 

landscapes, such as agricultural conversion, reduced predator populations, and an open niche in 

grasslands left by extirpation of American bison (Bison bison) (Côté et al. 2004).  

Currently, the highest deer population densities in North America occur in the 

northeastern United States. As such, most studies that address effects of deer browsing on plant 

communities have been conducted within eastern North American forests (Russell et al. 2001, 

Russell et al. 2017, Pruszenski & Hernández 2020). In the Upper Great Lakes region, large deer 

populations have reduced the abundance of preferred browse species such as Eastern Hemlock 

(Tsuga canadensis), Northern White Cedar (Thuja occidentalis), and Northern Red Oak 

(Quercus rubra) (White 2012). Many of these studies have also shown that deer consume and 

affect herbaceous understory vegetation, most notably forbs (Augustine & Decalesta 2003, 

Rooney & Waller 2003, Urbanek et al. 2012). Comisky et al. (2005) demonstrated that in mixed 

hardwood forests of the Alleghany Plateau in Pennsylvania, areas with tall boulders (>1.5m) had 
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up to 3 times greater plant species richness compared to areas with shorter boulders or level 

ground because tall boulders create refugia for vegetation above the browseline.  

On the Great Plains, expanded woody habitat may lead to more deer within grasslands. 

Compton et al. (1988), working in eastern Montana, found a strong association between deer and 

riparian woodland, with approximately 70% of the overall spatial variation in estimated deer 

numbers attributed to riparian cover. Woodlands have expanded into Great Plains grasslands in 

part due to less frequent and intense fires that historically suppressed woody species (Knight et 

al. 1994, Veach et al. 2014). On the Great Plains, agricultural edges are also common, but crop 

fields have very different physical structure and offer very different resources to species than do 

woodland edges. Given these factors, there is a need to determine how edge effects may be 

changing grassland plant communities, especially as management regimes and habitat 

fragmentation continue to alter these landscapes.  

This unprecedented high quantity of large herbivores in fragmented grasslands has the 

potential to negatively affect vegetation, specifically prairie forbs (Anderson et al. 2001). The 

prediction that deer will strongly affect prairie plant communities is based upon the fact that deer 

disproportionally use prairie habitat compared to its availability across the landscape, including 

using prairies for at least half of their home range during summer months (Pruszenski & 

Hernández 2020b). Although deer are generalists, they can be selective browsers and prefer 

certain grassland forb species (Nisi et al. 2015). This selective browsing could modify grassland 

plant communities. For example, Anderson et al. (2001) document that in northern Illinois 

tallgrass prairies, deer preferentially consumed native forbs and were thus shifting plant 

community composition outside of deer exclosures to favor grasses and sedges. By reducing the 
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number of forb species, especially locally uncommon forbs, deer were impairing the ability of 

uncommon species to recover from grazing events, thus altering species diversity.  

Taking into consideration extensive fragmentation of grassland landscapes, rapid 

increases in deer numbers within the Great Plains, effects of deer browse on forbs, and the fact 

that deer are associated with wooded edges and riparian zones (Volk et al. 2007), the current gap 

in knowledge concerning how deer-mediated edge effects affect forb species within grasslands 

must be addressed. My research investigates potential edge effects on forb species within south-

central Kansas grasslands that may result from an increased abundance of deer, especially near 

wooded and agricultural edges. My research also examines whether multiple edges magnify edge 

effects that are mediated by deer browsing upon the forb community. Thus, I address four 

specific questions: 1) Do habitat edges influence deer browsing intensity in grasslands and how 

far into grasslands does this edge effect extend?; 2) Does the type of habitat edge (woodland vs. 

agricultural) affect the intensity of deer browsing in grasslands?; 3) Is there a preference 

hierarchy for forbs and/or woody plants by deer in grasslands? 4) Does the proximity of a second 

closest edge affect the intensity of deer herbivory?  By answering these questions, my research 

can better inform grassland management and conservation plans, especially those aiming to 

restore native prairie species that may be highly palatable to deer. 
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CHAPTER 2 

METHODS 

 

I used observational and experimental approaches to address edge effects that may be 

mediated by deer browsing on grassland plants. My observational study quantified deer browse 

on naturally occurring grassland plant species in relation to different habitat edge types and at 

different distances from the habitat edge. My experiment involved transplanting preferred 

browse species into grasslands to investigate potential ‘double-edge effects,’ specifically whether 

the presence of a second, nearby wooded edge increased the frequency of deer browsing within 

these grasslands. 

2.1 Observational study of deer browsing patterns  

2.1.1 Survey Sites 

All surveys were conducted within the Wellington-McPherson Lowlands physiographic 

region in south-central Kansas. By having all sites within the same physiographic region, the 

plant species encountered at different sites were likely similar, thus allowing easier comparison 

across sites. Additionally, among-site variation in deer density and differences in land-use may 

have been less within the same physiographic region. Sites were located within Harvey, 

Kingman, Reno, Sedgwick, and Sumner counties (Table 1, Fig.1). Most sites did not allow deer 

hunting. Deer densities are estimated within Deer Management Units (DMU) across the state and 

tend to encompass several counties (Fox 2016). The sites within Harvey, Kingman, Reno, and 

Sedgwick counties all fall within the same DMU and had deer densities of approximately 13.53 

deer/km2 in 2016. Two sites in Sumner county fall within a different DMU, where deer densities 

were estimated to be 14.47 deer/km2 in 2016. Adjacent crops encountered during surveys 
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included wheat (Triticum aestivum), alfalfa (Medicago sativa), soybean (Glycine max), corn (Zea 

mays), and milo (Sorghum bicolor). 

2.1.2 Data collection in summer 2019 

In late spring (May-June) 2019 I surveyed ten sites (Table 1) to quantify patterns in deer 

browsing damage in grasslands. At five sites, grasslands were bordered by woodlands and at the 

other five sites, grasslands were bordered by agricultural fields. Three 100m transects that 

extended from either a wooded or agricultural edge were used at each site to survey for deer 

browse. The transects ran either N-S or E-W depending on the orientation of the edge. Transects 

ran from 0m, or the point where the grassland and edge met, to 100m into the grassland interior. 

Transects were placed 20m apart from one another and, when possible, were also placed at least 

100m from the second-nearest edge at all sites. Beginning at either the 0m or 100m end of the 

transect, data were collected at 20m intervals, creating six survey points per transect, for a total 

of eighteen points surveyed per site (Fig. 2). If the survey point fell within an area with no forbs, 

the survey point was moved in 1m increments until there was at least one forb within 10m of the 

survey point. There were 180 survey points across all ten sites.   

At each survey point, visual surveys were conducted to locate deer browse. Since deer 

rarely consume graminoids (Rooney 2009) especially during summer (Martinka 1968), these 

species were not considered when quantifying the plant community. The first twenty forbs near 

the center of the survey point were identified to species when possible and were examined for 

deer damage. Stems less than 15cm tall were not included since previous studies of deer 

browsing on woody plants in grasslands indicate that deer do not browse stems 15cm or shorter 

(Inouye et al. 1994). In addition to the twenty closest forbs, the nearest woody plant within a 

10m radius of the survey point was also identified to species, and presence/absence of deer 
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browse was recorded. Thus, the first survey consisted of a sample size of 3600 forb stems (20 

forb stems per sample point x 18 sample points per site x 10 sites) and 180 woody plant stems. 

