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ABSTRACT 

 Clean farming practices and forest succession have contributed to population 

decline of northern bobwhites (Colinus virginianus) across northern portions of their 

range.  Intensively farmed landscapes lack early successional vegetation that provides 

protective cover near food sources.  Earlier research indicated that population growth of 

northern bobwhites in southwestern Ohio is limited by lack of preferred early 

successional woody cover during the non-breeding season.  I studied vegetation response 

to removal of large trees from wooded edges (here after edge-feathering) on private 

owned farmlands in Highland County Ohio.  Ninety-nine areas ranging in length from 15 

m to 91 m were treated during spring in 2012 and 2013.  Vegetation structure and 

composition of feathered edges was measured before treatment and after 2 growing 

seasons and in late winter during 2012 – 2014.  I used repeated measures analysis of 

variance to test for differences in vegetation structure and composition among study sites, 

edge aspects, feathered edge size classes, edge types, and basal area reduction.  Basal 

area reduction differed between years, with a light reduction (29%) in 2012 and a heavy 

reduction (81%) in 2013.  Horizontal, vertical, and ground cover differed among sample 

periods with the second fall having more vertical and horizontal cover than the first fall, 

and the first fall having more cover than the first winter.  Basal area reduction, size, and 

sample periods were important predictors of cover measurements.  Basal area reduction 

within woodlot edges or along linear features like fencerows was the most important 
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variable that affected vegetation response to edge-feathering.  Basal area reductions 

between 37 – 50% resulted in positive changes in protective cover for bobwhites after 1 

growing season.  Large edge treatments with heavy reduction in basal area resulted in net 

gains in protective cover between seasons, and provided the highest overall change in 

cover.   

 I used radio-telemetry to determine bobwhite use of feathered edges, measured 

vegetation composition and structure at used points, and estimated home-ranges using the 

Fixed k LoCoH method.  Locations from 24 unique coveys across 4 sites during the 2013 

– 14 non-breeding season were used to compare vegetation structure and composition 

between feathered edges and covey use sites.  Seven coveys were used to estimate home-

ranges and to analyze use of feathered edges in relation to their placement within study 

sites.  Mean home-range size was 4.6 ha and 5 total feathered edges fell within 95% local 

convex hull isopleths.  Original placements of feathered edges were informed by previous 

research.  Woodlots, mature fencerows, ditches, and other uncultivated areas were 

considered for treatment if they had previously experienced little to no use by bobwhite 

coveys.  Edge-feathering is a technique that can convert hard edges into soft edges by 

felling trees, stimulating new vegetation growth gradient where vegetation slowly 

increases from young new growth containing grasses, forbs, and shrubs, into saplings and 

trees.  Edge-feathering successfully converted edges that were not previously used by 

bobwhites, into habitat that was used by radio-marked coveys during the non-breeding 

season.  Future management of woodlots by edge-feathering should be considered by 

managers, because they produce habitat similar to what bobwhites use.  Other cover types 
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such as early successional herbaceous (nesting/brood rearing), and row crop (food) need 

to be considered and close to feathered edges to maximize use and benefit bobwhites. 
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CHAPTER 1: INTRODUCTION 

 The geographic range of Northern bobwhites (Colinus virginianus; hereafter 

bobwhite) spans almost the entire eastern half of the United States, where the species 

inhabits farm fields and grasslands, grass-brush rangelands, fallow fields, clear-cuts, open 

forests and pine-plantations.  Despite their use of such diverse habitats, there is a range-

wide decline of bobwhites (Guthery et al. 2000, Williams et al 2004, Veech 2006) despite 

a long history of research and management.  Declines in other farmland bird populations 

including bobwhites have typically been associated with the loss or degradation of these 

habitats, which, in part, has been a result of modern agricultural intensification that 

incorporates both habitat change and various farmland management strategies (Klimstra 

1982, Brennan 1991, Askins 1993, Chamberlain and Vickery 2002, Hunter et al. 2001).  

Habitat change such as enlarged field sizes by elimination of fencerows, field borders, 

and other odd areas of perennial vegetation along with commercial fertilizers, herbicides, 

and pesticides for maximized returns (Buttel 1990), have left large areas void of early 

successional habitat which is preferred by bobwhites.   

 Successional habitat occurs where plants colonize treeless areas created by river 

action, glaciation, or abandonment of cleared land (Askins 2001).  Disruption or 

destruction of forest canopy by fire, wind storms, logging, or other management (i.e., 

edge-feathering) can also produce early successional habitat.  Early successional 

herbaceous habitat is also provided through federal government programs such as the 
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Conservation Reserve Program (CRP), which provides wildlife habitat but also controls 

commodity production and soil erosion (USDA 2015).  While enrolled in CRP programs, 

participants are required to maintain these areas by some form of disturbance (i.e., 

mowing, disking, and burning).  These different forms of disruption stimulate new 

growth of succulent grasses, forbs, and young forest dominated by short sprouts and 

seedlings of mature forest trees, along with surviving shrubs and herbs from the original 

forest understory (Askins 2001, Thompson and DeGraaf 2001).  Suppression of natural 

disturbances like wildfires and floods, along with intensification of agriculture (listed 

above) has left early successional habitat patchily distributed across the Midwest.  Prior 

to European settlement, wildfires and other natural disturbances enabled maintenance of 

early successional forests (Lorimer 2001).  The absence of these natural disturbances 

along with limited management on private lands will likely allow declines in early 

successional habitat to continue within many eastern areas (Trani et al. 2001). 

 Without frequent disturbances to create early successional habitat, many of these 

areas have now matured, become forested, and are distributed patchily around the 

landscape in the Midwestern U.S.  Due to the irregularity in which early successional 

vegetation is created and the intermittent distribution on most landscapes, many early 

successional dependent species have been negatively affected.  Old fields that are left 

undisturbed are an example of early successional habitat.  They are also an example of 

what can happen when left undisturbed; they rapidly progress via secondary succession, 

from excellent to marginal bobwhite habitat.  As noted by Ellis et al.’s (1969) successful 

upland game management must stress the manipulation of natural succession rather than 

merely the creation and subsequent abandonment of habitat. 
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 Bobwhites started to appear in Ohio in the nineteenth century (Wheaton 1882, 

Peterjohn 2001) with the creation of early successional habitat because of the removal of 

forests.  Manipulation of habitat led to expansions north into the Great Lakes region 

during the 1840 – 50’s (Peterjohn 2001).  Bobwhites were considered an abundant 

resident in Ohio by the late eighteen hundreds, and populations peaked around 1900 

(Wheaton 1882, Peterjohn 2001).  Noticeable cyclic fluctuations were observed (Hicks 

1935) in the early 20
th

 century and the severe winter of 1935 – 36 severely diminished 

bobwhite populations and previously recorded population highs were never attained again 

(Baird 1936, Trautman 1940).  Bobwhites became locally distributed and abundant 

throughout Ohio by the mid 1970’s; however, the severe winters of 1976 – 77 and 1977 – 

78 reduced bobwhite populations by more than 90% (Peterjohn 2001).  Bobwhites have 

remained on the landscape in the southwestern portion of Ohio in relatively low densities, 

but the continued trend in low survival and decreasing densities continues to threaten 

bobwhite persistence in Ohio. 

 Woody vegetation bordering farmland edges has generally had a positive effect 

on species diversity for birds that nest on edges (Best et al. 1990).  Cultivated fields are 

the principle source of food, a finding reported in many parts of the bobwhite’s range 

(Hanson and Miller 1961).  Previous research on my study sites showed preference for 

row crop and early successional vegetation in close juxtaposition.  Roseberry and 

Sudkamp (1998) suggested bobwhites were primarily associated with diverse, patchy 

landscapes that contained moderate amounts of grassland and row crops and abundant 

woody edge.  Management strategies aimed to increase the availability of non-breeding 

season habitat on agricultural lands in Ohio have been directed at providing early 
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successional woody cover adjacent to food sources, such as row crop or grass fields 

(Janke 2011).  Food abundance for bobwhites on cultivated land is still higher than for 

birds on uncultivated lands (Errington and Hamerstrom 1936).  Janke (2011) suggested 

that use within the home-range focused on areas where woody cover (early successional 

woody or forests) and food (early successional herbaceous or row crops) were in close 

proximity.  Because woody cover is the primary escape cover for bobwhites, the amount 

and distribution of woody cover available within a landscape could alter fall-winter 

survival and the population dynamics of bobwhites (Brennan 1991, Janke 2011, Williams 

et al. 2000).  

 Habitat conversion within the context of a highly agricultural landscape remains a 

challenging task because removing productive crop ground and planting fencerows or 

ditches is not a viable option.  A practical option left available within our study sites was 

to convert woodlot edges from closed canopy forests to early successional vegetation.  

Seckinger (2008) performed similar habitat manipulation and found that it clearly 

increased usable space consistent with Guthery’s (1997) habitat management philosophy.  

Converting closed canopy forests to early successional habitat simultaneously eliminated 

bobwhite predator habitat while increasing usable space for bobwhites in this landscape 

(Seckinger 2008).  Early successional habitats created by timber harvest are dominated 

by tree reproduction and differ from other woody, early successional habitats, but 

nevertheless provide habitat for many of the same species (Thompson and Degraaf 2001).  

Major disturbances typically kill most large trees but do not destroy forest floor 

herbaceous vegetation, shrubs, seed banks, and all respond rapidly to the increased 

availability of light and nutrients (Trani et al. 2001, Thompson and Degraaf 2001).  
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STUDY DESIGN 

Study Area  

 I worked within the core region of bobwhite density in Ohio (Spinola and Gates 

2008, Peterjohn and Rice 1991) on four study sites comprised entirely of private property 

(Figure 1.1).  The sites were located within the till plains, more specifically the Southern 

Ohio Loamy Till Plain and Illinoian Till Plain (Ohio Department of Natural Resources). 

Study sites ranged in size from 398 to 1336 ha.  Permission was achieved originally from 

private landowners when asked if they were willing to participate and allow access for a 

bobwhite project on their land.  Landowners became really friendly when they 

understood that bobwhites would not be trapped and transferred.  Most landowners had a 

real passion for bobwhites and no longer allowed hunting because of their affection, and 

cannot stand the thought of not seeing bobwhites.  Landowners were also very prideful 

knowing that they were actively taking part in research to understand problems that were 

affecting bobwhites.  

 Row crops were the dominant cover type and though the proportion of lands in 

row crops varied between sites, it was the primary land use (37 – 71%) and consisted of 

annual rotations of corn (Zea mays) and soybeans (Glycine max) but included some 

double cropping with winter wheat (Triticum spp.).  Pasture and hay cover ranged from 3 

to 21% and was dominated by various cool season grass species with moderate grazing 

pressure or high frequency (≥ once per year) of disturbance (i.e., mowing).  Forest cover 

ranged from 9 to 28% and was dominated by oak (Quercus spp.), hickory (Carya spp.), 

ash (Fraxinus spp.) and black walnut (Juglans nigra).  Early successional herbaceous 

cover ranged from 8 to 21% and included fields enrolled in CRP, and old fields.  Most 
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Figure 1.1 Location of 4 study sites where northern bobwhite research was conducted 

during the breeding and non-breeding season in Highland and Brown Counties, Ohio, 

USA during 2012 – 2014. 

 

CRP fields were dominated by fescue (Festuca spp.) and goldenrod (Solidago spp.), 

while some fields were dominated by indiangrass (Sorghastrum nutans) and partridge pea 

(Chamaecrista fasciculate).  Old fields were dominated by herbaceous vegetation like 

broom sedge (Andropogon virginicus), queen anne’s lace (Daucus carota), fescue, and 

goldenrod.  Early successional woody cover occurred predominantly in fencerows, 

ditches, woody CRP (CP-3A), old fields-woody, and ranged from 3 – 7%.  They were 

characterized by blackberry (Rubus allegheniensis), black raspberry (R. occidentalis), 

multiflora rose (Rosa multiflora), autumn olive (Elaeagnus umbellata), poison ivy 

(Toxicodendron radicans), and red cedar (Juniperus virginiana).   

 The mean temperature for breeding (April – September) and non-breeding 

(October – March) seasons during my research was 20.4°C and 3.7°C compared to the 
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long-term (30 year) mean annual temperature of 11.2°C and mean winter temperature of -

0.7°C.  The mean precipitation for breeding (April – September) and non-breeding 

(October – March) season was 10.2 cm and 8.5 cm compared to the mean annual 

precipitation of 108.1 cm (NCDC 2015). 

THESIS CONTENT 

 The goal of my study was to identify factors influencing vegetation response at 

multiple temporal and treatments scales, and also compare vegetation used by radio-

marked bobwhite coveys to vegetation created by private contractors within 2 of my 4 

study sites.  Specifically, I attempted to identify what factors most influence vegetation 

response after treatment, compare cover characteristics and structure between feathered 

edges and locations used by bobwhites, and determine home-ranges and movements of 

coveys relative to feathered edges on treated sites documenting use of feathered edges by 

bobwhites.  To do this, I examined; 1) change in vegetation composition and structure 

before and after treatment; 2) key structural and compositional measurements of used 

habitat and treated areas; and 3) home-ranges of coveys within study sites that had 

treatments.  I first quantified vegetation composition and structure using a range of 

different vegetation procedures.  I reduced my ground cover variables using a data 

reduction technique to interpret several linear combinations which I then used for 

comparing ground cover composition.  I also compared cover measurements to different 

treatment intensities for edges experiencing equal seasons.  I then investigated the 

relative importance of these vegetation dimensions to numerous covey locations and 

habitat used using the same sampling design for treated edges.  Finally, I concentrated on 

the influence of treated habitat and the factors that lead to use of areas by coveys during 
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winter by building home-ranges.  Together, these two research chapters provide a multi-

scaled assessment of habitat use by northern bobwhites on private land in southwestern 

Ohio.  My final chapter summarizes the management implications of my research.  
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CHAPTER 2: Vegetation Response After Treatment of Wooded Edges by Edge-

Feathering to Enhance Habitat for Northern Bobwhite (Colinus virginianus) in 

Southwest Ohio 

ABSTRACT 

 Clean farming practices and forest succession have contributed to population 

decline of northern bobwhites (Colinus virginianus) across northern portions of their 

range.  Intensively farmed landscapes lack early successional vegetation that provides 

protective cover near food sources.  Earlier research showed that population growth of 

northern bobwhites in southwestern Ohio is limited by lack of preferred early 

successional woody cover during the non-breeding season.  I studied vegetation response 

to removal of large trees from wooded edges (here after edge-feathering) on private 

owned farmlands in Highland County Ohio.  I hypothesized that edge-feathering would 

provide suitable habitat for bobwhites during the non-breeding season.  Ninety-nine areas 

ranging in length from 15 m to 91 m were treated during spring in 2012 and 2013.  

Vegetation structure and composition of feathered edges was measured before treatment 

and after 2 growing seasons and in late winter during 2012 – 2014.  I used repeated 

measures analysis of variance to test for differences in vegetation structure and 

composition among study sites, edge aspects, feathered edge size classes, edge types, and 

basal area reduction.  Basal area reduction differed between years, with a light reduction 

(29%) in 2012 and a heavy reduction (81%) in 2013.  Horizontal, vertical, and ground 
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cover differed among sample periods with the second fall having more vertical and 

horizontal cover than the first fall, and the first fall having more cover than the first 

winter.  Basal area reduction, size, and sample periods were important predictors of cover 

measurements.  Basal area reduction within woodlot edges or along linear features like 

fencerows was the most important variable that affected vegetation response to edge-

feathering.  Basal area reductions between 37 - 50% resulted in positive changes in 

protective cover for bobwhites after 1 growing season.  Large edge treatments with heavy 

reduction in basal area resulted in net gains in protective cover between seasons, and 

provided the highest overall change in cover.  Edge-feathering is a technique that can 

convert hard edges into soft edges by felling trees, stimulating new vegetation growth 

gradient where vegetation slowly increases from young new growth containing grasses, 

forbs, and shrubs, into saplings and trees.  Creating suitable habitat on agriculture lands 

by providing early successional woody cover has the potential to increase usable space 

and improve annual survival rates reversing population declines.  

INTRODUCTION 

 Farming practices have changed across the Midwest, becoming more intensive 

and resulted in a loss of early successional habitat.  Practices such as clean farming have 

led to the eradication of weeds and the removal of woody debris, fencerows, waterways 

and old fields (Matson et al. 1997).  Field sizes have increased by an order of magnitude 

to accommodate new equipment and cropping methods for farming (O’Connor and 

Shrubb 1986).  Clean farming has caused remaining habitat that has not been manipulated 

for farming practices to change in cover quality, which affects carrying capacity.  

Intensive farming practices have reduced suitable habitat (Burger et al. 2006, Dailey 
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2002) for Northern Bobwhites (Colinus virginianus; hereafter bobwhite) which in the 

Midwest, have historically depended on agriculture landscapes (Leopold 1931).  

 Trani et al. (2001) projected that current declines in areas of early successional 

forest will continue and absence of disturbance or proactive management on private 

woodlands will promote continued losses of early successional forest.  Maturation of 

woodlots (Thompson and DeGraaf 2001, Litvaitis 1993) creates hard edges between 

woodlots and agriculture fields as woodlots are increasingly dominated by large diameter 

trees, contain little understory, and provide no ecotone between different habitat types.  

Early successional woody vegetation is facilitated by farming practices such as fencerows 

and drainage ditches, which were once distributed in higher quantities throughout the 

Midwestern landscape than today (Brennan 1991, Hunter et al. 2001).  These areas can 

have thick shrubby vegetation in the understory which provide suitable habitat for 

bobwhites and other songbirds (Best 1983, Best et al. 1990) but have been largely 

eliminated from modern agricultural landscapes (Demers et al. 1995).   

 Early successional woody cover provides more persistent cover than herbaceous 

cover and remains useable through the fall and winter (non-breeding season).  Many 

studies have established the importance of woody cover for bobwhites during the non-

breeding season (Yoho and Dimmick 1972, Roseberry and Klimstra 1984, Williams et al. 

2000, Hiller et al. 2007, Janke 2011, Gates et al. 2012, Janke and Gates 2013, Wiley 

2012).  Woody cover is particularly important for bobwhites exposed to severe winter 

weather in the northern portion of their range (Errington and Hamerstrom 1936, 

Roseberry 1964, Janke 2011, Janke and Gates 2013) because it provides thermal cover 

(Guthery et al. 2005) and provides overhead protection from avian predators during 
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periods of snow cover.  Management strategies aimed at increasing availability of non-

breeding season habitat on agricultural lands in Ohio were recommended to focus on 

providing early successional woody cover adjacent to food sources, such as row crop or 

grass fields (Hanson and Miller 1961, Janke 2011).  

  Edge-feathering is a relatively new practice of turning a hard edge into a soft 

edge, where the vegetation progresses from young new growth containing grasses, forbs, 

shrubs, into saplings and larger trees.  Feathered edges provide early successional habitat 

by removing overstory trees and allowing sunlight to reach the understory to produce 

new growth like grasses, sedges, forbs, and shrubs which are typically absent.  Feathered 

edges also provide an immediate woody structural component because in most cases, the 

trees are left in edges after they were cut.  Edge-feathering can be conducted by felling 

trees into fields or by felling trees back into woodlots or along the edges (Chapman 2012, 

MDC/NRCS/UMC 2011).  Unmanaged woodlots potentially provide the only remaining 

manageable habitat that is within highly agricultural landscapes. 

 The goal of my study was to evaluate changes in vegetation cover and structure 

on woodlot edges treated by edge-feathering to create early successional habitat within 

highly agricultural landscapes in southwest Ohio.  Specifically, my objectives were to: 1) 

quantify vegetation composition and structure within feathered edges; 2) compare 

different intensities of edge-feathering on vegetation composition and structure; and 3) 

compare the directions in which treated edges were facing (aspect), the size of edge 

treated, and the type of habitat treated (linear wooded vs. woodlot).  This allowed me to 

assess the utility of edge-feathering, the optimal treatment level for vegetation 

composition and structure, and identify factors influencing response, such that future 
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bobwhite management utilizing this approach in this region and in other areas can be 

effective and successful. 

STUDY AREA 

 This study was conducted on two sites in Highland County, Ohio (Figure 2.1).  

Response of vegetation composition and structure to woodlot edge treatment was 

conducted on Fee and Peach Orchard (Figure 2.1).  The mean temperature during 

breeding (April – September) and non-breeding (October – March) seasons during 2012 - 

2014 was 20.4°C and 3.7°C with mean precipitation of 10.2 cm and 8.5 cm (NCDC 

2015).  The study area was within the core range of northern bobwhites in Ohio (Spinola 

and Gates 2008, Peterjohn and Rice 1991).  Winter cover was previously shown to limit 

population growth, and bobwhite densities were declining (Janke 2011) on some sites in 

response to lack of early successional vegetation (woody and herbaceous). 

 

Figure 2.1 Location of 2 study sites where habitat manipulation for northern bobwhites 

occurred during the breeding and non-breeding seasons in Highland County, Ohio, USA 

(2012 – 2014). 
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 Row crop fields were dominated by rotations of corn (Zea mays) and soybeans 

(Glycine max) but included some double cropping with winter wheat (Triticum spp.).  

Pasture and hay fields were dominated by various cool season grass species with 

moderate grazing pressure or high frequency (≥ once per year) of disturbance (i.e., 

mowing).  Oak (Quercus spp.) and hickory (Carya spp.) dominated the upland forested 

areas whereas ash (Fraxinus spp.) and black walnut (Juglans nigra) dominated the 

bottomland forested areas (Wiley 2012).  Early successional herbaceous cover included 

fields enrolled in the Conservation Reserve Program (CRP), and old fields.  Most CRP 

fields were dominated by fescue (Festuca spp.) and goldenrod (Solidago spp.), while 

some fields were dominated by indiangrass (Sorghastrum nutans) and partridge pea 

(Chamaecrista fasciculate).  Old field-herbaceous were dominated by broom sedge 

(Andropogon virginicus), queen anne’s lace (Daucus carota), fescue, and goldenrod.  

Early successional woody cover occurred predominantly in fencerows, ditches, woody 

CRP (CP-3A), and old fields-woody.  They were characterized by blackberry (Rubus 

allegheniensis), black raspberry (R. occidentalis), multiflora rose (Rosa multiflora), 

autumn olive (Elaeagnus umbellata), and red cedar (Juniperus virginiana). 

 Woodlots, mature fencerows, ditches, and other odd areas were considered for 

treatment if they had previously been determined to have had little to no use by bobwhite 

coveys (Janke 2011, Wiley 2012).  These areas were then assessed by private land 

biologists from Pheasants Forever and Ohio Division of Wildlife to avoid waterways, 

woodlots with valued timber, or other potential factors that might affect and limit 

treatment of these areas.  Permission by the participating private landowners was 

obtained and potential spots were delineated for treatment.  Placement of feathered edges 
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was guided by previous research (Janke 2011, Wiley 2012) and were distributed 

throughout the study sites.  We attempted to balance the number of feathered edges 

adjacent to row crop (n=67) and herbaceous (n=32) vegetation, (Conservation Reserve 

Program; Cp-1, Cp-2) but due to available cover types, we were not able to achieve this 

(Table 2.1).  By design, we were able to evenly allocate feathered edges by aspect, North 

(n=25), East (n=28), South (n=23), and West (n=23).   

 Edge-feathering was conducted on Fee and Peach Orchard sites over two years.  

Fifty-three edge sections were treated on Fee and 16 edge sections were treated on Peach 

Orchard during 13 April – 9 May, 2012.  These 69 edge sections all experienced 2 

complete growing seasons and 2 complete winter seasons.  Thirty edge sections were 

treated on Peach Orchard during 1 March – 21 March, 2013.  These 30 edge sections 

experienced 2 complete growing seasons but only 1 winter season during the duration of 

the study.  Vegetation measurements were recorded at seasonal intervals and were aimed 

to measure the response of vegetation following two growing seasons for those 

completed in spring 2012 and 2013. 

 Treatments were performed by two different contractors and with two different 

prescriptions.  Contractor 1 treated period 1 and tended to cut small diameter trees 

leaving larger diameter trees within treated edges.  Contractor 1 also used a wand to spray 

herbicide (i.e., Glyphosate) from a quad-mounted sprayer to treat herbaceous vegetation 

within edges.  This treatment period will be referred to as 2012 treatment.  Contractor 2 

treated period 2 and was advised to cut all trees within feathered edges and treat cut-

stumps with Triclopyr to avoid stump-spout.  This treatment period will be referred to as 

2013 treatment. 
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 Edge characteristics 

Site 
Feathered edge 

length (m) 

Size 

category 

Feathered 

edges 

Feathered 

edge type 

Row crop 

edge 

Herbaceous 

edge 

Fee 15 Small   7 Woodlot   7   0 

 
30 Medium 41 Woodlot 41   0 

 
61 Large   1 Woodlot   1   0 

 91 Large   4 Linear woody   3   1 

Peach - Small   0 -    0   0 

 
30 Medium 27 Woodlot   5  22 

 
30 Medium   8 Linear woody   1   7 

 
91 Large 10 Woodlot   8   2 

  91 Large   1 Linear woody   1   0 

Total - - 99 - 67 32 

 

Table 2.1 Summary of feathered edge sections by site, length, size, type, and adjacent 

cover type in Highland County, Ohio (2012 – 2014).   

 

METHODS 

 Vegetation Sampling— Vegetation composition and structural characteristics 

were measured at 99 feathered edges with one to two sampling points within each edge 

section to compare vegetation change after the first and second growing seasons; and at 

the end of the first and second winter seasons.  One sampling point was established if the 

edge section was equal to 15 m, and 2 points were established if the edge section was > 

30 m (Table 2.1) with aid of handheld GPS units (Garmin GPSmap 76, Garmin Oregon 

450, Garmin International Incorporated, Olathe, KS).  Measurements at sample points 

(n=191) focused on vegetation composition and structure with emphasis on ground, 

horizontal, and vertical cover.  Specific measurements included tree basal area (DBH), 

shrub density (Cottam and Curtis 1956), horizontal visual obstruction (Nudds 1977), 

overhead cover (Kopp et al. 1998), and ground cover (Daubenmire 1959).  Four transects 

extended in 4 directions from each sampling point at 90° intervals, delineating 4 
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quadrants (Figure 2.2).  Transect 1 was always perpendicular to the feathered edge 

section and transects 2 - 4 were numbered clock-wise from the first transect.  The 

quadrants were numbered similarly (Figure 2.3).   

 Vegetation cover of 69 edge sections was sampled before treatment during April – 

May 2012.  The remaining 30 sections were measured before treatment during February – 

March, 2013.  Subsequent measurements were recorded in fall (September – October) to 

quantify changes in vegetation structure and composition in early autumn when coveys 

were forming (Janke and Gates 2013).  Fall sampling was concluded before leaf–off to 

quantify vegetation cover after the summer growing season representing peak cover.  

Ensuing measurements were recorded after winter (March – April) in 2013 – 14.  Winter 

sampling was concluded before leaf emergence to quantify vegetation cover at the end of 

winter to reflect lowest cover.   

 The point-centered quarter (PCQ) method (Cottam and Curtis 1956) was used to 

measure sapling and shrub density and taxonomic composition.  Distances from sampling 

points to the nearest woody stem 1 - 2 m high were measured out to 10 m from plot- 

center in each quadrant.  The PCQ method provides reliable estimates of density when 

total plant density within a community is the only concern (Higgins et al. 2005).  Three 

taxa were of primary interest because of abundance and importance to bobwhite, 

multiflora rose, Rubus spp., and Amur honeysuckle (Lonicera maackii).  A fourth 

category, “other-woody” included tree saplings and other shrub species, most commonly 

poison ivy, maple, sassafras (Sassafras albidum), and hickory 1 – 2 m height.  I measured 

the distance to the nearest stem to estimate overall density which sometimes included 

other-woody stems in each quadrant, and then I measured the other three taxa to estimate  
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Figure 2.2 Plot design used to measure vegetation composition and structure of feathered 

edges before and after treatment in Highland County, Ohio (2012 – 2014). 

 

Figure 2.3 Vegetation sampling design used to measure vegetation composition and 

structure at feathered edges in Highland County, Ohio 2012 – 2014. 
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overall shrub density for multiflora rose, Rubus spp., and Amur honeysuckle.  Shrub 

density was recorded as zero if no woody stem occurred within 10 m of the plot center in 

each quadrant.  Pre-treatment shrub density was not recorded for 2013 feathered edges 

because of time constraints and contractor start date.  