 I conducted a second survey of deer browsing in grasslands in late summer (Aug-Sep) 

2019. My protocol for establishing transects was identical to the early summer sampling design. 

For this survey, I was only able to survey six of the previous ten sites because at one site mowing 

eliminated stems taller than 15cm and at three other sites forbs were senescing. Four sites were 

bordered by wooded edges and two were bordered by agricultural edges. At one agricultural 

edge, the neighboring crop field contained soybeans and at the other agricultural edge the field 

had no crops due to being recently harvested for wheat.  

In this late summer sampling, data collection differed from early summer in that surveys 

were conducted within an intercardinal quadrant instead of near the center of the survey point. 

This method allowed for a greater probability of finding browse damage at a survey point, thus 

ensuring a better representation of the amount of browse present at each distance. A 10m radius 

circle surrounding each sampling point was divided into quadrants corresponding to intercardinal 

directions (Fig. 3). Two quadrants were selected at random using the random number generator 

Android app ‘Randomizer’ (Darshan Institute of Engineering & Technology). Within a quadrant, 

visual surveys were conducted to locate deer browse. Once the nearest forb or woody species to 

the survey point with deer damage was located, it was identified to species and designated as the 

focal plant. All forb stems within a 1m x 1m quadrat of the focal plant that were at least 15cm 

tall were also identified and surveyed for browse damage. Woody stems within the quadrat were 

only recorded if they had browse damage as well. If no damage was found in the first quadrant 

chosen by the randomizer, the next random quadrant was surveyed, and so on until damage was 

found. If only one quadrant had damage or no damage was found in any of the four quadrants at 
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the survey point, the nearest twenty forbs to the center of the survey area were recorded, 

mimicking early summer surveying methods. This species composition data was collected at 

points with no deer herbivory to ensure that the plant community composition of the area was 

still known and could potentially contribute to explaining why deer browsing was not present, as 

well as to determine which forbs were available for deer to consume. This resulted in 12 sample 

points per transect, with 36 sample points per site and a maximum of 216 sample points across 

all 6 sites.  

2.1.3 Data analysis for 2019 observational data 

Data were analyzed in R (version 3.6.3) using generalized linear mixed models 

performed in the package lme4 and using emmeans for post-hoc comparisons. All model results 

were summarized using the ‘Anova’ function in the phia package to obtain and analysis of 

deviance between variables. All graphs were created using ggplot2. Early and late season data 

were analyzed separately due to differing sampling protocols. Initial models used edge type, 

distance from nearest edge (as a categorical variable), and plant life form (forb, legume, woody) 

as fixed independent variables, with interactions between edge type and edge distance. Random 

effects included site, transect, and, in late season sampling, plot. Throughout all of my mixed 

model analyses, if a random effect had a variance of zero then it was dropped from the model. 

The binary dependent variable indicated whether or not the stem suffered deer browsing and was 

modeled using a binomial error distribution. A Tukey post-hoc test was used to compare 

frequency of browsing damage among plant life forms and among categories for distance from 

the habitat edge (e.g. 0m from edge, 20m from edge, 40m from edge etc.).  

Since initial post-hoc comparisons revealed that woody plants were browsed at a higher 

rate than forbs or legumes (see Results section 3.1), I analyzed the browsing rate among plant 
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species separately for woody species and for forbs plus legumes. Each of these models included 

edge distance, edge type, and species, instead of life form, as fixed independent variables. Only 

the forb model used the interaction between edge type and edge distance because the woody 

species model did not include enough data points at each distance to converge. Both models also 

included site, transect, and plot (for late season) as random variables. In these analyses that 

included species, for the generalized linear mixed models to converge I could not include species 

that were never browsed (i.e. species had to have at least 1 instance of browse). In addition, I 

only included species that I encountered ≥ 20 times to allow for meaningful estimates of 

browsing probability.  

2.1.4 Data collection for summer 2020 

 Observational data were collected at ten sites in summer 2020 using the same methods 

that were implemented during the second survey in 2019 (late season). The early season survey 

occurred from May-July. Like the late season 2019 survey, three 100m transects that extended 

from an edge into the grassland interior were sampled at 20m intervals. In addition to the visual 

survey data, the distance from the survey point center to the nearest browsed stem (up to 10m 

away) was measured in order to obtain an independent estimate of the intensity of browsing at 

each survey point. According to point-quarter sampling methods (Dix 1961), shorter distances 

from a transect sampling point to an object indicate a higher density of that object. 

A second survey occurred in late season 2020 from Aug-Oct. This survey mimicked the 

protocol for early season 2020 and collected the same data (browse damage, plant community 

composition, and distance from center to browsed stem) at nine sites (4 agricultural sites, 5 

wooded sites). When management practices at some early season sites precluded late season 

sampling, a replacement site was found when possible. One agricultural site (CLA) could not 
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accommodate full 100m transects without approaching a second habitat edge. Thus, the 

maximum distance that could be reached away from any edge was 80m at that site.  

2.1.5 Data analysis for 2020 observational data 

As in 2019, data were analyzed using linear mixed models or generalized linear mixed 

models, as well as Tukey post-hoc tests. Because in 2020 I collected data on whether a browsed 

stem occurred within 10m of each sample point and the distance from the sample point to the 

nearest browsed stem (point-quarter sampling), analyses of these point-quarter data occurred 

separately from analyses of browse damage as a function of species availability. I used two 

approaches to analyzing the point-quarter data. First, I used a linear mixed model to analyze the 

distance from the sample point to the nearest browsed woody plant or forb stem. These distances 

from sample points ranged from 0-10.1m. Distance from habitat edge, edge type, season, and 

their interactions were used as fixed independent variables. Season was analyzed as an 

independent variable in 2020 since collection methods for both early and late season were 

identical. Random variables used were site, transect and plot, as in previous analyses. 

My second approach to analyzing the point-quarter data was to investigate whether or not 

any browsing damage was present within each 10m radius circle. These generalized linear mixed 

models used browse damage (present /absent) as the binomial dependent variable and edge 

distance, season, edge type and their two-way interactions as fixed independent variables. 

Random variables were unchanged. A post-hoc Tukey test was used to compare the likelihood of 

browse at different distances from the edge. 

To compare browsing intensity as a function of life form (forb, legume, woody) in 2020, 

a similar generalized linear mixed model analysis was used as in 2019. The models used the 
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same variables as before: browse damage (present / absent) as the dependent variable, edge type, 

distance from nearest edge, season, and life form as fixed independent variables, as well as the 

interaction between edge distance, edge type, and season. Random variables were site, transect, 

and plot. Post-hoc comparisons were used to determine browsing preferences between life forms. 

As in 2019, deer preferred woody species over forbs and legumes, so I analyzed woody plants 

vs. forbs plus legumes separately to evaluate deer preferences for individual species. In 2020, the 

analysis of differences among species in browse intensity was the same as in 2019, except that I 

included species that I encountered ≥15 times, instead of using 20 encounters as the threshold for 

inclusion.  