 Daubenmire (1959) frames (0.2 m X 0.5 m) were used to measure ground cover 

(any live or dead vegetation < 1m height) at plot-center and in 4 plot directions (2 m from 

center).  The 5 measurements of ground cover were averaged for each plot.  Daubenmire 

(1959) recommended using 0.2 m X 0.5 m quadrants for shrubs and herbaceous 

vegetation because cover is more easily estimated in small quadrants.  Rectangular 

frames have advantages over square and circular plots in aggregated shrub communities 

because they have the greatest chance of overlapping individual clusters of shrubs 

(Higgins et al. 2005).  Cover types included bare ground, litter, grass/sedges, forbs, 

shrubs, brush, and other.  Litter included any dead herbaceous material no longer attached 

to a plant, while brush was defined as non-standing dead woody material.  The percent of 

each cover type was recorded in one of seven intervals; (0%), >0-5%, >5-25%, >25-50%, 

>50-75%, >75-95%, and >95% (Schmutz et al. 1989) to calculate total ground cover.  

Cover types could sum to > 100% to quantify amounts of each cover type separately 

within the Daubenmire frame, accounting for overlapping layers in vegetation < 1 above 

ground. 

 Vertical cover was measured at each plot-center in all four directions to estimate 

the volume of unobstructed space based on angle to obstruction < 2 m away from a 

bobwhite on the ground (Kopp et al. 1998).  I used a 2 m pole with an angle gauge 

affixed.  The pole was tilted in the four cardinal directions until it contacted any physical 
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obstruction (i.e., vegetation, barbed wire, trees, etc…) above 0.15 m on the pole (height 

of a bobwhite).  The angle of tilt was recorded from 0° (upright) to 90° (prostrate).  I used 

the arithmetic mean of the angle readings for each plot-center to calculate the mean angle 

of a cone above a bobwhites head. 

 I used a modified Nudds (1977) vegetation profile board to measure horizontal 

visual obstruction (horizontal cover) of vegetation in 7, 0.15 m vertical segments (0.15 m 

x 1.05 m) above-ground.  Visual obstruction quantifies hiding, escape, and thermal cover 

(Higgins et al. 2005).  The profile board was placed at plot-center and was read from all 4 

directions by viewing the board from 7 m away at a height of 1 m (Lusk et al. 2006).  The 

percent of visual obstruction for each segment was recorded in seven intervals; (0%), >0-

5%, >5-25%, >25-50%, >50-75%, >75-95%, and >95% (Schmutz et al. 1989).  Each 

segment was separated into one of seven vertical classes (hereafter cover classes) and the 

mean cover class was calculated.  The mean cover class score for each vertical section 

was calculated as the arithmetic mean of cover for each of the 4 directional readings 

within each plot.  The 4 directional readings within each plot-center were calculated as 

the arithmetic mean of the 7 mean cover class scores in each plot.  Photos of each 

feathered edge at each sampling period in combination with profile board readings were 

used to visually document  changes in vegetation structure (Marlow and Clary 1996, 

Dudley et al. 1998) before and after treatment . 

 I used a DBH tape and measured all trees > 5 cm 1.4 m above ground level (Spurr 

1964), recording basal diameter of each tree species in the entire feathered edge section.  

Basal area measurements were used as a measure of treatment intensity.  Post-treatment 

basal area measurements were subtracted from pre-treatment basal area measurements 
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and divided by pre-treatment basal area giving a basal area reduction percentage for each 

feathered edge section.    

 Feathered edges— Treated edges, whether a linear feature such as a fencerow or 

a woodlot edge, were assigned into three different size classes (Table 2.1).  Small 

feathered edges were treated areas that had treatment edges equal to 15 m length.  

Medium feathered edges were treated areas with a treatment edge equal to 30 m length.  

Large feathered edges were treated areas with a treatment edge > 30 m length.  A subset 

of medium and large feathered edges had the same total area treated but their length 

along the edge type differed (Table 2.1).  

 Data Analysis— I used analysis of variance function aov in Program R (Version 

3.1.2; R Development Core Team 2014) to compare feathered edges treated by sites, size 

classes, aspects, and different contractors.  I used split-plot analysis because my 

experiment had different treatments applied to plots of varying sizes (mostly fixed 

effects; Crawley 2012).  I limited my models to only two-way interactions.  I used 

horizontal, vertical, and ground cover to compare changes in vegetation structure and 

composition associated with size classes and aspect following intensity of treatment 

(basal area reduction).  The split-plot design also accounted for the repeated sample of 

the same plots in different seasons.  Each plot size class had its own error variance, 

instead of a single error variance pooled across size classes.  Thus there were as many 

error terms as plot size classes.  The analyses are presented as a series of component 

ANOVA tables, one for each plot size, from the largest plot size with the lowest 

replication at the top, to the smallest plot size with the greatest replication at the bottom 

(Crawley 2012). 
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 For example, the following refers to my cover measurements with six treatments: 

sample time (Fall1, Fall2, Winter1, and Winter2), aspect (North [N], South [S], East [E], 

West [W]), size classes (large [L], medium [M], small [S]), type (woodlot [W], fence 

[F]), percent basal area reduction (%), and starting basal area for each plot (Figure 2.4).  

The largest plots were the individual feathered edge sections (referred to as plots), each 

of which was assigned into a sample period (sample).  My model statement was: 

Model <- aov (Horizontal cover change ~ Sample Time * Aspect * Size class * Type + 

Basal Area Reduction + Starting Basal Area + Error (Plot/Sample Time), data = data) 

 

Split-plot experiments are inherently pseudoreplicated (Crawley 2012).  The complex 

breakdown was due in part because sites and sections were not all treated during the same 

year and we did not record all measurements between years due to time constraints 

(Figure 2.4).  The dependent variable was change in the vegetation measurement from the 

pre-treatment value and all sample periods were compared with pre-treatment vegetation 

(before treatment) measurements to compare overall change in composition and structure. 

 A saturated model was used initially with all predictors to test the significance of 

the response variables using α < 0.05.  I removed predictors that were not biologically or 

statistically significant to save degrees of freedom.  The new models containing 

significant predictors were my reduced models.  I also used ANOVA to examine the 

significant interaction between basal area reduction and sample period on the change of 

horizontal cover and vertical cover comparing all treatments through Fall2. 

 I used the function princomp in Program R (Version 3.1.2; R Development Core 

Team 2014) for principal components analysis (PCA) to identify linear combinations of 

ground cover  
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Figure 2.4 Split-plot model design for measuring vegetation composition and structure at 

all feathered edge sections in southwest Ohio, 2012 – 2014.  All branches of comparisons 

for aspect are not shown for clarity.  

 

variables that captured most of the variation by reducing dimensionally and using the 

PCA scores on each axis as predictor values.  After running a PCA with all 7 ground 

cover variables, the linear combinations produced were not interpretable and variance 

explained was low.  I proceeded to separate the variables into categories representing 

living (forbs, grass/sedge, and shrubs) and non-living (bare ground, litter, brush, and 

other) vegetation.  I used the top two principle linear combinations from both living and 

non-living PCA’s after these axes were interpreted.  I then used the split-plot models 

similar to above but only reused my covariates (basal area reduction, starting basal area).  

I inserted the top two linear combinations from both PCA’s (4 principle linear 

combinations total) to test the effect on horizontal and vertical cover.  I proceeded to use 
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them in my split-plot experimental design as covariates along with basal area reduction 

and starting basal area. 

RESULTS 

 Treatment Effects-- Basal area reduction differed between contractors amid 2012 

(n=69, mean=29.4%, min=0, max=100) and 2013 (n=30, mean=80.5%, min=39, 

max=100) treatments and basal area reduction was significantly higher in 2013 than in 

2012 (t = 10.094, P < 0.001 (2-tailed), d.f. = 69.4) which resulted in more woody debris 

and sunlight penetrating the ground (Table 2.2).  There was very little overlap in 

treatment effect and comparisons between 2012 (light) and 2013 (heavy) treatment were 

confounded with year and site because Fee was only treated in 2012, while Peach 

Orchard was mostly treated in 2013.  

 Shrub density increased overall for Rubus spp., Amur honeysuckle, and other 

woody stems from pre-treatment to the second fall on Fee and the first round of edge-

feathering on Peach Orchard (16 feathered edges).  Rubus density increased on both sites 

between (121 – 452%), Amur honeysuckle density increased between (75 – 186%), and 

other-woody density increased between (73 – 126%) from initial measurements (Table 

2.3).  Multiflora rose density decreased by 12% on Fee and increased by 214% on Peach 

Orchard.  The second round of edge-feathering on Peach Orchard (30 feathered edges) 

had similar responses.  Rubus spp. density increased by 59% and Amur honeysuckle 

increased 67% (Table 2.3).  Other-woody density decreased by 3% and Multiflora rose 

density decreased by 67% (Table 2.3). 

 Amur honeysuckle was found within 49 (92%) of Fee feathered edges before 

treatment.  Amur honeysuckle was found within 51 (96%) of Fee feathered edges during 
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Pre-treatment basal area 

 

Post-treatment basal area 

Site Scientific Name Basal Area Density   Basal Area Density 

  

 m
2
 %

b
 

  

 m
2
 %

b
 

 Fee Acer spp. 5.74    22.5 5.96 

 

4.78    12.1  2.09 

 

Ailanthus altisima 0.11    0.4 0.23 

 

0.31      0.8  0.08 

 

Carya spp. 3.05    12.0 0.62 

 

7.90    20.1  1.74 

 

Celtis occidentalis 2.88    11.3 2.38 

 

2.02      5.1  0.89 

 

Fraxinus spp. 8.35    32.7 1.30 

 

13.92    35.4  3.30 

 

Gleditsia triacanthos 

Robinia pseudoacacia 
0.43     1.7   0.70 

 
0.14      0.4  0.19 

 

Juglans nigra 0.00      0.0   0.00 

 

1.99      5.1  0.58 

 

Juniperus virginiana 0.08      0.3   0.02 

 

0.06      0.2  0.02 

 

Prunus serotina 2.83    11.1   1.38 

 

3.02      7.7  1.43 

 

Quercus spp. 0.00      0.0   0.00 

 

0.65      1.7  0.09 

 

Ulmus spp. 0.00      0.0   0.00 

 

1.79      4.5  1.04 

 

Snag 2.05      8.0   1.25 

 

2.31      5.9  1.23 

 

Unknown
a
 25.30    - 16.75 

 

1.30    -  0.45 

 

Total (All)
c
 50.82    - 30.66 

 

40.65    - 13.53 

Peach Acer spp. 12.20    23.5 11.72 

 

2.77    14.8  1.11 

 

Ailanthus altisima 0.00      0.0   0.00 

 

0.00      0.0  0.00 

 

Carya spp. 4.27      8.2   3.20 

 

2.85    15.2  0.76 

 

Celtis occidentalis 1.01      1.9   0.67 

 

0.25      1.3  0.15 

 

Fraxinus spp. 10.66    20.6   7.13 

 

2.08    11.1  0.70 

 

Gleditsia triacanthos 

Robinia pseudoacacia 
  0.74 1.4 0.76 

 
0.11 0.6 0.04 

 

Juglans nigra 2.41    4.6   1.39 

 

1.38      7.4  0.35 

 

Juniperus virginiana 1.09    2.0   2.11 

 

0.03      0.2  0.02 

 

Prunus serotina 5.41    10.4   4.33 

 

1.70      9.1  0.65 

 

Quercus spp. 6.40    12.3   4.70 

 

5.56    29.7  0.96 

 

Ulmus spp. 1.88    3.6   3.78 

 

0.05      0.3  0.11 

 

Snag 2.81    5.4   3.37 

 

1.66      8.9  0.67 

 

Unknown
a
 3.66    -   4.09 

 

0.02    -  0.02 

  Total (All)
 c
 55.52    - 53.59   18.77    -  6.00 

a
 Unknown = Trees that were not  identified because of limited time before treatment 

b 
% = Basal area of select tree species divided by known total 

c
 Total (All) = Includes tree species that are not listed within table 

 

Table 2.2 Basal area and stem density per sections and sites for all 99 treated edges.  The 

top 13 tree species were listed before and during the first fall in Highland County, Ohio 

(2012 – 2013).  
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the second fall sampling period, an increase in 4%.  Amur honeysuckle was found within 

5 of 16 (31%) feathered edges that were completed in the first year on Peach Orchard.  

Nine (56%) feathered edges had Amur honeysuckle during the second fall sampling 

period, a 24% increase.  Fourteen of 30 (46%) second round feathered edges had Amur 

honeysuckle both sampling periods (Fall1 and Fall2) on Peach Orchard. 

  

  

Shrub Density 

Sampling 

Period 
Site 

Sample 

size (n) 

M.
b
 

rose 
C.I. 

Rubus 

spp. 
C.I. 

A.
c
 

honey 
C.I. 

O.
d
 

woody 
C.I. 

Pre-

treatment
a
   

        

 

Fee 53 0.69 1.26 0.87 1.43 0.65 1.13 2.41 3.15 

 

Peach 16 0.14 0.18 0.25 0.46 0.08 0.18 0.88 1.31 

Fall1 
   

 
      

 

Fee 53 0.37 0.66 1.03 1.70 0.44 0.69 1.88 2.49 

 

Peach 16 0.32 0.56 0.36 0.71 0.04 N/A 2.59 4.87 

 

Peach 30 1.43 3.43 0.59 1.05 0.36 0.92 2.75 4.75 

Fall2 
   

 
      

 

Fee 53 0.61 1.06 1.92 3.01 1.14 1.92 4.17 5.65 

 

Peach 16 0.44 0.82 1.38 2.67 0.23 0.61 1.99 3.14 

  Peach 30 0.47 0.76 0.94 1.84 0.60 1.64 2.68 3.69 
a
 Pre-treatment = Shrub density was not recorded pre-treatment for the 30 Peach Orchard 

feathered edges due to time constraints 
b 

M. rose = Multiflora rose 
c
 A. honey = Amur honeysuckle 

d
 O. Woody = Other-woody 

 

Table 2.3 Density of shrub species before and after treatment in Highland County, Ohio 

(2012 – 2014).   

 

 

 Ground Cover 

  Fall1 through Fall2 

 Principal component analysis (PCA) did not seem to describe meaningful features 

with the seven ground cover types combined.  Therefore I split the seven ground cover 
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types into 2 groups, live cover (3-variable) and non-living cover (4-variable [Table 2.4]).  

Splitting the cover types into two distinct groups with a PCA provided more meaningful 

principal linear combinations based on proportion of variance explained and factor 

loadings (Table 2.4). 

 The first 2 components described meaningful variation in the 3-dimensional live 

cover responses, explaining 79% of the variance.  Component 1 (interpreted as live 

herbaceous) had almost identical negative loadings for grass/sedge and forbs.  

Component 2 (interpreted as live woody) had a very high positive loading for shrubs and 

a very low positive loading for forbs (Table 2.4).  

  
  

Principal Components Analysis 

Time     Component 1. Component 2. 