2.2 Transplanting experiment to quantify ‘multiple edge effects’ 

 I conducted an experiment to explore ‘multiple edge’ effects on the browsing intensity 

experienced by prairie forbs in summer 2020. The experiment involved transplanting individuals 

of two plant species that deer highly preferred according to my 2019 surveys, Desmanthus 

illinoensis and Coreopsis tinctoria, in grid patterns at three study sites to create combinations of 

distances from a nearest edge habitat and a second-nearest edge habitat.  

Seeds of both species were purchased from a commercial vendor in southern Minnesota, 

USA in March 2020. Illinois bundleflower (D. illinoensis) and Plains Coreopsis (C. tinctoria) 

were grown from seed in a greenhouse from April – June. Planting occurred in biodegradable 

pots. 20 seeds of only one species, either D. illinoensis or C. tinctoria, were planted in each pot. 

Plants in the greenhouse experienced natural day lengths and were watered daily from planting to 

the time they were removed from the greenhouse due to dry conditions caused by air 

conditioning within the greenhouse. Slow release fertilizer (Nelson Plant Food 19-13-6; 

Bellville, TX) was added to plants in the greenhouse in May as the plants began to yellow. Once 
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seedlings had been growing for about 3 weeks, each pot was thinned to only include the three 

tallest seedlings. Pots were eventually thinned to one juvenile plant per pot before transplanting, 

except for the transplants at GFW that had two individuals per pot. At GFW, two juveniles were 

retained per pot because I expected lower transplant survival rates due to drier conditions in 

sandy soil. Plants were then ‘hardened off’, or acclimated to outside conditions, at least two 

weeks before being transplanted in ambient weather, with watering occurring as needed. 

Three sites (CCW, PPW, GFW; Table 2) that exclusively have wooded edges were 

selected for transplanting. These sites had wooded ‘corner’ habitats that allowed for a grid design 

in which transplants occurred at different combinations of distances from a nearest woodland 

edge and a second nearest woodland edge (Fig. 4). The first batch of greenhouse-grown plants 

were transplanted to CCW on May-30-2020 after hardening off for 2 weeks. The second batch of 

plants, which went to PPW, were hardened for approximately 2.5 weeks and were transplanted 

on Jun-7-2020. The remainder of the third batch was hardened off for an additional two weeks, 

for a total of 4.5 weeks, before being transplanted to GFW on Jun-26-2020. Initial height of each 

plant was measured the day before transplanting. Pots were transplanted in this temporally 

‘staggered’ manner to allow any necessary protocol changes with transplanting that would 

improve transplant survival. 

Individuals of the two species were transplanted into grids that consisted of 6x6 points at 

two sites and 5x5 points at one site that did not allow a larger grid. For the two sites with 6x6 

grids, each edge had six transects beginning at the edge (0m) and extending into the grassland 

interior (100m) with transplanting points at every 20m. This resulted in 36 transplanting points 

total with 72 plants at each study site. The third site could only accommodate five transects up to 

a grassland interior of 80m, thus resulting in 25 transplanting points with 100 plants. Near each 
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transplant point, I transplanted one individual of each species, except for GFW, which had two 

individuals of the same species in each pot. At each grid point, a quadrant was randomly selected 

to transplant D. illinoensis and a separate quadrant was randomly selected to transplant C. 

tinctoria, resulting in 72 or 50 data points per site, depending on the grid size, for a total of 194 

transplanted points across all three locations. Each pot was transplanted 2m from the center 

point, creating a 4m distance between transplants. Plants were watered daily at CCW for the first 

week after transplanting to improve survival as ambient temperatures were high. Plants at PPW 

and GFW were watered less often due these sites’ more distant locations. 

Plants were censused approximately one month after initial transplanting to collect data 

on plant condition (alive vs. dead), plant height, and occurrence of browse. Browsing was 

quantified as either yes/no on any of the stems of an individual plant. Data were collected from 

June-Sep, with each site being visited three times. If a plant died, the number of days that the 

plant survived since transplanting was recorded. 

2.2.1 Data analysis for 2020 ‘multiple edges’ experiment 

Data were analyzed using a generalized linear model. The binomial dependent variable 

was browsing (present / absent). The independent variables included study site, distance from 

edge one, distance from edge two, species, the maximum height achieved by the plant, and 

lifespan, or how long the transplant survived in the field. The model also examined the 

interaction between the two edge distances. Further analysis was done to examine if transplant 

position relative to the two edges affected whether the plant survived or not. This model included 

survival as the dependent variable with the same fixed variables and interactions but excluded 

lifespan. 
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CHAPTER 3 

RESULTS 

 

3.1 Observational study of deer browsing patterns 

In early and late summer in both years there was a consistent preference hierarchy by 

deer among plant life forms. In all instances, woody species were most preferred, followed by 

legumes, and lastly non-leguminous forbs (Table 3). Deer showed no clear preferences among 

woody species in either early or late season 2019 (p = 0.306 and p = 0.501, respectively) and 

early 2020 (p = 0.156, Table 4). Species preferences among woody plants could not be 

determined in late 2020 as there was only one species (Cornus drummondii) that was 

encountered >20 times, the minimum threshold for analysis. In contrast, there were significant 

differences in deer use among forb and legume species in all four seasons (all p-values for the 

effect of ‘species’ < 0.012). Early 2019 had a high deer preference for C. tinctoria, Rumex 

crispus, and Melilotus officinalis (Tables 5-6), while late 2019 had high browsing rates on D. 

illinoensis, Oenothera biennis, and Lactuca seriolaca (Tables 5, 7).  

Similarly, early 2020 showed species-specific preferences by deer, with D. illinoensis, 

Ambrosia trifida, and Baptisia australis (Tables 5, 8) experiencing higher browsing rates. As for 

late 2020, preferred species by deer included A. trifida, Rumex crispus, Physalis angulata, and to 

a lesser extent than previous seasons, D. illinoensis and O. biennis (Tables 5, 9). In both years, 

there were species that were encountered frequently (>20 times) that were never browsed (Table 

10). The most frequently encountered species that were never browsed included Artemesia 

ludoviciana, Solanum carolinense, Vernonia baldwinii, Pediomelum tenuiflorum, and Salvia 

azurea. 
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In early 2019, browsing damage significantly decreased with increasing distance from the 

habitat edge (χ2
5

 = 42.3, p < 0.001), damage was 3 times higher at 0m (edge) compared to other 

distances (Fig. 6). However, browsing rates were similar at all distances between 20m and 100m. 

Additionally, edge type did not significantly predict browsing damage (p = 0.674). Late 2019 

showed a marginally significant interaction between edge distance and edge type (χ2
5

 = 10.8, p = 

0.056). After analyzing the effect of distance separately for agricultural and woodland edges, 

there was some indication of higher rates of browsing within 40m of agricultural edges but no 

effect of distance near wooded edges (Fig. 6).  