Fall1 - Fall2 
Variable 

names 

Factor 

Loadings 
Eigenvectors 

Factor 

Loadings 
Eigenvectors 

 

Live cover Grass/sedge -0.708 -0.829 

 

-0.032 

  

Forbs -0.705  -0.825 0.101  0.098 

  

Shrub 

 

 0.064 0.994  0.995 

  

Proportion of 

variance 
46% 33% 

 

Non-living 

cover 
Soil -0.604 -0.682 

 
-0.065 

  

Litter -0.427 -0.481 -0.207 -0.217 

  

Brush -0.183 -0.212 -0.872 -0.904 

  

Other -0.647 -0.732  0.440  0.455 

    
Proportion of 

variance 
32% 27% 

 

Table 2.4 Principal components analysis results for ground cover types for two growing 

seasons in southwest Ohio, 2012 – 2014. 

 

 The first 2 principal components described meaningful variation in the 4-

dimensional non-living cover responses, explaining 59% of the variance.  Principal 

components 3 through 4 were harder to interpret and therefore less meaningful.  

Component 1 (interpreted as open ground) had almost identical negative loadings for soil 
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and other.  Brush and litter also had negative loadings but they were not nearly as low.  

Component 2 (interpreted as woody debris) had negative loadings for brush and litter and 

a positive loading for other.  Once these combinations were interpreted, I proceeded to 

use them in my split-plot experimental design as covariates along with basal area 

reduction and starting basal area.  These were used as predictors for horizontal and 

vertical cover.   

  Winter2 

 Similar to Fall1 through Fall2, PCA did not seem to meaningfully describe 

variation of the seven ground cover types during the second winter.  Therefore I split the 

seven ground cover types into 2 groups, live cover (3-variable) and non-living cover (4-

variable [Table 2.5]).  Splitting the cover types into two distinct groups with a PCA 

provided more meaningful interpretations of combinations based on proportion of 

variance explained and factor loadings (Table 2.5). 

 Only the first 2 principal linear components were needed to describe meaningful 

features of 3-dimensional live cover responses explaining almost 70% of the variance.   

Component 1 (interpreted as live woody) had negative loadings for grass/sedge and forbs 

and a higher positive loading for shrub (Table 2.5).  Component 2 (interpreted as live 

herbaceous) had a very high positive loading for grass/sedge and a negative loading for 

forbs (Table 2.5).  The interpretation of these components changed slightly in their 

explanation from Fall1 through Fall2 analyses.  Component 1 is now a predictor of live 

woody vegetation and not live herbaceous vegetation as in the first PCA.  Component 2 is 

now a predictor of live herbaceous vegetation and not live woody vegetation as in the 

first PCA. 
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Principal Components Analysis 

Time     Component 1. Component 2. 

Pre-treatment - 2
nd

 

winter 

Variable 

names 

Factor 

Loadings 
Eigenvectors 

Factor 

Loadings 
Eigenvectors 

 

Live cover Grass/sedge -0.365 -0.510  0.868  0.935 

  

Forbs -0.612 -0.540 -0.497 -0.069 

  

Shrub  0.702  0.784 

 

 0.019 

  

Proportion 

of variance 
36% 33% 

 

Non-living 

cover 
Soil   0.458  0.705 -0.461 -0.401 

  

Litter -0.596 -0.571  0.218  0.392 

  

Brush -0.571 -0.525 -0.107 -0.023 

  

Other -0.328 -0.332 -0.854 -0.906 

    

Proportion 

of variance 
40% 24% 

 

Table 2.5 Principal components analysis results for ground cover types for pre-treatment 

measurements and after the second winter in southwest Ohio, 2012 – 2014. 

  

 The first 2 principal linear components described meaningful variation in the 4-

dimensional non-living cover responses.  Sixty-four percent of the variance was 

explained with the first 2 linear combinations, later components became harder to explain 

and therefore less meaningful.  Component 1 (interpreted as woody debris) had almost 

identical negative loadings for litter and brush, a low negative loading for other, and a 

positive loading for soil.  Component 2 (interpreted as open ground) had negative 

loadings for soil and other, a low negative loading for brush, and a positive loading for 

litter.  The interpretation of these components changed slightly from the Fall1 through 

Fall2 analyses.  Component 1 is now a predictor of woody debris and not open ground as 

in the first principal components analyses and vice versa for component 2.   

  



33 

 

 

 

 Horizontal cover 

  Pre-treatment through Fall2 

 Aspect and the interaction of aspect with sample time, size class, and type was not 

a significant predictor of horizontal cover change (F3,78 =0.8, P=0.5) so I excluded it from 

the remainder of the models and analyses but retained significant predictors (sample time, 

size, type).  Change in horizontal cover after the first and second growing season was 

positively associated (F2,186=500.2, P<0.001) with basal area reduction (F1,91=60.7, 

P<0.001) although the relationship was somewhat weaker after the second growing 

seasons (Figure 2.5a).  Change in horizontal cover was highest during Fall2 across all 

levels of basal area reduction, whereas Winter1 had less cover than Fall1.  Basal area 

reduction < 50% resulted in no change or a loss in cover during Winter1 (Figure 2.5a), 

but basal area reduction of > 50% resulted in positive horizontal cover change for all 

sampling periods.  Basal area reduction of ~100% resulted in the highest change in 

horizontal cover for all sampling periods and over 50% (Figure 2.5a) increase in 

horizontal cover.  The greatest amount of overall change in horizontal cover occurred at 

low levels of basal area reduction during Fall2 compared to Fall1, when higher levels of 

basal area reduction resulted in the greatest amount of overall change (Figure 2.5a).   

Removing the interaction between basal area reduction and sample period affected the fit 

of the model (F=3.6, P=0.030) so it was retained. 

 Large feathered edges had more change in horizontal cover (F2,91=7.6, P<0.001)  

than medium and small feathered edges and were also positively associated with the 

interaction of the first and second  growing seasons (F4,186=3.0, P<0.001).  Horizontal 
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Figure 2.5 Influence of basal area reduction, sample periods, size, and type on horizontal 

cover measurements for all feathered edges (n=99) experiencing two growing seasons 

and one winter season post-treatment in Highland County, Ohio (2012 – 2014).  Grey 

shading (a) and black whiskers (b - d) indicate 95% confidence intervals.  

 

cover change in large feathered edges increased most between seasons and had a positive 

cover change between sampling periods (Figure 2.5b).  Large feathered edges had more 

cover change compared to medium and small feathered edges during Winter1 and Fall2.  

5a 

5c 5d 

5b 
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The interaction of large feathered edges and woodlots had the strongest relationship 

between horizontal cover change with respect to size (F1,91=4.5, P=0.040 [Figure 2.5c]).  

Woodlots and fencerows had similar horizontal cover change measurements between 

sample periods, including Winter1, where both edge types had less cover change than 

Fall1 and Fall2 (F2,186=2.1, P=0.05 [Figure 2.5d]).     

  Fall2 through Winter2 

 Aspect and the interactions of aspect with sample time, size class, and type was 

not a significant predictor of change in horizontal cover, (F3,51=0.6, P=0.630) so I 

excluded it from the remainder of the models and analyses but retained significant 

predictors (sample time, size, type).  The change in horizontal cover after the 2
nd

 growing 

season was positively associated with sample period (F1,63=433.5, P<0.001 [Figure 

2.6a]).  Fall2 resulted in more change in horizontal cover than Winter2.  Most treated 

edges (n=60) received < 50% basal area reduction and there was no longer a positive 

effect of basal area reduction (Figure 2.6a). 

 Large treated edges no longer had an influence on change of cover (Figure 2.6b) 

as medium and small edges had a moderate change in horizontal cover (F2,61=2.5, 

P=0.09) compared to large feathered edges (Figure 2.6b).  This may be because the 

majority of treated edges (n=64) were either small or medium in size (Figure 2.6b) and 

had lower basal reduction (Figure 2.6a).  All edges lost cover compared to initial 

measurements during Winter2 but medium feathered edges experienced less change (x < 

5% [Figure 2.6b]) in horizontal cover.  Woodlots had a moderate change in horizontal 

cover compared to fencerows during Fall2 (F1,61=3.4, P=0.07 [Figure 2.6c]) but 

fencerows had a small positive cover change during Winter2.  Fencerows also had more 
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Figure 2.6 Influence of basal area reduction, sample periods, and type on horizontal 

cover measurements for feathered edges (n=69) experiencing a second growing season 

and a second winter season post-treatment in Highland County, Ohio (2012 – 2014).  

Grey shading and black whiskers indicate 95% confidence intervals. 

 

variability compared to woodlots when compared to initial measurements.  The 

interaction of sample and type of edge treated had similar horizontal cover change for 

6a 6b 

6c 
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both sample periods but compared to initial measurements resulted in less cover during 

Winter2 (F1,63=9.3, P=0.003 [Figure 2.6c]).  

  Winter2 

 No covariates were significantly associated (F1,61=0.9, P=0.4) with horizontal 

cover change during winter2. 

 Vertical cover 

  Pre-treatment through Fall2 

   Aspect and the interaction of aspect with other variables were not significant 

predictors of vertical cover change (F3,78 =0.7, P=0.540) so I excluded aspect from the 

remainder of the models and analyses retaining only significant predictors (sample time, 

size).  The change in vertical cover after the first and second growing season was 

positively associated (F2,186=62.5, P<0.001) with basal area reduction (F1,91=20.8, 

P<0.001) although the relationship was weaker during the first and second growing 

seasons (Figure 2.7a).  Basal area reduction < 37% resulted in no change or a loss in 

vertical cover during Winter1 (Figure 2.7a), but basal area reduction of > 37% resulted in 

positive cover change measurements for all sampling periods.  Basal area reduction of 

~100% resulted in the highest change in vertical cover for all sampling periods and over 

15° increase in vertical cover from initial measurements (Figure 2.7a).  Fall2 had higher 

changes in vertical cover measurements for all levels of basal area reduction, whereas 

Winter1 had less cover than Fall1.  Edges with lower levels of basal reduction had more 

change in vertical cover during Fall2 compared to Fall1 measurements.  Even though 

they had higher levels, they did not reach overall vertical cover changes compared with 

higher levels of basal reduction (Figure 2.7a).  Removing the interaction between basal 
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Figure 2.7 Influence of basal area reduction, sample periods, and size on vertical cover 

measurements for all feathered edges (n=99) experiencing two growing seasons and one 

winter season post-treatment in Highland County, Ohio (2012 – 2014).  Grey shading and 

black whiskers indicate 95% confidence intervals. 

 

area reduction and sample period did not affect the fit of the model (F=0.5, P=0.6).   

 Large feathered edges had more change in vertical cover (F2,91=3.8, P=0.026)  

than medium and small feathered edges (Figure 2.7b).  They also had a moderate change 

in cover during both growing seasons (F4,186=2.2, P=0.067 [Figure 2.7b]).  Change in 

vertical cover in large feathered edges increased most during Fall1, whereas small 

feathered edges increased most during Fall2 (Figure 2.7b).  Large and medium feathered 

edges had a positive cover change between all sampling periods (Figure 2.7b).  

  Fall2 through Winter2 

 Aspect, type, and their interactions were not significant predictors of vertical 

cover change (F3,51<0.2, P>0.84) so I excluded these variables from the remainder of the 

models and analyses but retained significant predictors (sample time, size).  Most treated 

edges (n=60) received < 50% basal area reduction (Figure 2.8a) so change in vertical 

7a 7b 
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cover after the 2
nd

 growing season became positively associated with sample period 

(F1,67=74.1, P<0.001 [Figure 2.8a]).  Large feathered edges no longer had an influence on 

change in cover (Figure 2.8b). Medium and small feathered edges had more change in 

vertical cover during the Fall2 sample period, (F2,63=4.0, P=0.023) and also had less 

vertical cover change when compared to Winter2 (Figure 2.8b).  All edges lost cover 

compared to initial measurements but medium feathered edges experienced roughly little 

change in vertical cover (mean < 3° [Figure 2.8b]). 

 

 

 

 

 

 

 

 

 

 

Figure 2.8 Influence of basal area reduction, sample periods, and size on vertical cover 

measurements for feathered edges (n=69) experiencing a second growing season and a 

second winter season post-treatment in Highland County, Ohio (2012 – 2014).  Grey 

shading and black whiskers indicate 95% confidence intervals. 

 

 Vegetation Response 

  Fall1 through Fall2 

 The response of vegetation after the first and second growing seasons was 

positively associated with basal area reduction (F1,91>3.2, P<0.08 [Figures 2.9a – 2.9c]), 

8b 8a 
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horizontal cover (F1,91=69.5, P<0.001), and vertical cover (F1,91=9.9, P=0.002).  The only 

negative relationship with basal area reduction was with bare ground (Figure 2.9d).  The 

largest response from vegetation between sample periods occurred in edges that received 

~100% basal area reduction.  Edges with ~100% basal area reduction had higher response 

from vegetation during Fall2 compared to Fall1.  Edges with lower basal area reduction 

had higher response from vegetation after Fall2 compared to Fall1, but did not reach 

response levels of higher basal area reductions. 

 PCA axis 1, a predictor of live herbaceous plants (i.e., grass/sedges, or forbs) had 

more response at higher levels of basal area reduction (Figure 2.9a) and had more 

horizontal (F1,91=9.6, P=0.002) cover.  High levels of basal area reduction along with a 

second growing season displayed the same relationship with horizontal (F1,91=49.1, 

P<0.001) and vertical  (F1,91=13.1, P<0.001) cover.  PCA axis 2, a predictor of live 

woody vegetation (i.e., shrubs and saplings) had more response at higher levels of basal 

area reduction (Figure 2.9b) and had more vertical (F1,91=19.8, P<0.001) cover.  High 

levels of basal area reduction along with a second growing season displayed the same 

relationship with horizontal (F1,91=15.0, P<0.001) and vertical (F1,91=5.4, P=0.02) cover.  

Higher levels of basal area reduction appear to positively influence response from 

vegetation. 

 Non-living cover axis 1, a predictor of open ground, had higher loadings of open 

ground at low levels of basal area reduction (Figure 2.9c), and had less horizontal 

(F1,91=12.1, P<0.001) cover.  At higher levels of basal area reduction, non-living cover 

axis 1 had lower loadings of open ground during the second fall with more vertical 

(F1,91=6.8, P=0.01) cover.  Non-living cover axis 2, a predictor of woody debris, had 
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Figure 2.9 Influence of basal area reduction on vegetation response and cover 

measurements with PCA scores for all feathered edges (n=99) experiencing two growing 

seasons post-treatment in Highland County, Ohio (2012 – 2014).  Grey shading indicates 

95% confidence intervals. 

 

negative loadings of woody debris at low levels of basal area reduction, and higher 

loadings at higher levels of basal area reduction (Figure 2.9d).  Non-living cover axis 2 

had more horizontal (F1,91=10.0, P=0.002) cover and vertical (F1,91=9.9, P=0.002) cover 

at higher levels of basal area reduction.  Edges with little to no basal area reduction had 

negative loadings indicating low levels of woody debris, and edges with high basal area 

reduction had positive loadings, indicating high levels of ground cover or woody debris. 

9d 9c 

9b 
9a 
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  Winter2 

 Non-living cover axis 1, a predictor of woody debris, had negative loadings of 

woody debris at low levels of basal area reduction, and higher loadings at higher levels of 

basal area reduction (Figure 2.10a).  Non-living cover axis 1 had more vertical cover 

(F1,61=13.0, P<0.001 [Figure 2.10a]) at higher basal area reduction levels.  Non-living 

cover axis 2, a predictor of open ground, had positive loadings indicating open ground at 

low levels of basal reduction, and negative loadings at higher levels of basal area 

reduction (Figure 2.10b) with less vertical cover (F1,61=4.6, P=0.036) at low levels of 

basal area reduction. 

 

 

 

 

 

 

 

 

Figure 2.10 Influence of basal area reduction on vegetation response and vertical cover 

measurements with PCA scores for feathered edges (n=69) experiencing a second winter 

season post-treatment in Highland County, Ohio (2012 – 2014).  Grey shading indicates 

95% confidence intervals. 
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DISCUSSION 

 Horizontal and Vertical Cover 

  Pre-treatment through Fall2 

 The amount of basal area removed from initial measurements within treated edges 

was the most significant predictor for cover change measurements, and the same 

relationships were present for both horizontal and vertical cover.  Vegetation within 

treated edges seemed to respond to the increase in sunlight along with nutrients provided 

by removing overstory trees.  Higher levels of basal area reduction also increased the 

amount of woody debris on the ground, which provides immediate cover.  Basal area 

reduction was positively associated with live herbaceous vegetation (Figure 2.9a), live 

woody vegetation (Figure 2.9b), and woody debris (Figure 2.9d).  Basal area reduction 

was negatively associated with open ground (Figure 2.9c) during the second fall.  This 

indicates the importance of disturbance and the impact these disturbances have on the 

vegetation within these treated edges. 

 High positive loadings of open ground indicated a lack of vegetation emerging 

from the ground, and also a lack of woody debris or litter, allowing for the observations 

of other things (i.e., trash, rocks, scat), but also indicated that there was nothing there to 

provide obstruction, resulting in lower cover measurements (Figure 2.9c).  Principal 

component scores around 0 were observed at complete basal area removal, indicating a 

relationship between basal area reduction, brush, sunlight, vegetation response, and 

therefore the lack of open ground. 

 Fall2 sampling period had more cover than the other sampling periods and 

showed a clear separation from Fall1 which indicates the vegetation is still responding 
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from the treatment preformed within edges (Figure 2.5a, 2.7a) two years after harvest.  

Large treatment areas had more cover than smaller treatments which might be because 

the larger disturbance allows for more sunlight to penetrate the ground, increasing 

vegetation response.  These larger areas may also be less susceptible to other adjacent 

vegetation or vegetation left within treated edges.  Large areas may also have the 

potential to provide more structure depending on if there is more vegetation associated 

with the larger treatment area.  Fencerows and other linear features are exposed to more 

sunlight which allows for more response by vegetation and increase cover. 

  Fall2 through Winter2 

 Treatment by contractor 1 was similar to what a private property owner might due 

if they were removing firewood or selectively removing trees.  This treatment period 

resulted in little reduction of basal area.  Actively managing woodlots or linear features 

by ways listed above may not result in high disturbances that cause large and immediate 

changes in cover.  Because of this less intense reduction, the positive association of more 

basal area reduction and more change in cover is not as obvious (Figure 2.6a, 2.8a).  

Also, these edges resulted in less cover than before treatment.  Finally, the trend between 

fencerows and woodlots or other linear features provide similar habitat regardless of 

treatment intensity remains similar (Figure 2.7c).  

 Another possible reason why lower basal area reductions did not produce a net 

increase in cover after Winter2, is that leaf emergence was extremely early in spring 

2012.  Most herbaceous vegetation, shrubs, and saplings were partially leafed out when 

these edges were sampled for initial measurements in spring 2012.  This affected initial 



45 

 

 

 

measurements, and caused these edges to have more cover than what would typically 

occur in an average year. 

 Even with the majority of treated edges receiving lower levels of treatment, the 

relationship between higher basal area reduction and woody debris was still evident.  

Basal area reduction was positively associated with woody debris (Figure 2.10a) and 

negatively associated with open ground (Figure 2.10b).  Even though these edges 

received less basal area reduction, vegetation was still responding in certain areas causing 

this negative relationship with open ground.  As explained above, another possible reason 

for vegetation response not as apparent at lower levels of basal area reduction may be the 

result of the early spring of 2012, which could slightly affect my results.  

 Fee had more Amur honeysuckle than Peach Orchard.  Most woodlots on Fee 

were dominated by Amur honeysuckle.  Woodlots on Fee were patchily distributed in an 

intensively farmed landscape, whereas Peach Orchard was situated more along the 

transitional line between woodlots and agriculture, and the woodlots were more 

continuous.  There was a slight increase in overall abundance (4%) of Amur honeysuckle 

on Fee and a moderate increase of overall abundance on Peach Orchard (24%) after edge-

feathering.  The increase in Amur honeysuckle was most pronounced in edges treated by 

Contractor 1.  Amur honeysuckle did not increase on Peach Orchard in edges treated in 

2013 (14 of 30 [46%] sections with Amur honeysuckle in both sampling periods) which 

were treated by a different contractor.  Contractor 1 was required to cut and treat Amur 

honeysuckle within treated edges, but the prescription was not followed based on 

observation of regenerating cut-stumps.  Feathered edges treated in 2013 show an overall 

increase in Amur honeysuckle density, but this occurred because one feathered edge had 
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a density 13 times larger than the next highest density, increasing the overall density.  

Proper treatment of Amur honeysuckle does not lead to increased density, which is why 

proper techniques should be followed to maintain woodlots shrubs and invasive species.    

 Maple and hickory regeneration seemed to be more common on the Fee site, 

which could have been because of the lower reduction in basal area, resulting in more 

shade.  Sassafras and Japanese honeysuckle (Lonicera japonica) were more common on 

Peach Orchard and may be because of the higher reduction of basal area, resulting in 

more sunlight.  Poison ivy was common across both sites and was very abundant within 

feathered edges.   

 I demonstrated that vegetation composition changed on all aspects, as long as 

basal area was reduced adequately to allow sufficient sunlight to reach the ground.  Ohio 

bobwhites are at the northern portion of their range and due to lack of early successional 

habitat, their population and survival have been greatly impacted and reduced.  Efforts to 

create bobwhite habitat should focus less on aspect and type, and more on size of the 

treatment edge and removing enough trees to allow sunlight to reach the understory to 

improve habitat quality of woodlot edges for bobwhites.  Light and heavy treatment 

intensities both resulted in positive cover change during the growing seasons, but light 

treatments did not result in net gains of protective cover during Winter2.  Landowners or 

managers wishing to create immediate habitat for bobwhites should consider reducing the 

initial basal area of the edges by around 50% to improve protective cover during the first 

winter.  Landowners and managers that do not want to reduce the basal area of edges by 

that amount or wish to provide a slower transition can reduce initial basal area by < 50% 

which will still provide cover during certain times of the year.   
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 Since bobwhites feed on seeds, invertebrates, and leafy material, and seek 

protective cover, they require habitat that meets these needs.  Such structure and cover 

are found in early successional habitat at edges of ecotones, old fields, and feathered 

edges (White et al. 2005).  If natural grasslands and shrublands were still widely 

available, then early successional species would not be so dependent on old fields, 

powerlines, clearcuts, or feathered edges.  All of these types of habitat should be 

available in a region to sustain bobwhites and a full range of other native species.  This 

may be the first step in converting an underutilized and undermanaged habitat into a 

valued resource that people are willing to create, protect, and sustain (Askins 2001). 

 Current ownership patterns of land in Ohio reveal 86.5% is privately owned 

outside of city limits.  These areas will likely continue to remain under private ownership 

and potentially change in cover type.  This trend will likely limit opportunities to provide 

early successional habitats across Ohio, except on industrial and public forests (Litvaitis 

1993), and areas considered focus areas, with high participation by private landowners. 

This leaves private landowners as the vital component to sustaining and providing for 

bobwhites in the future on these landscapes. 

 Timber stand improvement (TSI) techniques were not practiced on my sites.  

Different forms of TSI include crop tree release where select trees are left and others are 

removed to benefit selected trees, or invasive species removal which targets invasive 

species.  Both practices can result in possible revenue for landowners and can also result 

in bobwhite habitat.  Most landowners did not take advantage of the woodlot resources 

they have and before they can in future management, landowners would have to consider 

other key factors.  In order for TSI to be profitable, landowners have to consider the value 
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of their timber, woodlot size, and location of the nearest timber mill.  Finding new ways 

other than TSI to increase woodlot based revenue on farms, or providing landowners with 

additional ideas of how they can utilize woodlots (i.e., cutting, selling, and burning wood 

for heat) could also result in forest composition change and increase early successional 

vegetation.  
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CHAPTER 3: Seasonal Movements and Use of Feathered Edge Habitat by Northern 

Bobwhites (Colinus virginianus) in Southwest Ohio 

ABSTRACT 

 

 Land use changes have reduced the quantity and quality of habitat which affect 

northern bobwhites (Colinus virginianus) resulting in widespread population declines.  

Research has been conducted since 2009 on 4 privately owned study sites in 

southwestern Ohio.  Prior results indicated bobwhites used early successional habitats 

(i.e., fencerows, old fields) in higher proportions than available on the study sites and 

survival was positively influenced by availability of protective cover in early 

successional wooded habitats.  This suggests that focus should be directed to increase 

usable space provided by distributing key cover types across landscapes capable of 

supporting bobwhite populations.  Unused woodlot edges were treated by felling trees 

(i.e., edge-feathering), which promoted the development of a gradient of early 

successional vegetation (i.e., grasses, forbs, shrubs, etc.) that provides protective cover 

near food sources during the non-breeding season.  Ninety-nine areas received edge-

feathering treatment on 2 study sites in Highland County, Ohio during 2012 and 2013.  I 

used radio-telemetry to determine bobwhite use of treated areas, measured vegetation 

composition and structure at radio-marked bobwhite use points, and estimated home-

ranges using the local convex hull method.  Locations from 24 unique coveys across 4 

sites during the 2013 – 14 non-breeding season were used to compare vegetation 
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structure and composition between feathered edges and covey use sites.  Seven coveys 

were used to estimate home-ranges and to analyze use of feathered edges in relation to 

their placement within study sites.  Mean home-range size was 4.6 ha and 5 total 

feathered edges fell within 95% local convex hull home-range isopleths.  Original 

placements of feathered edges were informed by previous research.  Woodlots, mature 

fencerows, ditches, and other uncultivated areas were considered for treatment if they had 

previously experienced little to no use by bobwhite coveys.  Edge-feathering successfully 

converted edges that were not previously used by bobwhites, into habitat that was used 

by radio-marked coveys during the non-breeding season.  Future management of these 

areas by edge-feathering should be considered by managers, because they produce habitat 

similar to what bobwhites use.  Other cover types such as early successional herbaceous 

(nesting/brood rearing), and row crop (food) need to be considered and close to treated 

edges to maximize use and benefit bobwhites.   

INTRODUCTION 

 The historic range of Northern Bobwhites (Colinus virginianus; hereafter 

bobwhite) spanned Guatemala to Michigan and Colorado to Virginia (Johnsgard 1973: 

413).  Flora, fauna, and climate vary widely among areas within the bobwhites 

geographic region.  Habitat features such as woody cover, seed-producing plants, with 

sparse ground cover are common elements of bobwhite habitat throughout the species 

range.  Bobwhites are highly adaptable in how they meet their needs in diverse 

landscapes (Kopp et al. 1998).  

 Changing land-use practices and suppression of natural disturbance have greatly 

altered the landscape throughout the bobwhite’s range (Farris et al. 1977, Roseberry 
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1993, Peterjohn 2003, Fies et al. 2002, Askins 2001).  Contemporary land use and habitat 

changes create fragmented and isolated patches of habitat that reduce the viability of 

local populations (Noss et al. 1995, Litvaitis 1993).  Therefore, range-wide declines in 

bobwhite abundance, as revealed by the Breeding Bird survey (Sauer et al. 2014), are 

ultimately caused by cumulative local extinctions that result from loss of suitable habitat 

patches that become increasingly isolated habitat (Lohr et al. 2011). 

  The quality of early successional wildlife habitat depends on the composition and 

structure of plant communities (Harper 2007).  Fields dominated primarily by a few 

native grasses, may provide quality habitat for some wildlife species, such as eastern 

meadowlarks (Sturnella magna) and Henslow’s sparrows (Ammodramus henslowii) 

(Giocomo 2005), and more diverse vegetation communities provide optimum habitat 

conditions for many other wildlife species (Burger et al. 1990, Millenbah et al. 1996).  

Some species become more abundant as regenerating forests age and provide sufficient 

food and cover, but their abundance ultimately declines as forests mature (Riddle et al. 

2008).  Many organisms face the problem that many landscapes lack favorable 

combinations of essential patches (Orians and Wittenberger 1991).  A suitable landscape 

must contain a mixture of habitat patches that provide essential resources for survival and 

reproduction (Mysterud and Ims 1998). 

 The ‘edge’ ecotone, or transition where different plant communities blend 

together is known to be an important habitat component for bobwhites (Stoddard 1931, 

Rosene 1984).  Edges can take several forms.  Edges can be a hard and distinct boundary 

(inherent edge) between habitat types, such as envisioned by Leopold (1933) or a true 

ecological transition zone (induced edge) where two successional stages blend together 
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such as described by Smith and Smith (2009).  However, little information is available on 

the preference of bobwhites for different edge types or what constitutes an acceptable 

edge type and the scale of edge use (field vs. landscape).   

 Roseberry and Sudkamp (1998) reported that bobwhites in Illinois were 

associated with patchy landscapes that contained intermediate proportions of row crops, 

grassland, and abundant woody edge, but we do not know the scale of patch use in their 

study (Flock et al. 2012).   Bobwhites appear to prefer habitat patches that provide 

protective or escape cover from predators, and accessibility to food during breeding and 

non-breeding seasons (Roseberry and Klimstra 1984, Rosene 1984, Flock et al. 2012). 