In 2020, I had two sampling protocols for collecting data on deer browsing patterns (see 

Methods section 2.1.4). The first protocol involved quadrat-based data collection on browse 

presence/absence on individual stems. Hereafter, I refer to analyses of data from this sampling 

protocol as the ‘life form model’. The second protocol involved point-quarter sampling with data 

collection on presence/absence of deer browse within 10m of the sample point and the distance 

from the sample point to the nearest deer browsed stem. Hereafter, I refer to analyses on data 

from this sampling protocol as the ‘point-quarter model’.  

In the life form analysis, there was a significant three-way interaction between season, 

edge type, and edge distance (χ2
5

 = 15.6, p = 0.008). To determine the cause of the interaction, 

data were partitioned by season. There was a significant interaction between edge distance and 

edge type in early 2020 (χ2
5

 = 28.5, p < 0.001, Fig. 6) but not late 2020 (p = 0.937). The early 

season data were further subset by edge type to explore the two-way interaction. There was a 

significant negative effect of edge distance (less browsing at greater distances) when bordering 

agricultural edges (χ2
5

 = 19.75, p = 0.001) but only a weak negative distance effect near wooded 

edges (p = 0.065).   
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Analyses of the two types of data from point-quarter sampling produced indistinguishable 

results. Therefore, I will present the results of the model that analyzed presence/absence of 

browsing within 10m of the sample point. The point-quarter model showed a significant 

interaction effect between edge type and season (χ2
1

 = 11.1, p = 0.001; Fig. 7). This model was 

then further subset by season to explore the interaction. In the early season there was a 

significant effect of edge type (χ2
1

 = 5.80, p = 0.016). Browsing was more likely to occur in 

grasslands adjacent to wooded habitats compared to agricultural habitats (z-2.2, p = 0.026; Fig. 7). 

There was also a marginally significant effect of edge distance (χ2
5

 = 10.3, p = 0.068). In 

contrast, the late season did not have significant effects of edge type, edge distance, nor their 

interaction (p-values > 0.798). As such, the 0m survey point was twice as likely to experience 

browsing in the early season (probability of browse = 0.47) compared to the late season (0.21, 

Fig. 7). The probability of browsing was equally likely at all distances beyond 20m from the 

edge in early season, while the late season had no differences at all edge distances from 0-100m 

(0.19-0.22). 

3.2 Transplanting experiment to quantify ‘multiple edge’ effects 

Transplant mortality was high (56%), resulting in only 107 plants of the 244 transplants 

surviving until the first census for browse damage (Fig. 10). Transplant mortality rates depended 

on both species (χ2
1

 = 17.8, p < 0.001) and study site where they were planted (χ2
2

 = 13.9, p < 

0.001). Coreopsis tinctoria was less likely to survive compared to D. illinoensis (z-6.9, p < 0.001). 

Transplants were more likely to survive at CCW compared to GFW (z2.8, p = 0.016) and PPW 

(z3.3, p = 0.003). There was no significant difference for transplant survival between GFW and 

PPW (p = 0.713).  
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Across all three sites, 16.8% (18 plants) of the surviving 107 transplants experienced 

browsing and 0.9% (2 plants) were browsed twice. Neither distance from the nearest habitat 

edge, second nearest habitat edge, nor their interaction significantly affected the probability that 

a transplant would be browsed (p-values > 0.114). Study site was the only important variable 

when determining probability of browse (χ2
2

 = 8.5, p = 0.014), with 61% of browsing instances 

occurring at GFW (Table 2). Most instances of browsing (83%) occurred on D. illinoensis, 

however, as this species had a greater transplant survival rate than C. tinctoria, there was no 

significant difference in proportion of transplants browsed between the species (p = 0.249). 

Maximum height achieved by C. tinctoria was 67cm and D. illinoensis maximum was 53.2cm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



21 
 

CHAPTER 4 

DISCUSSION 

 

 In this study, I used observational and experimental methods to quantify habitat edge 

effects on forbs in grasslands that arise through browsing by an increasing white-tailed deer 

population. These results provide insight into spatial patterns in the effects that deer could have 

on prairie plant communities. Through observations, I determined that deer could have a 

significant impact on grassland plant communities, especially within 0-20m from a grassland 

edge. Further, edge effects of deer were modulated by seasonality (Table 11). Deer browsing was 

more intense and concentrated closer to the edge earlier in summer (June - July). As the growing 

seasoned progressed to late summer/early autumn (Aug - Oct), deer browsing was less intense 

but tended to be more evenly distributed across all distances up to 100m from an edge. Deer 

browsing often occurred at higher rates in grasslands adjacent to wooded habitats compared to 

crop fields. My data demonstrate that deer clearly have preferences among prairie plant species 

when browsing, which also seems to be affected by seasonality. Regardless of seasonality, deer 

preference among life forms remained consistent, with woody species being preferred over both 

legumes and non-leguminous forbs and legumes being preferred over non-leguminous forbs. 

My experiment to investigate multiple edge effects did not have high enough transplant 

survival to effectively determine the potential effect of a second, nearby habitat edge. However, 

there was a difference in browsing rates by study site, which could be due to the different 

characteristics of each site used. Below, I address my findings corresponding to each of my 

research questions. 

4.1 Influence of distance from a habitat edge on deer browsing  
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The intensity of deer browsing in grassland fragments often decreased with increasing 

distance from a habitat edge. The strongest edge effects only extended less than 20m into the 

grassland and the effects of distance from a habitat edge were more evident in early summer than 

later in the growing season. One likely explanation for the seasonality of edge effects mediated 

by deer browsing could be that deer habitat usage changes with the season. For instance, fawns 

are usually born in May – June (Rohm et al. 2007) and having young fawns could cause does to 

choose areas with a food source adjacent to dense cover, such as a thicket of tall trees near the 

edge that hides them better from predators. As the growing season progresses, more vegetation 

and more species become available for both does and fawns, who may need less cover as they 

become less vulnerable to predators (Grovenburg et al. 2012). 

Alternately, weaker effects of proximity to a habitat edge later in the growing season may 

occur because taller grassland vegetation, as dominant grasses produce flowering stalks, can 

more effectively serve as cover. Volk et al. (2007) quantified seasonal patterns in deer habitat 

associations in tallgrass prairie – woodland landscapes in eastern Kansas and found that deer 

remained closer to woodland-grassland edges in summer (June – July ) compared to winter (Dec 

– Feb), with autumn (Sept – Nov) patterns being intermediate between the two. Further, they 

hypothesized that these habits likely coincided with foraging changes as more C3 plants were 

available as the growing season progressed, drawing deer further into grasslands. Additionally, 

they noted that deer avoided open grasslands in all seasons and tended to prefer areas with higher 

proportions of woody vegetation. These behaviors could elucidate why deer browsing seemed to 

drastically decrease with increasing distance from agricultural edges as these habitats provide 

less cover compared to wooded edges where woody expansion may be providing additional 

cover, and thus allow deer to forage farther away from the edge. 
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Although I often observed a pronounced decrease in deer browsing within 20m of habitat 

edges, some browsing occurred as far as my maximum distance of 100m. There may be a limit to 

how far from habitat edges into grasslands deer will browse. However, this limit, and an 

accompanying second, more distant decrease in browse damage, may not be detectable within 

the small grassland fragments that characterize the Wellington-McPherson Lowland region. In 

fact, the distance away from a habitat edge that deer will forage in grasslands may be large. As 

an example, Nisi et al. (2015), working in Minnesota tallgrass prairie, attempted to determine 

edge effects mediated by mammalian herbivory in grassland fragments that were a maximum of 

480m away from a forest edge but could not detect a decrease in herbivory even at these 

distances. Thus, it is not surprising that deer browsing was found 100m away from an edge in my 

observational studies. 