 Edge-feathering is a relatively new practice that converts inherent edges to 

induced edges, where the vegetation slowly succeeds from young new growth containing 

grasses, forbs, shrubs, into saplings and eventually trees.  Feathered edges provide early 

successional habitat by removing overstory trees and allowing sunlight to reach the 

understory to stimulate new growth of grasses, sedges, forbs, and shrubs.  Trees can be 

felled either into adjacent fields or back into or along the edge of wooded corridors such 

as fencerows or other linear wooded features.  Areas were selected for edge-feathering 

based on previous work that showed little or no use of woodlots by bobwhites, and others 

have showed the same non-use of woods based off  tracking and flushing records 

(Murphy and Baskett 1952).  Previous research also showed bobwhites used and 

preferred early successional habitat, and by creating early successional habitat along 

these previously unused woodlots, we were increasing preferred habitat for use.   

 The goal of my study was to evaluate the effects of creating habitat in areas that 

had previously received little to no use and apparently lacked suitable habitat.  This 
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allowed me to assess the utility of edge-feathering, the ideal placement and configuration 

to benefit quail, such that future bobwhite management utilizing this approach in this 

region and in other areas can be successful.  Specifically, my objectives were to: 1) 

compare vegetation composition and structure at locations used by radio-marked coveys 

to feathered edges; 2) determine home-ranges and movements of coveys relative to 

feathered edges on treated sites; and 3) document use of feathered edges by bobwhites.   

STUDY AREA 

 This study was conducted on four sites in southwestern Ohio in Highland and 

Brown Counties (Figure 3.1).  Three sites were located in Highland County and the 

fourth was located in the northeast corner of Brown County.  Two sites (Fee and Peach 

Orchard) were the most northern located sites and were where wooded edges were 

treated.  Two reference sites (Wildcat and Thurner) were located 5.7 – 15.6 km south of 

the Peach Orchard study site.  The mean temperature for breeding (April – September) 

and non-breeding (October – March) seasons during my research was 20.4°C and 3.7°C 

with mean precipitation of 10.2 cm and 8.5 cm (NCDC 2015).  The study area was within 

the core range of bobwhites in Ohio (Spinola and Gates 2008, Peterjohn and Rice 1991).     

 Average habitat composition for all study sites was primarily row crop agriculture 

planted in corn and soybeans and covered 53%.  Forests covered 16% of the study sites 

followed by early successional herbaceous vegetation at 13%.  Pasture/Hay covered 8% 

of the study sites followed by non-habitat (6%), early successional woody (5%), and 

feathered edges (0.1%; Table 3.1).  Woody ditches and woody fencerows included 

similar habitat comprised of trees and small saplings of black cherry (Prunus serotina), 

box elder (Acer negundo), hackberry (Celtis occidentalis), honey locust (Gleditsia 
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triacanthos), shrubs consisting of amur honeysuckle (Lonicera maackii), and poison ivy 

(Toxicodendron radicans) along with herbaceous vegetation such  as ragweed (Ambrosia 

trifida).  Herbaceous ditches and herbaceous fencerows were similar, consisting of low 

 

Figure 3.1 Location of 4 study sites where northern bobwhite research was conducted 

during the breeding and non-breeding season in Highland and Brown Counties, Ohio, 

USA during 2012 – 2014. 

 

herbaceous vegetation dominated mostly by fescue (Festuca spp.), foxtail (Alopecurus 

spp.), and marestail (Conyza canadensis).  Woodlot edges-woody were characterized by 

oak (Quercus spp.), hickory (Carya spp.), ash (Fraxinus spp.), and black walnut (Juglans 

nigra).  The understory composition of these woodlots included saplings such as sugar 

maple (Acer saccharum) and hackberry and shrubs such as, multiflora rose (Rosa 

multiflora), and Rubus spp.  Early successional fields were categorized as old fields or 

odd areas that were not characterized by any of the other habitat types.  They were 
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dominated by broom sedge (Andropogon virginicus), queen anne’s lace (Daucus carota), 

fescue, goldenrod (Solidago spp.), blackberry (Rubus allegheniensis), black raspberry (R. 

occidentalis), multiflora rose, autumn olive (Elaeagnus umbellata), and red cedar 

(Juniperus virginiana). 

  

 

Cover type (%) 

Site 
Year 

Row 

crop 
Forest 

ES
a
 

Herbaceous 

ES
a
 

Woody 

Feathered 

edge 

Pasture/ 

Hay 

Non-

habitat 

Fee 2012-13 70.5 9.2  8.3 3.6 0.1  2.5 5.8 

 
2013-14 70.7 8.9  7.7 3.4 0.1  3.2 6.0 

Peach 2012-13 37.2 28.3 20.0 4.9 0.1  4.6 4.6 

 
2013-14 36.9 28.0 20.6 4.8 0.4  4.6 4.6 

Wildcat 2012-13 49.7 10.4 11.1 3.8 0.0 20.8 4.1 

 
2013-14 49.6 10.4 11.2 3.7 0.0 21.0 4.2 

Thurner 2012-13 53.9 16.0 11.3 6.7 0.0  4.5 7.6 

 
2013-14 54.4 16.4 10.2 6.7 0.0  4.7 7.6 

a
 ES = Early Successional 

 

Table 3.1 Cover types available to northern bobwhites on four study sites in southwest 

Ohio, 2012 – 2014. 

 

 Covey densities have fluctuated on Fee and Peach Orchard sites since 2009.  

Covey densities on Fee declined from a high of 7 (Janke 2011, Wiley 2012) in 2009 to 3 

in 2014.  Peach Orchard had an increase in overall coveys with a high of 4 (personal 

observation) in 2013 from 1 in 2010 (Janke 2011, Wiley 2012).  Abundance of birds 

overall was  highest on sites that had even proportions of nesting, brood rearing, food, 

and winter cover all within close proximity (personal observation).  Males were observed 

whistling during the breeding season across both sites, but observations tended to be 

more frequent when adequate early successional herbaceous cover types were present.  

Nesting was observed on both sites and summer habitat use was centered around early 

successional herbaceous fields (i.e., Cp-1, Cp-2) and agriculture fields (i.e., corn, 
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soybeans).  Coveys tended to be clumped and in close proximity to one another in years 

and across years when these cover types were only found in certain areas of the study 

sites (personal observation).  Marked bobwhites did not travel far when selecting non-

breeding home-ranges and home-range selection seemed to contain all cover types listed 

above.  Coveys tended to switch their seasonal use during winter from areas with 

herbaceous vegetation to areas containing more woody cover (i.e., woody fencerows, 

woody ditches, and old fields).  

 Woodlots, mature fencerows, ditches, and other uncultivated areas were 

considered for treatment if they had previously experienced little to no use by bobwhite 

coveys.  These areas were surveyed by private land biologists from Pheasants Forever 

and Ohio Division of Wildlife to avoid areas such as waterways within wooded areas, 

woodlots with valued timber, requested areas by landowners, or other potential factors 

that might affect or limit treatment.  If these areas were clear of potential factors which 

would limit treatment, areas were selected for edge-feathering.  Feathered edges were 

placed adjacent to row crop (n=67) and herbaceous (n=32) vegetation, (Conservation 

Reserve Program; Cp-1, Cp-2) on the Fee (n=53) and Peach Orchard (n=46) sites.   

 Wooded edges were treated during April – May 2012 (n=69), and February – 

March 2013 (n=30).  This allowed for edges on Peach Orchard to be in two different 

years of succession and treatment intensity.  The first round occurred on Fee (n=53) and 

Peach Orchard (n=16) study sites and started on the 13 April, 2012 and were completed 

on the 9 May, 2012.  The second round only occurred on the Peach Orchard (n=30) study 

site and started on 1 March, 2013 and were completed on 21 March, 2013.  Feathered 
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edge sections varied in length from 15 m to 91 m with the majority (n=76) equaling 30 m 

(Table 3.2) in length.   

 

Edge characteristics 

Site 
Feathered edge 

length (m) 

Size 

category 

Feathered 

edges 

Feathered 

edge type 

Row crop 

edge 

Herbaceous 

edge 

Fee 15 Small   7 Woodlot   7   0 

 30 Medium 41 Woodlot 41   0 

 
61 Large   1 Woodlot   1   0 

 
91 Large   4 Linear woody   3   1 

Peach - Small   0 -    0   0 

 
30 Medium 27 Woodlot   5 22 

 
30 Medium   8 Linear woody   1   7 

 
91 Large 10 Woodlot   8   2 

  91 Large   1 Linear woody   1   0 

Total - - 99 - 67 32 

 

Table 3.2 Number of feathered edge sections by site, length, and adjacent cover type in 

Highland County, Ohio (2012 – 2014) available for bobwhite coveys.   

 

METHODS 

 Capture and Handling— I used covey call surveys, systematic searches with 

pointing dogs, and snow tracking to locate coveys during October – March 2012 – 2014.  

I captured bobwhites on all sites using baited funnel traps (Stoddard 1931: 442-445) and 

targeted mist netting (Wiley et al. 2013).  Burlap was used to protect birds in funnel traps 

(Lehman 1946) and for concealment from predators.  I leg banded all captured bobwhites 

and radio-marked a subset of individuals weighing > 165 g with a necklace-style radio- 

transmitter (≤ 4.3% of body weight, 6 hour mortality sensor; Advanced Telemetry 

Systems, Isanti, MN).  Bobwhites were released at capture sites immediately after 

marking.  A total of 206 birds were captured and 177 were fitted with radio-collars.   
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 Movement and Home-range— Trapping, handling, and marking protocols were 

reviewed and approved by the Animal Care and Use Committee at The Ohio State 

University (protocol number 2007A0228).  Bobwhites were located > 4 days/week 

throughout each year using homing from short distances (White and Garrott 1990).  

Efforts were made to maintain > 1 radio-marked bird per covey and to regularly flush 

coveys to determine covey sizes.  I defined a covey as a group of > 2 birds located 

together consecutively > 7 times after 1 October.  Cover type occupied by radio-marked 

bobwhites was recorded at time of location.  Janke (2011) reported that investigators 

correctly identified cover types 93.8% of the time in tracking trials conducted during the 

non-breeding season.   

 Habitat composition and structure were measured at known covey locations for a 

total of 626 covey use points.  I used radio-locations and covey points that had similar 

vegetation to those of feathered edges.  For example, covey locations found within crop 

fields or other habitat types not similar to feathered edges were removed.  I used locations 

from 24 coveys (n=484) during 4 November 2013 - 31 March 2014.  Radio-marked 

bobwhites fitted with radio-transmitters (n=11) from the previous year made up 11 

unique coveys during the second year.  Vegetation measurements from known covey 

locations were used to compare habitat composition and structure to treated edges.  

 I used radio-locations from a total of 7 of 13 known coveys, 3 coveys (n = 280) 

during the 2012 - 2013 non-breeding season and 4 coveys (n = 183) during the 2013 – 

2014 non-breeding season on Fee and Peach Orchard (Table 3.3).  Only 7 coveys met the 

minimum qualifications for building home-ranges.  Coveys were pooled by site due to the 

small number of coveys used for this analysis during the individual years.  I imported 
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bobwhite covey locations into ArcGIS and covey locations only included observations 

where I tracked all radio-marked members to the same location.  I excluded from home-

range and covey movement calculations observations where all radio-marked members of 

the covey were not together.  I constructed 95% Fixed k Local Convex Hull (LoCoH; 

Getz and Wilmers 2004) utilization distributions from relocation data to estimate the 

home-ranges of radio-marked bobwhites.  The LoCoH method is known to outperform 

kernel estimations in fragmented landscapes and areas with narrow habitat (Getz et al. 

2007) corridors such as those on my study sites (i.e., fencerows, ditches, feathered 

edges).  The convex hull for each point is constructed from the (k-1, where k is the 

nearest neighbor convex hull) nearest neighbors to that point.  Hulls are merged together 

from smallest to largest based on the area of the hull (Calenge 2011).   

  

Coveys 

Site Year Name 
Number of Radio-

Locations 

Home-Range 

Size (ha) 

Fee 2012-13 No coveys on Fee site 

 

2013-14 Kin  77      4.5 

  

Tree  22      1.2 

     Peach 2012-13 Church 122      2.6 

  

Don   82      5.1 

  

John   76      2.0 

 

2013-14 Day   25      8.1 

  

West   59      8.7 

Total - 7 463        

 

Table 3.3 Individual covey radio-locations by site used to develop Fixed k LoCoH home-

ranges for bobwhites on two study sites in southwest Ohio, 2012 – 2014. 

 

 Vegetation Sampling— Vegetation composition and structural characteristics 

were measured at all (n=99) feathered edges to evaluate vegetation measurements and 
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compare their suitability for bobwhites during the non-breeding season.  Vegetation of 

feathered edges was measured before treatment, during the end of the first and second 

growing seasons, and at the end of the first and second winters after treatment.  

Vegetation was also measured at radio-marked bobwhite covey locations.  I compared 

vegetation structure and composition between treated edges in fall and winter with sites 

used by radio-marked coveys.  Treatments were performed by two different contractors 

with two different prescriptions.  Contractor 1 treated edges by cutting smaller diameter 

trees, leaving larger diameter trees in edge and treated herbaceous vegetation within 

edges with Glyphosate. Contractor 2 treated edges by cutting all trees and treated cut-

stumps with Triclopyr to prevent stump re-sprouting.  

 Measurements included shrub density (Cottam and Curtis 1956), horizontal visual 

obstruction (Nudds 1977), overhead cover (Kopp et al. 1998), and ground cover 

(Daubenmire 1959).  One to 2 sampling points were located in each edge section with 

four transects extending in 4 directions at 90° intervals, delineating 4 quadrants (Figure 

3.2).  Transect 1 was always perpendicular to the treated edge, and transects 2 - 4 

followed clock-wise (Figure 3.3b).  Sampled covey use locations followed a similar 

protocol for vegetation measurements and the quadrants were always established the 

same way (Figure 3.3a).  Vegetation at feathered edges was recorded in the fall 

(September - October) and winter (March) to measure initial measurements before the 

start of the non-breeding season and then at the end of winter 2013 - 14.  Fall sampling of 

feathered edges was concluded before leaf descent to represent optimal cover, and winter 

sampling was concluded before leaf emergence to reflect the poorest cover during the 



66 

 

 

 

most limiting period.  Covey use points were measured continually through November to 

March to analyze change in cover conditions during the non-breeding season. 

 

Figure 3.2 Plot design used to measure vegetation composition and structure of feathered 

edges before and after treatment in Highland County, Ohio (2012 – 2014). 