However, it is possible that the habitats I sampled are degraded systems and do not 

accurately represent deer foraging habits in more pristine grasslands. For instance, Bloodworth et 

al. (2020) conducted exclosure experiments to quantify effects of deer on plant species richness 

and evenness in Kansas Flint Hills grasslands. In these pristine prairies that are regularly 

maintained by different fire regimes, deer did not have a significant effect on either plant species 

richness or diversity over two decades, but the burning regime did affect these metrics. It was 

hypothesized that the lack of deer effects on prairie species may be due to the absence of woody 

vegetation within these grasslands. Hence, deer herbivory patterns within grassland systems 

could potentially serve as an indicator of overall ecosystem health. 

4.2 Influence of habitat edge type on deer browsing 

Deer foraging intensity was higher near wooded edges compared to agricultural edges, 

which is consistent with the common observation that deer are frequently associated with 
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wooded edges (Cook 1945, Williamson & Hirth 1985). Woodlands and adjacent grasslands 

likely provide complementary resources for deer as the woods provide shelter from heat and 

predators but tend to lack herbaceous forage compared to nearby grasslands that can serve as 

source of nutrients. This finding would also be consistent with the Edge Resource Model, which 

predicts an increase in a species’ density near habitat edges that provide complimentary 

resources for the species (Ries & Sisk 2004). 

 The Edge Resource Model would predict that edges between habitats that provide 

supplementary resources, such as herbaceous forage in a grassland and agricultural field, would 

show a consistent density of the species across that habitat edge (Ries & Sisk 2004). While the 

agricultural edges at my study sites represented some of the commercial crops in Kansas, there 

was a lack of variety in crop types available for this project. Thus, it would be difficult to 

conclude whether any types of row crop could serve as a complimentary resource to deer, where 

we would expect an increase in deer browsing near the edge. 

There was not a consistent result between 2019 and 2020 to effectively determine how 

habitat types within Kansas may be influencing deer browsing. While 2020 showed a strong 

effect of edge type, seasonality, and edge distance, 2019 only showed a strong effect of edge 

distance and life form, but not edge type. However, deer may substitute diminishing availability 

of grassland habitats with row crops. As an example, Grovenburg et al. (2012b) reported that 

fawns tended to prefer corn fields as grassland vegetation became less available, using this 

resource in lieu of tall grass for cover from biotic and abiotic threats. 

4.3 Browsing patterns of deer on plant species 
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I found evidence for a clear, transitive hierarchy of deer preference among plant life 

forms, with deer preferring woody plants over legumes and legumes over non-leguminous forbs 

in all observational surveys. Since deer browse many woody species invading grasslands and 

there was no evidence of preference among the woody species encountered during browse 

surveys, deer herbivory may potentially slow woody expansion into grasslands. However, this 

could still be a limited form of management for some encroaching woody species, such as 

Juniperus. Minimal deer browse on J. virginiana (2% of yearly rumen content) was recorded by 

McCullough (1985) in Michigan forests which indicates this species would likely not be 

impacted by an increased deer population, especially if J. virginiana continues to expand its 

range within grasslands. 

Additionally, the potential effect of deer in slowing woody plant expansion in grasslands 

could be limited due to the ability of woody species to better tolerate damage compared to forbs. 

Among the woody species encountered in this study, Cornus species, Symphiocarpos species, 

and Prunus species are highly clonal and therefore have extensive belowground stores that 

would allow them to compensate for repeated browsing. Nevertheless, deer could be beneficial 

in highly degraded grasslands fragments that are undergoing succession to wooded stands. 

It is important to note, however, that there could be an overestimation of woody species 

browse damage for late season 2019 and both seasons of 2020. In early 2019, I was specifically 

sampling for the presence of a woody species within 10m of the sample point, resulting in a 

much lower rate of browse on woody species as most species encountered were not damaged. In 

the other three surveying seasons, woody species were counted if they were encountered with 

browse damage and if there were any additional woody stems within the 1m2 quadrat, resulting 

in a much larger sample of browsed species compared to non-browsed species. This disparity 
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could potentially result in an overestimation of preference for woody species by deer. Since 

surveying for forbs and legumes included both browsed and un-browsed individuals, the 

preference for legumes over other forbs is not over-estimated and has been shown to be the case 

within other ecosystems as well (Nisi et al. 2015). 

Although deer preferred legumes as a group over forbs, there was large variation among 

legume species in the intensity of deer browsing that they experienced. For example, 

Chamaechrista fasciculata was encountered frequently (>40 times) in both years, but the 

browsing rate for this species was minimal compared to D. illinoensis. Previous studies have 

hypothesized that deer browsing in grasslands may alter nutrient cycling and ultimately reduce 

the amount of available nitrogen in the soil because deer preferentially consume legumes 

(Ritchie et al. 1998). As shown here, while deer do consume legumes more than forbs in general, 

they do not consume all types of legumes equally, meaning that nutrient cycling might not be 

altered as much as previously thought. For instance, Nisi et al. (2015) determined preferences 

among five legume species by mammalian herbivores including deer within a grassland-forest 

ecosystem in Minnesota. Deer highly preferred Desmodium canadense and to a lesser extent 

Lespedeza capitata, while almost completely avoiding Amorpha canescens. These discrepancies 

between legumes are likely due to differences in nitrogen and carbon content among these plants 

(Nisi et al. 2015). 

Interestingly, there were nine species that were browsed by deer outside of their 

flowering period. It is thought that deer typically consume plants in flower (Anderson et al. 

2001), but it may be that deer consume highly preferred species as they grow above the 15cm 

height threshold (Table 11). The other twenty-seven species that were browsed, however, were 

typically consumed well within their flowering season. However, there were some species that 
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may have been consumed ‘incidentally’. Deer do not have the dexterity when browsing to avoid 

species that are growing on the plant they intend to consume. For example, Convolvulus arvensis 

typically grows as a vine and can attach to other species, allowing it to gain height by climbing 

on neighboring plants. Thus, C. arvensis would be consumed along with the species that it is 

climbing on, even if deer were not selecting for it. This lack in ability to avoid species that are 

intertwined or growing in proximity to each other may explain why some species had a few 

instances of browse even though they were encountered numerous times (>20). Overall, it does 

appear that as the growing season progresses, deer do tend to consume species that are in flower 

and will likely select for these species as the availability of plants changes throughout the 

growing season. 