 

 

Figure 3.3 Vegetation sampling designs used to measure vegetation composition and 

structure at all feathered edge locations, and known covey use locations in Highland and 

Brown Counties, Ohio (2012 – 2014).  

 

 Daubenmire frames (0.2 m X 0.5 m) were used to measure ground cover at plot-

center and covey-center in 4 directions (2 m from center) at a height of <1 m for a total of 

5 measurements (Daubenmire 1959).  Daubenmire (1959) recommended using 0.1 m
2
 

3a 3b 



67 

 

 

 

quadrant for shrubs and herbaceous vegetation because cover is more easily estimated in 

small quadrants.  Cover types included bare ground, litter, grass/sedges, forbs, shrubs, 

brush, and other.  Litter included any dead herbaceous material no longer attached to a 

plant, while brush was defined as non-standing dead woody material.  The percent of 

each cover type was recorded in one of seven intervals; (0%), >0-5%, >5-25%, >25-50%, 

>50-75%, >75-95%, and >95% (Schmutz et al. 1989) to calculate total ground cover.  

Cover types could sum to > 100% to quantify amounts of each cover type separately 

within the Daubenmire frame accounting for overlapping layers.  

 I used a modified Nudds (1977) vegetation profile board to assess horizontal 

visual obstruction (horizontal cover) of vegetation in 7, 0.15 m vertical segments (0.15 m 

x 1.05 m) above ground (see Chapter 2).  Horizontal cover quantifies hiding, escape, and 

thermal cover (Higgins et al. 2005).  Photos of each feathered edge at each sampling 

period in combination with profile board readings were used to visually document  

changes in vegetation structure (Marlow and Clary 1996, Dudley et al. 1998) before and 

after treatment. 

 Vertical cover was measured at each plot-center and covey-center in all four 

directions to estimate the volume of unobstructed space using angle to obstruction < 2 m 

away from a bobwhite on the ground (Kopp et al. 1998).  Four additional vertical cover 

measurements were included at covey points 7 m from covey-center at profile board 

locations to account for Jankes (2011) 12.9 m GPS and telemetry error.  I used a 2 m pole 

with an angle gauge affixed and tilted the pole in the four cardinal directions until it 

contacted any physical obstruction (i.e., vegetation, barbed wire, trees, etc…) above 0.15 
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m on the pole (height of a bobwhite).  The angle of tilt was recorded from 0° (upright) to 

90° (prostrate; see Chapter 2). 

 Data Analysis— I used lm function in Program R (Version 3.1.2; R Development 

Core Team 2014) for regression and one-way analysis of variance (aov) that related cover 

at covey use sites to date, contractor treated edges to sampling period, and the 

comparison of treatment edges to covey habitat types through time.  I used a simple plot 

command and scatterplot in Program R through time (November – March) to examine the 

temporal trend in horizontal cover measurements at known covey locations.  I used all 

feathered edges and a simple plot command with scatterplot in Program R to compare 

2012 and 2013 treatments, regardless of the unequal growing seasons each treatment 

experienced; and compared horizontal and vertical cover measurements for known covey 

locations, fall sampled edges, and winter sampled edges. 

 I used 7 habitat types (woody ditches, herbaceous ditches, woody fencerows, 

herbaceous fencerows, woodlot edges-woody, early successional fields, and feathered 

edges) to compare feathered edge vegetation composition and structure with areas used 

by radio-marked bobwhites during the non-breeding season.  I used discriminant function 

analysis function lda in Program R (Version 3.1.2; R Development Core Team 2014), to 

test how the explanatory variable contributed to the correct classification of individuals.  I 

then used 95% confidence ellipses using ggplot2 (Program R version 3.1.2; R 

Development Core Team 2014) to compare between my linear discriminate axis.   

 I used a multivariate analysis of variance function MANOVA in Program R 

(Version 3.1.2; R Development Core Team 2014) with a Wilk’s lambda test to compare 

the differences in centroids among groups (bare ground, litter, grass/sedge, forbs, shrubs, 
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brush, and other) in discriminant function analysis.  I used a MANOVA with a Wilk’s 

lambda to test my 7 ground cover responses (bare ground, litter, grass/sedge, forbs, 

shrubs, brush, other) to see if there was a difference between means of my identified 

habitat types bobwhites were observed using.  The Wilk’s lambda tests the difference 

between centroids of identified groups of subjects on a combination of dependent 

variables (Everitt and Dunn 1991, Polit 1996).  Non-significant response variables were 

removed from further analysis.  I combined ditches, fencerows and used feathered edges 

into a category I termed “linear woody”.  Early successional category contained points in 

fields or odd areas that were not cultivated.  Woodlot edge-woody was comprised of 

woodlots with the understory made up of shrubs and saplings.  Twenty-twelve feathered 

edges and 2013 feathered edges were treated edges in their respective years.  Using the 

remaining ground cover types, I used a discriminant function analysis and used an lda to 

test how the explanatory variables contributed to the correct classification of individuals.   

RESULTS 

 I used plots from 99 feathered edges (n=191) during the 2013 – 2014 fall and 

winter sampling seasons for measurements of horizontal cover, vertical cover, and 

ground cover and compared them to cover measurements from known covey use points.  

Feathered edges completed in March 2012 (n=69) experienced their second growing and 

winter seasons and feathered edges completed in March 2013 (n=30) experienced their 

first growing and winter seasons.   

 Horizontal Cover— Seven different habitat types were used with a subset of 

covey use locations.  Covey use locations were subsetted by habitat types that resembled 

feathered edges.  For example, covey points such as those observed in cut corn or 
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standing bean fields were not included in analyses, so accurate attempts of comparison 

between treated edges and covey cover types could be made.  Horizontal cover decreased 

at bobwhite used sites during the non-breeding season (bdate= 67.2 – 0.18, P < 0.001, n = 

494 [Figure 3.4a]).  Feathered edges treated in 2012 had more horizontal cover than 

feathered edges treated in 2013 (bTreatment= 78.4 ± 6.42, P = 0.016, n = 99 [Figure 3.4c]) 

during the fall sample period, and both provided more cover than used bobwhite sites.  

Feathered edges treated in 2012 had a median fall horizontal cover of 88.2% and 2013 

treated edges had median fall cover of 80.4%.  During the winter sample period, 2013 

feathered edges had more horizontal cover than 2012 treated edges (bTreatment= 62.4 ± 9.1, 

P = 0.001, n = 99 [Figure 3.4d]).  Feathered edges treated in 2013 had a median winter 

horizontal cover of 64.2% and 2012 treated edges had median winter cover of 53.4%, and 

both provided more cover than sites used by bobwhites during that same time.   

 Vertical Cover— Vertical cover decreased at bobwhite used sites during the non-

breeding season (bdate= 79.6 – 0.10, P < 0.001, n = 494 [Figure 3.4b]).  Feathered edges 

treated in 2012 had almost identical vertical cover to edges treated in 2013 (bTreatment= 

86.0 ± 0.46, P = 0.76, n = 99 [Figure 3.4e]) during the fall sample period, and both 

provided more cover than sites used by bobwhites.  Feathered edges treated in 2012 had 

median fall vertical cover of 88.4° and 2013 treated edges had median vertical cover of 

87.9°.  Feathered edges treated in 2012 had almost identical vertical cover to edges 

treated in 2013 (bTreatment= 76.7 ± 3.23, P = 0.23, n = 99 [Figure 3.4f]) during the winter 

sample period, and both provided more cover than sites used by bobwhite.  Feathered 

edges treated in 2012 had a median winter vertical cover of 76.5° and 2013 treated edges 

had a median vertical cover of 81.8°. 
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Figure 3.4 Scatterplots and box blots comparing vegetation measurements at habitat used 

by bobwhites throughout the non-breeding season to feathered edges during the fall and 

winter sampling seasons in Highland and Brown Counties, Ohio (2013 – 2014).  
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 Ground cover— There was a significant main effect of habitat type on ground 

cover type (w=0.22, F=38.528,2064, P < 0.001, α=0.01).  Each of the 7 response variables 

were all significant (F4,578 > 7.48, P = 0.001) except litter (F4,578 = 0.9, P = 0.49).  The lda 

correctly classified 56% of observations into the correct a priori group (Table 3.4).  The 

first two discriminant axis explained 93% of the variation (LD1= 77%, LD2= 16% [Table 

3.5]).  The first axis was interpreted to represent brush because brush had the highest 

loading and the second linear discriminant axis was interpreted as herbaceous vegetation, 

because forbs and grass/sedge had similar high loadings (Figure 3.5).  The 95% 

confidence ellipses of early successional (ES) fields, linear woody (LW), and woodlot 

edge-woody (WEW) use sites all overlapped on both axes (Figure 3.5).  Feathered edges-

2012 (EF) overlapped LW and WEW use sites but not ES fields on the first axis.  EF-

2013 was clearly separated from use sites in all habitat types on the first discriminant 

axis. The second discriminant axis did not differ from treated and use sites, indicating 

that herbaceous vegetation was similar between treated and sites used in all habitats. 

 I tested the difference between EF-2012 and EF-2013 to see if there was a 

treatment effect, time effect, or both.  This was because feathered edges treated in 2013 

only had experienced 1 growing season, whereas 2012 edges had experienced 2 growing 

season.  There was a significant main effect with habitat type on ground cover types 

(w=0.17, F=63.17,91, P < 0.001, α=0.01).  Each of the 7 response variables considered 

separately, were all significant (F1,97 > 5.8, P = 0.018) except litter and other (F1,97 < 0.4, 

P > 0.53).  Using the 5 univariate significant ground cover types, I used discriminant 

function analysis to test multivariate differences between 2012 and 2013 years.  The lda  
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Reference Class 

 

Predicted class 
EF 2013 

EF 

2012 

ES 

Fields 
LW WEW Total 

Predicted 

accuracy (%) 

EF 2013 21   2   1    8   4   36 58 

EF 2012   8 38   0  14   5   65 58 

ES Fields   1   0 89  46   8 144 61 

LW   0 29 71 178 60 338 52 

WEW   0   0   0    0   0    0  0 

Total 30 69 161 246 77 583 
 

Correctly 

classified 

accuracy (%) 

70 55  55  72 0     

 

Table 3.4 The error matrix of the testing data set for habitat code method. The horizontal 

totals represent the correct classification. The vertical totals represent the number and 

distribution of classification error.  

 

 

Axis 1 

 

Axis 2 

Variable 

Names 
Eigenvectors 

Factor 

Loadings  
  Eigenvectors 

Factor 

Loadings  

Bare ground  0.0155  0.3830 

 

-0.0455 -0.0067 

Grass/sedge -0.0058 -0.1521 

 

 0.0412  0.6838 

Forbs -0.0012 -0.0080 

 

 0.0499  0.7145 

Shrubs  0.0038  0.1640 

 

-0.0008 -0.2275 

Brush  0.0860  0.9906 

 

 0.0282  0.0634 

Other -0.0044 -0.3933 

 

 0.0109 -0.1518 

Proportion 

of Variance 
0.7654   0.1588 

 

Table 3.5 Factor loadings, Eigenvectors, and proportion of variance explained on both 

discriminant axes for ground cover measurements at bobwhite covey use locations and 

feathered edges September 2013 – March 2014. 

 

correctly classified 93% of observations. The first axis was interpreted to represent brush 

because brush was assigned the highest loading. The difference between EF-2012 and 

EF-2013 in the above comparison is a treatment effect (Figure 3.6a - 3.6b). 
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a
 EF 2012 = Edge-feather 2012, EF 2013 = Edge-feather 2013, ES Fields = Early 

successional fields, LW = Linear woody, WEW = Woodlot edge-woody 

Figure 3.5 Discriminant function analysis plot showing microhabitat use from bobwhite 

covey radio-locations (4 November 2013 – 31 March 2014) identified by habitat type 

compared to feathered edges with 95% confidence ellipses surrounding each group. 

 

 

 

        

 

 

 

 

   

Figure 3.6 A discriminant analysis function and a basic boxplot showing the difference 

between brush measurements and treatment years (heavy vs. light) identified by habitat 

code. 

 

Habitat Type
a 

EF 2013 

EF 2012 

ES Fields 

LW 

WEW 

EF 2012 

EF 2013 

Habitat Code 

EF 2013 EF 2012 

Habitat Code 6a 6b 
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  Home-Range— Home-range polygons were constructed for 7 coveys on Fee and 

Peach Orchard study sites during the non-breeding season (1 October – 31 March 2012 – 

2014).  Using a 95% confidence interval with an average number of 66 relocations per 

covey (range = 22 – 122), the average covey home-range for both years (2013 and 2014) 

was 4.6 ha (range = 1.2 – 8.7 ha).  

 Feathered Edge Use— Four of 16 feathered edges on the Peach Orchard study 

site were used by radio-marked coveys during October 2012 – March 2013.  Only 11 of 

280 (4%) locations of radio-marked coveys were within feathered edges (Table 3.6).  

Only one feathered edge fell within the 95% local convex hull home-range of any covey 

(Table 3.6).  This single feathered edge accounted for 1% of the total area of this covey 

home-range.  Six of 99 (6%) feathered edges on Fee and Peach Orchard study sites were 

used by radio-marked coveys during October 2013 – March 2014.  Only 11 of 183 (6%) 

locations were recorded within feathered edges (Table 3.6).  Only one feathered edge fell 

within the 95% local convex hull home-range on Fee, (0.6% of covey home-range), and 3 

feathered edges fell within one home-range on Peach Orchard (1% of covey home-

range).  Use of feathered edges was low across both sites and years totaling 5%.  Only 5 

treated edges occured within 95% home-ranges of coveys across both sites and years 

(Table 3.6).   

 Considering a 12.9 m buffer around each covey location, (radio-location error, 

Janke 2011) 18 of 280 (6%) radio-locations were associated with feathered edges in the 

first year and 19 of 183 (10%) radio-locations in the second year.  Considering further, a 

75.4 m buffer which was the calculated minimum daily movement for 7 coveys used in 
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the home-range analysis, coveys were within and potentially used feathered edges on 122 

of 463 (26%) occasions across years and sites (Table 3.6).    

   Covey Radio-locations  Home-Range 

Site Year Marked 

Coveys 

w/in 

EF 

w/in 

12.9m 

w/in 

75.4m 

No. EF w/in Fixed k LoCoH 

Home-Range 95% 

Fee 2012-13  1   0   0    0  0 

 2013-14  2   5 10  30  1 

Peach 2012-13  4 11 18  41  1 

 2013-14  3   6   9  51  3 

Total - 10 22 37 122  5 

 

Table 3.6 Covey radio-locations within certain criteria of feathered edges and also with a 

95% Fixed k LoCoH home-range in Highland county, Ohio (2012 – 2014).  

 

DISCUSSION 

 Movements and Home-ranges— The average covey home-range size over both 

winters in my study (4.6 ha) was similar to reports by Roseberry and Klimstra (1984) 

where winter covey home-ranges were typically < 10 ha in Illinois.  Errington and 

Hamerstrom (1936) stated that cruising radii for coveys living under favorable conditions 

were short, and that birds could usually be flushed within 400 m of the same place at each 

visit.  Lohr et al. (2010) observed mean daily movement of 158 m which was more than 

double what I observed (74.5 m).  Lohr et al.’s (2010) 13 coveys in New Jersey were 

consistent with the 400 m range of movement reported by Errington and Hamerstrom.  In 

all cases but one, the covey territories for Murphy and Baskett (1952) were about 400 m 

to 610 m in longest dimension.  Coveys in small isolated patches of habitat are especially 

vulnerable to localized changes in availability of food resources and escape cover since 

their ability to move to another patch of habitat is limited.  Williams et al.’s (2000) found 

that decreased movement was also associated with increased use of woody vegetation.  
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Williams et al.’s (2000) study areas contained only 3 – 4% woody cover in a Kansas 

cropland and rangeland landscape.  My study sites in Highland County had similar 

amounts of woody cover (3 – 5%) and could have facilitated similar winter daily 

movement rates by allowing coveys to move throughout their home-range without 

necessitating fast movements across open areas (Williams et al. 2000). 

 Feathered edges— Summaries of vegetation structure and composition for habitat 

types used by radio-marked coveys indicated early successional areas like fencerows, 

ditches, old fields, woodland edges, and feathered edges all had similar cover 

measurements.  Overall, feathered edges were more closed providing more cover than 

most habitat types where radio-marked coveys were located.  Use of feathered edges was 

low, but this cannot be attributed to poor cover quality created by edge-feathering.  Not 

all feathered edges that received use occurred within covey home-ranges, which suggests 

that when birds were moving or were forced to leave an area, they used feathered edges if 

they found them.  One example of this was a covey that only moved outside of its 95% 

home-range for a short period of time (3-days), where this covey was observed in 3 

different feathered edges before moving back to its home-range where it remained for the 

rest of the year.  Also, coveys did not appear to be affected or select feathered edges by 

adjacent cover type, because comparable use of feathered edges between herbaceous 

fields (2 feathered edges; Cp-1, Cp-2) and row crop fields (3 feathered edges) was 

observed.    

 Ground cover measurements were also similar between use sites and feathered 

edges.  There appeared to be very little variability in brush composition in ES-fields, but 

a large range of variability in herbaceous vegetation across the other 4 habitat types.  
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There appears to be a minimum amount of brush needed to support use of ES-fields by 

bobwhites.  This could be due to the fact that fields used by bobwhites in our study are in 

advanced successional stages, containing shrubs such as autumn olive, multiflora rose, 

rubus spp., and red cedar, which tend to colonize treeless areas over time.  Bobwhites 

found within these fields, utilized these different types of vegetation listed above.  These 

different types of vegetation do not provide the amount (volume) of brush like a falling 

hickory limb or a felled tree, but nevertheless do provide brush to the ground layer.  

Brush was still evident, and was provided by these vegetation types.  Feathered edges 

with higher treatment intensity had more brush because the basal area was reduced by a 

greater amount.  All trees that were cut remained in the feathered edge sections and no 

landowners removed firewood even though allowed.  The higher treatment also had 

higher discriminant function analysis scores for grass/sedge and forbs when compared to 

the other habitat types.  The 2013 treated edges have an ellipse that is centered slightly 

higher, with herbaceous vegetation plotted across the entire gradient.  This may be the 

result of the higher reduction in basal area, which allowed for more sunlight and nutrients 

to reach the understory, resulting in more vegetation like grasses, sedges, and forbs.   

 Depending on intensity of treatment, edge-feathering can create habitat that is 

structurally and compositionally similar to vegetation and habitat types used by bobwhite 

coveys.  Gates (1991) recommends strips of early successional habitat (similar to my 

feathered edges), should be 10 to 15 m wide, the width of many shrubby edge zones.  Our 

feathered edges were not as wide (7 m), which might also explain differences in 

composition.  
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 Treated edges did not appear to attract bobwhites as originally anticipated.  Use of 

treated edges appeared to be highly affected by juxtaposition with summer (nesting/brood 

rearing) habitat and agriculture fields (soybeans and corn).  Feathered edges within close 

proximity to these other two habitat types received use compared to feathered edges that 

were not within close proximity.  Across both years of the study, coveys (n=5) with 

home-ranges that contained feathered edges within home-range, were observed using 

feathered edges during the non-breeding season.   

  Edges were treated in areas where little or no use was documented during the 

non-breeding season in preceding years.  The assumption was that useable space and 

covey densities would increase if suitable protective cover was provided where none 

existed.  Consideration of other habitat types like nesting, brood rearing, and food were 

not considered in the initial stages of treating woodlots.  Guthery (1999) postulated that 

beyond an unknown critical threshold, too much woody cover and too little herbaceous 

cover on a landscape would cause a loss of usable space.  I observed this on the Fee study 

site.  Limited use of treated edges may be explained by locations of summer 

(nesting/brood rearing) habitat and crop fields (soybeans and corn).  Coveys formed and 

established home-ranges near suitable breeding habitat, although there were local scale 

shifts between areas used during spring-summer and later in fall-winter.  Coveys seemed 

to establish home-ranges where there was adequate brood rearing/nesting habitat near 

sources of food, and early successional habitat during fall-winter.  Thus edge treatments 

should target areas close to other key habitat types with nesting cover and food. 

 Edge-feathering was being conducted during the pinnacle of crop prices, and the 

result of these extremely high crop prices, was the removal of CRP land and conversion 
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back to row crops.  No amount of edge-feathering can replace the loss of early 

successional herbaceous habitat, but we were trying to stay within the constraints of 

working farms.  Unfortunately, where we lost herbaceous vegetation on our study sites, 

we lost quail, even with the addition of feathered edges. 

 Bobwhites have been observed using cover such as agriculture wash-out holes, 

undercut stream banks, old tobacco barns, rolled barbed wire bundles, and were observed 

diving into foxtail clumps to avoid predators (personal observation).  These somewhat 

rare and isolated events do not change the fact bobwhites must have effective brushy 

cover with access to food.  This is crucial not only if bobwhites are to thrive, but exist at 

all (Errington and Hamerstrom 1936).  Given the likely importance of habitat loss and 

possible fragmentation on bobwhite population trends, management efforts to increase 

the area of useable space should take priority over improving the quality of existing 

habitat patches.  Lastly, such efforts should be established in proximity to remaining 

bobwhite source populations to improve colonization success and population viability.  
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CHAPTER 4: Management Implications 

 

 Suggestions of minimum area for bobwhite management have been emphasized 

for half a century (Thompson and Mattison 1950, Murphy and Baskett 1952) and modern 

management (Williams et al. 2004) has considered even broader units of scale such as 

communities of landowners or physiographic regions which, could be larger or smaller 

than the previous suggestions of 6 – 10 km
2
.  This scale seems compatible with 

population viability modeling by Guthery et al. (2000), who found that larger tracts of 

usable space decreased vulnerability to extinction.  The Fee site fell within the suggested 

minimum size and key bobwhite cover types such as early successional herbaceous, early 

successional woody, and row crops were all within the site.  Also, edge-feathering has 

been shown to provide a viable option for converting un-used woodlots or mature linear 

features into preferred early successional habitat.  Unfortunately, other habitat types were 

not considered during my research years until after edge-feathering were completed.  

Bobwhite densities have declined while shifts in occupied habitat have been documented 

on the Fee study site.  As a result, a lack of breeding habitat (early successional 

herbaceous) along with its sporadic distribution within Fee, resulted in suboptimal 

placement of feathered edges and subsequent low use. 

 The Peach Orchard site did not fall within the suggested size ranges but was more 

realistic for bobwhite management.  This was because of the ability to interact with fewer 

landowners on a more regular basis and because cover types remained the same between 
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years.  This allowed for documentation of all bobwhite interactions on the site and kept 

landowners informed about the newest findings.  The other notable piece of information 

was Peach Orchard had roughly equal proportions, interspersion (Roseberry and Klimstra 

1984, Burger et al. 1990, Stauffer et al. 1990), and stable cover types were associated 

with higher bobwhite density compared to the Fee site. 

 Within landscapes containing bobwhites, and where adequate habitat remains for 

management, I recommend landowners and managers assess areas for management 

consideration (the core), and also the immediate surrounding land.  The viability of local 

bobwhite populations are affected not only by their own reproductive and survival rates, 

but also by connections with neighboring populations (Fies et al. 2002).  Habitat 

assessment needs to evaluate 3 cover types, including early successional herbaceous, 

early successional woody, and row crop and the interspersion and juxtaposition of these 

cover types.  If the proportions of these habitat types are comparable, less manipulation 

and consideration for management would occur.  The final need of the assessment must 

also consider presence of bobwhites before further consideration, which supports the 

assertions that local management should be concentrated in landscapes that have high 

potential for a positive response by bobwhites (Roseberry and Sudkamp 1998, Cobb et al. 

2002, Williams et al. 2004).  This is an approach for landowners and managers to 

consider spatial and temporal probability distributions of habitat features, and developing 

comprehensive habitat management programs (Kopp et al. 1998), with high probability 

of positive outcomes and success.  If early successional herbaceous vegetation is limited, 

as it is in most cases, programs that establish field borders such as provided by the 

Natural Resources Conservation Service (NRCS) should be considered.  If early 
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successional woody vegetation is limited, forest management such as edge-feathering, 

thinning, or Timber stand improvement (TSI) are effective ways for increasing early 

successional woody vegetation in agriculture landscapes.  

 Habitat (i.e., cover types, habitat change, and manipulated habitat) and bobwhite 

densities and survival have been adequately quantified in southwest Ohio.  The 

dominance of forest and agriculture in this landscape has been detrimental to bobwhites 

and resulted in lower bobwhite densities (0.73 coveys/km
2
).  Southwest Ohio is a worthy 

reference for other Midwestern states due to the similar habitat types present on the 

landscape.  Brennan (1991) said in general, most wildlife rarely have experiments 

conducted that provide a basis for scientific management (MacNab 1983), but because of 

the bobwhites general habitat ecology and behavior, it lends itself to experimentation that 

can be used as a scientific basis for management.   

 Riddle et al.’s (2008) found there to be nearly twice as many bobwhite on farms 

in agriculture-dominated landscapes after establishment of field borders, which was the 

limiting habitat type on the Fee site.  With help from wildlife agencies, we were able to 

prioritize future site-level management efforts in areas where the overall landscape 

matrix is most suitable for bobwhites (Fies et al. 2002), and we were able to consider the 

juxtaposition and interspersion of key cover types.  To combat loss of key habitat, actions 

were taken by project patterns to address this problem, and new programs with additional 

incentives for any participating landowner who enrolled in Conservation Reserve 

Programs (CRP) were compensated.   

 Habitat manipulation remains a difficult and challenging process while trying to 

manage for bobwhites within an area, and across the bobwhite’s range.  Researchers 
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understand the value of herbaceous field borders around agricultural fields (Stoddard 

1931, Puckett et al. 1995, Smith 2004), opening or thinning forests (Hanson and Miller 

1961), and reducing the amount of mature woodland or cropland or both to raise the 

abundance of bobwhites on farms.  In Illinois and other states, CRP contributed to 

bobwhite habitat but it depended on quantity, quality, and also other habitats and 

components (Roseberry et al. 1994, Weber et al. 2002.).  These management strategies 

seem to be viable for reversing bobwhite declines and have been concerns we have 

addressed in my Ohio study.  Findings indicate the potential for bobwhites to recolonize 

habitat patches in fragmented landscapes, assuming source populations exist to produce 

colonists.  Observed long distance movements are encouraging (Lohr et al. 2011, 

personal observations) because they suggest potential for recolonization of unoccupied 

patches, but greater connectivity on the landscape is required.  

 Where there is habitat there are bobwhites (Guthery 1997) and when dominant 

land use trends are not favorable to bobwhites, they disappear.  This simple concept 

seems impossible for some to grasp (Brennan 2002).  The development of more 

ecologically designed agricultural systems that reintegrate features of traditional 

agricultural knowledge into modern intensive agricultural practices can contribute to 

meeting the challenges we face today (Matson et al. 1997).  Broad implementation of 

such strategies will require the contributions and interactions of social as well as natural 

scientists, national and international agricultural research institutions, industry, 

policymakers, and farmers (Matson et al. 1997).  Because the bobwhite is no longer a by-

product of land-use practices in agriculture and forestry, broad scale management 

programs will need to be designed to maintain populations (Brennan 1991).  
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APPENDIX A: Covey Home-Ranges Using Fixed k LoCoH with a 95% Utilization 

Distribution During Non-Breeding Seasons 2012 – 2014.  

 

 
 

Figure A.1 Locations of radio-marked bobwhite coveys home-range across Peach 

Orchard during 2012 – 2013 non-breeding season bounded by 95% isopleth of utilization 

distribution. The black star is the location of an additional covey that did meet the 

minimum requirements for building home-ranges.  
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Figure A.2 Locations of radio-marked bobwhite coveys home-range on Peach Orchard 

during 2012 – 2013 non-breeding seasons bounded by a 95% isopleth of utilization 

distribution in relation to locations of feathered edges (green rectangles).  

 

 
 

Figure A.3 Locations of radio-marked bobwhite coveys home-range across Peach 

Orchard during 2013 – 2014 non-breeding season bounded by 95% isopleth of utilization 

distribution. The black star is the location of an additional covey that did meet the 

minimum requirements for building home-ranges. 
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Figure A.4 Locations of radio-marked bobwhite coveys home-range on Peach Orchard 

during 2013 – 2014 non-breeding season bounded by a 95% isopleth of utilization 

distribution in relation to locations of feathered edges (yellow rectangles). 
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Figure A.5 Locations of radio-marked bobwhite coveys home-range across Fee 2012 – 

2014 non-breeding seasons bounded by 95% isopleth of utilization distribution.  The 

white stars are the location of coveys during 2012 – 2013 non-breeding season, and the 

black star is the location of an additional covey during 2013 – 2014 non-breeding season 

that did meet the minimum requirements for building home-ranges. 
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Figure A.6 Locations of radio-marked bobwhite coveys home-range on Fee during 2013 

– 2014 non-breeding season bounded by a 95% isopleth of utilization distribution in 

relation to locations of feathered edges (yellow rectangles). 