4.4 Influence of double-edges on deer browsing  

The lack of a double edge effect observed in my experiment could be due to the high 

mortality experienced by both transplanted species. It is also possible that the experimental 

design did not encompass a large enough area to fully detect edge effects mediated by deer as 

edge effects have been shown to penetrate into fragments even up to 500m away from an edge 

(Laurance 1991). All transplants had reached the minimum detectable height associated with 

deer foraging, meaning visibility likely had little influence on selection. There could have also 

been a high amount of competition to consume transplants from other herbivores. Many 

transplants had holes dug into the pot, likely from rodents, which would limit the availability of 

these plants to deer. Additionally, a disproportionate amount of insect damage occurred on C. 

tinctoria compared to D. illinoensis, which may render these plants unpalatable to deer as 

biomass was reduced. 

4.5 Management implications 
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My observational and experimental conclusions about deer browsing patterns can assist with 

prairie management and nature reserve planning. For instance, if a grassland is being used to 

restore sensitive or rare species, planting them further away from the edge near the core of the 

habitat could greatly reduce the likelihood of herbivory. This strategy may not be as effective as 

the growing season progresses given deer tended to forage farther away from an edge later in the 

summer. Further, it may be difficult to find an area within the grassland that is far enough away 

from any edge to avoid all browsing as many of these prairies are becoming highly fragmented. 

Since deer browsed more heavily in grasslands that were bordered by wooded habitats, 

grasslands bordered by row crops that are unpalatable to deer could help reduce their presence 

within the prairie. As such, restoration efforts may be more successful if sensitive or highly 

preferred species are planted in grasslands adjacent to crop fields. These agricultural habitats 

would provide little complementary or supplementary resources to deer as they would neither 

provide cover from threats nor be a significant source of nutrition. For managers that would 

prefer to have higher deer densities to increase potential recreational opportunities, it may be 

beneficial to manage prairie-woodland matrices to ensure these areas provide complimentary 

resources to attract as many deer as possible. 

Additionally, the consistent preference among plant life forms by deer across years could 

indicate that woody plant expansion is occurring at a higher rate than is commonly realized, but 

deer may be inhibiting the rate of invasion by these species. This increase in woody species is 

potentially outcompeting grassland species and may be reducing the already limited areas 

available for forb establishment. Hence, decline in prairie forbs may be mistakenly assigned to 

deer when in fact competition with woody plants may be the source (Hanberry & Hanberry 

2020). Deer may be browsing at distances farther away from the edge due to the availability of 
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increased cover from environmental factors with the expansion of trees and shrubs into 

grasslands. Therefore, it may be essential to reduce the presence of woody species in grasslands 

to deter deer from browsing farther away from an edge, as well as to increase the amount of 

space available for prairie species. 

Deer have been observed to consume plants that are in flower (Anderson et al. 2001). This 

behavior can greatly reduce fecundity of these species, especially if they are consumed later in 

the growing season when there is little time left for species to make a second flowering attempt 

(Machinski & Whitham 1989). Further, deer would indirectly affect other species, such as 

pollinators, by reducing both the amount and diversity of flowering plants (Anderson et al. 

2001). This overall reduction in biodiversity could affect the ability of a grassland to withstand 

further degradation and reduce ecosystem processes as proposed by the insurance hypothesis 

(Yachi & Loreau 1999). Thus, it would be beneficial to monitor which species are being 

consumed by deer to ensure that certain species are not being depleted faster than others. 

Further, deer exhibited seasonality of browsing intensity with a consistently higher amount of 

damage experienced by grasslands adjacent to wooded habitats. This has implications for highly 

fragmented landscapes as they will likely have at least one wooded edge bordering these 

grassland habitats. There is still the potential that a second nearby wooded edge could exacerbate 

browsing intensity by deer, especially within small fragments that do not have core habitat 

further away than 100m from any edge. Hence, reserve planning should account for habitat size, 

especially if prairies are bordered by wooded habitats where deer tend to be more active. 

4.6 Future directions 
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 My research has addressed a gap in knowledge pertaining to deer foraging patterns within 

Great Plains grasslands. Additional research in this field will become essential to fully 

understand the temporal implications of an increased deer population within highly fragmented 

landscapes in the Great Plains. Research should focus on determining the amount of browsing 

occurring on woody species within grasslands by quantifying the amount of available forage of 

this life form to better understand if deer are being drawn to grasslands because of the increased 

amount of forage and cover provided by these species. Further, there is still uncertainty as to the 

magnifying effect of a second nearby edge on grasslands plants. One potential double-edge 

experiment could use species preferred by deer that flower in the same season and in different 

seasons to further observe if deer seasonality is driven by plant availability or by changes in 

vegetative structure that can serve as cover. 

As deer continue to move westward, it would be beneficial to understand if these 

foraging patterns persist in a shortgrass landscape or if deer would be limited by available cover 

provided by riparian zones. Moreover, my study focused on the Wellington-McPherson 

Lowlands that had consistent physiographic characteristics, but these patterns may not translate 

to other geographic regions, such as the Flint Hills. Lastly, there are several management 

implications from my results that suggest current available habitat sizes are not large enough to 

uncover the full range of edge effects mediated by deer. More pristine habitats that have >100m 

of core grassland habitat and less woody species invasion may better reflect deer behaviors in 

restored prairies, such as those observed by Bloodworth et al. (2020). Therefore, prairie 

conservation and restoration would benefit from further research that builds upon the findings in 

this thesis. 
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TABLES 

Table 1. List of survey sites with information about location, edge type, crop type (for 

agricultural edges), ownership, deer density at the county level, and the season in which the site 

was used. ‘E’ and ‘L’ indicate early season sampling and late season sampling, respectively. 

CLA, SCA, SLA, and SPW were the only locations permitting deer hunting. 

 

 

 

Name Code GPS Ownership Edge Type Crop County
Density 

(deer/km
2
)

Season    

Used

1. Cell Tower 

Prairie
CTA

38.085068
o         

-97.390140
o

AT&T Agriculture
Corn;     

Wheat
Harvey 13.53

E 2019;       

E 2020

2. Cheney 

Reservoir
CLA

37.78123
o          

-97.83877
o

KDWPT Agriculture Wheat Reno 13.53 L 2020

3. Cheney Smoots 

Creek
SCA

37.734487
o         

-97.778386
o

KDWPT Agriculture
Wheat;    

Empty
Reno 13.53

E,L 2019; 

E,L 2020

4. Cheney State 

Park Yoder Rd
CRW

37.80123
o         

-97.86619
o

KDWPT Woody - Reno 13.53 E,L 2020

5. Cheney Wildlife 

Area Refuge
WAW

37.777648
o         

-97.826817
o

KDWPT Woody - Reno 13.53 E 2019

6. Chisholm Creek 

Park
CCW

37.742331
o         

-97.280379
o

City of 

Wichita
Woody - Sedgwick 13.53

E,L 2019; 

E,L 2020

7. Dove Property DPA
37.926744

o         

-97.324937
o

Private Agriculture
Wheat;   

Wheat
Harvey 13.53

E 2019;       

E 2020

8. Gerber Field 

Station
GFW

37.676043
o         

-97.951763
o

Wichita State 

University
Woody - Kingman 13.53

E,L 2019; 

E,L 2020

9. Magill Property MPA
38.144879

o         

-97.456485
o

Private Agriculture Alfalfa Harvey 13.53 E 2019

10. Ninnescah 

Biological Station 

East

NEA
37.53485

o      

-97.670890
o

Wichita State 

University
Agriculture Empty Sedgwick 13.53 E 2020

11. Ninnescah 

Biological Station 

West

NWA
37.53943

o      

-97.688885
o

Wichita State 

University
Agriculture Milo Sedgwick 13.53 L 2020

12. Pawnee Prairie 

Park
PPW

37.647280
o     

-97.445210
o

City of 

Wichita
Woody - Sedgwick 13.53

E,L 2019; 

E,L 2020

13. Slate Creek 

Lowland
SLA

37.170182
o     

-97.202855
o

KDWPT Agriculture
Wheat; 

Soybean
Sumner 14.47

E,L 2019; 

E,L 2020

14. Slate Creek 

Prairie
SPW

37.174031
o     

-97.210502
o

KDWPT Woody - Sumner 14.47
E,L 2019; 

E,L 2020
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Table 2. Transplant information for experiment to test ‘double edge’ effects at Chisholm Creek 

Park (CCW), Gerber Field Station (GFW), and Pawnee Prairie Park (PPW). 

  (CCW) (GFW) (PPW) 

Transplant Date 5/30/2020 6/26/2020 6/7/2020 

Transplant Points 36 25 36 

Plants per pot 1 2 1 

Grid Size 6x6 5x5 6x6 

Survey 1 7/14/2020 8/2/2020 7/15/2020 

Survey 2 8/4/2020 9/5/2020 8/23/2020 

Survey 3 9/13/2020 9/26/2020 9/19/2020 

Number of 

browsing 

occurrences 

4 11 3 
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Table 3. Contrasts between plant life forms in both seasons of 2019 (blue) and 2020 (red) used to 

determine preference by white-tailed deer. Odds ratios less than one indicate a preference by 

deer for the plant life form in the denominator. 

Year Season Contrast Odds Ratio Z-ratio p-value 

2019 Early Forb / Legume 0.1669 -6.276 <.0001 

2019 Early Forb / Woody 0.0551 -8.426 <.0001 

2019 Early Legume / Woody 0.3302 -3.062 0.0062 

2019 Late Forb / Legume 0.2423 -8.487 <.0001 

2019 Late Forb / Woody 0.00516 -16.098 <.0001 

2019 Late Legume / Woody 0.02131 -11.049 <.0001 

2020 Early Forb / Legume 0.2162 -7.888 <.0001 

2020 Early Forb / Woody 0.0125 -24.433 <.0001 

2020 Early Legume / Woody 0.0579 -12.236 <.0001 

2020 Late Forb / Legume 3.93E-02 -7.3 <.0001 

2020 Late Forb / Woody 7.00E-08 -10.233 <.0001 

2020 Late Legume / Woody 1.74E-06 -8.828 <.0001 
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Table 4. Woody species encountered in all surveys that had at least 1 instance of browsing 

damage by white-tailed deer. There were no preferences between species by deer. 

Species Browsed Total Encountered 

Betula species 8 16 

Celtis occidentalis 3 3 

Cornus drummondii 45 109 

Gleditsia triacanthos 43 80 

Lonicera maackii 2 6 

Maclura pomifera 13 18 

Morus species 25 51 

Rhus aromatica 11 118 

Symphoricarpos orbiculatus 17 128 

Ulmus species 95 182 
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Table 5. Species codes used for Tables 6 – 9 for comparing preferences among forb plus legume 

species by white-tailed deer.  

Code Species Table 

AMBPSI Ambrosia psilostachya 6,7 

AMBTRI Ambrosia trifida 6,8,9 

APOCAN Apocynum cannabinum 6,8,9 

ASCVIR Asclepias viridis 8 

BAPAUS Baptisia australis 7 

CHAFAS Chamaecrista fasciculata 7,8,9 

CIRALT Cirsium altissimum 6 

CONARV Convolvulus arvensis 6 

CONCAN Conyza canadensis 6,7,9 

CORTIN Coreopsis tinctoria 6 

DALCAN Dalea candida 6 

DESILL Desmanthus illinoensis 7,8,9 

DSMILL Desmodium illinoense 6 

ERISPP Erigeron species 8 

GERCAR Geranium carolinianum 8 

HELANN Helianthus annuus 6,7 

HELPET Helianthus petiolaris 6 

HELGRO Helianthus grosseserratus 8 

HELMAX Helianthus maximiliani 7,9 

IVAANN Iva annua 7 

LACSER Lactuca serriola 6,7,8 

LESCAP Lespedeza capitata 6,7 

LESVIR Lespedeza virginica 8 

LIASPP Liatris species 6 

MEDSAT Medicago sativa 8 

MELOFF Melilotus officinalis 6,8 

OENBIE Oenothera biennis 7,9 

PHYANG Physalis angulata 9 

POLPUN Polygonum punctatum 7 

RUMCRI Rumex crispus 6,8,9 

RUMSPP Rumex species 6 

SOLALT Solidago altissima 6 

SOLSPP Solidago species 6 

SOLCAR Solanum carolinense 7 

SYMERI Symphyotrichum ericoides 7 

TOXRAD Toxicodendron radicans 9 
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Table 6. Preferences between forb plus legume species by white-tailed deer in early season 2019. The color corresponding 

to the cell when comparing one species vs another indicates which species is preferred over the other. List of codes and 

corresponding species found in Table 5. Significant codes <0.001 '***', 0.01 '**', 0.05 '*' 

 Species 2 

Species 1 
AMB  

PSI 

AMB  

TRI 

APO  

CAN 

CIR  

ALT 

CON  

ARV 

CON  

CAN 

COR  

TIN 

DAL  

CAN 

HEL  

ANN 

HEL  

PET 

LAC  

SER 

LES  

CAP 

LIA  

SPP 

MEL  

OFF 

RUM  

CRI 

RUM  

SPP 

SOL  

ALT 

AMBTRI                    

APOCAN                     

CIRALT                      

CONARV                       

CONCAN                         

CORTIN **         *              

DALCAN                          

HELANN                           

HELPET                             

LACSER                              

LESCAP                              

LIASPP                                

MELOFF **       * ***                     

RUMCRI **         **                     

RUMSPP                                   

SOLALT                           *       

SOLSPP                           ** *     
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Table 7. Preferences between forb plus legume species by white-tailed deer in late season 2019. The color corresponding to the 

cell when comparing one species vs another indicates which species is preferred over the other. List of codes and corresponding 

species found in Table 5. Significant codes <0.001 '***', 0.01 '**', 0.05 '*' 

 Species 2 

Species 1 
AMB  

PSI 

CHA  

FAS 

CON  

CAN 

DES   

ILL 

DSM  

ILL 

HEL  

ANN 

HEL  

MAX 

IVA  

ANN 

LAC  

SER 

LES  

CAP 

OEN  

BIE 

POL  

PUN 

SOL    

CAR 

CHAFAS                

CONCAN                 

DESILL *** *** ***            

DSMILL       **           

HELANN       **            

HELMAX       ***             

IVAANN                      

LACSER *** ** ***       ***         

LESCAP   **   *** *** **     ***      

OENBIE *** *** ***   * * ***     ***     

POLPUN               ***          

SOLCAR       ***         **   ***     

SYMERI *** ** *** **     *     ***     * 
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Table 8. Preferences between forb plus legume species by white-tailed deer in early season 2020. The color 

corresponding to the cell when comparing one species vs another indicates which species is preferred over the 

other. List of codes and corresponding species found in Table 5. Significant codes <0.001 '***', 0.01 '**', 0.05 '*' 

 Species 2 

Species 1 
AMB  

TRI 

APO  

CAN 

ASC  

VIR 

BAP  

AUS 

MED   

SAT 

CHA  

FAS 

DES  

ILL 

ERI  

SPP 

GER  

CAR 

HEL  

GRO 

LAC  

SER 

MEL   

OFF 

LES  

VIR 

APOCAN                

ASCVIR                 

BAPAUS                  

MEDSAT                   

CHAFAS                    

DESILL                     

ERISPP             *        

GERCAR                       

HELGRO                        

LACSER                         

MELOFF                          

LESVIR                           

RUMCRI                           
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Table 9. Preferences between forb plus legume species by white-tailed deer in late season 2020. 

The color corresponding to the cell when comparing one species vs another indicates which 

species is preferred over the other. List of codes and corresponding species found in Table 5. 

Significant codes <0.001 '***', 0.01 '**', 0.05 '*' 

 Species 2 

Species 1 
AMB  

TRI 

APO  

CAN 

CHA  

FAS 

CON  

CAN 

DES  

ILL 

HEL  

MAX 

OEN  

BIE 

PHY  

ANG 

RUM  

CRI 

APOCAN            

CHAFAS *           

CONCAN *            

DESILL     **          

HELMAX *       **       

OENBIE                  

PHYANG     **     *      

RUMCRI     *** **   ***       

TOXRAD ***       **   * ** *** 
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Table 10. List of species encountered in 2019 and/or 2020 that were never browsed by white-

tailed deer within grasslands. Species were encountered a minimum of 20 times to be considered 

as a meaningful estimate of deer browsing habits. 

Functional      

Group 
Species 

Encountered 

2019 

Encountered 

2020 
Total 

Forb Achillea millefolium 135 101 236 

  Artemesia ludoviciana 738 1184 1922 

  Asclepias syriaca 11 25 36 

  Asclepias verticillata 27 225 252 

  Brickeallia eupatorioides 44 95 139 

  Callirhoe alcaeoides 24 13 37 

  Dianthus armeria 15 50 65 

  Eupatorium altissimum - 130 130 

  Euphorbia marginata - 33 33 

  Galium aparine 38 24 62 

  Grindelia papposa 96 48 144 

  Mirabilis nyctaginea 24 26 50 

  Physalis longifolia 102 12 114 

  Plantago rhodosperma - 39 39 

  Potentilla recta 55 25 80 

  Rudbeckia hirta 126 129 255 

  Ruellia humilis 30 - 30 

  Salvia azurea 144 144 288 

  Solidago canadensis 170 - 170 

  Solanum carolinense 202 280 482 

  Solanum elaeagnnifolium 54 12 66 

  Teucrium canadense 52 147 199 

  Triodanis perfoliata 29 3 32 

  Vernonia baldwinii 154 215 369 

Legume Dalea purpurea 61 - 61 

  Lespedesa cuneata 30 177 207 

  Lotus unifoliolatus 65 4 69 

  Mimosa quadrivalvis 66 47 113 

  Pediomelum tenuiflorum 148 211 359 

Woody Rhus glabra - 20 20 
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Table 11. Species encountered with white-tailed deer browsing damage. Flowering period for 

species indicated by an ‘x’ and divided into Early (E, green) and Late season sampling (L, 

orange). Species encountered in 2019 and 2020 indicated with green and orange to show season 

it was encountered. Species with a ‘1’ indicate browsing occurrence outside of flowering period, 

with flowering phenology following Great Plains Flora Association (1986). 
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FIGURES 

 
Figure 1. Distribution of survey locations across the Wellington-McPherson Lowlands in south-

central Kansas, with county boundaries delineated in green. Wooded edge sites are represented 

with blue points and agricultural edge sites are represented with green points.  
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Figure 2. Example of transect sampling design for observational data collection. Here a wooded 

edge is shown. Transect 1 illustrates the six survey points located at 20m intervals along each 

transect. All three transects were surveyed at 6 points, although only Transect 1 points are 

shown. 
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Figure 3. Sampling protocol used at each survey point along a transect in late season 2019 and 

both 2020 surveys. Four quadrants corresponding to intercardinal directions were established 

around each survey point. Surveys were conducted within a 10m radius at each survey point at 

all six points along three transects per site.  
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Figure 4. Double edge effects transplanting experiment. Example setup of 6x6 grid (white) for 

transplanting experiment. Desmanthus illinoensis (star) and Coreopsis tinctoria (diamond) 

placed 2m from grid intersection points. 
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Figure 5. Proportion of white-tailed deer browsed stems by life form in Early season 2019 (1), 

Late season 2019 (2), and both seasons of 2020 (3). 2020 seasons were combined as browsing 

rates were indistinguishable between them. Data collection for Early 2019 allowed an accurate 

estimation of browsing rate for woody species, but data collection in all other seasons did not 

account for all unbrowsed woody species present, and thus proportions of woody species 

browsed would not be accurately calculated. Proportions were calculated by dividing the number 

of stems browsed by the total stems of that plant life form encountered. Standard error was 

calculated using √
𝑝+𝑞

𝑛
 , the standard error for a binomially distributed random variable. 
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Figure 6. Proportion of stems browsed by white-tailed deer at varying distances from the edge 

(1) in Early season and at different combinations of edge distance and edge types (2) in Late 

season 2019 with standard error shown. Proportions were calculated by dividing the number of 

stems browsed by the total stems encountered at each distance. Standard error was calculated 

using √
𝑝+𝑞

𝑛
 , the standard error for a binomially distributed random variable. 
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Figure 7. Proportion of stems browsed by white-tailed deer, based on the presence or absence of 

a browsed stem within 10m of a survey point, in relation to different habitat edge types (1) and 

edge distances (2) in Early (green) and Late (brown) season 2020. Proportions for a particular 

edge type or edge distance were calculated by dividing the number of sampling points with a 

browsed stem within 10m by the total number of sample points at that edge type or distance. 

Standard error was calculated using √
𝑝+𝑞

𝑛
 . 
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Figure 8. Proportion of stems browsed by white-tailed deer within grasslands bordered by 

agricultural habitats (yellow) or wooded habitats (brown) in early season 2020. For each 

combinations of edge type and edge distance, proportions were calculated by dividing the 

number of stems browsed within a 1m2 plot by the total stems encountered in that plot. Standard 

error was calculated using √
𝑝+𝑞

𝑛
 , the standard error for a binomially distributed random variable.  
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Figure 9. Survivorship curves of Coreopsis tinctoria (solid) and Desmanthus illinoensis (dashed) 

transplants in the ‘double edge’ experiment at Chisholm Creek Park (CCW), Pawnee Prairie Park 

(PPW), and Gerber Field Station (GFW). Points along lines represent the dates on which 

sampling occurred. 
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